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ABSTRACT 

At approximately 96,000 km^, the Llano Estacado is the 

largest nonmountainous land formation in North America. 

Prior to this research, in terms of Rhopalocera, it was one 

of the least-studied large distinct areas remaining on the 

continent. A total of 188 species of Rhopalocera known or 

implicated (including dubia) to occur in or adjacent to the 

Llano Estacado and its associated escarpments are 

identified in an annotated checklist. Discussion of 

biosystematic positions and nomenclature, with special 

attention to species and subspecies levels, identifies the 

taxa within the context of the literature. Biogeographical 

occurrences in the Llano Estacado and its associated 

escarpments are summarized, with new range information 

being provided for many species. 

Data from an intensively studied 13,926 km^ section of 

the Llano Estacado and adjacent Rolling Plains enables 

collective use of the 101 species recorded there as a 

bioindicator group in representation of the Comanchian and 

Kansan biotic provinces, their interface, and habitats. 

Seasonal occurrences are also addressed. Habitats are 

divided into range, mesa, escarpment, playa, urban, cotton, 

grain sorghum, and alfalfa categories. Phi coefficient 

values are computed and clustered for biotic provinces and 

habitats using UPGMA, single linkage, and complete linkage 

sequential agglomerative hierarchical nested polythetic 
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techniques with methods of arbitrary tie-breaking, single 

linkage resolution, and suboptimal fusions available for 

each clustering algorithm. Total species richness values 

for the Comanchian (S = 71) and Kansan (S = 78) biotic 

province sections are lower than that of their interface (S 

= 92) . The cotton and grain sorghum categories form a ball 

cluster in each dendrogram and are most restrictive in 

terms of species richness (S = 32). The escarpment habitat 

is consistently the final object to cluster in each method 

and has the highest species richness (S = 92) of the 

habitat categories. Ecological findings include evidence 

that both natural conditions and anthropogenic factors in 

the form of large-scale monocrop agriculture and range 

grazing have collectively contributed to formation of a 

refugium on the biotic province interface. Recommendation 

is made for its preservation. 
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CHAPTER I 

INTRODUCTION 

Rhopalocera are an ecologically important group of 

anthophilous pollinating insects presently recognized to 

number approximately 17,280 species worldwide, including 

taxa that have not been synonymized (Shields, 1989).^ 

Shields (1989) gives Rhopalocera as constituting 9-12% of 

all lepidopteran species, and as currently grouped into 

1855 genera, 35 subfamilies, and seven families. These 

figures are variable, as there are sometimes prominent 

differences among treatments by various workers.^ 

Rhopalocera was originally employed as a suborder name 

for the two lepidopteran superfamilies Hesperioidea and 

Papilionoidea, with other Lepidoptera considered to 

constitute another suborder, Heterocera. At the present 

time, these two superfamilies, together with a number of 

others formerly in Heterocera, are treated by many at 

subordinal level as constituting a single suborder, 

Ditrysia. 

1 Figures given in a few sources are: 20,000 in Emmel 

(1975b); 10,000 in Lewis (1973); 15,000 to 20,000 in Pyle 

(1984b), 14,750 in Scott (1986), 15,000 in Whalley (1980). 

2 For example, Rhopalocera north of Mexico are placed in 

13 families in Howe (1975), 11 families in Miller & Brown 

(1981), 10 families in Miller & Brown (1983), and six 

families in Scott (1986). 



Subordinal classification schemes are under continual 

evaluation and refinement (Viette, 197 9). Phenetic and 

cladistic methodologies are in prominent usage as of this 

writing. Both of these or adaptations of them can be 

applied to new categories of data as they become available. 

Hennig (1953) was first to utilize cladistic methodology to 

address entomological subordinal classification. As of 

completion of the present study, lepidopteran systematics 

stands to gain much from comprehensive application of 

molecular techniques such as isozyme electrophoresis and 

mitochondrial DNA analysis (see Hillis & Moritz, 1990; Li & 

Graur, 1991; Oxford & Rollinson, 1983) as means of 

obtaining relevant character information. 

Hodges et al. (1983) suggest the place of Ditrysia in 

the subordinal arrangement of Kristensen & Nielsen (1980) 

to belong with Nepticulina and Incurvariina under 

Heteroneura in the following progression of unlabelled 

subordinal categories under Lepidoptera: Glossata, 

Myoglossata, Neolepidoptera, Heteroneura, Ditrysia. 

Kristensen (1976) in a paper addressing family level 

phylogeny, employs Rhopalocera in subordinal form. 

Rhopalocera is employed by Scott (1986) as a subsection 

under section^ Macrolepidoptera of suborder Ditrysia. 

Throughout the history of differing systematic schemes over 

3 This use of these terms is to be distinguished from use 

of section and subsection levels (Latin sectio and 

subsectio) between subgenus and series levels in botany. 



the years, Rhopalocera has received enduring acceptance and 

usefulness, in both scientific and popular circles, as the 

only unambiguous term used worldwide to refer collectively 

to hesperioid and papilionoid ditrysian Lepidoptera. 

Need for Study 

Rhopalocera are becoming one of the most prominent 

groups of organisms in many areas of scientific research 

(Ehrlich & Murphy, 1981(1983)). In spite of their being 

one of the most-studied groups of insects, much remains to 

be learned about the biology and ecology of many species 

and areas. Simultaneously, the fact that they are one of 

the most-studied groups makes them an excellent candidate 

for intensive study, enabling the combined value of all 

such study to compound more rapidly, yielding increasing 

and more meaningful returns in scientific knowledge. 

In terms of Lepidoptera, the Llano Estacado has 

remained until the present work as one of the least-studied 

large distinct areas in North America. Very few sources in 

the literature make direct reference to rhopaloceran 

occurrence in the Llano Estacado or immediately adjacent 

areas, and such references are usually limited to 

relatively few species. Indirect references made by 

statements such as ''found in west Texas" can also be said 

of species that do not occur in the Llano Estacado at all. 

The need for a regional checklist of Rhopalocera is further 

illustrated by the following discussion. 



Geographically Inclusive Works 

A number of works include species coverage for the 

Llano Estacado as part of a larger geographic area, 

generally North America north of Mexico (e.g., Edwards, 

1868-1872, 1884, 1897; Maynard, 1891; Holland, 1898, 1931; 

Seitz, 1907-1924; Ehrlich & Ehrlich, 1961 (Papilionoidea 

only); Howe, 1975a; Pyle, 1981; Scott, 1986; Tilden & 

Smith, 1986 (west of the 100° W meridian)). D'Abrera 

(1990, other parts in prep.) is to provide comprehensive 

photographic coverage of Holarctic Papilionoidea, working 

from material in the British Museum (Natural History). 

Apart from range maps provided in Scott (1986), these works 

generally do not enable one to determine whether a work 

considers a given species to occur in the Llano Estacado, 

except in cases of continental or similarly inclusive 

widespread distribution. Whether applicable to the Llano 

Estacado or elsewhere, it has often been unknown whether 

certain geographical gaps in records of some species 

reflect true biological absences or merely aspects such as 

distribution of sampling localities, time invested in 

sampling, and quality of sampling. Publications that 

include the Llano Estacado in their geographic coverage 

have had to do so largely or entirely by conjecture based 

upon occurrence in nearby regions. 

Few sources give information of direct relevance to 

rhopaloceran occurrences in the Llano Estacado. Stanford 

(1981b) provides range maps for the Rocky Mountain region 



that extend eastward to Oldham County, Texas, and Quay 

County, New Mexico, each of which includes a portion of the 

northern Llano Estacado for its state.^ The first 

taxonomically comprehensive work to include range maps for 

all species known to regularly occur in North America north 

of Mexico is Scott (1986). These range maps are currently 

the most ambitious in print. They are also the only 

comprehensive set of maps to include the Llano Estacado.^ 

The present study reveals information regarding a number of 

taxa, that constitutes extension of previously known 

geographical occurrences. For the most part, information 

regarding occurrences of species in the Llano Estacado and 

adjacent areas has simply been unavailable. 

No rhopaloceran checklist has previously been 

published for the Llano Estacado itself. Checklists 

geographically including the region generally do not enable 

one to distinguish which species occur in the region (e.g., 

Barnes & Benjamin, 1926a, 1926b; McDunnough, 1938; dos 

Passes, 1964, 1969, 1970; Miller & Brown, 1981^; Hodges 

^ These maps give occurrence in a county as a whole, and 

do not indicate whether a given species is known to have 

occurred within the Llano Estacado portion of the counties. 

5 Opler & Krizek (1984) pioneer range maps in a work 

giving comprehensive taxonomic coverage for eastern United 

States. In the case of Texas, these maps end at the Texas-

Louisiana border, hundreds of miles east of the Great 

Plains. 



et al., 1983). Certain older checklists covering ''boreal 

America" do not geographically include the Llano Estacado, 

while others do. Generalized regional occurrences known 

for Texan Rhopalocera in seven floral regions are provided 

in Kendall & Freeman (1963). Relevant floral regions are 

given in a number of sources (Blair, 1950; Chambers, 1946; 

Cory & Parks, 1937; Gould, 1962, 1969; Gould et al., 1960; 

Johnson, 1931). The Texan portion of the Llano Estacado is 

included with much nearby area in the largest of those 

regions. Rhopaloceran distributions known in New Mexico 

are provided in Tolivar (1977) and Tolivar & Holland 

(1991) . 

Works covering topically relevant history (e.g., 

Essig, 1931; Mallis, 1971; certain sources in Gilbert, 

1977) reveal no evidence of past study in the Llano 

Estacado. An account written by Ferdinand Heinrich Herman 

Strecker (1877) includes information regarding occurrences 

of 16 species of Rhopalocera in the northern Llano 

Estacado, sampled by Thomas M. Woodruff while participating 

in an early exploration and survey. Hugh Avery Freeman has 

conducted field study in Texas and New Mexico^ (Freeman, 

^ Inclusion of type localities make it possible to 

determine some areas of occurrence. One TL from the Llano 

Estacado, for Amblyscirtes aenus. aenus form erna (q.v.), is 

included (as h- erna). 

"̂  He has also conducted field study in other states and 

Mexico. 



1960), including hesperiid and megathymid occurrences at 

Palo Duro Canyon in the northern Llano Estacado in the 

1940's, and mentions records in some of his publications. 

A microfilm" of mostly Texan records and rearing notes 

compiled by Roy O'Neal Kendall and Conway "Connie" Alford 

Kendall has been deposited at the California Academy of 

Sciences. These records remain largely unpublished to 

date, with a number of the more important ones having been 

included in their publications over the past few 

decades.^ Their files contain some Llano Estacado 

records. 

Geographically Exclusive Works 

A number of works, though not geographically including 

the Llano Estacado, provide information regarding taxa 

shared in common (e.g., Edwards, 1868-1872, 1884, 1897; 

French, 1885, 1895; Scudder, 1881, 1889a, 1889b, 1889c; 

Comstock & Comstock, 1904; Klots, 1951^°; Ferris & Brown, 

1981; Opler & Krizek, 1984). See other works listed under 

the section giving a brief comparison with selected areas. 

A number of principally Neotropical species are either 

Q Researchers should be aware that additions have been 

made to their files since this microfilm was made. 

^ A book on Texan Rhopalocera may be written by the 

Kendalls. 

10 Currently undergoing revision. 



8 

known to occur or have potential to occur in the Llano 

Estacado as dispersants or migrants. The following works 

are especially relevant: A number of species are treated 

in the Bioloaia Centrali-Americana series (Godman & 

Salvin,1887-1901a, 1887-1901b, 1879-1901). Atkins (unpubl. 

ms.) has treated worldwide Hesperioidea in a manuscript 

designed to supplement a multivolume work begun by D'Abrera 

in 1971 that is to treat all Papilionoidea of the world, a 

portion of which is cited below. Neotropical Hesperioidea 

have been advertised to be included in fascicles 56-57 

(volumes 45-50) of Heppner (in prep.). Years of study of 

Mexican Hesperioidea are summarized in an unpublished 

manuscript by Freeman, and de la Maza Ramirez (1987) covers 

a selection of Mexican Rhopalocera (cf. Hoffmann, 1940, 

1941). Neotropical Papilionoidea are covered in D'Abrera 

(1981, 1984, 1987a, 1987b, 1988) and have been advertised 

to be included in fascicles 58-64 (volumes 51-71) of 

Heppner (in prep.). Revista de la Sociedad Mexicana de 

Lepidopteroloaia is a regional source emphasizing taxa 

occurring in Mexico, a number of which also occur in the 

Llano Estacado. 

Brief Comparison With Selected Areas 

In terms of Rhopalocera, the Llano Estacado region has 

heretofore been much less reported than most other regions 

of the continent, though it has much higher species 

richness than some. It is well known that latitudinal 



trends in species richness result in a relatively sparse 

biodiversity over broad areas in the arctic (e.g., see 

Weber, 1950) . An example is Greenland, where only five 

native species and one occasional species of Rhopalocera 

occur. Such a region may be regarded as needing less 

reporting than others, yet there are many publications 

starting with Fabricius (1780) that give reference to 

occurrences there (possibly in part due to the "novelty" of 

their presence). Field et al. (1974) list 35 of these 

publications. By contrast, Rhopalocera in the Llano 

Estacado have been reported in only a few publications with 

only a small fraction of the species being mentioned. 

Another region that may be compared and contrasted 

with the Llano Estacado is the Great Basin in Nevada. The 

Great Basin was for many years one of the less-studied 

regions of North America in terms of Rhopalocera. In 

recent years, much has been learned regarding taxa of that 

region and nearby areas, as publications reveal (e.g., 

Austin, 1983, 1984, 1985; Austin & Austin, 1980(1981); 

Bauer, 1975; Brown, 1975; Emmel & Emmel, 1971a, 1971b; 

Emmel & Mattoon, 1972; Harjes, 1980; Herlan, 1962, 1970; 

Murphy & Ehrlich, 1983(1984); Phillips, 1971; Scott, 1981; 

Shields, 1975). Many areas are represented by works in 

addition to those cited under geographically exclusive 

works (e.g., Albrecht, 1982; Brown et al., 1957; 

Christensen, 1981; Clark, 1932; Clark & Clark, 1951; 

Comstock, 1927; Dornfeld, 1980; Ebner, 1970; Elrod, 1906; 
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Emmel & Emmel, 1973; Forbes, 1960; Garth & Tilden, 1963, 

1987; Harris, 1972; Heitzman & Heitzman, 1987; Hooper, 

1973; Irwin & Downey, 1973; Johnson, 1972(1973); Kimball, 

1965; Macy & Shepard, 1941; Mather & Mather, 1958; Morris, 

1980; Opler & Krizek, 1984; Pyle, 1974; Shapiro, 1966, 

1974; Tilden, 1965a). The immediately preceding references 

represent only a portion of the works available, and others 

are known to be in preparation. Field et al. (1974) 

provide a bibliography of publications pertinent to 

different areas of North America. As is readily 

observable, many areas are represented by separate works, 

checklists, and papers, and areas such as the Great Basin 

are increasingly better studied. By contrast, Rhopalocera 

in the Llano Estacado have heretofore remained in need of 

even the most basic reporting. 

In terms of the biogeographic regions of Wallace 

(1876a, 1876b), the most thoroughly studied rhopaloceran 

fauna at present are those of the Palearctic (Palaearctic; 

sometimes Palarctic) and Nearctic regions, and much remains 

to be learned within these areas. As may be seen from the 

preceding discussion, the Llano Estacado is one Nearctic 

area that has heretofore represented a relative void of 

information and remained in great need of study. The 

present study endeavors to begin the work of addressing 

that need. 
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Research Objectives 

The present study operates within three principal 

subject areas: biosystematics, biogeography, and ecology. 

Information is also provided pertaining to other areas. 

Inasmuch as the category upon which ecological analysis is 

based is that of species, and the species group names 

selected may have ramifications for other areas, that level 

is a principal focus of attention to biosystematic 

placement and status. Biogeographical contributions are 

provided in the form of much completely new range 

information for many taxa. Rhopaloceran occurrences 

classified by biotic province and habitat are used as a 

basis for ecological analysis. The principal research 

goals are listed below: 

(1) To determine which species and subspecies of 

Rhopalocera occur in the Llano Estacado, its 

associated escarpments, and an adjacent portion of 

the Rolling Plains. 

(2) To assess the biogeographical occurrences of 

Rhopalocera in or adjacent to the Llano Estacado. 

(3) To assess occurrences of Rhopalocera by biotic 

province and habitat within an intensively sampled 

Habitat Study Area (HSA) consisting of a 13,926 km^ 

(5,377 mi^) section of the central Llano Estacado 

and adjacent Rolling Plains. 
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(4) To assess the influences of the following human 

activities on Rhopalocera within the HSA: 

(a) Large-scale range grazing 

(b) Large-scale monocrop agriculture 

(c) Urbanization 

(5) To use Rhopalocera collectively as a bioindicator 

group and determine the ramifications for habitat 

and species preservation. 



CHAPTER II 

STUDY AREA 

Llano Estacado 

The origin of the name, Llano Estacado, is obscure. 

The name is Spanish for "staked plain." Although singular, 

it is often translated in the plural. The region is 

frequently referred to as "the llano." Theories of name 

origin include: (1) Spanish conquistadors and early 

settlers had to use stakes to find their way in the area, 

since distinct landmarks were rare, (2) horses had to be 

tethered to stakes, since there were no trees to use, (3) 

it originally was llano destacado, referring to the region 

being elevated and separated from the surrounding area (see 

Carroll, 1941), and (4) the name derives from inflorescence 

stalks of stands of Yucca angustifolia Pursh (Liliaceae) 

and associated species, giving the appearance of tall 

stakes. The region is also known as the High Plains, 

because of its relatively high elevation and the elevated 

nature of the plateau. The southern portion, together with 

the central portion of the Rolling Plains to the east, is 

known as the South Plains. The entire Llano Estacado, 

along with much area of the southern Great Plains, has been 

known as Comancheria after the Comanches. 

13 
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Physiography 

The Llano Estacado is the largest nonmountainous land 

formation on the North American continent. It consists of 

an approximately 96,000 km^ (37,000 mi^) plateau covering 

much of eastern New Mexico and western Texas, and extends 

northward into the Texas panhandle and eastward to Oklahoma 

(Figure 1). Some sources include finger-like protrusions 

into western Oklahoma as part of the Llano Estacado, while 

still others give the region as stopping well short of the 

Oklahoman border. Herein, these extensions are 

collectively and nominally referred to as the Oklahoman 

extension. The Llano Estacado is part of the Great Plains 

(see Webb, 1957; Malin, 1967) and is situated over part of 

the Ogallala^ aquifer, the largest known in the world. 

The land is generally flat, sloping gently toward the 

southeast. Elevation ranges from approximately 1400 to 900 

m (4500 to 3000 ft). Soil in the Llano Estacado is 

generally calcareous and may be largely characterized as 

pedocalic mollisol or chernozem.-^^ Calcium carbonate 

deposits form a distinct Ĉ ^ horizon known as caliche, that 

underlies much of the region. A Llano Estacado feature 

H Ogallala is a poor word formation, intended as being 

named after the Oglala Sioux of the northern portion of the 

aquifer's area in western Nebraska. 

^̂  Chernozem is Russian for "black earth" and is used in 

the classic great soil groups, while mollisol is its 

roughly equivalent soil order. A distinctly white calcium 

carbonate horizon is characteristic of the original Russian 

chernozems. 
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104 

SO 

M l i i t 

l l A N O fSTACADO 

Figure 1. Map showing the Llano Estacado in Texas and New 
Mexico. Shaded area denotes a 13,926 km̂  habitat study 
area (HSA). Solid line in left half of map is the 
Texas/New Mexico border pointing due north toward the top 
of the page, with Texas to the right and New Mexico to the 
left. 
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known as the Sand Hills extends from north of Coyote Lake 

in Bailey County, Texas eastward across most of Lamb 

County, Texas. Smaller areas of sand exist elsewhere. 

The border of the Llano Estacado generally consists of 

escarpments. Strictly speaking, as a plains region, the 

Llano Estacado consists of the plateau top, separate from 

these borders. In the present study, these borders are 

included (as is a portion of the Rolling Plains), thus 

increasing the size of the study area to over 100,000 km^ 

and increasing the physiographic diversity represented. 

The escarpments and canyons provide a degree of 

intermontane environment and associated drainage and 

springs provide riparian environment. 

The northern Llano Estacado ends at the Canadian River 

Breaks (or Canadian Breaks), an escarpment dropping 

approximately 250 m (800 ft) or more. A similar escarpment 

known as the Red River Breaks is associated with that 

river's tributaries. The Canadian River Breaks are also 

simply known as the Breaks, and the Red River Breaks are 

sometimes included in the term. The Llano Estacado meets 

the Rolling Plains along a drop of approximately 90 m (300 

ft) or more known as the Caprock Escarpment left by 

erosion. The portion of the Rolling Plains adjacent to the 

Caprock Escarpment is known as the Escarpment Breaks. 

Another drop on the southwestern portion of the Llano 

Estacado in New Mexico is known as the Mescalero 
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Escarpment. This escarpment and/or some of the escarpment 

extending northward along the southern third of the Llano 

Estacado in New Mexico is sometimes referred to as the 

Mescalero Ridge. Either term is also used for the entire 

escarpment in New Mexico. The northern two-thirds or half 

of the escarpment is also sometimes referred to as the 

Caprock Escarpment, thus undifferentiated in terminology 

from the Caprock Escarpment in Texas. The northernmost 

portion of the escarpment in New Mexico is also sometimes 

referred to as the Breaks. That portion of the escarpment 

that makes up the western border of the Llano Estacado in 

New Mexico between the Mescalero Escarpment (in the sense 

of the first use given above) and the Texan portion is 

referred to herein as the Coyote Escarpment. 

Numerous canyons and gorges extend into the Llano 

Estacado along the Caprock Escarpment. The largest of 

these, Palo Duro Canyon or Canon Palo Duro in the northern 

Llano Estacado, originates in Armstrong County on the 

Prairie Dog Town Fork of the Red River, which flows on to 

form much of the border between Oklahoma and Texas. Its 

Spanish name means "hard wood" and originates from the wood 

of the canyon's Juniperus (Cupressaceae), used by 

Amerindians (Indians) for bows and arrows, and by settlers 

for fenceposts. Tule Canyon or Canon Tule originates in 

Swisher County on Tule Canyon Creek (or Tule Creek) and 

runs in a northeasterly direction in Briscoe County where 

Rock Creek joins it and flows into the Prairie Dog Town 
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Fork of the Red River. Blanco Canyon or Canon Blanco 

originates in southern Floyd County and extends 

southeasterly through much of Crosby County along the White 

River, which flows into the Salt Fork of the Brazos River. 

There is another canyon named Canon Blanco on the 

escarpment in New Mexico. Yellowhouse Canyon, also known 

as Canon de Rescate and as Ransom Canyon,^3 originates in 

Lubbock County on the Yellowhouse Draw and Blackwater Draw 

of the North Fork of the Double Mountain Fork of the Brazos 

River and widens as it extends southeasterly into Garza and 

Crosby counties. Two small artificial lakes exist in this 

canyon in Lubbock County. Coopers Canyon originates in 

Dawson County on Tobacco Creek and the Colorado River and 

extends into Borden County. There are other smaller, 

mostly unnamed canyons along the Caprock Escarpment. 

Photographs representative of the condition of these 

canyons during the time period of the present study are 

included in Flores & Winton (1989) and Flores (1990). 

Discussion of the region's history is provided in the 

latter of these works. 

In its natural state, the Llano Estacado, along with 

much other plains area, supported shortgrass prairie. This 

principally consisted of Routeloua gracilis (von Humboldt, 

Bonpland & Kunth) Griffiths and Buchloe dactyloides 

13 Negotiations for ransoms and exchanges of prisoners are 

reported to have taken place in the canyon between 

Amerindians and Spaniards, subsequent settlers, etc. 
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(Nuttall) Engelmann (both Gramineae), with other grasses 

and wildflowers. Correll & Johnston (1970) observe that 

although the Llano Estacado is characteristically free of 

trees or brush, Prosopis (Leguminosae) •'•̂  and Yucca 

(Liliaceae) have colonized parts of it. Communities of 

Quereus havardii Rydberg (Fagaceae) are also present in 

areas having deep sand. Escarpments often provide habitat 

for Juniperus^S with larger trees especially near springs 

or drainage. In some areas, Juniperus has spread from 

escarpment and canyon habitat onto the plateau. Some 

Ouercus (Fagaceae) and Celtis (Ulmaceae) communities are 

present on the Caprock Escarpment. Other native trees, 

found especially near water drainage or springs in canyons 

and escarpment sides, include Populus saraentii^^ Dode 

1̂  Both Leguminosae and Fabaceae are correct names for 

this family under the International Code of Botanical 

Nomenclature (ICBN) (Greuter et al., 1988). When 

Papilionaceae is elevated out of Leguminosae and accorded 

status as a family, the name Papilionaceae is conserved 

against Leguminosae (ICBN Articles 18.5, 51.2). 

Leguminosae (sensu lato) is used herein. 

15 Both smaller, often multi-trunked, juniper and larger, 

often single-trunked, cedar. The term cedar is used to 

refer to other tree species elsewhere in North America, 

such as introduced Cedrus (Pinaceae), Cryptomeria 

(Taxodiaceae) , Thu-ioosis and Thuia (Cupressaceae); and to 

native Thuja, rhamaeryparis. and LibQcedrus (Cupressaceae). 

1̂  Although not practiced herein, except when giving a 

direct quote as used in a given source (see following 

footnote), the ICBN allows for corresponding capitalization 
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(Salicaceae), Salix interior Rowlee (Salicaceae), Prunus 

angust.ifol ia Marshall (Rosaceae) , Chi lops is linearis 

(Cavanilles) Sweet (Bignoniaceae) (more rarely), and 

Sapindus drummondljl'^ Hooker & Arnott (Sapindaceae) . 

The Llano Estacado is dotted by thousands of (a)eolian 

depressions in the form of small playas in which rainwater 

collects, when precipitation is sufficient, leading to 

their occupation by intermittent lakes known as playa 

lakes. Most of this water evaporates rather than 

recharging the aquifer, due to playa linings of relatively 

impenetrable Randall clays. Larger or deeper playas 

sometimes retain water for extended periods. They range in 

size from relatively small blowouts less than 30 cm (1 ft) 

deep to those over 16 ha (40 A) in area and 2 m (6.5 ft) or 

more deep. Playas are also known as "buffalo wallows" or 

"buffalo wallers"!^ because it is known that American 

buffalo or bison mison bison (Linnaeus) (Mammalia: 

Artiodactyla: Bovidae)) used to wallow and roll in the 

playa beds. Water drainage that collects in streambeds or 

of patronymic specific epithets. 

1'' Given by Correll & Johnston (1970) as "Sapindus 

Saponaria L. var. nrnmmondii (H. & A.) L. Benson." Some 

sources give it as homotypic S.. drnmmondii H. & A. (e.g., 

Brockman, 1979; Elias, 1980; cf. Johnston, 1990). 

18 This form derives from a regional variation in 

pronunciation. 
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riverbeds, rather than playas, flows toward the Gulf of 

Mexico. 

Climate 

The Llano Estacado is situated within a larger 

semiarid clime. As summarized in Correll & Johnston (1970) 

for Texas, the Llano Estacado has an average annual 

precipitation of approximately 38-53 cm (15-21 in), with a 

range of 30.5-114+ cm (12-45+ in). The average frost-free 

period is 179-225 days. 

Rolling Plains 

The physiography of the Rolling Plains is largely a 

result of cumulative massive erosion of what was formerly a 

portion of the High Plains. Occasional remnants of the 

High Plains are present in the form of flat-topped mesas 

with rugged rocky sides. Much of the Rolling Plains is 

generally characterized by "rolling" rocky ground. The 

area offers a relatively poor site for tillage and is thus 

predisposed toward use as rangeland. Mixed Juniperus and 

Prosopis. notably £. glandulosal^ Torrey (Leguminosae) 

communities predominate on portions of the Rolling Plains. 

Some Ouercus and Celtis communities are present on the 

Rolling Plains. Adjacent to the Llano Estacado in the 

1̂  Given in error as £. juliflora or P. ghilgnsis in many 

publications (Correll & Johnston, 1970). 
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Rolling Plains, scattered Juniperus is prominent and thick 

stands of Prosopis tend to be more extensive, with the 

former typically predominating in higher areas and the 

latter in lower areas. Other trees, mentioned above, that 

occur in escarpment and drainage areas, also occur in the 

Rolling Plains, especially along drainage or where water 

collects. 

Human Land Use 

In its natural state, much of the Llano Estacado of 

recent historical times was essentially a contiguous 

biotope, with additional Chihuahuan flora present in the 

southern quarter. Before arrival of settlers of European 

origin and extraction, the region was inhabited by the 

Comanche, Kiowa, Apache, and Kiowa-Apache nations (see 

Webb, 1957; Wallace & Hoebel, 1986). Their use of the land 

left it in an essentially natural state, the greatest 

impact being in the form of fires, sometimes used to drive 

wildlife during hunts. Ecological effects of these fires 

are considered equivalent to those of natural fires, with 

floral regrowth and faunal repopulation occurring readily 

from soil, protected pockets, and adjacent unburned areas. 

Naturally occurring fires (e.g., those started by 

lightning) are recognized to play a role in maintaining 

certain ecosystems, including grasslands (see Higgins, 

1984) . (See Wright & Bailey (1982) for entry to the 

literature.) 
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Grazing on the Llano Estacado was partly affected by 

water availability in playas (see Rathjen, 1973) . Water 

availability was more dependable in the Rolling Plains. 

Early settlers reported vast herds of bison stretching as 

far as the eye could see. Later efforts at exterminating 

these herds removed much of the basis of independence^^ 

for native Americans (e.g., see Fehrenbach, 1974), and 

undoubtedly had a major effect on ecology of the area, 

removing important foragers and the effect of pounding 

hooves on the virgin prairie turf. 

The High Plains region is an excellent site for 

tillage due to flatness and fertile soil. The northern to 

central Llano Estacado has mixed rangeland and crop 

farmland. In many parts of the Llano Estacado, irrigation 

water from the Ogallala aquifer is used to produce crops, 

notably Gossypium hirsutum^l Linnaeus ^American Upland 

Cotton' (Malvaceae) and Sorghum bicolor (Linnaeus) Moench 

^Grain Sorghum'22 or ^Milo' (Gramineae) in the central 

20 Quanah Parker's tribe, the last of the Great Plains 

tribes to be subdued to the reservation concept, lived part 

of the time in the Llano Estacado. 

21 There are four principal commercial species of cotton. 

Approximately two-thirds of the cotton grown in the world, 

and almost all of that grown in the US is £. hirsutum. A 

large portion of US cotton is grown within a 100 mile 

radius of Lubbock. Cultivation of this particular large-

scale monocrop is the principal land use in a number of 

counties of the South Plains. 
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portion. A number of other crops, including Medicago 

satjva Linnaeus ^Alfalfa' or 'Lucerne' (Leguminosae), are 

grown. Dryland farming is also practiced. To the south, 

use as rangeland increases again with areas of mixed crops. 

Rangeland use is common on the western Llano Estacado in 

New Mexico. Oil and natural gas wells dot portions of the 

High Plains, Rolling Plains to the east, and Permian Basin 

to the south. Urbanized areas are small with exceptions of 

Amarillo, Lubbock, Midland, and Odessa. 

Llano Estacado Study Area (LESA) 

The Llano Estacado, its bordering escarpments and 

canyons, and an adjacent portion of the Rolling Plains 

comprise the area for sampling and identification of 

rhopaloceran fauna. In some cases, a given species or 

subspecies was not recorded from the Llano Estacado during 

the present study, but its potential occurrence is 

implicated by records from other areas. A number of these 

are identified. These cases form two general categories: 

(1) those having known ranges that border or nearly border 

the Llano Estacado, and (2) those having known outlier 

migrant or dispersant occurrences that indicate probable 

^^ Grain sorghum is often used as a general name for the 
caffrorum group (nonsaccharine plants) for feterita, 

hegari, kafir, milo, and hybrid derivatives. The separate 

saccharatum group consists of the sweet or forage sorghums, 

also known as sorgos, and are not a major crop in the 

region. 
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movement across the Llano Estacado. This includes species 

such as Neotropical ones that have sufficiently northern 

dispersal or migrant records, in some cases north of the 

Llano Estacado. Species thus indicated by Scott (1986) are 

included. Taxa incorrectly reported or implied by some 

sources to occur in or immediately adjacent to the Llano 

Estacado are also included and appropriately discussed in 

annotations. 

Habitat Study Area (HSA) 

A 13,926 km2 (5,377 mi^) subset of the Llano Estacado 

study area was selected for particularly intensive sampling 

and analysis. The counties comprising this area are given 

in Table 1. Habitat components of the area were 

categorized and field study conducted in each one. The 

area was selected for several reasons: (1) It is situated 

in the central Llano Estacado, not the northern or southern 

extremes, and therefore would be expected to have better 

representation of both northern and southern species. (2) 

More is known about biogeographical limitations of montane 

New Mexican taxa west of the Llano Estacado than of those 

east of the study area. This includes species whose ranges 

may approximate or cross the 100° W meridian. Montane 

species are generally much less likely to reach the western 

Llano Estacado than those having poorly known ranges to the 

east or southeast. (3) It includes high-interest habitat 

in the form of an extensive section of the Caprock 



26 

Table 1. Area and human population of selected Texas 

counties forming a contiguous band across much of the 

central Llano Estacado and extending eastward into the 

adjacent Rolling Plains. Human populations are given for 

1980, the approximate midpoint of the present study. 

Source: 1980 US census figures. 

County Human Population km'' mi 

Crosby 

Garza 

Hockley 

Lubbock 

Lynn 

Terry 

8,859 

5,336 

23,230 

211,651 

8,605 

14,581 

2 , 3 2 8 

2 , 3 1 8 

2 , 3 5 2 

2 , 3 3 1 

2 ,300 

2 , 2 9 7 

899 

895 

908 

900 

888 

887 

Totals: 272,262 13,926 5,377 
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Escarpment, including numerous springs and two major 

canyons, Yellowhouse Canyon and Blanco Canyon. (4) Its 

selection includes portions of both the Rolling Plains and 

High Plains, respectively representing the Comanchian and 

Kansan biotic provinces of Dice (1943) and their interface 

(Caprock Escarpment), allowing for evaluation of the 

relationship of interface populations to those of the 

biotic provinces themselves. Large portions of Crosby and 

Garza counties extend into the Rolling Plains and all six 

counties contain all or much land belonging to the High 

Plains. (5) It includes a large urban area, thus allowing 

representation of urbanized habitat. (6) Its selection 

allowed efficient use of transportation and provided more 

quality hours in field sampling than logistic 

considerations would have allowed for other high-interest 

areas (e.g., vicinities such as the Sandhills, Canadian 

River Breaks, Palo Duro Canyon, and southern Mescalero 

Escarpment). 

Habitat Categories 

Physiographic features and human land use in the HSA 

combine to produce several well-defined habitat categories 

for sampling and analysis. Habitat interfaces are abrupt 

in most cases, except at the foot of the Caprock 

Escarpment, where influence may extend into the Rolling 



28 

Plains. The habitats selected for intensive sampling and 

their respective biotic provinces are given in Table 2. 

Patterns of human land use in the HSA leave several 

relatively well-defined areas largely unaltered and thus 

still in a predominantly natural state. This land is 

principally escarpment, mesas, and undisturbed playas. 

Rangeland, crop farmland, and urbanized areas are 

considered to be areas altered by human land use. Farmland 

is subdivided into two major area crops, cotton and grain 

sorghum, with a third crop, alfalfa, for comparison. 

Shallow playas in farmland are often tilled when dry and 

the edges of many others may be significantly altered and 

thus not in a natural state. Tilled and otherwise altered 

playas within farmland are considered to be part of the 

surrounding farmland. Playas in urban areas, often 

surrounded by mowed grass and parks, are considered as part 

of the diverse urban landscape, as are disturbed areas. 

Mesas have runoff of precipitation on the sides where some 

may be collected and retained, but they generally have less 

water than the other unaltered areas. Canyon bottomland is 

sometimes used as pasture for cattle. Cattle do not 

venture high up the sides of mesas, canyons, or escarpment 

and these areas are not tilled, thus leaving them in an 

essentially natural state. 
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Table 2. Eight prominent habitat categories in the central 
Llano Estacado and adjacent Rolling Plains classified by 
biotic province and predominantly unaltered or altered 
state in relation to human influence. 

Habitat Category Biotic Province State 

Rangeland 

Mesa 

Canyon & Escarpment 

Urban 

Playa^ 

Monocrop Farmland 

Cotton 

Grain Sorghum 

Alfalfa 

Comanchian 

Comanchian^ 

Comanchian/Kansan Interface 

Kansan 

Kansan 

Kansan 

Kansan 

Kansan 

Altered 

Unaltered 

Unaltered 

Altered 

Unaltered 

Altered 

Altered 

Altered 

^Tops of mesas, especially larger ones, may be viewed as Kansan 

islands (sensu MacArthur & Wilson, 1967) within the Comanchian biotic 

province. 

^Altered playas are considered as part of their surrounding habitat, 

e.g., a playa in an urban park as part of the diverse urban landscape 

or a shallow playa that is plowed when dry as part of surrounding 

monocrop farmland. 



CHAPTER III 

LLANO ESTACADO TAXA 

Methods 

Sampling 

Most sampling for this study was conducted by hand

held aerial net during a 20 year period ending in 1991. 

Bias toward infrequent phenotypes or taxa was utilized to 

maximize measurement of species richness. The resulting 

database23 was supplemented by published and unpublished 

data. Rhopaloceran records obtained by methods used in a 

concurrent study of noctuid phenology and polymorphism are 

included. These methods include bait traps of several 

designs similar to that described by Piatt (1969), modified 

Malaise-like designs similar to those described by Townes 

(1962, 1972), and traps employing ultraviolet light (see 

Blanchard, n.d.; McFarland, 1966). Bait traps used 

fermented fruit, beer, and sugar mixtures. 

Sampling effectiveness was enhanced by locating and 

examining larval hosts for ova, larvae, chrysalides, and 

23 Material in the author's collection is under further 

study, with results to be incorporated in a revision and 

updating of this work for publication. The published 

version (without this note) is the correct document for 

citations. At this time, several museums are under 

consideration for deposition of material. 

30 
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for imaginal propinquity, the latter especially during 

anticipated seasonal flight periods. In some cases, 

presence of exuviae or frass was helpful. Larval host 

identification was made using several sources, notably 

Correll & Johnston (1970; cf. Correll, 1972; Johnston, 

1988, 1990; Hatch et al., 1990) and Niehaus et al. 

(1984) .24 Correll & Correll (1972) include treatment of 

wetland plants applicable to playas, springs, and sides of 

waterways. Other resources include treatments of Texan 

flora by Lundell et al. (1961, 1966, 1969) and of New 

Mexican flora by Wooten & Standley (1915) and Martin & 

Hutchins (1980a, 1980b). Important listings of literature 

giving information regarding larval hosts and/or immature 

stages include the following: (Edwards, 188 9; Davenport & 

Dethier, 1937; Dethier, 1946; Tietz,1972a, 1972b; Scott, 

1986). The volumes by Tietz are noted to contain a number 

of erroneous citations (Scott, 1986); listings in Scott 

delete a number of larval host plants incorrectly given in 

24 Although the back cover of the latter indicates that 

every flower one is likely to see in the Southwest and 

Texas is included, there are some locally prominent Llano 

Estacado omissions. Kirkpatrick (in press) is to include 

coverage of nearly all wildflowers in the present HSA in a 

general treatment of plains taxa utilizing photographic 

slides reviewed by M. C. Johnston of the University of 

Texas, Austin (all except Cactaceae), cacti slides reviewed 

by A. D. Zimmerman of the Desert Botanical Garden, Phoenix, 

and species accounts reviewed by D. K. Northington of the 

National Wildflower Research Center, Austin. 
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Tietz and use a small superscript "t" to designate 

unchecked Tietz listings. Scott (1986) is presently the 

most complete listing of larval hosts for species occurring 

north of Mexico. 

Female specimens exhibiting preovipositional host-

locating behavior were often patiently followed to locate 

ovipositional substrates, larval hosts, and obtain ova for 

rearing. Ova were also obtained by isolating fertilized 

female images with larval hosts. Rearing (see McFarland, 

1963) in ambient conditions was used to supplement field 

data on voltinism and seasonality, and to obtain fresh 

images. 

Classification 

All taxa were classified to species level and, as 

applicable, subspecies level. Infrasubspecific 

classification is utilized in annotations as deemed useful 

or of interest. Details regarding the systematics, 

taxonomy, and nomenclature employed are discussed in 

following sections. 

Biosystematic, Taxonomic, and 

Nomenclatural Considerations 

Stability 

Treatment of taxonomic groups has long varied from 

source to source, owing to varying methodological and 

utilitarian considerations among workers. Recent sources 
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continue to vary greatly, especially in their use of 

generic nomenclature, as discussed below. There are also 

differences in subspecific, specific, and higher 

classification, as well. As of preparation of the present 

work, all levels of the taxonomy, systematics, and 

nomenclature of Rhopalocera have been undergoing a recent 

surge of debate. This has been initiated by publication of 

several works, notably Higgins (1975) and Miller & Brown 

(1981) . The authors of the latter work state their hope 

that it will stimulate discussion (Miller & Brown, 

1981(1983)). They succeeded in initiating a stimulating 

debate, replete with overtones regarding genus and species 

definitions and philosophical perspectives (e.g., Mattoni, 

1981(1982); Ehrlich & Murphy, 1981(1982); Miller & Brown, 

1981(1983); Ehrlich & Murphy, 1981(1983); Mattoni et al., 

1981(1983); Johnson & Quinter, 1982(1983); Hodges et al., 

1983 (introduction); Ehrlich & Murphy, 1983; Murphy & 

Ehrlich, 1984; letters and comments in the News of the 

Lepidopterists' Society since publication of Miller & Brown 

(1981)). Ehrlich & Murphy (1981(1982)) point out the 

importance of stability in rhopaloceran nomenclature as 

these prominent organisms are increasingly utilized as 

research subjects in many areas of science. The debate is 

taking place as it is more important than ever for 

scientists in all disciplines to communicate unambiguously 

regarding this fauna. 
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Herein, the author deliberately withholds from 

evaluating most views in this debate (or proposing new 

ones) . This would properly require supporting study of 

related taxa, with a view for balance within world taxa as 

a whole. Effort in this direction would soon comprise a 

study in itself, and thus must be regarded as beyond the 

scope of the present regionally oriented work. Therefore, 

annotations in the present work focus on providing 

orientation and clarification. Inasmuch as species level 

is used in analysis, a number of biosystematic "calls" made 

at this level in the checklist are accompanied by 

appropriate discussion. Current instability at genus 

level, and to a lesser degree, species level, would lessen 

the relevance of species-per-genus analysis (e.g., 

Pimentel, 1961), and any such approach, whether limited to 

taxa within the region itself or in reference to regional 

representation of species within genera on a continental or 

world basis, is not used. 

The present work operates within the context of the 

current debate. Alternate names are provided, especially 

at genus level, that are used by workers of differing 

persuasions. In order to communicate, identification of 

some sort must be selected. Systematic, taxonomic, and 

nomenclatural comments in the present checklist do not 

serve to establish a given use as final, but to effect 

unambiguous communication within the context of the current 

systematic, taxonomic, and nomenclatural climate. 
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Higher Classification 

The classification used at family level is that of 

Scott (1986), and the classification used at subfamily 

level is largely that of Miller & Brown (1981), with minor 

modification.25 This provides a utilitarian approach 

giving readers of differing persuasions ready access via 

the table of contents. Selection of tribal names 

vascillates in the literature. Some tribal names are 

provided. Tribal arrangement within Pyrginae and 

Hesperiinae is omitted, in recognition of particularly 

great need for biosystematic study. 

Parenthetical higher classification that usually 

accompanies first mention of a binomen or trinomen in a 

publication is provided only at primary checklist listings 

for those taxa included in the annotated regional 

checklist. Family and subfamily are given for all other 

Lepidoptera at point of first mention, unless contextually 

evident. Order, family, and subfamily are given for most 

other Insecta; in a few cases, order and family are given. 

Family is given for vascular plants. A few other cases are 

provided as follows: Class and family are given for a 

fungus; and class, order, and family for a mammal and a 

bird. 

25 Some of these could alternately be relegated to tribal 

or lower status. 
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Generic and Subgeneric Classification 

Binominal (binomial, sometimes binary) nomenclature is 

employed in many primary listings in the checklist where a 

single genus is generally used or no subgenera are 

generally recognized. Species groups,26 sometimes used to 

indicate distinction in lieu of or in addition to 

subgenera, are not employed. Presence of generic and 

subgeneric names herein does not constitute a position on 

use of subgenera or on statuses of names thus employed. 

See comments under the section on stability. 

Inclusion of two sets of genus group names in many 

primary listings in the checklist is done for the purpose 

of promoting the immediate usefulness of the checklist 

proper to readers of differing persuasions. This is done 

using combined generic and subgeneric format conforming to 

Article 6 of the International Code of Zoological 

Nomenclature (ICZN)2'̂  (International Commission on 

26 This use refers to a group of closely related species, 

usually a subset within a genus, and differs from the ICZN 

sense of species group that refers collectively to species 

and subspecies as categories. Both uses are sometimes 

hyphenated in the literature. 

2*̂  Often referred to as the "Code" in zoological 

literature. ICZN is used herein to refer to the Code when 

used in association with Articles. The acronym may also be 

used to designate the International Commission on 

Zoological Nomenclature (succeeded by the International 

Trust for Zoological Nomenclature) and the International 

Congress on Zoological Nomenclature, and is used herein for 

the former in association with Opinions and 
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Zoological Nomenclature, 1985). Generic or subgeneric 

placement of genus group names in the present work is not a 

statement of position by the author.28 Many of the names 

given as subgenera are used at genus level in some recent 

works (e.g.. Miller & Brown, 1981; Ferris & Brown, 1981; 

Pyle, 198129; Ferris, 1989), and less so in others (e.g., 

Howe, 1975a; Scott, 1986), while some works take a mixed 

approach (e.g., Opler & Krizek, 1984; Tilden & Smith, 

1986) . Important listings of rhopaloceran genus group 

names have been provided by Hemming (1934, 1967). 

In order to avoid redundancy in giving generic names 

or their abbreviations in annotations, specific names are 

utilized within the context of the immediately applicable 

generic name as used in the checklist and under which the 

comments are made.30 However, generic names or initials 

Recommendations. 

28 In a number of cases, the author's preference regarding 

generic and subgeneric positions differs from those given 

by the Article 6 format used herein. Inasmuch as the focus 

of the present work is not revisionary, and the factor of 

importance to the ecological analysis is determination at 

species level, the Article 6 format increases usefulness of 

the checklist proper without affecting the quantitative 

basis of the analysis. 

29 Note Pyle's support for the general principles set 

forth in Ehrlich & Murphy (1981(1982)), as evidenced by his 

being a signatory of that work. 

30 Equivalent arrangements apply to redundancy in giving 
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are provided at first mention of nonchecklist taxa, to make 

clear the intended application of parenthetical or 

nonparenthetical authority names. Throughout the balance 

of the present work, generic names or their abbreviations 

are omitted when it is contextually evident which name 

applies. 

Specific and Subspecific Classification 

Specific names31 are generally used in this work in 

the sense of the biospecies concept (cf. Mayr, 1940, 1963; 

Ehrlich, 1961; Sokal & Crovello, 197032; Shapiro, 

1982(1983); Ehrlich & Murphy, 1982(1983); de Jong, 

1982(1983)). Extralimital specific names are self-evident 

from the checklist's format. The subspecies concept 

generally used in this work is that of the geographic sense 

(cf. Remington, 1951; Wilson & Brown, 1953; Gillham, 1956; 

specific names as a context for subspecific or 

infrasubspecific names. 

31 Specific names are incorrectly referred to as epithets 

in a number of lepidopterological (e.g., glossary of Ferris 

& Brown, 1981) and other zoological publications, including 

relatively sophisticated ones such as Clench & Miller 

(1980). In reference to such names, "specific name" is the 

correct ICZN equivalent for "specific epithet" of the ICBN 

and the International Code of Nomenclature of Bacteriology 

(ICNB) (e.g., see International Committee on Nomenclature 

of Bacteriology, 1966, 1971). 

32 Later reprinted as Sokal and Crovello (1984). 
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Ehrlich, 1957; Arnold, 1983b, 1985; Hammond, 1985(1986)). 

Clines (sensu Huxley, 1939)33 are employed as a useful 

biogeographic concept. For purposes of reference, 

conspecific clinal endpoint populations are accorded 

utilitarian subspecific statuses. In certain cases, taxa 

not readily accommodated by existing taxonomic categories 

may be variously treated by different workers using 

concepts such as infrasubspecific categories, geographic 

subspecies (including clinal), semispecies (sensu 

Lorkovic), megasubspecies (see Amadon & Short, 1976), 

morphospecies, ecospecies, sibling species, biospecies, and 

superspecies34 (see Amadon, 1967). Comment in the 

annotations provides relevant orientation for the 

checklist. 

Classification is generally discussed in the present 

work with reference to recent works, as useful in 

clarification. Recent works are defined for purposes of 

this study as extending roughly from Klots (1951), which is 

both in print and in wide use, through the. Older 

literature is referred to in some cases. Nearly all 

Nearctic synonymy for the present taxa may be found in 

Miller & Brown (1981)35, supplemented by Ferris (1989). 

33 Although this paper formally introduced the term cline, 

the existence of clinal geographic expression of phenotype 

was known long before Huxley's contribution of this useful 

name for the phenomenon. 

34 Alternately, Artenkreis (cf. Rensch, 1929; Mayr, 1931). 
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Palearctic, Neotropical, or other synonyms are generally 

not included in these works, as their geographical focus is 

North America north of Mexico. A number of older 

orthographic variants are mentioned in Miller & Brown 

(1981) . Some orthographic variants are given in the 

present checklist, especially as relevant to recent 

literature. 

Infrasubspecific Classification 

Limited use is made of infrasubspecific names. In 

many recent works, names described as or used as varieties 

or forms are placed within quotation marks, to distinguish 

them from those described or used at species and subspecies 

levels. The justification for this was the fact that form 

names had no official standing under ICZN Article 45 

(International Commission on Zoological Nomenclature, 

1964) . However, amendation of the article (International 

Commission on Zoological Nomenclature, 1974, 1975), 

incorporated into the third edition (International 

35 This work is an excellent resource on history of 

Nearctic lepidopterology and nomenclature. For each 

species group or infrasubspecific name, it includes, as 

available to the authors, Nearctic (and some other) 

synonymy, original genus name, protologue reference, 

nomenclatural type locality (protologue, designated, and/or 

restricted), holding location of principal existing 

nomenclatural type, and historical notes, as applicable. 

It also gives information for other classification levels 

and type species for genera. 
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Commission on Zoological Nomenclature, 1985), indicates 

variety and form names given prior to 1961 to be 

interpreted as denoting subspecific rank for nomenclatural 

purposes. Therefore, where applicable, such variety or 

form names may now have priority over and replace names 

originally authored at species group level. Quotation 

marks for variety and form names authored prior to 1961 no 

longer serve the purpose of distinguishing infrasubspecific 

names, as they are now officially treated as though they 

had been authored as subspecies. Therefore, they should be 

given in italics (= underlined) as are other species group 

names, whether senior or junior synonyms. 

Use of quotation marks is considered within two 

contexts: (1) They may be used within the context of the 

ICZN, to indicate unavailable variety or form names (cf. 

ICZN Article 15), along with conditional, aberrational, and 

other names without official standing. (2) They may be 

used within the context of a given publication to set apart 

form, aberration, etc., names as regarded within that work. 

The first context offers greatest stability and uniformity 

in format among workers and publications, and is followed 

herein. It should be noted that use of the terms variety, 

form, or their abbreviations can serve the same purpose as 

quotation marks. In both cases, without the year of 

publication, as in many publications, it is not clear if a 

name is available or if it is a junior synonym. 

Implementation of italics (underlining) is adjusted to 
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match amendation of ICZN Article 45, such that form and 

variety names authored prior to 1961 are properly treated 

the same as other species group names proposed as 

subspecies. 

Common Names 

Effort has been directed toward cataloging and 

stabilizing use of common names of insects, in general, 

(e.g., Benoit, 1975; Sutherland, 1978) and of Lepidoptera, 

in particular, (e.g., see Pyle, 1980(1982)b). Some 

appellations have been the subject of a brief repartee (cf. 

Murphy & Ehrlich, 1983; Pyle, 1984a). Many books and other 

works in the past have played a part in promoting 

previously existing names, replacing existing names, and 

using new ones by act of publication. Pyle (1981) 

implements a number of new common names for taxa not 

previously having names established through usage or 

suggested through publication. Scott (1986), observing 

that there are no official rules governing common names, 

presents a number of new ones. A survey of many of the 

references cited above in the discussions of geographically 

inclusive and exclusive works reveals additional 

differences in common names of a number of species. In the 

final analysis, it is actual usage that determines 

acceptance and currency of a given name and makes it truly 

"common." 
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Use of rhopaloceran common names in this work would, 

in many cases, only add a factor to clarify, and not 

necessarily contribute toward positive identification or 

ease of use.36 Readers are directed to Klots (1951), 

Mitchell & Zim (1977, 1987), and Howe (1975a) for a 

representative selection of what are presently the most 

commonly used common names. Good sources of older common 

names include Comstock & Comstock (1904) and Holland (1898, 

1931) . A comparative listing of common names is to be 

provided by J. Y. Miller (in press). 

Names of cultivars are provided in format complying 

with the International Code of Nomenclature for Cultivated 

Plants (Brickell, 1980). 

Linear Arrangement 

Linear arrangements are inherently unsatisfactory in 

showing dynamic relationships of taxonomic units as they 

comprise taxonomic ranks within a hierarchy. Illustration 

of relationships is better accomplished through discussion 

and use of graphical methods such as phenograms, 

cladograms, ordination, and multidimensional techniques. 

The linear arrangement utilized by Miller & Brown (1981) is 

generally preferred over the Miller & Brown (1983) and dos 

Passes (1964) lists. Although the introduction in Hodges 

36 One new common name is provided for a larval and 

imaginal color morph of undetermined status under Papi1 in 

pnlyxenes (q.v.). 
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et al. (1983)37 comments that the arrangement of 

Hesperioidea and Papilionoidea follows that of Miller & 

Brown (1981), there are a number of differences in both 

linear arrangement and nomenclature. 

Authority Citations 

The practice of giving authority citations upon first 

mention of a species is followed for all species not listed 

in the checklist proper. Years are also provided for 

rhopaloceran taxa. Use of double citations is optional 

under the ICZN, and is not employed herein for zoological 

taxa. Double citations are provided for botanical taxa, as 

applicable, in accordance with the ICBN. 

Where relevant, brief comment is made in the checklist 

regarding ICZN Opinions. ICZN Opinion 150 is followed in 

using adjusted years for taxa proposed by Hiibner (1816-

182 6) . ICZN Opinion 516 is followed regarding taxa 

proposed by Cramer (1775-1782). Volume and page numbers 

given in Miller & Brown (1981) are used in application of 

ICZN Opinions. 

3"̂  Although authorship in Hodges et al. (1983) is credited 

by family. Miller & Brown authored the portion encompassing 

all Hesperioidea and Papilionoidea, forming a cohesive 

unit, thus literature citations to their sections are made 

collectively as Miller & Brown (1983), rather than 

separating citations into 10 different units (1983a, 1983b, 

. . . 1983J) in rigid adherence to authorship credits as 

given. Pages are provided by family in the Literature 

Cited for readers so inclined. 
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Protologue references are not included in the 

literature cited unless referred to in commentary and so 

cited. Parenthetical authority citations are provided 

following ICZN Article 51(d). The format of ICZN 

Recommendation 22B would result in a citation as follows: 

EparqycfiUf? Clarus (Cramer, 1775) . Herein, the same 

information is given as Eoarayreus clarus (Cramer) 1775. 

Years so given for parenthetical authority names are thus 

categorically differentiated from standard literature 

citations, whether placement is in listings or paragraphic 

discussion. Many works give parenthetical authority names 

in this unambiguous format, some with and some without 

interposition of commas (e.g., see dos Passes, 1964; Field, 

1971: 7, 29, 35; Dornfeld, 1980; Ferris & Brown, 1981; 

Bridges, 1983; Opler & Krizek, 1984; Kendall & McGuire, 

1984).38 In the present work, commas39 are omitted from 

Another approach (Sargent, 1976) provides references to 

protologues in a bibliography, and gives parenthetical 

authority names and literature citation years in separate 

parentheses next to each other, without use of commas. 

Sargent's use of parenthetical years is intended to make 

the authority citation also serve as a literature citation, 

and is not intended as a parenthetical year in the ICZN 

sense. 

39 The ICZN employs interposition of a comma between an 

authority name and year. The ICBN indicates that 

unabbreviated authority names be separated by a comma, 

while a period following abbreviated authority names 

precludes need for a comma. The ICNB provides that no 

punctuation be present between an authority name and year. 
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authority citations, a format employed in a number of 

zoological publications. In the literature, the principal 

format consideration in giving scientific nomenclature is 

generally that of the context of a given work and its 

outlet. In order to be truly consistent, a principally 

nomenclatural or taxonomic work following ICZN 

Recommendation 22B would also adhere to other ICZN formats, 

including parenthetical years and bracketted years. In the 

present work, parentheses^O are used for authority names, 

but not for years, and direct use of square bracketŝ -"- is 

not made for authority names or years. Indirect use is 

made of bracketted years in a few places in giving years as 

stated in other works. 

The nearly ubiquitous current use in authority 

citations of Linnaeus, 1707-1778 (= Carolus Linnaeus, Carl 

Linnaeus, Carl von Linne, Karl von Linne, Caroli Linnaei, 

Charles Linne; abbreviated L.) has been followed for 

40 Under the ICZN, a year is enclosed in its own 

parentheses if it is not directly stated, but determined 

from evidence internal to the work concerned. This 

practice is to be distinguished from that of ICZN 

Recommendation 22B. 

^^ Under the ICZN, an authority name in square brackets 
denotes that original description of a taxon was made 

anonymously, and a year enclosed in square brackets 

indicates it was determined entirely from evidence external 

to the work concerned. 
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uniformity with other works, though there are exceptions 

(e.g., Lambremont, 1954). His son, Carl von Linne, 1741-

1783 (abbreviated L. f.) also served as professor of botany 

at Uppsala, Sweden. Citation of the tenth edition of 

Svstema Natural is made using the orthography of that work, 

Linnaei. 

The surnames Herrich-Schaffer, Hiibner, Miiller, and 

Plotz are thus formed, rather than using their respective 

transliterated forms, Herrich-Schaeffer, Huebner, Mueller, 

and Ploetz. Diacritical marks are employed as needed for 

names of other authors, but not for Linnaean nomenclature. 

The compound name Le Conte has been variously formed 

as Le Conte, LeConte, and Leconte. Typesetters of older 

journals have been known to arrange this surname in all of 

these ways, as a recent multivolume photolithographic 

compilation readily reveals (see Hardy et al., 1982^*2). 

Miller & Brown (1981, 1983) form this surname as 

Leconte.43 The form commonly used in current and recent 

2̂ Principally consists of papers by John Lawrence Le 

Conte, 1825-1883, the "Father of American Coleopterology" 

and son of John Eatton Le Conte, 1784-1860, who coauthored 

a number of lepidopteran names with Boisduval. J. L. Le 

Conte's signature gives little clue as to his preference, 

and both father and son were apparently tolerant of 

printing variations. The editors of the compilation 

volumes employ the formation LeConte in their introduction. 

Papers authored by J. E. Le Conte during 1824-1859 are 

included in volume VII, and are believed to include all of 

his entomological writings with exception of Boisduval & Le 

Conte (1829-1834). 
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literature, LeConte, would be an unexpected arrangement, as 

in French, a space should normally be present before 

capitalizing a following first letter in a compound 

surname.44 Forms with and without the space (i.e., Le 

Conte and Leconte) are currently used in France. Given the 

existence of usage and printing variations, it would be 

best to turn to Le Conte himself for help.45 The 

frontispiece of volume II of Scudder's (1889b) three volume 

magnum opus46 reproduces an autographed portrait of Le 

Conte supplied by his family. Although the compound 

surname parts are joined as typeset in the frontispiece 

description, his signature clearly separates the definite 

43 Compare note 4 in Part I (p. 2) of Ferris (1989). 

An apostrophe is used in forming certain names (e.g., 

L' followed by an uppercase first letter of a surname). 

45 In America, a person is traditionally regarded as the 

authority on his or her own name; even an aberrant 

spelling, formation, or pronunciation is acceptable for 

one's own use and is respected and accommodated by others. 

While Le Conte's formation of his name was ordinary, his 

preference would have been respected either way. 

46 A further comprehensive work, larger in scope, but of 

undetermined size, was planned by Scudder to include an 

extensive introduction to the study of butterflies and 

treatment of all known life stages under the title, A 

Student's Manual of the Butterflies of North America^ North 

of Mexico. The work was not completed, possibly due to 

Scudder's failing health. 
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article and the family name, and the prominent "C" 

partially encircles its part of the name. In the present 

work, Le Conte's preference, as evidenced by his own 

signature, is followed in forming his name as Le Conte, 

rather than LeConte or Leconte. 

Initials are included when more than one worker with 

the same surname has been prominent in describing Nearctic 

Lepidoptera. The most noteworthy of these is William Henry 

Edwards, 1822-1909. A contemporary worker of his was Henry 

Edwards, 1830-1891. Each described Lepidoptera, the former 

more than the latter, and they corresponded with each 

other, but were not related. 

Protologue and other references to taxonomic 

literature are not provided herein, unless specifically 

cited, as these are readily available elsewhere. The tenth 

edition of Linnaeus' Systema Naturae (Linnaei, 1758)47 is 

recognized as the official starting point for zoological 

nomenclature^^. Citations for lepidopteran and other 

zoological genus group, species group, and infrasubspecific 

47 The British Museum (Natural History) has issued a 

reprint: (Linnaei, 1956). 

48 Interestingly, Larson (1971), in a technical study of 

the development and application of Linnaean classification, 

cites the first and thirteenth editions of Systema Naturae, 

but not the tenth edition, though it is the official 

starting point of all zoological nomenclature. 

Considerable reference is made to botanical aspects of 

Linnaeus' work. 
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names proposed as genera and species from 1758-1800 are 

provided in Sherborn (1902). This index is continued for 

1801-1850 in Sherborn (1922-1931, 1932-1933). Citations 

for genus group names proposed from 1758-1935 are provided 

in Neave (1939a, 1939b, 1940a, 1940b). References for 

genus group names proposed from 1936-1945 are provided in 

Neave (1950), and those from 1946-1955 in Edwards & Hopwood 

(1966). 49 Protologue references for most Nearctic 

Rhopalocera and Nearctic synonymy proposed through 197 9 and 

early 1980 have been provided by Miller & Brown (1981; cf. 

Ferris, 1989). Type locality (TL) information is provided 

in footnotes when deemed to be of interest or of bearing on 

comments, and are drawn from a combination of original 

descriptions and other sources (e.g., Klots, 1951; Miller & 

Brown, 1981, Tilden & Smith, 1986). Protologue, 

designated, and restricted type localities are provided in 

Miller & Brown (1981; cf. Ferris, 1989). 

49 The university library does not contain subsequent 

additions to this series. These sources omit names 

proposed in certain (e.g., early) issues of some 

publications. Zoological Record also omits such names; 

Beattie (1976) provides an index of rhopaloceran names in 

that source for 1864-1971 and in Berichte huber die 

wissenschaftlichen Leistunaen im Gebiete der Entomologie 

for 1834-1863. 
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Checklist Format 

Uninominal (uninomial) names are centered at the 

beginning of their respective sections. Species names are 

left justified, and subspecies names are indented following 

the abbreviation ssp. under their respective species. 

Foreign language terms are not underlined (= italicized), 

in order to provide the user with greater ease in visually 

scanning for genus group and species group names, and as is 

the practice of some journals. In cases of dual 

authorship, in both authority and parenthetical literature 

citations, an ampersand (&) is used in order to draw the 

names together as a unit for ease in reading, and as is the 

practice of many journals. Periodical names and book 

titles are underlined in the text, but not in the 

Literature Cited. In addition to applying to checklist 

format, some remarks apply to the the work as a whole. 

Information under each species is provided, as 

applicable, in one (i.e.. Occurrence) or more of three 

sections described below. Paragraph structure is 

intentionally minimal. 

Systematics/Taxonomy/Nomenclature: This section is used 

to provide clarifying comment on biosystematic, 

taxonomic, and nomenclatural^^ aspects, each of which 

50 Use in this sense given as "nomenclatorial" in many 

publications and some dictionaries. Accuracy and precision 

of meaning is served by employing nomenclatorial as the 

adjective form of nomenclator (applicable to either a 

person or appropriate written work), and nomenclatural as 

the adjective form of nomenclature. 
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may be interrelated. Nomenclatorial comment is included 

in a few cases. In many cases, name selections are made 

within a context of differing biosystematic positions, 

as described earlier. The purpose of this section is to 

effect unambiguous communication regarding names used. 

In some cases, this regards currently unresolved 

statuses of given taxa. Differences in widely used 

checklists and recent separate works are often, but not 

exhaustively, indicated. In some cases, reference is 

made to early literature. Remarks regarding 

extralimital taxa are included to the extent that they 

affect the selection or placement of taxa (e.g., at 

species or subspecies levels) in the checklist. In 

cases where a biosystematic "call" is made, appropriate 

comment is provided. Remarks range from the systematic 

context within which a given name is selected for use to 

brief statements regarding authorship or years. 

Occurrence: This section gives geographic occurrence in 

the Llano Estacado, or adjacent to the region, as 

relevant. In many cases, occurrences are summarized in 

succinct statements.̂ -'- In other cases, data are 

51 Lengthy lists of information such as a record for 

Vanessa cardui a certain number of miles north of a certain 

town on a certain date, are of little scientific value when 

it is well known that the species occurs throughout the 

region (and continent, and much of the world). The present 

study summarizes thousands of records relating to 

biogeographic and seasonal occurrences. 
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provided for records deemed to be of importance or 

interest. Findings from field study and the literature 

are combined in describing occurrences. Cases in which 

field study and the literature are at variance are 

indicated. Principal occurrences of many species are 

often closely associated with certain habitats, larval 

hosts, or imaginal nectaring resources within larger 

areas of general occurrence. Descriptive statements 

refer to the context of the Llano Estacado. Terms such 

as "approaches" and "adjacent" generally refer to 

proximity of taxa from without the study area. In order 

to avoid giving occurrences and areas of origin outside 

the study area for migrant and other taxa, access to a 

reference such as Scott (1986) is assumed. Many areas 

of occurrence represent extensions to the ranges given 

in that work. Due to traditional emphasis on non-

ecogeographically related state records in the 

literature, distinctions are made as necessary. 

Discussion: This section is used as a catchall for 

other kinds of information and in some cases, subject 

content intersects with that of the above two 

categories. Entries range from presenting new 

information to summarizing known information of 

particular interest. Examples include observations 

regarding migration, Batesian (Bates, 1862) and 

Miillerian (Miiller, 1879) mimesis, crypsis, etc. 
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Annotated Regional Checklist 

Hesperioidea Latreille 1809 

Biosystematic implementation of Hesperioidea and 

Papilionoidea is widely agreed upon as of this writing, 

though neither has a truly common array of 

autapomorphies (cf. Ackery, 1984; Ehrlich & Ehrlich, 

1967). Ackery (1984) states that these superfamilies 

may be regarded as forming a monophyletic group, and 

Brock (1971) treats them as a single superfamily. 

Important references on Nearctic Hesperioidea include 

Lindsey (1921), Draudt (1924), Lindsey et al. (1931), 

Bell (1938), and Evans (1951, 1952, 1953, 1955). 

Hesperiidae Latreille 1809 

Pyrginae Burmeister 1878 

A number of earlier works (e.g., Holland, 1931) use the 

term Hesperiinae for the present Pyrginae, while giving 

what is presently treated as Hesperiinae under 

Pamphilinae. Miller & Brown (1981), while giving 

historical notes and synonymy for some other family 

group and tribal names, omit these cases. 

Genus F.parayreus Hiibner 1819 

f;pargyreus clarus (Cramer) 1775 
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ssp. clarus (Cramer) 1775 

Systematics/Taxonomy/Nomenclature: Miller & Brown 

(1983) give clarus as authored in 1779. The assigned 

year is 1775 (ICZN Opinion 516), and is given by Miller 

& Brown (1981). 

Occurrence: Throughout. 

Discussion: This species exhibits pronounced local 

occurrence in urbanized habitat where larval hosts are 

concentrated. 

Genus Polygonus Hiibner 1823 

The year is given as 1825 by Neave (1940a), dos Passes 

(1964) and Miller & Brown (1981, 1983). The ICZN gives 

the years for the applicable work, Hiibner's three volume 

Sammlung exetischer Schmetterlinge, as 1806-[1823] (see 

Hemming, 1958; Melville & Smith, 1987; cf. ICZN Opinions 

137 and 276). The years given by Miller & Brown (1981) 

are generally used herein for names authored by Hiibner 

in these volumes. In the cases of Polygonus and Mestra, 

the year 1823 is used, pending clarification. 

Polygonus lee (Gmelin) 1790 

ssp. histrio Rober 1925 

Systematics/Taxenemy/Nomenclature: Miller & Brown 

(1981) give leo in monetypic format. Miller & Brown 

(1983) give the nominate as extralimital, and list two 

subspecies, £. 1. saviany (Latreille) 1824 and P. 1. 

r̂-i 7.onensis (Skinner) 1911, respectively given as a 

junior synonym and as a form in Miller & Brown (1981). 
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The subspecies occurring north of Mexico is given as 

histrio in Ferris (1989). 

Occurrence: Range in Scott (198 6) extends to near the 

Mescalero Escarpment. 

Genus Chieides Lindsey 1921 

Chloides zilpa (Butler) 1874 

ssp. zllSiSL (Butler) 1874 

Occurrence: Potential occurrence of this Neotropical 

species is implicated by a stray north to Kansas (Scott, 

1986; cf. Freeman, 1949). The range given in Scott 

(1986) approaches the Caprock Escarpment. 

Discussion: Another possible rare stray to the Llano 

Estacado is £. catillus (Cramer) 1780 ssp. albefasciatus 

(Hewitsen) 1867, though without precedent of a known 

stray as is the case with zilpa. 

Genus Urbanus Hiibner 1807 

Urbanus proteus (Linnaeus) 1758 

Occurrence: Occasional migrant, potential occurrence 

throughout. No New Mexican Llano Estacado records to 

date. 

Urbanus dorantes (Stoll) 1790 

ssp. dorantes (Stoll) 1790 

Occurrence: Potential stray throughout. Range given in 

Scott (1986) extends across the Rolling Plains just east 

of the Caprock Escarpment, and includes the Oklahoman 

extension. 

Genus Thnrybes Scudder 1872 
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ThQrybe?=i pylades (Scudder) 1870 

ssp. Dvlades (Scudder) 1870 

Systematics/Taxonomy/Nomenclature: Scott (1986) and 

Tilden & Smith (1986) give pylades as polytypic, and 

Miller & Brown (1981, 1983) give it as monotypic. 

Originally, albosuffnsa52 H. A. Freeman 1943, was 

described as a form of pylades (Freeman, 1943b). 

However, Freeman (1951a) redesignated albosuffusa as a 

subspecies and has used it at species level as well 

(Freeman, 1976). These species group uses are not 

accommodated in Miller & Brown (1981) or Ferris (1989) . 

Scott (1986) is incorrectly given in Ferris (1989) as 

having elevated albosuffusa to subspecific status, this 

having originally been done by Freeman. Additionally, 

application of ICZN Article 45 as amended (International 

Commission on Zoological Nomenclature, 1974) and as 

given in the third edition of the ICZN (International 

Commission on Zoological Nomenclature, 1985) indicates 

the 1943 usage to be interpreted as subspecific for 

nomenclatural purposes.53 Although ICZN Article 

52 TL: Fort Davis, Jeff Davis Co., Texas. 

53 Although Miller & Brown (1983) is actually an earlier 

version of that Miller & Brown (1981), the former gives 

albosuffusa as a subspecies with the year of the original 

description. Interestingly, this would comply with this 

emendation which is not followed in Miller & Brown (1981). 

See comments under Dryas iulia. 
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45(g)(1) (International Commission on Zoological 

Nomenclature, 1985) does not specifically address the 

condition of an author's statements external to a 

protologue work. Freeman's 1951 change of status 

indicates his 1943 usage to be intended as 

infrasubspecific. Therefore, until the ICZN is amended 

to address this type of situation or the Commission 

rules on the matter, the year for species group use of 

albosuffusa is given as 1951. Freeman (pers. comm., 

1982) has informed the author that he continues to 

consider albosuffusa to most likely represent a distinct 

species and has treated it as such in an unpublished 

summary of his studies of Mexican Hesperioidea. Roever 

(pers. comm., 1988) considers it to be a form. Due to 

the highly epicentric biogeographic occurrence of 

albosuffusa both in frequency and degree of expression, 

pylades is treated herein as polytypic, pending 

completion of further study. 

Occurrence: Range approaches the Coyote Escarpment. 

Discussion: Thorybes bathyllus (J. E. Smith) 1797 

occurs east of the Llano Estacado and in the plains to 

the north, but no records near or within the region have 

been confirmed to date. 

Genus Cabares Godman & Salvin 18 94 

Cabares potrillo (Lucas) 1857 

Occurrence: The northern part of the range in Scott 

(1986; cf. Freeman, 1949), which is based upon 
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occasional migrants, is adjacent to the eastern edge of 

the Llano Estacado in the Texan Panhandle, and crosses 

the Oklahoman extension. Potential occurrence. 

Genus Coaia Butler 1870 

Cogia hippalus (w. H. Edwards) 1882 

ssp. hippalus (W. H. Edwards) 1882 

Systematics/Taxonomy/Nomenclature: Miller & Brown 

(1981, 1983) and Ferris (1989) do not mention 

subspecific status for hippalus. MacNeill (1975) gives 

this species as polytypic, mentioning four distinct 

extralimital subspecies. Ferris (1989) gives the year 

as 1862. 

Occurrence: Adjacent to Mescalero Escarpment (see 

Scott, 1986). 

Cogia cutis (Skinner) 1894 

Occurrence: Rolling Plains. Occurs at the Caprock 

Escarpment in the HSA. 

Genus Staphylus Godman & Salvin 1896 

Staphylus ceos (W. H. Edwards) 1870 

Occurrence: New Mexican Mescalero Escarpment vicinity. 

May occur in adjacent Texan portion. 

Staphylus hayhurstii (W. H. Edwards) 1870 

Occurrence: May occur in Oklahoman extension and nearby 

northern Llano Estacado. None sampled to date. 

Genus Achlyodes Hubner 1819 

fir.hlyodes thraso (Hiibner) 1807 

ssp. tamenund (W. H. Edwards) 1871 
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Occurrence: Field (1938(1940)) reports a stray (as 

specific thraso) north to Kansas. Potential stray 

throughout, perhaps more so in the eastern portion. 

Genus Grais Godman & Salvin 1894 

Q£3l2. stiamatica (Mabille) 1883 

Systematics/Taxonomy/Nomenclature: Miller & Brown 

(1983) and Ferris (1989) give the specific name as 

stiamatica. Miller & Brown (1981) and Scott (1986) give 

it as stiamaticns. 

Occurrence: Field (1938(1940)) reports strays north to 

Kansas (cf. Freeman, 1949). Potential stray throughout. 

Genus Timochares Godman & Salvin 1896 

Timochares ruptifasciatus (Plotz) 1884 

Occurrence: Potential stray throughout. 

Genus Chiomara Godman & Salvin 1899 

Chiomara asychis (Stoll) 1780 

ssp. georaina (Reakirt) 1868 

Occurrence: Potential stray throughout, as indicated by 

a record in Kansas (Field, 1938(1940)). Freeman (1949) 

does not mention this record. 

Genus Krynnis Schrank 1801 

Scott (1986: 492), in a work having many global 

overtones (e.g., worldwide key to families and 

subfamilies, many ranges specified as extending into 

South America, Europe, Asia, etc.) states that all male 

F.rynnis have costal folds. While this is true for those 

occurring in America north of Mexico, not all congeners 
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have this character. The costal fold is absent in 

Mexican £. mercurius (Dyar) 1926 and Palearctic £. 

marloyi (Boisduval) 1834. 

Subgenus Erynnis Schrank 1801 

Erynnis (Erynnis) brizo (Boisduval & Le Conte) 1834 

ssp. burgessi (Skinner) 1914 

Systematics/Taxonomy/Nomenclature: Burns (1964) treats 

brizo as a polytypic species having five subspecies. 

Scott's (1986) approach includes Llano Estacado material 

within nominate brizo and does not employ buraessi. 

Occurrence: Throughout. 

Subgenus Erynnides Burns 1964 

Erynnis (Erynnides) juvenalis (Fabricius) 1793 

ssp. juvenalis (Fabricius) 1793 

Systematics/Taxonomy/Nomenclature: Evans (1953) 

combines E. propertius (Scudder & Burgess) 1870, E. 

meridianus. £. plautus (Scudder & Burgess) 1870, K. 

jnvenalis. and £. clitus (W. H. Edwards) 188254 as five 

conspecific subspecies under juvenalis. One of these, 

plautus. is now generally regarded as a junior synonym 

of jnvenalis (e.g.. Miller & Brown, 1981, 1983). Burns 

(1964; see Burns, 1960; Burns & Kendall, 1969) regards 

these taxa as two distinct superspecies that are 

sympatric in central North America, with each 

superspecies itself consisting of two allopatric 

54 Given as 1882 by Miller & Brown (1981) and Ferris 

(1989), and as 1883 by Miller & Brown (1983). 
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species. Burns (1964) gives the western superspecies as 

consisting of propertius and meridianus, and the eastern 

as consisting of juvenalis and £. telemachns. Current 

treatments place clitus as conspecific with and 

subspecific to juvenalis (Ferris, 1989; Miller & Brown, 

1981, 1983; Scott, 1986; Tilden & Smith, 1986). 

Occurrence: Caprock Escarpment and in nearby scattered 

untilled fields and towns. Freeman (1951a) does not 

mention Llano Estacado occurrences. 

Discussion: Irregular occurrence may reflect 

fluctuations in dispersal frequency or range of eastern 

populations. 

Erynnis (Ervnnides) telemachus Burns 1960 

Systematics/Taxonomy/Nomenclature: See remarks under £. 

juvenalis. 

Occurrence: Adjacent to the Coyote Escarpment. 

Erynnis (Erynnides) meridianus Bell 1927 

Systematics/Taxonomy/Nomenclature: Burns (1964) is 

followed in treating meridianus at species level within 

superspecies £. propertius and meridianus. Miller & 

Brown (1981, 1983) also give meridianus at species 

level. Scott (1986) tenably treats meridianus as 

conspecific with propertius, noting that the valvae are 

the same. The relationship of meridianus and £. 

juvenalis is discussed under juvenalis. 

Occurrence: Scattered occurrence throughout much of the 

Texan Llano Estacado. Freeman (1951a) reports 
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meridi an̂ Tff at Palo Duro Canyon. 

Erynnif^ (ErynnidftS) horatins (Scudder & Burgess) 1870 

Occurrence: Palo Duro Canyon and adjacent area; Caprock 

Escarpment and urban habitat in the HSA. Freeman 

(1951a) does not record horatius at Palo Duro Canyon. 

Erynnis (Erynnides) tristis (Boisduval) 1852 

ssp. tatius (W. H. Edwards) 1882 

Occurrence: Central Caprock Escarpment and adjacent 

plains. 

Discussion: This population may be isolated from other 

known populations indicated on the range map of Scott 

(1986). 

Erynnis (Erynnides) funeralis (Scudder & Burgess) 1870 

ssp. funeralis (Scudder & Burgess) 1870 

Systematics/Taxonomy/Nomenclature: Burns (1964) gives 

funeralis and £. zarucco (Lucas) 1857 as comprising a 

superspecies. Scott (1986) gives funeralis subspecific 

status under zarucco. mentioning that intergrade 

phenotypes occur along the range junction of the two 

taxa, and that white-fringed specimens sometimes occur 

within the range of 7.aruccQ. Brown-fringed zaruCGQ 

occurs in southeastern US and the nearby Caribbean, 

while white-fringed fnneralis. as presently recognized, 

occupies an extensive range from California through 

Texas, and south into Argentina and Chile. Most workers 

currently treat funeralis at species level. 
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Occurrence: Throughout. 

Genus Pyraus Hiibner 1819 

gyrguf? scriptnra (Boisduval) 1852 

Occurrence: Mescalero and Coyote escarpments, and in 

the Rolling Plains immediately adjacent to the Caprock 

Escarpment in the HSA. 

Discussion: At least one larval host known to be 

utilized elsewhere is present in the Caprock Escarpment 

^^^^, Sphaeralcea coccinea (Pursh) Rydberg (Malvaceae). 

One female exhibiting preovipositional host-locating 

behavior was followed without confirming its use. 

Fyrgus communis (Grote) 1872 

ssp. communis (Grote) 1872 

Systematics/Taxonomy/Nomenclature: This taxon is given 

nominate subspecific status, following MacNeill (1975), 

Stanford (1981a)55, and Scott (1986) in treating £. 

albescens Plotz 1884 as conspecific. Miller & Brown 

(1981, 1983) treat albescens at species level on advice 

of H. A. Freeman.56 Tilden (1965b), in discussing the 

55 Stanford's authorship is credited on page v as for 

Pyrginae and Hesperiinae, and on page 67 as for 

Hesperioidea, with no mention of authorship on pages 68 and 

90, where respective treatments of the two subfamilies 

begin. Treatment of Megathyminae is authored by Ferris. 

Ferris' authorship is described on page v in the book as 

for Megathyminae, but is not mentioned on page 141 where 

treatment begins. 

56 Material from Freeman's collection is figured by Howe 

(1975) as conspecific with communis, following textual 

treatment by MacNeill (1975) in the same volume. 
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situation presented by these taxa, observes that 

taxonomic categories do not appear to accommodate the 

biological relationship of communis and albescens.57 

Data is presently insufficient to determine status using 

the biospecies concept, or to determine if the concept 

can resolve the situation. There are blend or 

intergrade zones in need of study. In regard to 

application of morphospecies and ecospecies concepts, 

distinctions can be made, especially regarding 

altitudinal and geographic factors. Evidence may also 

be interpreted to support the biogeographic subspecies 

concept. 

Occurrence: Throughout. 

Genus Heliopetes Billberg 1820 

Heliopetes domicella (Erichson) 1848 

Occurrence: Southernmost tip. 

Heliopetes macaira (Reakirt) 1866 

Occurrence: Potential stray throughout as indicated by 

occurrence in Kansas (see Scott, 1986). 

Genus Celotes Godman & Salvin 1899 

Celotes nessus (W. H. Edwards) 1877 

Occurrence: Throughout. 

Discussion: This species^^ displays ammophilous basking 

57 This appears to be the case for a number of taxa. 

58 TL: San Antonio, Texas. 
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and perching behavior on sunny afternoons. Closely 

related Q.. limpia Burns 1974 has not been found in the 

Llano Estacado to date. Burns (1974) described limpia 

from habitat59 substantially similar to some canyons of 

the Llano Estacado. If limpia occurs in the Llano 

Estacado, it may be most likely to be found at the 

southern Mescalero Escarpment or southernmost portion. 

Genus Pholisora Scudder 1872 

Pholisora catullus (Fabricius) 1793 

Occurrence: Throughout. 

Discussion: A thorough check of available material 

reveals no occurrences of £. meiicana (Reakirt) 1866 in 

the Llano Estacado. 

Genus Hesperopsis Dyar 1905 

Generic status for Hesperopsis is given in Stanford 

(1981a), Scott (1986), and Ferris (1989), but not by 

MacNeill (1975), Miller & Brown (1981, 1983) and Tilden 

& Smith (1986).^° A number of differences between 

HPsperopsis and Pholisora are mentioned by Stanford 

(1981a) and Scott (1986). One prominent morphological 

59 TL: Limpia Canyon, Davis Mountains, 4 miles WNW of 

Fort Davis, Jeff Davis Co., Texas, altitude 5000 feet. 

60 This represents a departure of sorts from the relative 

positions of some of these authors' works in regard to the 

current debate regarding genera (see section on 

biosystematic, taxonomic, and nomenclatural 

considerations). 
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difference is that male images of Pholisora have a 

costal fold, while those of Hesperopsis do not.^1 

Hesperopffiff alpheus (W. H. Edwards) 1876 

ssp. alpheus (W. H. Edwards) 1876 

Systematics/Taxonomy/Nomenclature: This species62 is 

given in Pholisora in many texts and papers. See 

remarks under genus Hesperopsi s 

Occurrence: Caprock Escarpment, with occurrence 

eastward into the Rolling Plains found in the HSA. 

Discussion: The present Rolling Plains occurrences 

represent the easternmost known continental range of the 

nominate. See the range map of Scott (1986). 

Hesperiinae Latreille 1809 

See remarks under Pyrginae. 

Genus Lerema Scudder 1872 

Lerema accius (J. E. Smith) 1797 

Occurrence: Range in Scott (1986) approaches southern 

tip of the Llano Estacado. Potential stray throughout 

by implication of Colorado record (see Scott, 1986). 

Genus Ancyloxypha C. Felder 1862 

61 Species with and without costal folds in males, have 

long been regarded as congeneric in other Pyrginae (e.g., 

Erynnis (q.v.) and Pyrgus). 

62 TL: "New Mexico." Restricted to Colfax Co. by Brown & 

Miller (1975) . 
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AnCYlOKYrhn numitor (Fabricius) 1793 

Occurrence: Colonies in the central Caprock Escarpment 

detected by intensive sampling. 

Discussion: Sampling to date in the Rolling Plains 

indicates these colonies may be isolated from eastern 

numitor. 

AnCYloxyplia ajLfiHa (W. H. Edwards) 1871 

Occurrence: The range map in Scott (1986) indicates 

occurrence in the vicinity of the New Mexican Mescalero 

Escarpment. May occur in adjacent Texan portion. 

Genus Copaeodes Speyer 1877 

Copaeodes aurantiarns (Hewitson) 1868 

Systematics/Taxonomy/Nomenclature: The specific name is 

given as aurantiaCf^ by Miller & Brown (1981) and Scott 

(1986), and as aurantiarns by Miller & Brown (1983) and 

Ferris (198 9). The name aurantiaca Godman 1900 non63 

Hewitson 1868 constitutes a misapplication of the name 

to £. minimus (see Godman, 1900) . Miller & Brown (1983) 

give Godman's misidentification junior synonymic status 

under minimus. 

Occurrence: Throughout. 

63 Use of Latin nee and nen is confused in many 

nomenclatural publications. In proper nomenclatural 

notation, nen is used independently to indicate "net (of)," 

while nee is used independently to indicate "and not (of)" 

or "nor (of)." In cenjuction, nen and nee, in that order, 

may be used to indicate, "neither (of)" and "nor (of)" (see 

Jeffrey, 1973). 
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Discussion: It is of interest that Q.. precris (W. H. 

Edwards) 1871 has junior synonymic status under both 

aurantif^cus and minimus (see McDunnough, 1938; dos 

Passes, 1964, Miller & Brown, 1981, 1983). Brown & 

Miller (1977) use a specimen of aurantiacus in giving 

lectotype designation for procris from a mixed series of 

aurantiacus and minimus that Edwards used when 

describing precris. The precris junior synonym of 

aurantiarns is male and that of minimus is female. 

CopaeodgS minimus (W. H. Edwards) 1870 

Systematics/Taxonemy/Nomenclature: Many works, 

including Miller & Brown (1981), give this taxon as 

minima. Miller & Brown (1983) and Ferris (1989) give it 

as minimus. See further remarks under £. aurantiacus. 

Occurrence: Texan Llano Estacado and Oklahoman 

extension. 

Discussion: See remarks under Q.. aurantiacus. 

Genus Hylephila Billberg 1820 

Hylephila phyleus (Drury) 1773 

ssp. phyleus (Drury) 1773 

Systematics/Taxonomy/Nomenclature: MacNeill (1975) 

allows for extralimital South American subspecies. 

Freeman (pers. comm., 1982) considers all material 

through Mexico to South America as neminetypic. Miller 

& Brown (1981, 1983) in net covering Neotropical taxa, 

do net mention nominate subspecific status. Scott 

(1986) considers the nominate to occur from Florida to 
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Texas and Argentina, giving recognition to a lighter 

colored subspecies in Arizona and California. 

Occurrence: Throughout. 

Discussion: This species colonizes residential 

urbanized habitat, disturbed habitat, and escarpment and 

canyon habitat. 

Genus Yvretta Hemming 1935 

Yvretta rhesus (W. H. Edwards) 1878 

Occurrence: Coyote Escarpment, possibly eastward. No 

Texan Llano Estacado records to date. 

Discussion: Freeman (1951c) indicates that rhesus tends 

to occur in montane habitat. It is also known to occur 

in the plains east of the Rocky Mountains. 

Genus Hesperia Fabricius 17 93 

Lindsey (1942) provides a preliminary revision of this 

genus, and MacNeill (1964) treats western material. 

Hesperia uncas W. H. Edwards 1863 

ssp. uncas W. H. Edwards 1863 

Systematics/Taxonomy/Nomenclature: The specific name is 

given as uncus in a number of publications, apparently 

first by Brown et al. (1956). This constitutes an 

unintentional orthographic variant and as such is 

treated as a nomenclatural form of the specific name 

uncas. 

Occurrence: Northern half, extending south along the 

Coyote Escarpment and New Mexican Llano Estacado. 

Discussion: The Caprock Escarpment and nearby Rolling 
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Plains may approximate the western edge of its present 

range in Texas. 

Hesperia ottoe W. H. Edwards 1866 

Occurrence: Caprock Escarpment from below Tule Canyon 

through the northeastern portion. 

Hesperia oahaska (Leussler) 1938 

ssp. Pahaska (Leussler) 1938 

Occurrence: Canadian River Breaks; possibly southward 

along the Coyote Escarpment. 

Hesperia metea Scudder 1864 

ssp. licinns (W. H. Edwards) 1871 

Occurrence: Oklahoman extension; should be looked for 

in northeastern portion in Texas. 

Hesperia viridis (W. H. Edwards) 1883 

Systematics/Taxonomy/Nomenclature: The phenotype of the 

Caprock Escarpment population differs from that of the 

nominate.^^ 

Occurrence: Throughout. 

Discussion: Tilden & Smith (1986) indicate that the 

early stages of viridis are undescribed; Scott (1986) 

gives a brief description. Field and rearing data 

recorded during the present study indicate viridis to be 

bivoltine in Texas, an observation tentatively made by 

Kendall (MacNeill, 1975), and later stated in definite 

terms by Tilden & Smith (1986). Hibernation is passed 

64 TL: Las Vegas, New Mexico. 
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by larvae in the center of clustered grass blades, that 

may be tied, at the base of the dried larval host. 

Hesperia attalus (w. H. Edwards) 1871 

ssp. attalus (W. H. Edwards) 1871 

Occurrence: Oklahoman extension. 

Genus Polites Scudder 1872 

Polites peckius (W. Kirby) 1837 

Systematics/Taxonomy/Nomenclature: Evans (1955) gives 

this species as P. coras65 (Cramer) 1775, a precedent 

followed by others (dos Passes, 1964; MacNeill, 1975; 

Miller & Brown, 1981, 1983; Opler & Krizek, 1984; Tilden 

& Smith, 1986). A number of works (McDunnough, 1938; 

Klots, 1951; Stanford, 1981a; Scott, 1986) give it as 

peckius. The stated TL of î̂ iras. is well outside the 

range of the present species and there is no known type, 

thus it may presently be regarded as a nomen dubium. 

Although the type of peckius is lost, the name clearly 

applies to the species. 

Occurrence: An occurrence is indicated by Scott (1986) 

in the area of Llano Estacado. R. E. Howard (pers. 

comm., 1991) reports recording.three or four specimens 

in a season in the northern Llano Estacado. 

Discussion: It is presently unknown whether the Llano 

Estacado population is isolated. Note the isolated 

population in Arizona on Scott's (1986) range map. 

65 TL: "Surinam." 
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Fclites themistor1f>s (Latreille) 1824 

Occurrence: This species has been seen at the Canadian 

River immediately north of the Llano Estacado (R. E. 

Howard, pers. comm., 1991). 

Genus Wallenarenia Berg 1897 

Wallengrenia otho (J. E. Smith) 1797 

ssp. egeremet (Scudder) 1864 

Systematics/Taxonomy/Nomenclature: Distribution and 

characters of otho and its subspecies are discussed by 

Freeman (1950b) . Miller & Brown (1981, 1983) give iitJia 

and egeremet each monotypic specific standing and omit 

mention of M. otho curassavica (Snellen) 1886, recorded 

north of Mexico by Freeman (1950b).66 Monotypic 

specific standing is continued for egeremet in Ferris 

(1989). 

Occurrence: Rolling Plains portion of the HSA. 

Genus Atalopedes Scudder 1872 

Atalopedes campestris (Boisduval) 1852 

ssp. campestris (Boisduval) 1852 

Systematics/Taxonomy/Nomenclature: Miller & Brown 

(1981, 1983), in recognizing A. Q.- huron (W. H. Edwards) 

1863, give rampestris polytypic status. 

Occurrence: Throughout. 

Genus Atrytone Scudder 1872 

fi+rytone arogos (Boisduval & Le Conte) 1834 

66 Freeman's record of rnrassavica has also been brought 

to attention and briefly discussed in Ferris (1989). 



74 

ssp. iowa (Scudder) 1869 

Systematics/Taxonomy/Nomenclature: Some works (e.g., 

Klots, 1951; Miller & Brown, 1981, 1983; Tilden & Smith, 

1986; Ferris, 1989) treat arogos as polytypic, and 

others (e.g., MacNeill, 1975; Opler & Krizek, 1984; 

Scott, 1986) treat it as monotypic. 

Occurrence: Strecker (1877) identifies this species (as 

Pamphila iowa) from 1876 Tule Creek material (leg. T. M. 

Woodruff). The range in Scott's (1986) map passes 

through the Oklahoman extension, but omits this record. 

R. E. Howard (pers. comm., 1991) has recorded this 

species from Amarillo, Palo Duro Canyon, and immediately 

north of the Llano Estacado at the Canadian River. 

Atrytone logan (W. H. Edwards) 1863 

ssp. lagus (W. H. Edwards) 1881 

Systematics/Taxonomy/Nomenclature: Both nominate A. 

lQgan67 and lagus68^ are given as h. delaware69 (w. H. 

Edwards) 1863, by MacNeill (1975). Klots (1951), Tilden 

& Smith (1986), Scott (1986), and Ferris (1989) employ 

use of logan and lagus. while dos Passes (1964) uses 

delaware and lagus. Miller & Brown (1981) give delaware 

junior synonymic status under logan. and Miller & Brown 

(1983) give logan junior synonymic status under 

67 TL: Lansing, Michigan. 

68 TL: Oak Creek Canyon, Colorado. 

69 TL: Philadelphia, Pennsylvania. 



75 

delaware. Page priority belongs to logan (see Edwards, 

1863). In both cases. Miller & Brown (1981, 1983) 

retain subspecific status for lagus^ as does Ferris 

(1989). 

Occurrence: Throughout. 

Discussion: A number of years ago, the author examined 

specific logan in H. A. Freeman's collection. Two 

specimens sampled by him on 2 May 1938 in Dallas County, 

Texas, each had a Freeman determination label in 

addition to data. One was determined as A- logan logan 

and the other as A. logan lagus. If these subspecies 

are valid in the geographic sense, further study^O ^ay 

indicate this apparent sympatry represents an overlap or 

intergrade zone. 

Genus Poanes Scudder 1872 

Poanes taxiles (W. H. Edwards) 1881 

Systematics/Taxonomy/Nomenclature: Scott (1986) tenably 

treats taxiles at subspecies level under £. zabulon 

(Boisduval & Le Conte) 1834. A number of workers treat 

taxiles at species level (e.g., McDunnough, 1938; 

MacNeill, 1975; Stanford, 1981a; Miller & Brown, 1981, 

1983; Tilden & Smith, 1986; Ferris, 1989). 

"̂^ Any such study should allow for the fact that ranges 

and potential or actual interaction zones of species and 

subspecies need not be constant, but may dynamically change 

through time, as has been observed in some taxa by the 

author and others over past decades. 
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Occurrence: Coyote Escarpment. 

Genus Euphyes Scudder 1872 

Euphyes vestris (Boisduval) 1852 

ssp. metaromP+ (Harris) 1862 

Systematics/Taxonomy/Nomenclature: This species is 

given as vestris'^l in some sources (e.g., dos Passes, 

1964; MacNeill, 1975; Dornfeld, 1980; Stanford, 1981a; 

Scott, 1986; Ferris, 1989), and as £. ruricola'̂ 2 

(Boisduval) 1852 in ethers (e.g., McDunnough, 1938 (in 

Atrytone) ; Holland, 1931 (in Atrytone) "̂ 3. Klots, 1951, 

Miller & Brown, 1981, 1983; Pyle, 1981; Opler & Krizek, 

1984; Garth & Tilden, 1986; Tilden & Smith, 1986) . Page 

priority belongs to ruricola. Miller & Brown (1981) 

revive use of ruricola. noting that a specimen from W. 

H. Edwards' collection was found in the Carnegie Museum 

labelled ruricola in Boisduval's handwriting, and 

interpret this to indicate how Boisduval applied the 

name. Although this would appear to be sufficient 

reason to resolve its applicability and warrant use of 

ruricola. J. W. Brown & McGuire (1983) report that an 

examination of the specimen's data revealed a single 

label that may have been written by Boisduval that 

"̂1 TL: "California." 

72 TL: "California." 

"̂3 Figured in error as Erynnis ruricola on plate LXXIII, 

fig. 12. 
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States only "Californie (Lorquin)." They point out that 

Boisduval was not sure that vestris and ruricola 

belonged to the same genus, thus indicating substantial 

differences between the two, and that Evans (1955) 

indicates the descriptions to be quite different. They 

propose that ruricola be removed from the synonymy of 

vestris. 

Occurrence: Colonies found in central Caprock 

Escarpment and its canyons. By implication, other 

scattered colonies may occur in similar habitat. 

Discussion: This species, which is univoltine in 

California and much of the west (Tilden & Smith, 1986), 

is bivoltine in the Llano Estacado. It is bivoltine in 

most eastern populations and univoltine in the most 

northern of its eastern populations (Opler & Krizek, 

1984) . Scott (1986) indicates it to be multivoltine in 

Florida. 

Genus Atrytonopsis Godman 1900 

Atrytonopsis hJanna (Scudder) 1868 

nr. ssp. turneri H. A. Freeman 1948 

Systematics/Taxonomy/Nomenclature: Scott (1986) does 

not utilize turneri. "̂^ 

Occurrence: Palo Duro Canyon vicinity. Freeman (1951a) 

does not record it there. 

j^^T-yrnnnpsis vjereckj (Skinner) 1902 

"74 TL: Barber Co., Kansas. Miller & Brown (1981) 

erroneously give the TL as Barber Co., Texas. 
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Occurrence: Northern fourth of the Texan and New 

Mexican Llano Estacado. 

Discussion: Further sampling south along the Caprock 

Escarpment in appropriate habitat such as canyons and 

streambeds may yet reveal colonies. 

Genus AmblysrirtPs Scudder 1872 

AjrOPlvscirtes simius W. H. Edwards 1881 

Systematics/Taxonomy/Nomenclature: Freeman (1973) 

includes simius in Amblyscirtes^ a position used by 

other workers (dos Passes, 1964; Miller & Brown, 1981, 

1983; Stanford, 1981a; Tilden & Smith, 1986; Ferris, 

1989) . Although MacNeill (1975) and Scott (1986) give 

simius in Amblyscirtes. they question its 

appropriateness. Distinctions include an abbreviated 

blunt apiculus, spined fore tibiae, a single pair of 

spurs on the hind tibiae, shortened aedeagus and saccus, 

flight on open slopes and hilltops, hilltop mating 

behavior, and mating restricted to part of the day (cf. 

MacNeill, 1975; Scott, 1986). Burns (1990) considers 

simius to not be a bona fide member of Amblyscirtes. 

Occurrence: Northern third of the Texan and New Mexican 

Llano Estacado. Freeman (1951a, 1973) reports simius at 

Palo Duro Canyon. 

Amblyscirtes aenus W. H. Edwards 1878 

Systematics/Taxonomy/Nomenclature: Most sources treat 

f̂ enus as monotypic. Scott (1986) treats it as 
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polytypic. Many occurrences of this species sampled in 

the Llano Estacado during the present study are A. aenus 

form QznSL H. A. Freeman 1943. Some sources (e.g.. 

Miller & Brown, 1981, 1983; Tilden & Smith, 1986) give 

a m a full specific status, following Freeman (1943a, 

1973). Scott (1976; 1981(1982)) considers erna to be a 

form of aenuSf citing sympatric occurrence at Black 

Mesa, Cimarron County, Oklahoma, and rearing of three 

phenotypic aenus males from ova of a phenotypic erna 

female captured there."̂ 5 Breeding and biosystematic 

study is needed to clarify the relationships and 

statuses of ssp. unnamed in Scott (1986), aenus, erna, 

and A. linda Freeman 1943, given as subspecific to aenus 

by Scott (1986) . 

Occurrence: Caprock Escarpment, northern half. 

Discussion: The holotype, allotype, and a number of the 

paratypes of erna, which was originally described at 

species level, are from the Llano Estacado (Freeman, 

1943a) .̂ ^ The protologue gives the holotype as in the 

Freeman collection.^^ 

'^^ Scott (1986) later refers to rearing phenotypic aenus 

images from ova laid by a phenotypic erna female from SE 

Colorado. 

"̂6 TL: Palo Duro Canyon, Armstrong Co., Texas. 

"̂̂  Later Freeman publications mention future deposition of 

principal types as the United States National Museum of the 

Smithsonian Institution. This museum's name has been 

changed to the National Museum of Natural History. USNM is 
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AirÔ lysoirte':̂  oslari (Skinner) 1899 

Occurrence: Northern third, colonies on escarpment in 

the HSA. 

AJl^lYSOirtes texanae Bell 1927 

Occurrence: Northern two-thirds. No Oklahoman records 

to date. Freeman (1951a, 1973) reports texanae at Palo 

Duro Canyon. 

AmblysCrirtes nysa W. H. Edwards 1877 

Occurrence: Throughout. 

Amblyscirtes eos (W. H. Edwards) 1871 

Occurrence: Throughout. 

Discussion: This species is rare to uncommon in the 

HSA. 

Aniblyscirtes vialis (W. H. Edwards) 1862 

Occurrence: Oklahoman extension. 

Genus Lerodea Scudder 1872 

Lerodea eufala (W. H. Edwards) 1869 

ssp. eufala (W. H. Edwards) 1869 

Systematics/Taxonomy/Nomenclature: MacNeill (1975) 

gives eufala polytypic status in allowance for South 

American subspecies. Miller & Brown (1981, 1983) and 

Ferris (1989), in not accounting for Neotropical 

subspecies, give eufala in monotypic format. 

widely used as a standardized acronym (Heppner & Lamas, 

1982), as any number of nations could form a National 

Museum of Natural History. A few sources use NMNH. Formal 

correction of holotype depositions is given in Freeman 

(1990) as to the American Museum of Natural History. 
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Occurrence: Throughout. 

Genus Calpodes Hiibner 1819 

CalpodftS ethlins (Stoll) 1782 

Occurrence: Range given in Scott (1986) covers 

approximately the southern two-thirds of the Llano 

Estacado, curving eastward into Oklahoma. Potential 

occurrence throughout. 

Megathymidae J. H. & A. B. Comstock 18 95 

This distinctive group has been placed outside 

Rhopalocera in Castniidae (e.g., Druce, 1896). Comstock 

& Comstock (1895), in first using family status for the 

group, place it in Hesperiina (= Hesperioidea). Ferris 

(1981a) "̂8 attributes this group, as Megathyminae, to 

Holland 1900. Some authors do not give family status 

(e.g., Holland, 1898, 1931; Smith, 1903; Ferris, 1981a; 

Miller & Brown, 1981, 1983; Opler & Krizek, 1984; Scott, 

198 6). Other authors do give this group family status 

(e.g., Comstock & Comstock, 1895, 1904; Barnes & 

McDunnough, 1912; McDunnough, 1912, 1938; Klots, 1951, 

1976; Stallings & Turner, 1958; dos Passes, 1964; 

"̂8 Ferris (1981a) is sometimes inadvertently cited as 

Stanford (1981a), with page numbers of the latter given as 

through 144, due to unclear author credits, as published. 

The material authored by Stanford properly covers 

Hesperioidea exclusive of Megathyminae. The condition of 

unclear author credits in the volume (Ferris & Brown, 1981) 

is also pointed out by Scott (1981(1982)). 
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Freeman, 1969; Harris, 1972; Roever, 1975; Pyle, 1981; 

Tilden & Smith, 1986) . Chromosome numbers, as reported 

by Freeman (1969)79 are provided. Ferris (1981a), in 

referring to unpublished chromosome counts made by 

Roever indicating variable chromosome numbers within a 

given population, states that chromosome numbers are not 

reliable for specific differentiation among megathymids 

(cf. Ferris, 1976, 1977, 1989; Scott, 1986). A number 

of years ago, the author discussed with Freeman the 

chromosome count technique used by him and by C. L. 

Remington of Yale University, and apropos megathymid 

chromosome findings. The author has also discussed with 

Roever the status of his unpublished chromosome studies. 

The Miller & Brown (1981, 1983) checklists largely 

utilize the arrangement of Freeman (1969). Herein, in 

awaiting publication of Roever's biosystematically 

important chromosome studies, the arrangement of Ferris 

(1989), based on Roever (1975) and modified as per 

Freeman (in litt., cited in Ferris, 1977), is followed 

for Agathymus. Treatments of Megathymus spp. are 

accompanied by suitable annotations. 

"̂9 Some megathymid material from the Freeman collection, 

figured by Howe (1975a), is classified differently than by 

Freeman, following textual treatment by Roever (1975) in 

the same volume. Freeman's megathymid collection has been 

given to the American Museum of Natural History. 
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Megathyminae J. H. & A. B. Comstock 1895 

Aegialini D. Stallings & Turner 1957 

Genus Agathymus H. A. Freeman 1959 

The checklists of Miller & Brown (1981, 1983) and that 

in Ferris (1989) utilize the arrangement of Roever 

(1975) for this genus, with exception of A. chisosensis 

(H. A. Freeman) 1952, which is given at species level 

rather than as subspecific to A. neumoegeni. 

Agathymus neumoegeni (W. H. Edwards) 1882 

ssp. neumoegeni (W. H. Edwards) 1882 

Systematics/Taxonomy/Nomenclature: Chromosome number is 

not given for neumoegeni in Freeman (1969). It is given 

as 10 by Freeman (in litt., cited in Ferris, 1977). 

Occurrence: Mescalero Escarpment. May occur in 

adjacent area in Texas. 

Discussion: R. E. Howard (pers. comm., 1991) has 

reported to the author a sighting in the northern Llano 

Estacado of an unidentified megathymid having the 

largely orange coloration characteristic of many 

Agathymus. This species has the nearest known range of 

those in the genus. 

Agathymus mariae (Barnes & Benjamin) 1924 

Systematics/Taxonomy/Nomenclature: Ferris (1989), in 

following the arrangement of Roever (1975), gives mariae 
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as polytypic, while Freeman (1969) gives it as 

monotypic. Freeman (1969) gives the chromosome number 

for mariaf> as 22. 

Occurrence: Mescalero Escarpment. 

Megathymini J. H. & A. B. Comstock 1895 

Genus Megathymns Scudder 1872 

Megathymus yuccae (Boisduval & Le Conte) 1834 

ssp. coloradensis C. V. Riley 1877 

Systematics/Taxonomy/Nomenclature: Freeman (1969) 

limits vuccae to two subspecies (including the nominate) 

and designates a number of new combinations under 

coloradensis, including Palo Duro Canyon material in a 

new combination, M. coloradensis coloradensis. 

Characteristics of subspecies stallingsi H. A. Freeman 

1943 are sometimes present in central Caprock Escarpment 

and adjacent Rolling Plains populations. Freeman 

(1943c) gives stallingsi as a subspecies under yuccae, 

and later (Freeman, 1969) gives it under coloradensis in 

a new combination. Roever (1975) makes the 

recommendation to relegate stallingsi to yuccae 

synonymy. Scott (1986) does not include stallingsi, 

thus categorically treating it as a minor subspecies or 

synonym (see Scott, 1986: 521). Freeman (1969) reports 

a chromosome number of 27 for roloradensis while that of 

yuccae is given as 26. Populations comprising 

QQ^oradensis may form a biospecies, and are treated as 

such in Freeman (1969), Miller & Brown (1981, 1983), and 
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Ferris (1989). Scott (1986) gives coloradf^nsi s 

subspecific status under yuccae. 

Occurrence: Throughout. 

Megathymus streckeri (Skinner) 1895 

ssp. texanns Barnes & McDunnough 1912 

Systematics/Taxonomy/Nomenclature: Roever (1975), 

Ferris (1981a, 1989), and Scott (1986) give texanusQQ 

subspecific status under streckeri . Miller & Brown 

(1981, 1983) in following Freeman (1969; cf. 1944) as 

latest reviser, utilize texanus at species level and 

recognize l^. texanus leusslerjQl Holland 1931, thus 

according texanus polytypic status. Roever (1975) does 

net treat leussleri. while Ferris (1981a) gives it and 

texanus subspecific status under streckeri . Strecker 

(1877) reports a large (wingspan "fully three inches") 

female specimen of M- cofaqui (Strecker) 1876 (as 

Aegiale cofaqui) taken in 1876 at Tule Creek (leg. T. M 

Woodruff) . Although seme may regard this as a 

misdeterminatien, Strecker, who described cofaqui and 

would have eagerly described another taxon, may have 

foreshadowed current thought, as it is new considered 

that streckeri may be subspecific to cofaqui. The only 

western megathymid likely to have been collected in the 

80 TL: Kerrville, Kerr Co., Texas 

81 TL: "sandhills of Nebraska." Restricted by Freeman 

(1944) to nr. Valentine, Cherry Co., Nebraska. 
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area and similar to cofaqui in phenotype is streckeri. 

Joining of the discal cell spot and pestmedial band in 

the primary wings is a characteristic shared by cofaqui 

and many texanus females in the Llano Estacado. 

Reduction in the spots en the ventral secondaries is 

sometimes present in regional streckeri. Chromosome 

numbers are not available for the above taxa as treated 

by Freeman (1969). 

Occurrence: Scattered, apparently isolated, colonies in 

the northern third and southward in the Rolling Plains. 

Occurrence of cofaqui, as currently treated, is 

extralimital. Its westernmost occurrence is presently 

believed to be western Tennessee, where characteristic 

tents constructed by larvae have been found. Imaginal 

records extend from northernmost Georgia and south-

central South Carolina through peninsular Florida (cf. 

range maps and texts of Opler & Krizek, 1984; Scott, 

1986) . 

Discussion: Woodruff collected insects while 

participating in an exploration and survey during May 

and June of 187 6, and sent them to Strecker for 

identification. Disposition of the material sent by 

Woodruff was net mentioned by Strecker (1877), but it 

may have remained in his possession.82 The Strecker 

82 This is putting it mildly; anything of interest to 

Strecker is almost certain to have remained in his 

collection. Legend has it that he had the execrable 

practice of removing desirable specimens from other 
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Collection went to the Field Museum of Natural Histery83 

where this specimen and ether Woodruff material may 

exist. R. E. Howard (pers. comm., 1991) has reported to 

the author that the streckeri colony in the vicinity of 

Pampa, Texas has been largely depleted by evercollecting 

since its having been brought to the attention of 

collectors by locality data accompanying the plate 

figures in Howe (1975a). 

Megathymus ursus Poling 1902 

ssp. violae D. Stallings & Turner 1956 

Systematics/Taxonomy/Nomenclature: Freeman (1969) 

treats ursus and violae as distinct species, with the 

chromosome number of violae as 27, and that of ursus 

unavailable. Miller & Brown (1981, 1983) and Ferris 

(1989) give violae as subspecific under ursus. 

Occurrence: Southern Mescalero Escarpment. May occur 

in adjacent southernmost Texan portion. 

collections and pinning them into the inside of his hat. 

He is even believed to have taken new species names and 

applied them to the same biological entities under his own 

authorship before another author's descriptions were 

published (see Barnes & McDunnough, 1918). 

83 Formerly the Chicago Natural History Museum, which is 

itself a name change from earlier use of the name. Field 

Museum of Natural History (Anon., 1944). Nomenclatural 

types are on permanent loan to the Allyn Museum of 

Entomology, Sarasota, Florida. 
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Papilionoidea Latreille 1802 

Papilionoidea (sensu lato) is used herein to include all 

rhopaloceran families exclusive of Hesperioidea. Ferris 

& Brown (1981) employ a recurrent approach in elevating 

some families to form Lycaenoidea and Nymphaloidea. 

Papilionidae Latreille 1802 

Papilioninae Latreille 1802 

Troidini Ford 1944 

Genus Battus Scopoli 1777 

Battus philenor (Linnaeus) 1771 

ssp. philenor (Linnaeus) 1771 

Occurrence: Throughout. 

Discussion: Abundance of this species fluctuates 

markedly from year to year. It is generally considered 

to have some protection from predation (Jeffords et al., 

197 9) and to serve as a Batesian model for mimesis by a 

number of species (Brower, 1958b). None of the other 

corresponding Batesian complex members were recorded in 

the Llano Estacado during the present study. 

Papilionini Latreille 1809 

Genus Papilio Linnaeus 1758 

Subgenus Papilio Linnaeus 1758 

Papilio (Papilio) polyxenes Fabricius 1775 

ssp. asterius Stoll 1782 
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Systematics/Taxonomy/Nomenclature: The orthographic 

variant asterias is used in a number of works, 

apparently starting with Fabricius (1787). The year for 

asterius is given as 1775 in Ferris (1989) . The 

assigned year is given as 1782 by ICZN Opinion 516, and 

is used in Miller & Brown (1981, 1983) and Fisher 

(1981a). 

Occurrence: Throughout. 

Discussion: There are Caprock Escarpment records of 

dark84, almost completely black, larvae and dark male 

images, both quite distinctive from typical asterius. 

The dorsal yellow medial bands of the male image are 

mere reduced than in many nominotypic asterius females, 

and these of the female are further reduced, but within 

the phenotypic range of "normal" asterius females. The 

dark larvae appear to distinguish this case from the 

polyxenes male melanic form ampliata Menetries 1857, 

which is derivable from normal larvae. In nominotypic 

asterius, larvae with different phenotypes, whether 

albinic, "normal," or melanic, all usually produce a 

typical imaginal phenotype. The present case is 

sympatric with nominotypic asterius. Its appelatien is 

the Canyon Swallowtail. Heitzman (1973(1974)), in 

84 Inasmuch as it is presently unknown whether this 

phenotype represents melanic asterius or a distinct 

species, it is referred to herein as dark rather than 

melanic, which would indicate an infrasubspecific form of 
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dealing with another case sympatric with asterius. but 

occurring only in wooded areas and having light larvae 

with black bands usually reduced to spots, no orange 

spots, no melanism, and a substantially similar but 

darker imago (i.e., similar to nominotypic asterius). 

described it at species level as £. joanae J. R. 

Heitzman 1974. This taxon is treated at species level 

by Opler & Krizek (1984) and Miller & Brown (1981, 

1983), while Scott (1986) suggests that further study be 

done. Another taxon, £. gothica Remington 1968, has 

been described at species level (Remington, 1968), in 

this case as a sibling species of £. zelicaon Lucas 

1852. The status of gothica was later questioned by 

Clarke & Sheppard (1970). It is given as a form under 

subspecies £. i. nitra W. H. Edwards 1883 by Miller & 

Brown (1981) and as a nitra junior synonym by Miller & 

Brown (1983). Study is needed to determine whether the 

present case is a conspecific form or if isolating 

mechanisms exist that warrant interspecific 

differentiation. 

Subgenus Hprarlides Hiibner 1819 

See remarks under subgenus Priamides. 

Papilio (Heraclides) thaOS Linnaeus 1771 

ssp. autocles Rothschild & Jordan 1906 

Occurrence: Throughout. 

Discussion: Calkins (1936) reports a tJiaos. record, as 
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£. thaos nealces^^ Rothschild & Jordan 1906, from Scott 

County, Kansas, 18 July 1935 (leg. V. F. Calkins). This 

record is recognized by Field (1938(1940)). Tilden & 

Smith (1986) comment that such records are usually 

doubtful due to confusion with £. cresphontes. Although 

records from as far north as Canada have been reported 

as thaiis., it is generally accepted that such 

comparatively far northern records of this Neotropical 

species are misidentified cresphontes. If these or 

other northern US records of thaos are valid, it would 

indicate the species to be likely to move through the 

study area. No records were confirmed from the Llano 

Estacado during the present study. 

Papilio (Heraclides) cresphontes Cramer 1777 

Systematics/Taxonomy/Nomenclature: Fisher (1981a) gives 

the year of authorship of cresphontes as 1779. Miller & 

Brown (1981, 1983) give the year as 1777. The assigned 

year is 1777 (ICZN Opinion 516). If the weakly 

differentiated subspecies £. £i. pennsylvanicus F. & R. 

Chermock 1945 is recognized, cresphontes sampled to date 

in the Llano Estacado would be given as nominate. 

Simmons & Andersen (1978(1980)) report first brood 

spring specimens of multivoltine cresphontes in Maryland 

to be identical to pennsvlvanicus. and following broods 

to be typical cresphontes. Tyler (1975) mentions 

similar specimens from Florida, indicating 

85 TL: Muzo, Columbia. 
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pennsvlvanirns may be a form. 

Occurrence: Throughout. 

Papilio (Heraclides) ornythion Boisduval 1836 

Occurrence: The range given in Scott (1986) approaches 

the southwestern Llano Estacado. 

Subgenus Priamides Hiibner 1819 

Relevant material is given in Papilio in many sources. 

Miller & Brown (1981) employ Priamides at genus level. 

Some works employ Heraclides at genus level for this 

group (e.g., Hancock, 1983; Johnson & Rozycki, 1986; 

Ferris, 1989). Miller & Brown (1981(1983)) consider 

Priamides a good candidate for subgeneric standing under 

Heraclides, when subgenera are used. The type species 

for Heraclides designated by Scudder (1875) is Papilio 

thaos86 Linnaeus 1771, and that of Priamides designated 

by Hemming (1964) is Priamides hipponous87 Hiibner 1819, 

a junior synonym of Papilio anchisiades. D'Abrera 

(1984) does not use Heraclides for anchisiades (e.g., p. 

16 (not indexed)) or thaos (pp. 15 (not indexed), 34, 

256) . For purposes of this checklist, thaos is given in 

subgenus Heraclides (see above) and anchisiades is given 

in subgenus Priamides. 

86 TL given as "Central America" by Klots (1951), and as 

"Surinam" by Miller & Brown (1981). 

8*̂  Given as hippona in a number of works. Mention of the 

TL for hipponous is omitted in Miller & Brown (1981) and 

Ferris (1989). 
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Papilio (Priamides) anchisiadps Esper 1788 

ssp. idaeus Fabricius 1793 

Systematics/Taxonomy/Nomenclature: Johnson & Rozycki 

(1986) give a single species of the anchisiades complex 

occurring north of Mexico as Heraclides pharnaces 

Doubleday 1846. Tyler (1975) indicates anchisiades to 

occur north of Mexico and gives pharnaces as restricted 

to Mexico. D'Abrera (1981) gives pharnaces as occurring 

in "most of Mexico, except the north; also (?) 

Guatemala," and idaeus as occurring in "Mexico and 

Belize to Panama." 

Occurrence: A single specimen in the study area is 

recorded for 10 July 1982, Lubbock, Lubbock County, 

Texas (leg. A. Lombardini). This is by far the 

northernmost record for Texas, and the second most 

northern record for North America. 

Discussion: Holland (1931) gives the first specimen 

recorded north of the Mexican border to be at that time 

in the possession of R. A. Gottholt of Marfa, Texas, 

with corresponding implications regarding collector and 

collection locality.^® The species is now known to 

occur regularly in the southernmost tip of Texas and may 

be a permanent resident there. 

Subgenus Pterourus Scopoli 1777 

88 A number of works citing Holland (1931) as a source for 

this record assume Marfa to be the collecting locality. 
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Miller & Brown (1981) give Euphoeades Hiibner 1819 as a 

junior synonym of Pterourus. Fisher (1981a) gives 

Euphoeades/ type species89 Papilio glaucus Linnaeus 

1758, full generic status, separating it from Pterourus. 

type species Papilio troilus Linnaeus 1758. 

Papilio (Pterourus) multicaudatns W. F. Kirby 1884 

Systematics/Taxonomy/Nomenclature: This species is 

given as Pterourns multicaudata in Miller & Brown 

(1981), Pterourus multicaudatns in Ferris (1989), 

Euphoeades multicaudatns in Fisher (1981a), Papilio 

multicaudata in Dornfeld (1980) and Scott (1986), and 

Papilio multicaudatus in Tyler (1975), Miller & Brown 

(1983), and Tilden & Smith (1986). 

Occurrence: Throughout the Llano Estacado, with 

probable occurrence in the Oklahoman extension. 

Discussion: This species is sympatric with £. glaucus 

in parts of central Texas. In the Llano Estacado, it is 

sometimes common in towns where concentrations of human-

propagated Prunus (Rosaceae) provide suitable larval 

hosts. The eastern range of multicaudatus fluctuates 

(unpubl. data). The closely related glaucus and £. 

rutulus^O Lucas91 1852 were not sampled in the Llano 

89 Often given as genotype in older literature. The term 

type species is used herein in accordance with ICZN 

Recommendation 67A. 

0̂ This species is sometimes placed as subspecific to 

glaucus. However, both rutulus and £. eurymedon Lucas 1852 

can interbreed successfully with glaucus (see Clarke & 
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Estacado during the duration of the present study. The 

western range boundary of glaucus may fluctuate like 

that of multiranHa^i]c^ 

Papilio (Pterourus) troilns Linnaeus 1758 

ssp. troilus Linnaeus 1758 

Occurrence: Northeastern portion above Palo Duro Canyon 

(see range map of Scott, 1986) . Possible stray 

elsewhere. 

Papilio (Pterourus) palamedes Drury 1773 

ssp. palamedes Drury 1773 

Systematics/Taxonomy/Nomenclature: Miller & Brown 

(1981, 1983) and the Part III checklist in Ferris (1989) 

give this species in monotypic format. Occurrence of £. 

£. leontis Rothschild & Jordan 1906 (as leontia) north 

of Mexico is reported by Freeman (1951b) and Kendall & 

Freeman (1963) . The name is given as leontis in Tyler 

(1975) and Ferris (1989). The record is a worn specimen 

Sheppard, 1957) . These facts, and effective reproductive 

isolation of sympatric rutulus and eurymedon populations 

evidences a dynamic phylogenetic relationship. Herein, 

species level is employed for rutulus, awaiting further 

breeding and other biosystematic study of these species, 

together with closely related £. alexiares Hopffer 1866, £. 

pilumnus Boisduval 1836, and multicaudatus. One of several 

closely related species of interest is £. palamedes. 

Multiple analyses could alternately include such species 

and employ them as outgroups. (A relevant paper (Hagen & 

Scriber, 1991) has appeared since this was written.) 

91 Given as Linnaeus in Miller & Brown (1983). 
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sampled 7 April 1950 at Rockport, Texas. Occurrence of 

leontis north of Mexico or comment regarding the 

record's validity is omitted in dos Passes (1964), Emmel 

(1975), and Miller & Brown (1981, 1983).92 Field et al. 

(1974) include the Kendall & Freeman (1963) checklist, 

but omit original publication of the record (i.e.. 

Freeman, 1951b). 

Occurrence: Fisher (1981a) mentions a record fer late 

June 1935, Raton, New Mexico (leg. J. R. Merritt). By 

implication, palamedes may occur as an extremely rare 

stray. The nearest biegeographically normal area of 

occurrence fer palamedes is easternmost Texas. 

Pieridae Duponchel 1832 

Pierinae Duponchel 1832 

Pierini Duponchel 1832 

Genus Neophasia Behr 1869 

Neophasia menapia (C. & R. Felder) 1859 

ssp. menapia (C. & R. Felder) 1859 

Systematics/Taxenemy/Nomenclature: Howe (1975c) and 

Miller & Brown (1981, 1983) give this species as 

monotypic. It is given as polytypic in seme other 

92 Freeman's record of leontis has also been brought to 

attention in Ferris (1989). 
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sources (Scott, 1986; Tilden & Smith, 1986; Ferris, 

1989) . 

Occurrence: West of the Llano Estacado in New Mexico. 

Strays of this species may be found with continued 

sampling. Note strays in Scott (1986). 

Genus Appias Hiibner 1819 

i\PPias drusina (Cramer) 1777 

ssp. neumoegeni (Skinner) 1894 

Systematics/Taxenemy/Nomenclature: The subspecies is 

given as neumoegeni in Miller & Brown (1981) and Ferris 

(1989), and as neumoegenii in Miller & Brown (1983) and 

Tilden & Smith (1986). 

Occurrence: Throughout. 

Genus Pieris Schrank 1801 

Miller & Brown (1981, 1983) effectively restrict Pieris 

to a relatively small group of Palearctic species, and 

give Nearctic species under Pontia and Artogeia. Miller 

& Brown (1983) include Pieris as a junior synonym, 

listing it as Pieris; auth., part, net Schr., 1801.^3 

Ferris (1989) restores use of Pieris fer material 

treated in Artogeia. Many sources use Pieris fer 

Nearctic species in both Pontia and Artogeia (e.g., 

Holland, 1931; Klots, 1951; Ehrlich & Ehrlich, 1961; 

McHenry, 1962; dos Passes, 1964; Howe, 1975a; Scott, 

1986). Opler & Krizek (1984) use Pieris and Pontia, 

93 This notation is equivalent to: Pieris auct., p.p., 

non Schrank, 1801. 
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effectively regarding Artogeia as a junior synonym of 

Pieris. 

Subgenus Pontia Fabricius 1807 

See comments under Pieri s. 

Pieris (Pontia) protodir^ Boisduval & Le Conte 182 9 

Systematics/Taxonomy/Nomenclature: This species has 

been considered conspecific with £. occidentalis Reakirt 

1866 (e.g., Klots, 1951; Ehrlich & Ehrlich, 1961; dos 

Passes, 1964). ̂4 j^^^ ̂ ^ elevation of occidentalis. 

protodice is concomitantly no longer considered to have 

subspecies. Higgins & Riley (1970) treat occidentalis 

and protodice as conspecific with Palearctic £. 

calljdire95 Hiibner 180596. Higgins (1975) does not 

follow this position with regard to protodice. Scott 

(1986) treats occidentalis as conspecific with 

callidice, citing partly successful breeding of European 

callidice with Alaskan £. occidentalis nelsoni^"^ W. H. 

^^ A study by Abbott (1957), partially published (Abbott 

et al., 1960), considers the nearly universally recognized 

distinct species protodice. occidentalis. £. beckerii W. H. 

Edwards 1871, and £. sisymbrii Boisduval 1852 to be 

conspecific. 

95 TL: Swiss Alps. 

96 This is the year given by Higgins & Riley (1970) for 

rallidice. Seme sources give 1799-1800. 

97 TL: St. Michael's, Alaska 
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Edwards 1883, and remarks that further breeding may 

indicate them to be different species. Shapiro (1975) 

gives Californian occidental is and Alaskan nelsoni as 

compatible, and Shapiro (1980b) gives nelsoni as highly 

incompatible with European callidice. Palearctic 

callidice is known to occur as far east as northeastern 

Siberia (K. Philip, pers. comm., cited in Shapiro, 

197 6a, 1976b). The taxa involved fellow a biogeographic 

pattern from Palearctic callidice to Alaskan nelsoni to 

relatively montane and northern occidentalis to 

relatively lowland and southern protodice. Shapiro & 

Geiger (1986) interpret enzyme electrophoresis to be 

supportive of specific differentiation between protodice 

and occidentalis. 

Occurrence: Throughout. 

Discussion: A fresh condition female specimen that 

diagnoses as occidentalis using the venation method of 

Chang (1963) was sampled by the author at an unnamed 

playa lake in Lubbock County, Texas on 22 May 1983. A 

number of phenetypically normal protodice specimens for 

that time of the year were sampled the same day at the 

same locality. It has distinctly different white color, 

smaller ventral primary tornal spots, distinctly greener 

ventral coloring, and much more sharply defined ventral 

markings than the normal protodice specimens. Its 

phenotype bears some similarity to £. protodice form 

Yf^rnalis W. H. Edwards 1864 (cf. £. occidentalis form 
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calyce W. H. Edwards 1870), but occurred well after the 

year's vernalis flight period in the area. Shapiro 

(1982(1983)) points out insufficiency in the 

morphological characters of Chang (1963). Shapiro 

(1977) reports that occidentali s may undergo long

distance dispersal. Other infrequently sampled 

specimens in the Llano Estacado that have borderline 

occidentali s venation characteristics (sensu Chang, 

1963) are otherwise phenotypic protodice. Occasional 

vernalis phenotypes are sampled out of season flying 

with other protodice. This specimen is regarded as a 

protodice phenotypic outlier, unless further study 

(e.g., isozyme electrophoresis, DNA analysis) indicates 

otherwise. 

Subgenus Artogeia Verity 1947 

See comments under Pieris. 

Pieris (Artogeia) napj (Linnaeus) 1758 

Systematics/Taxonomy/Nomenclature: The year for napi is 

given as 1761 in dos Passes (1964) and Miller & Brown 

(1983), and as 1758 in Miller & Brown (1981). Shapiro 

(1984) and Kudrna & Geiger (1985) strongly criticize a 

treatment of napi and £. n. bryoniae^8 Hiibner 1806 by 

Eitschberger (1983(1984)). The specimen referred to 

below was net available fer examination; the subspecies 

having populations geographically nearest to its 

locality are £. n. mogollon Burdick 1942 and £. n. 

98 Treated as a distinct species by some workers. 
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mcdunnoughi Remington 1954. The name mcdunnoughi is a 

replacement for £. a. pseudonapi Barnes & McDunnough 

1916, which is preoccupied by pseudonapi Verity 1905-

1911 (given as [1911] in dos Passes, 1964) . The 

subspecific name is given as macdunnoughii by dos Passes 

(1964)99 and Howe (1975c), and as macdunnoughi in Ferris 

(1981b). 

Occurrence: A male specimen is reported by Rebb (1978) 

fer 17 August 1970, Canyon, Randall County, Texas (leg. 

W. Fournier). 

Discussion: This record is the basis fer a stray en the 

napi range maps of Stanford (1981b) and Scott (1986), 

outside the range given by Hovanitz (1962a). It is the 

only occurrence of this species reported for the state 

of Texas. 

Pieris (Artogeia) rapae (Linnaeus) 1758 

ssp. rapae (Linnaeus) 1758 

Systematics/Taxonomy/Nomenclature: Miller & Brown 

(1981, 1983) and Ferris (1989) give this species in 

monetypic format. The rapae introduced to North America 

is considered to be nominate. 

Occurrence: Throughout. 

Discussion: This species became established in North 

America by accidental release of imported European 

99 The dos Passes (1964) orthography is given as 

mardunnoughi in Ferris (1989) . 
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laboratory specimens in Quebec, c. 1860. Its spread 

through northeastern United States is recorded by 

Scudder (1887) and it has since spread across the 

continent and south to southern Mexico, aided by a 

separate release in California, c. 1866. Enzyme 

electrophoresis has been interpreted to indicate that 

the entire eastern North American rapae assemblage 

approaches a panmictic state (Vawter & Brussard, 

1983(1984)). Suitable habitat and larval host 

availability in eastern North America abound. This, 

combined with imaginal dispersal, contributes to 

effecting an essentially contiguous eastern population. 

By contrast, availability of suitable habitats and 

larval hosts in many western areas is often aggregated, 

pronouncedly so in some cases. Resulting relative 

isolation of local colonies contributes to greater 

genetic diversity in western North America (see Vawter & 

Brussard, 1983(1984)). Although rapae occurs throughout 

the Llano Estacado, like a number of other species in 

the region, it tends toward localized occurrence. Some 

colonies may be largely separated from ether 

populations. 

Genus ASilia. Scopoli 1777 

Subgenus Ascia Scopoli 1777 

Ascia (Ascia) monuste (Linnaeus) 1764 

ssp. monuste (Linnaeus) 1764 

Occurrence: Throughout. 
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Subgenus Ganyra Billberg 1820 

ASilia (Ganyra) iosephina (Codart) 1819 

ssp. JQsepha (Salvin & Godman) 1868 

Occurrence: Throughout. 

Anthocharinae Tutt 1896 

Anthocharini Tutt 1896 

Genus Euchloe Hiibner 1819 

Euchloe olympia (W. H. Edwards) 1871 

Systematics/Taxenomy/Nemenclature: This species is 

given as polytypic in dos Passes (1964) and Tilden & 

Smith (1986), in giving £. a. rosa (W. H. Edwards) 1871 

as a subspecies. Klots (1951) gives it as polytypic 

while remarking en limitations of the validity of rosa 

as a subspecies. Howe (1975c) employs both subspecific 

and form uses of rosa. Ferris (1981b, 1989) limits rosa 

to a form, thus giving the species as monotypic. 

Parenthetical status fer the authority name of olympia 

is emitted in Ferris (1989). 

Occurrence: Northern portion above Palo Duro Canyon; 

central Caprock Escarpment and adjacent Rolling Plains. 

Coliadinae Swainson 1827 

Celiadini Swainson 1827 

Genus Colias Fabricius 1807 
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ICZN plenary powers were used to designate Papilio hyjaie. 

Linnaeus 1758 as the type species fer Colias in Opinion 

146, one of several actions widely supported by Nearctic 

workers (Bell et al., 1934). Seme sources give a 

previously used generic name, Eurymus Hersfield 1829, as 

a junior objective synonym of Colias and indicate that 

it would be the valid name fer the genus apart from ICZN 

designation of hyale. However, Eurymus is preoccupied 

and thus dees net fulfill ICZN criteria for availability 

(cf. dos Passes, 1964; Miller & Brown, 1981). The 

following species, in subgeneric Colias and Zerene, have 

albinic femalelOO forms, the frequencies of which vary 

among populations in different regions.lOl Ultraviolet 

100 The term albino has come to be used in the literature 

to refer to specimens with white ground color, as opposed 

to being restricted to albinos in the extreme sense. 

Commonly occurring albinic females are simply the white 

form of a dimorphic phenotype, and net true albinos in the 

extreme sense. These white Colias females have normal 

pigment in borders, discocellular spots, body, etc., and 

their white ground color dees net make them any more 

albinos in the literal sense than are normal Pieris rapae. 

The pale phenotype of true albinos contrasts with that of 

these normal specimens. 

101 Miller & Brown (1981) indicate Q.. ji. philodice form 
allia. Strecker 1876 to be preoccupied by alba Staudinger 

1871. Masters (1970(1971)) favors use of form alba as a 

nemen cellectivum fer all albinic Colias females. Miller & 

Brown (1981: note 2 90) leave decisions regarding homonymy 

of infrasubspecific names and use of nomina collectiva to 

individual systematists, and the term form in Ferris (1989: 
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reflectance has been used in study of this and ether 

genera, and as a basis for biosystematic differentiation 

(cf. Ferris, 1972, 1973; Scott, 1973(1974); 

Silbergleid, 1979; Silbergleid & Taylor, 1978). 

Subgenus Colias Fabricius 1807 

Colias (Colias) philodice Godart 1819 

ssp. eriphyle W. H. Edwards 1876 

Systematics/Taxonomy/Nomenclature: Brown (1941) and 

Klots (1951) attribute philodice to Latreille. 

Authorship is attributed to Godart in a number of other 

sources (e.g., Holland, 1931; McDunnough, 1938; Klots, 

1961, 1975; dos Passes, 1964; Miller & Brown, 1981, 

1983; Tilden & Smith, 1986) . Miller & Brown (1981) give 

eriphylel02 subspecific status. Miller & Brown (1983) 

downgrade eriphyle to a junior synonym, while mentioning 

possibility of subspecific status. Others employ 

33) is used in an infrasubspecific sense as lower than 
subspecies. However, infrasubspecific variety and form 
names given prior to 1961 are available and officially 
considered as having been named as subspecies through 
amendation of Article 45 (International Commission on 
Zoological Nomenclature, 1974, 1975, cf. 1985). (See 
relevant remarks under Dryas iulia.) Although nomenclature 
of remaining infrasubspecific names is net addressed by the 
ICZN, relevance of the amendation to infrasubspecific 
nomina collectiva in existing practice, based on pre-1961 
variety and form names, may need to be addressed. 

102 TL: Lake Lahache, British Columbia; misspelled as 

"Labeche" in original description (see Miller & Brown, 

1981) . 
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eriphyle at subspecies level (e.g., Hovanitz, 

"1969(1970)"1971; Tabashnik, 1980; Watt et al., 1979). 

The overwhelming majority of philodice specimens sampled 

in the Llano Estacado during the time period of the 

present study are easily distinguishable from those of 

eastern neminetypic populations. Although philodice 

frequently interbreeds with £. eurytheme (e.g., see 

Hovanitz, 1949), isolating mechanisms are known to exist 

(Taylor, 1972, 1973; Silbergleid & Taylor, 1978). 

Ferris (1989) comments that if eriphyle is found to 

refer to a philodice x eurytheme hybrid, then Q. hageni 

W. H. Edwards 1883 would be the next available name. 

This would apply to any ether hybrid combination, as 

well. 

Occurrence: Throughout. 

Colias (Colias) eurytheme Boisduval 1852 

Systematics/Taxonomy/Nomenclature: This species has 

variously been considered subspecific to Palearctic Q.. 

chrysotheme (Esper) 1781103 (e.g., Hovanitz, 1943a, 1944) 

and Nearctic £. philodice (e.g., Leigh & Smith, 1959; 

Stern & Smith, 1960) . Hybridization of eurytheme and 

philodice is mentioned under philodice. 

Occurrence: Throughout. 

Discussion: Melanic specimens of eurytheme are rare, 

but mere frequent than melanic philodice in the Llano 

103 Given by Miller & Brown (1981: note 286) as 1777, and 

by Higgins & Riley (1970) as 1781. 
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Estacado. 

QQH^S. (Cnlias.) alexandra W. H. Edwards 1863 

ssp. alexandra W. H. Edwards 1863 

Systematics/Taxonomy/Nomenclature: If valid, this 

occurrence may represent a segregate. Ferris (1981b) 

indicates alexandra from the mountains of northern New 

Mexico to be larger than the nominate, with mere heavily 

marked females, and states that a form is known from the 

plains of eastern Colorado in which males have an orange 

discocellular spot en the dorsal secondary wings. This 

form was not recorded from the Llano Estacado during the 

present study. This species hybridizes with £. 

philodice and Q.. eurytheme. 

Occurrence: Dubium in Quay County, New Mexico. 

Subgenus Zerene Hiibner 1819 

Colias (Zerene) cesonJa (Stoll) 1790 

ssp. cesonia (Stoll) 1790 

Occurrence: Throughout. 

Discussion: This species is sometimes the first species 

seen in a new calendar year. 

Genus Anteos Hiibner 1819 

Antees clorinde (Godart) 1824 

ssp. nivifera (Fruhsterfer) 1907 

Systematics/Taxonomy/Nomenclature: Many sources give 

riorinde as having been authored in 1824 (as adjusted 

from 1819). DeVries (1987) gives the year as 1823. 

Occurrence: Throughout. 
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Anteos maerula (Fabricius) 1775 

ssp. lacordairpj (Boisduval) 1836 

Systematics/Taxonomy/Nomenclature: Miller & Brown 

(1981) give lacordairei104 as a junior synonym of 

maerula-'-̂ /̂ commenting that they can net find constant 

differences between Jamaican and Mexican specimens. 

Ferris (1989) uses monetypic format. Ferris (1981b) and 

Miller & Brown (1983) recognize subspecific status fer 

lacordairei. 

Occurrence: The range given in Scott (1986) crosses the 

southernmost portion of the Llano Estacado. Potential 

stray throughout, as indicated by a Nebraska record (see 

Scott, 1986), but less likely to be encountered than A. 

clorinde. 

Genus Phoebis Hiibner 1819 

Brown (1929) reviews Phoebis. 

Subgenus Phoebis Hiibner 1819 

Phoebis (Phoebis) sennae (Linnaeus) 1758 

ssp. eubule (Linnaeus) 1767 

ssp. marcellina (Cramer) 1777 

Systematics/Taxonemy/Nomenclature: Miller & Brown 

(1981) and Ferris (1989) give marcellina as authored in 

1779. The assigned year is 1777 (ICZN Opinion 516), and 

is given by Miller & Brown (1983). 

104 TL: "Jamaica." 

105 TL: "Mexico." 
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Occurrence: Throughout. 

Discussion: Specimens attributable to both eubulel06 and 

marcellina-'-̂ '̂  fly into the Llano Estacado. Migration is 

usually to the north and northwest. This species occurs 

in the LESA much mere frequently than ether Phoebis. 

Most specimens have been observed to fly rapidly, 

approximately 1-3.5 m (4-12 ft) above ground level. 

Conditions once enabled clear observation of a single 

specimen flying approximately 75 m (250 ft) above a 

canyon bottom. This elevation was a by-product of its 

having flown off the plains at the top of the canyon 

side. Other sennae specimens have been observed flying 

at high speeds (often wind-assisted) off the plateau, 

eventually slowing and settling down into canyon bottoms 

where they sometimes sip moisture from damp soil. 

Phoebis (Phoebis) philea (Linnaeus) 1763 

ssp. philea (Linnaeus) 1763 

Systematics/Taxonemy/Nomenclature: Miller & Brown 

(1981, 1983) give philea as authored by Johansson 1763. 

Ferris (1989) gives it as authored by Linnaeus in 

Johansson 17 63. 

Occurrence: Throughout. 

Phoebis (Phoebis) argante (Fabricius) 1775 

106 Miller & Brown (1981) remark that the TL is "probably 

vie. Charleston, South Carolina." 

107 TL: "Mexico." 
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ssp. argante (Fabricius) 1775 

Systematics/Taxonomy/Nomenclature: Miller & Brown 

(1983) give argante as monotypic. Miller & Brown (1981) 

and Ferris (1989) give it as polytypic. 

Occurrence: Potential migrant or dubium; see 

discussion. None sampled during the present study. 

Discussion: Calkins (1936) reports a 2 July 1935 record 

fer Scott County, Kansas (leg. V. F. Calkins). The 

record is an albinic female, form albante F. M. Brown 

1929. Scott's (1986) range map, based in part en the 

Calkins record, is drawn in such a manner that it 

indicates migrants northward through the eastern Llano 

Estacado. Tilden & Smith (1986) give records north of 

Mexico reported as argante as probably representing 

incorrectly identified specimens of £. agarithe. 

Phoebis (Phoebis) agarithe (Boisduval) 1836 

ssp. agarithe (Boisduval) 1836 

Systematics/Taxenomy/Nomenclature: This species is 

reported from Lubbock, Lubbock County, Texas as £. a.. 

maxima (Neumoegen) 1891. 

Occurrence: Throughout. 

Discussion: This regularly occurring species is usually 

less common than £. sennae. 

Subgenus Aphrissa Biitler 1873 

Brown (1931) reviews Aphrissa. 

Phoebis (Aphrissa) statira (Cramer) 1777 

ssp. jada (Biitler) 1870 
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Occurrence: Throughout. 

Genus Kricogonia Reakirt 1863 

Kricogonia lyside (Godart) 1819 

Systematics/Taxonomy/Nomenclature: This species is 

polymorphic. Comstock (1944) gives two of its forms as 

separate species, £. castalia (Fabricius) 1793 and 

lyside. Howe (1975c) notes that Thomas W. Turner of 

Kingston, Jamaica found that both phenotypes could be 

reared from a single female's eggs. Since castalia 

would then have priority over lyside. Howe (1975c) 

treats lyside as a junior synonym and gives castalia as 

the correct name for the species. The late Norman D. 

Riley (1972) also notes Turner's finding, and further 

reports that while studying a series of unpublished 

drawings known as "Jones' Icones" at Oxford that depict 

specimens used by Fabricius, he found castalia to refer 

to a Jamaican subspecies of Appias drusilla (Cramer) 

1777 (Pieridae: Pierinae). This simultaneously 

corrected use of castalia and allowed lyside to be 

indicated as the correct specific name for this species 

of Kricogonia. Although Riley (1975) has been generally 

cited in the literature as the source of this 

correction, publication was first made in Riley (1972). 

Occurrence: Throughout. 

Genus Eurema Hiibner 1819 

Subgenus Eurema Hiibner 1819 

F.nrema (Eurema) daira (Godart) 1819 
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Occurrence: Potential stray. 

Eurema (Eurema) mexirannm (Boisduval) 1836 

Systematics/Taxonomy/Nomenclature: Most sources form 

the species name as mexicana. 

Occurrence: Throughout. 

Subgenus Pyrisitia Butler 1870 

Miller & Brown (1981) elevate Pyrisitia to genus level. 

Miller & Brown (1981(1983)) indicate it is a good 

candidate for subgeneric standing. It is returned to 

subgeneric standing in Ferris (1989). 

Eurema (Pyrisitia) proterpia (Fabricius) 1775 

Occurrence: Throughout. 

Eurema (Pyrisitia) lisa (Boisduval & Le Conte) 1829 

ssp. lisa (Boisduval & Le Conte) 1829 

Occurrence: Throughout. 

Discussion: This species is least abundant of Eurema 

that occur each year in the Llano Estacado. It usually 

occurs in largest numbers in September and October. 

Eurema (Pyrisitia) nJse (Cramer) 1775 

ssp. nelphe (R. Felder) 1869 

Systematics/Taxonomy/Nomenclature: Miller & Brown 

(1983) give nise as authored in 1776. The assigned year 

is 1775 (ICZN Opinion 516), and is given by Miller & 

Brown (1981). 

Occurrence: The single Llano Estacado record is a 

female specimen sampled by the author on 7 October 1986, 
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Yellowhouse Canyon, Lubbock County, Texas. 

Discussion: The Yellowhouse Canyon specimen is by far 

the most northern record known for Texas (unpubl. data), 

and is the second most northern record known for the 

continent. The northernmost record of nise for the 

continent is another female sampled 1 August (year not 

specified), plains north of Goodpasture, Pueblo County, 

Colorado (Scott & Scott, 1978(1980)). By implication, 

nise has potential to occur as a rare stray anywhere in 

the Llano Estacado. 

Subgenus Abaeis Hiibner 1819 

Miller & Brown (1981) elevate Abaeis to genus level. 

Miller & Brown (1981(1983)) indicate it is a good 

candidate for subgeneric standing. 

Eurema (Abaeis) nicippe (Cramer) 1779 

Systematics/Taxonomy/Nomenclature: Miller & Brown 

(1983) give nicippe as authored in 1780. The assigned 

year is 1779 (ICZN Opinion 516), and is given by Miller 

& Brown (1981). 

Occurrence: Throughout. 

Genus Nathalis Boisduval 1836 

Nathalis iole Boisduval 1836 

Occurrence: Throughout. 

Lycaenidae Leach 1815 

Lycaeninae Leach 1815 
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Genus Lycaena Fabricius 1807 

Subgenus Gaeides Scudder 187 6 

Some recent sources use Gaeides at genus level (e.g., 

Miller & Brown, 1981, 1983; Ferris & Brown, 1981; Tilden 

& Smith, 1986) while others include relevant taxa in 

Lycaena (e.g., Howe, 1975; Opler & Krizek, 1984; Scott, 

1986) . 

Lycaena (Gaeides) xanthoides (Boisduval) 1852 

ssp. dione (Scudder) 1868 

Systematics/Taxonomy/Nomenclature: Miller & Brown 

(1981) give dione as authored in 1869. Miller & Brown 

(1983) give the year as 1868. 

Occurrence: Palo Duro Canyon and northeastward; 

southward along the Caprock Escarpment at least as far 

south as Tule Canyon. 

Discussion: One record noted during this study, 14 June 

1975, 1 mile southwest of Stratford, Sherman County, 

Texas (leg. K. Roever), represents a further extension 

of the ranges given in the map of Scott (1986) and text 

of Tilden & Smith (1986). This record is north of the 

Llano Estacado and northwest of occurrences mentioned 

above. Further sampling may indicate intervening 

occurrence, possibly including habitat west of its 

presently known occurrence in the northern Llano 

Estacado. 
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Theclinae Swainson 1831 

Miller & Brown (1983) and Tilden & Smith (1986) restrict 

scope of Theclinae and utilize Eumaeinae Doubleday 1847 

for the following species (cf. Clench, 1955). 

Strymonini Tutt 1907 

Miller & Brown (1981, 1983) utilize Eumaeini Doubleday 

1847 for the following species. 

Genus At 1 ides Hiibner 1819 

At1ides halesus (Cramer) 1777 

ssp. halesus (Cramer) 1777 

Occurrence: Several records for urbanized habitat in 

the HSA. 

Discussion: This species has potential to reproduce in 

urbanized areas where its larval host, parasitic 

Phoradendron (Loranthaceae or Viscaceae), becomes 

established in human-propagated trees. This species has 

not been found to date in the Rolling Plains and Caprock 

Escarpment of the HSA, where it may rarely occur or have 

potential to become established through use of 

Phoradendron existing in trees there. Territorial 

hilltopping behavior and iridescent coloration are 

reported to represent convergence with a pompilid 

(Alcock, 1973). 

Genus Phaeostrymon Clench 1961 

Phapostrymon alcestis (W. H. Edwards) 1871 

ssp. alcestis (W. H. Edwards) 1871 



116 

Occurrence: The range map of Scott (1986) gives 

alcestis as occurring over all of the Llano Estacado 

except the southwesternmost and southernmost portions. 

Discussion: Although the indicated range in Scott's 

(1986) map includes all of the HSA and its larval host 

Sapindus drummondi i is present, alcestis was only 

recorded some years during this study. 

Genus Harkenrlenns dos Passos 1970 

Harkenclenus titus (Fabricius) 1793 

ssp. titus (Fabricius) 1793 

Systematics/Taxonomy/Nomenclature: Strecker (1877) 

gives Llano Estacado material as Thecla mopsusl08 

(Hiibner) 1818, given as subspecific to titus by some 

workers (e.g.. Miller & Brown, 1981, 1983). Scott 

(1986) does not utilize mopsus. giving all material 

(including R. t.. watsonil^^ (Barnes & Benjamin) 1926) as 

nominate, except that referable to R. L- immaculosusHO 

(W. P. Comstock) 1913. 

Occurrence: Tule Canyon and northward. 

Discussion: In spite of an ample supply of a naturally 

occurring larval host (Prunus) at sampling sites on the 

Caprock Escarpment and adjacent Rolling Plains, titus 

was not found in the HSA during the present study. 

108 TL: "Georgia." 

109 TL: Kerrville, Texas. 

110 TL: Provo, Utah. 
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Genus Ministrymon Clench 1961 

Ministrymon l e ^ (W. H. Edwards) 1882 

Occurrence: Southwest of the Llano Estacado. Potential 

occurrence throughout indicated by strays on range map 

in Scott (1986). 

Genus Tmolus Hubner 1819 

ImoJLui aiia (Hewitson) 1873 

Occurrence: Range and stray on range map of Scott 

(1986) indicate occasional strays may occur in the Llano 

Estacado. 

Genus Calycopis Scudder 187 6 

Calycopis isobeon (Butler & H. Druce) 1872 

Systematics/Taxonomy/Nomenclature: Some works give this 

species as Q.. beon and authored by CramerlH (e.g., 

Ill Caspar Stoll published the balance of volume 3 (pp. 

105-176 and pis. 253-288) and the first part of volume 4 

(pp. 1-28 and pis. 289-304) of Pieter (sometimes given as 

Pierre or Peter) Cramer's Uitlandsche Kapellen 

posthumously, using material prepared by Cramer. The 

balance of volume 4 (pp. 29-252, pis. 305-400, and a 

concluding 29 pp. essay) was authored by Stoll. Therefore, 

the name Papilio beon was actually authored by Stoll. ICZN 

Opinion 516 assigns the date of the applicable section of 

pages as 1780, for purposes of the law of priority. The 

dos Passos (1964) checklist was written to include names 

published through 31 December 1958 and makes much reference 

to ICZN Opinions. Although ICZN Opinion 516 was published 

16 May 1958 and summarized in Hemming (1958) (publication 

date: 7 July 1958), dos Passos (1964) omits application of 

Opinion 516, referring to beon as authored by Cramer in 

1782. Goodwin et al. (1964) list this work as, "Cramer & 
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Klots, 1951; Ehrlich & Ehrlich, 1961; dos Passos, 1964). 

Miller & Brown (1981) differentiate between the isobeon 

junior synonym, Q_. beon auct., and Stoll's beon. 

Occurrence: Caprock Escarpment and adjacent Llano 

Estacado. 

Discussion: While C cecrops (Fabricius) 1793 has not 

been found in the Llano Estacado to date, there is 

material of local origin along the Caprock Escarpment 

that has no red at all in the thecla spot in cell Cu^, 

as may occur in cecrops, but with the ventral primary 

wing thin red thecla line of isobeon. Further study is 

needed to determine status of this phenotype. 

Genus Callophrys Billberg 1820 

Ziegler (1960) includes Mitoura, Incisalia, and Sandia 

as subgenera under Callophrys (cf. Clench, 1961). 

Subgenus Callophrys Billberg 1820 

Callophrys (Callophrys) sherJdanJi (W. H. Edwards) 1877 

ssp. sheridanii (W. H. Edwards) 1877 

Systematics/Taxonomy/Nomenclature: The specific name 

was originally given as sheridonii. Effective 

emendation is recognized as having taken place through 

Edwards' mention that the taxon was named for Lt. Gen. 

P. H. Sheridan at Lt. W. L. Carpenter's request (cf. 

Tilden, 1963; Brown, 1970). Miller & Brown (1981) 

attribute sheridanii to W. H. Edwards, while noting 

Stoll, 1775-91 Uitl. Kapell.; See Roepke, 1956, Ent. Ber. 
16: 25; dos Passos, 1958, Lepid. News 12: 195-197." 
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Carpenter's request. Miller & Brown (1983) attribute 

sheridanii to Carpenter. 

Occurrence: The generalized distribution map line of 

Tilden (1963) crosses the border of the northwestern 

Llano Estacado in New Mexico. The present study has 

revealed no records there to date, and the eastern edge 

of the species' New Mexican range is restricted farther 

west in the range map of Scott (1986). 

Subgenus Mitoura Scudder 1871 

Callophrys (Mitoura) siva (W. H. Edwards) 1874 

ssp. siva (W. H. Edwards) 1874 

Systematics/Taxonomy/Nomenclature: Phenotypic siva and 

grynea are sympatric in portions of southwest Texas and 

southeastern New Mexico, where they occur along with 

intergrades (cf. Freeman, 1950a; Johnson, 1972). Scott 

(1986) treats them as conspecific. 

Occurrence: Coyote Escarpment. 

Discussion: Historically, prairie grasslands of the 

Llano Estacado have served as a physical barrier, 

contributing to separation of Juniperus larval host 

plant populations, and related separation of western 

siva from eastern grynea populations. 

(-al lophrys (Mitoura) grypea (Hiibner) 1819 

ssp. castalis (W. H. Edwards) 1871 

Systematics/Taxonomy/Nomenclature: The specific name is 

given as gryneus in much literature, and as grynea in 

Miller & Brown (1983). The relationship of grynea and 
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Q.. siva is briefly described under siva. 

Occurrence: Throughout the northern Llano Estacado, 

much of the central Llano Estacado, and along the 

Caprock Escarpment in association with Juniperus larval 

host plants. 

Discussion: This species occurs broadly in the Rolling 

Plains where Juniperus is present in large numbers in 

some areas. In the Llano Estacado, occurrence is less 

frequent. During some years, population increases of 

grynea in the Rolling Plains lead to increased dispersal 

rates and to increased encounters in the Llano Estacado. 

In areas such as canyons and rises, where soil water 

availability varies considerably, local Juniperus 

populations show tendencies ranging from relatively 

mesic to xeric (e.g., see Hall & Carr, 1968; cf. Hall, 

1952) . This may provide grynea with opportunity to 

utilize a dynamic larval host resource in varying 

climatic conditions. Differences in larval hosts figure 

prominently in the ranges of consubgeners (cf. Remington 

& Pease, 1955; Johnson, 1972, 1976a, 1976b, 1978; J. W. 

Brown, 1982(1983)). In the Rolling Plains, abundance of 

grynea in suitable habitats generally increases 

eastward. Population increases in Juniperus-rich areas 

occasionally result in increased dispersal frequency and 

thus to encounters in areas in which it is usually not 

seen for several years at a time. 

Subgenus Xamia Clench 1961 



121 

Callophrys (Xamia) xami (Reakirt) 1866 

ssp. texami Clench 1981 

Occurrence: Southern third. 

Subgenus Sandia Clench & Ehrlich 1960 

Callophrys (Sandia) mcfarlandi (Ehrlich & Clench) 1960 

ssp. mcfarlandi Ehrlich & Clench 1960 

Occurrence: Southern third. 

Genus Fixsenia Tutt 1907 

This genus was revived by Malicky (1969) and according 

designation of Euristrymon Clench 1961 as a subjective 

synonym is reported by Clench (1978(1979)). Miller & 

Brown (1981, 1983) and a number of other sources retain 

use of Euristrymon. The orthographic variant 

Eurystrymon is used in a number of sources, recently by 

Tilden & Smith (1986) . The name Fixsenia is utilized by 

Opler & Krizek (1984) and Scott (1986). 

Fixsenia Ontario (W. H. Edwards) 1868 

ssp. autolycus (W. H. Edwards) 1871 

Systematics/Taxonomy/Nomenclature: Scott (1986) gives 

Ontario and autolycus subspecific status under £. 

favonius (J. E. Smith) 1797. Fisher (1981d) points out 

that this complex is in need of further study. Herein, 

specific Ontario is used, awaiting such study. 

Occurrence: Caprock Escarpment and adjacent area. 

Discussion: An apparent segregate, £. Ontario viplae 

(D. Stallings & Turner) 1947, occurs in northeastern New 

Mexico and may occur in the northwestern Llano Estacado, 
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but has not been sampled to date. 

Genus Strymon Hubner 1818 

Strymon melinus Hubner 1818 

ssp. melinus Hiibner 1818 

Systematics/Taxonomy/Nomenclature: Resident nominotypic 

melinus and ^. m. frankill2 Field 1938 are sympatric in 

the Llano Estacado and other broad areas, and franki may 

be considered a form. 

Occurrence: Throughout. 

Strymon columella (Fabricius) 1793 

ssp. istapa (Reakirt) 1866 

Occurrence: This species was first recorded in the 

Llano Estacado at an unnamed playa lake near Yellowhouse 

Canyon. 

Discussion: This is the northernmost record for Texas, 

and an unexpected occurrence as may be seen from the 

range map of Scott (1986). Fresh material of apparent 

local origin has been sampled (unpubl. data). The plant 

community at the playa lake where this taxon was first 

found has since been bulldozed out of existence. The 

playa's Randall clays were simultaneously disturbed and 

largely removed, thus making the alteration effectively 

permanent. It no longer holds rainwater long enough to 

maintain conditions suitable for reestablishment of its 

previous flora. 

112 TL: Lawrence, Kansas. 
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Polyommatinae Swainson 1827 

Polyommatini Swainson 1827 

Miller & Brown (1983) place Brephidium in Zizeerini 

Chapman 1910. Miller & Brown (1981) include Brephidium 

in Lampidini. Other uses include use of Lycaenopsini 

Lorkovic 1931 in Miller & Brown (1983) and Celastrini 

Tutt 1907-1908 in Miller & Brown (1981), and use of 

Lampidini Tutt 1907, Everini Tutt 1907, and 

Scolitantidini Tutt 1907 in Miller & Brown (1981, 1983). 

Genus Brephidium Scudder 187 6 

Brephidium exile (Boisduval) 1852 

ssp. exile (Boisduval) 1852 

Systematics/Taxonomy/Nomenclature: Miller & Brown 

(1981) give this taxon as exilis and remark that Scudder 

(1876) misspelled it as exile. Miller & Brown (1983) 

give the name as exile. Scott (1986) treats B. 

pseudofea (Morrison) 1873 as conspecific with exile (as 

f̂ xilis) . Miller & Brown (1981, 1983) give pseudofea 

subspecific status under Cuban £. isophthalma (Herrich-

Schaf fer) 1862. 

Occurrence: Throughout. 

Discussion: This species prefers canyons, open fields, 

and disturbed habitat. Individuals or groups often sip 

moisture and bask at playa lakes, puddles, and moist 

soil. 
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Genus Zizula Chapman 1910 

Zizula cyna (w. H. Edwards) 1881 

Occurrence: Normal occurrence south of the Llano 

Estacado, but strays to northern Texas and thus, may be 

detected in the region by continued sampling. 

Genus Leptotes Scudder 187 6 

Leptotes cassius (Cramer) 1775 

ssp. striata (W. H. Edwards) 1878 

Occurrence: Eastern half, potentially throughout. 

Leptotes marina (Reakirt) 1868 

Occurrence: Throughout. 

Discussion: As this is being written, confirmation is 

underway for identification of a new larval host for 

this species (unpubl. data). 

Genus Hemiargus Hiibner 1818 

Hemiargus ceraunus (Fabricius) 1793 

ssp. zachaeina (Butler & Druce) 1872 

Systematics/Taxonomy/Nomenclature: The subspecies 

zachaeina principally occurs in southern Texas. Another 

subspecies, R. £.. gyas (W. H. Edwards) 1871, occurs in 

New Mexico and westward, and may occur in the Llano 

Estacado. 

Occurrence: Southern fourth. The range in Scott 

(1986), includes the Mescalero Escarpment vicinity and 

southernmost Llano Estacado, and indicates a stray to 

Kansas. By implication, it may potentially occur 

throughout. 
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Hemiargus isola (Reakirt) 1866 

ssp. alee (W. H. Edwards) 1871 

Systematics/Taxonomy/Nomenclature: Fisher (1981c) 

places isola in Echinargus Nabokov 1945, of which isola 

is type species. 

Occurrence: Throughout. 

Genus Everes Hiibner 1819 

Everes comyntas Godart 1824 

ssp. comyntas Godart 1824 

Systematics/Taxonomy/Nomenclature: Material sampled to 

date in the Llano Estacado is regarded as nominotypic, 

as opposed to representing the taxon given as E. £,. 

texana F. Chermock 1944 by Miller & Brown (1981), and as 

texanus by Miller & Brown (1983). 

Occurrence: Caprock Escarpment and nearby eastern Llano 

Estacado. May infrequently occur throughout. 

Everes amyntula (Boisduval) 1852 

Systematics/Taxonomy/Nomenclature: Scott (1986) treats 

amyntula in monotypic form. Four subspecies, including 

the nominate, are recognized in some other works (e.g., 

Ferris, 1989; Miller & Brown, 1981, 1983; Tilden & 

Smith, 1986). 

Occurrence: Coyote and Mescalero escarpment vicinities 

in New Mexico. Possible occurrence in Texas is under 

study. 

Genus Celastrina Tutt 1906 

r^ia5:?trina argiolus (Linnaeus) 1758 
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ssp. cinera (W. H. Edwards) 1883 

Systematics/Taxonomy/Nomenclature: Some recent works 

give cinera under Q. ladonll3 (Cramer) 1780 (e.g.. Miller 

& Brown, 1981, 1983; Pyle, 1981; Opler & Krizek, 1984; 

cf. Clench & Miller, 1980). Eliot & Kawazoe (1983) 

treat Nearctic ladon and Palearctic argiolus as 

conspecific. Biosystematic research as to whether they 

comprise a single Holarctic species, superspecies, 

conspecific Palearctic and Nearctic subspecies, etc., 

may prove confirmatory. Clench & Miller (1980) mention 

possible application of the megasubspecies concept to 

argiolus. These taxa are treated as comprising a 

superspecies for purposes of this checklist, with this 

annotation serving to effect biosystematic 

clarification. Most material is considered assignable 

to cinera, and some sampled in the HSA may be classified 

as phenetypically near cinera. This species is 

polymorphic. The approach of Edwards (cf. treatments 

and remarks in his series: 1868-1872, 1884, 1897) is 

used in describing material sampled to date as near form 

violaceall^ (W. H. Edwards) 1867115 (cf. Scudder, 1881; 

113 TL: "Kaap de Geede Hoop" (Cape of Good Hope). Miller 

& Brown (1981) parenthetically remark, "in error." 

114 TL: Kanawha River, West Virginia. Miller & Brown 

(1981) remark in square brackets, "near Coalburgh." 

Cealburgh is where W. H. Edwards resided. 

115 Miller & Brown (1983) give the authority citation year 
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French, 1885; Comstock & Comstock, 1904; Holland, 1931; 

Opler & Krizek, 1984; Fisher, 1981c). This form is 

generally treated as a seasonal spring form and occurs 

most often in southern North American populations. 

Langston (1975) discusses form violacea under Q.. 

argiolus pseudargiolus (Boisduval & Le Conte) 1833 (cf. 

Clench & Miller, 1980). 

Occurrence: New Mexican Llano Estacado. Occurrences 

found to date in the HSA are limited to spring, thus 

these may be dispersant specimens from other areas. 

Genus GlauCQpsyche Scudder 1872 

Glaucopsyche lygdamus (Doubleday) 1841 

ssp. jacki D. Stallings & Turner 1947 

Systematics/Taxonomy/Nomenclature: Miller & Brown 

(1981) give lygdamus as authored in 1841. Miller & 

Brown (1983) give it as authored in 1842. The central 

Caprock Escarpment population is considered assignable 

to jacki. though a number of specimens are 

phenetypically near jacki. Specimens having 

characteristics of Q.. 1. oro Scudder 1876 occur 

infrequently. Isolated colonies of lygdamus have a 

pronounced tendency to develop phenotypes often regarded 

as subspecific.-'••'•̂  This may be a result of founder 

as 1866 and do not indicate its generally recognized status 

as a spring form. They do mention such statuses for some 

other taxa. 

116 There are a number of named and unnamed segregate 

populations scattered across the continent. 
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effect or refugia formation influences. A number of 

isolated populations of lygdamus throughout the 

continent may represent valid subspecies in the 

geographic sense.117 Masters (1975b) thankfully observes 

that taxonomists have been merciful not to name every 

segregate. 

Occurrence: Isolated colonies on the Caprock Escarpment 

in the HSA. 

Discussion: These occurrences constitute a new state 

record for nacki (unpubl. data).118 when Stallings & 

Turner (1947) described jackili9^ they expected it to be 

found throughout western Oklahoma and northern Texas, 

meeting oro in New Mexico. The HSA colonies may be 

considered outside this expected range. This species 

has not been found to date in the northern Llano 

117 The extinct £. xerces (Boisduval) 1852 is given at 
species level by many sources (e.g.. Miller & Brown, 1981, 
1983; Pyle, 1981; Garth & Tilden, 1986; Tilden & Smith, 
1986), but may represent a subspecies of lygdamus. Refined 
biosystematic methods capable of analyzing isozymes, DNA, 
or other material from dried specimens may clarify the 
relationship. 

118 There is a 30 March 1968 record of a nominate male just 

inside the eastern state border at Lake Texarkana, Cass 

County, Texas (Karpuleon, 1970). The specimen has been 

deposited in the Kendalls' collection. 

119 TL: Barber Co., Kansas. 
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Estacado or Texas Panhandle by the author or by R. E. 

Howard (pers. comm., 1991), thus the HSA colonies may be 

isolated. 

Genus Plebejus Kluk 1802 

Application of genus level criteria (sensu Eliot & 

Kawazoe, 1983) would combine under Plebejus a number of 

names that have recently been used as genera. 

Subgenus Lvcaeides Hiibner 1819 

Some sources (e.g.. Miller & Brown, 1981, 1983; Fisher, 

1981c; Tilden & Smith, 1986) employ Lycaeides at genus 

level, while others (e.g., Downey, 1975120; Scott, 1986) 

employ Plebejus for relevant species. 

Plebejus (Lycaeides) melissa (W. H. Edwards) 1873 

ssp. melissa (W. H. Edwards) 1873 

Occurrence: Northern three-fourths (see range map of 

Scott, 1986), possibly throughout. In the intensively 

120 statuses of some names differ in the text and index. 

For example, while the text employs Plebejus as a genus and 

Lycaeides as a subgenus, the index gives both as genera, 

duplicating listings of included taxa under each genus 

group name (cf. other index listings in the work (Howe, 

1975a)). The term "genus" is used to describe Lvcaeides in 

the index. Index entries for individual species names also 

may vary from textual treatment. For example, the entry 

for Plebeius melissa omits the genus name employed in the 

text, and gives the subgenus name as though it were the 

genus, without indication of its subgeneric standing in the 

text. Those who use the index to find what genus the work 

places a species in may be misled as to the actual position 

used in the text, thus the text itself should be consulted. 
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sampled HSA, it was found only on the Caprock Escarpment 

during the years of this study. 

Discussion: Rickard & Vernon (1975) document occurrence 

of melissa in a gully north of Tule Canyon, Briscoe 

County, Texas. It was found there when they happened to 

stop by a road while driving through the area on 14 July 

1974.121 Nearly one hundred years earlier, melissa was 

recorded in the same vicinity in 187 6 (leg. T. M. 

Woodruff) (Strecker, 1877). 

Subgenus Icaricia Nabokov 1944 

Some sources (e.g.. Miller & Brown, 1981, 1983; Tilden & 

Smith, 1986) employ Icaricia at genus level, while 

others (e.g., Downey, 1975; Fisher, 1981c; Scott, 1986) 

include relevant material in Plebejus. 

Plebeius (Icaricia) acmon (Westwood & Hewitson) 1852 

ssp. texana Goodpasture 1973 

Systematics/Taxonomy/Nomenclature: This subspecies is 

not included in Downy (1975), apparently due to timing 

of publisher's manuscript requirements. It is given as 

texana by Miller & Brown (1981, 1983) and Tilden & Smith 

(1986), and as texanus by Fisher (1981c) and Scott 

(1986). 

Occurrence: New Mexican portion, vicinity of the 

western portion of the Canadian Breaks and escarpment, 

121 They also recorded melissa near the Llano Estacado, 

east of Tule Canyon in a dry creek bed at Estelline, Hall 

County, Texas on the same date. 
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and the central Caprock Escarpment. Scarce or absent in 

interlying areas (no records during this study). 

Discussion: The central Caprock Escarpment is by far 

the easternmost known occurrence in Texas to date 

(unpubl. data). 

Riodinidae Grote 1895 

This group is sometimes placed as a subfamily under 

Lycaenidae (e.g., Ehrlich & Ehrlich, 1961; Scott, 1986). 

It is given status at family level by many sources 

(e.g., Klots, 1951; dos Passos, 1964; Cowan, 1972(1973); 

Powell, 1975; Miller & Brown, 1981, 1983; Fisher, 1981b; 

Tilden & Smith, 1986). Although it is a junior synonym 

of Erycinidae Swainson 1827, Nemeobiidae Bates 1868, and 

Lemoniidae Kirby 1871, it is in wide use. Nemeobiidae 

is also in wide use. 

Riodininae Grote 1895 

See remarks under Riodinidae. 

Genus Apodemia C. & R. Felder 1865 

Apodemia mormo (C. & R. Felder) 1859 

ssp. mejicanus (Behr) 1865 

Occurrence: Miller & Brown (1983) consider mejicanus to 

be of questionable occurrence north of Mexico. Scott 

(1986) evaluates the mormo complex differently, giving 

Û f̂ jiranus as occurring west of the Llano Estacado near 
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the Mescalero Escarpment to Arizona, and northward 

through discontinuous range, east of the continental 

divide to southern Saskatchewan. It may be found to 

occur in the vicinity of the Mescalero Escarpment with 

further sampling. 

Apodemia palmeri i (W. H. Edwards) 1870 

Occurrence: Near the Mescalero Escarpment and may occur 

in the southwestern Llano Estacado in association with 

Prosopis. 

Libytheidae Boisduval 1833 

Miller & Brown (1981) give the year as 1836. Shields 

(1983(1984)) attributes this family to Duponchel 1844, 

and later revises this to Boisduval 1833 (Shields, 

1985). This small family of approximately a dozen 

species worldwide (see Shields, 1983(1984)) is sometimes 

placed as a subfamily under Nymphalidae. Ehrlich & 

Ehrlich (1967; cf. Ehrlich, 1958) found that phenograms 

based on internal and external OTU's associate 

Libytheidae with Nymphalidae, but with enough 

distinction that they consider phenon placement giving 

Libytheidae family level status to be acceptable. 

Kristensen (1976) interprets cladistic analysis to 

indicate Nymphalidae to be paraphyletic in terms of 

Libytheidae. 
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Libytheinae Boisduval 1833 

Genus Libyth^ana Michener 1943 

The following taxa are given under Old World Libythea 

Fabricius 1807 in many sources. 

Libytheana bachmani i (Kirtland) 1852 

ssp. bachmani i (Kirtland) 1852 

ssp. larvata (Strecker) 1878 

Systematics/Taxonomy/Nomenclature: Miller & Brown 

(1981) give bachmani i as authored in 1852, and Miller & 

Brown (1983) give the year as 1851. A number of works 

distinguish between bachmanii and L. carinenta (Cramer) 

1777 at species level. Field (1938) discusses 

distinguishing characteristics. Scott (1986) gives 

bachmanii, larvata, and Cuban L. motya (Boisduval & Le 

Conte) 1883 as subspecies under carinenta. Bates (1935) 

also gives motya as subspecific under carinenta. 

Phenotypes representative of all three have been sampled 

together east of Brownsville, Texas (Heitzman & 

Heitzman, 1971(1973)). Wing differences are noted by 

some works (e.g., Ehrlich & Ehrlich, 1961). Differences 

between the eighth abdominal tergites, notably in the 

number of dorsally projecting terminal spines, of male 

rarinenta and harhmanii are figured in scanning electron 

micrographs in Friedlander (1984).122 Friedlander (1984) 

122 Friedlander (1984) gives bachmanii as having 2 to 4 

spines (n=26, mode=2), and carinenta as having 6 to 9 

spines (n=9, mode=7). Dorsal views of the modal states are 
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also mentions the existence of consistent genitalic 

differences, in both sexes, between carinenta and 

bachmani i . Although present evidence is inconclusive, 

in view of wing, abdominal, and genitalic morphological 

differences, together with a broad band of sympatry in 

Mexico, carinenta and bachmanii are treated herein as 

differentiating at species level. Their relationship 

may prove to represent distinct biospecies, semispecies, 

or conspecific subspecies. Existence of any apparent 

hybrids or intergrades, whether sympatric or allopatric, 

should be reported and studied. Ferris (1976) states 

that textual descriptions of bachmanii and carinenta are 

reversed in a treatment by Howe (1975b), and that all 

plate figuresl23 in the work are actually larvata. 

Specimens sampled in Kansas during a massive 1971 

northward migration are reported to be carinenta by Howe 

(1975b), but are considered to be L. bachmanii larvata 

by W. D. Field (in litt., 11 May 1976, cited in Neck, 

1983) . Color transparencies taken during the 1971 

migration in central Texas depict larvata (Neck, 1983). 

Specimens sampled by the author in north central Texas 

during the same migration are also larvata. No records 

of rarinenta have been confirmed for the Llano Estacado 

figured. Michner (1943) figures equivalent dorsal and 

lateral views for bachmanii. 

123 The figures are given as L. rarinenta mexicana and L 

harhmanii, with none of larvata. 
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to date. 

Occurrence: Subspecies larvata occurs throughout. 

Phenotypes attributable to nominate bachmanii should be 

watched for, especially in the northern and northeastern 

Llano Estacado. 

Discussion: Migrations of this species are much noted, 

and often occur in large numbers (cf. Gable & Baker, 

1922; Parman, 1926; Fletcher, 1926; Williams, 1937; Rau, 

1941; Breland, 1948; Clench, 1965; Reinthal, 1966; 

Helfert, 1972; Neck, 1983, 1984). Principal occurrences 

of this species in the Llano Estacado are associated 

with fencerows, towns, and canyons. Dispersant and 

migrant individuals of Libytheana in the plains exhibit 

a pronounced behavioral tendency to linger for extended 

periods (several days) on tall weeds associated with 

fencerows, in spite of an absence of larval hosts. 

Nymphalidae Swainson 1827 

Nymphalidae (sensu lato) is used by some to include a 

number of groups alternately treated at family level, 

e.g., Acraeidae, Apaturidae, Brassolidae, Danaidae, 

Heliconiidae, Ithomiidae, Morphidae, Nymphalidae 

(various sensu stricto uses), and Satyridae. These 

groups are variously treated in the literature at family 

level or within Nymphalidae at subfamily and tribe 

level, and the entire assemblage is sometimes raised to 

superfamily level (e.g., Clark, 1948; Ferris & Brown, 
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1981). Further work such as that by DeVries et al. 

(1985), which transferred two genera from Satyrinae to 

Morphinae, can reduce paraphyletic tendencies of 

assemblages within Nymphalidae (sensu lato) and 

contribute toward a more distinct and better understood 

hierarchical structure. 

Heliconiinae Swainson 1827 

A number of works employ subfamily status for this group 

(e.g., Michener, 1942; dos Passos, 1964; Miller & Brown, 

1983), while others elevate it to family level (e.g., 

Howe, 1975a; Miller & Brown, 1981; Ferris & Brown, 1981; 

Tilden & Smith, 1986) . Ehrlich & Ehrlich (1961) and 

Scott (1986) employ tribal status under Nymphalinae. 

ICZN Direction 54 gives Heliconiidae as a correction of 

Heliconidae. 

Genus Dione Hiibner 1819 

Miller & Brown (1981, 1983) employ Agraulis Boisduval & 

Le Conte 1833 for R. vanillae. which is its type species 

by monotypy. The type species for Dione is Papilio juno 

Cramer 1779, as designated by Scudder (1875) . Miller & 

Brown (1983) use Agraulis at genus level and give Dione 

auct. non Hiibner 1819 as a junior synonym. In view of 

the closely similar morphologies and facies of the type 

species vanillae and juno. Agraulis is regarded herein 
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I I 

as a junior synonym of Dione. 

Hiimfi v a n i l l a e (Linnaeus) 1758 

ssp. incarnata N. D. Riley 1926 

Occurrence: Throughout. 

Dione moneta Hiibner 1819 

ssp. poeyi Butler 1873 

Systematics/Taxonomy/Nomenclature: Miller & Brown 

(1981) omit mention of original genera for moneta and 

poeyi.. Butler is given as parenthetical in Miller & 

Brown (1983), and as nonparenthetical in Miller & Brown 

(1981), McCaffrey (1984), and Ferris (1989). Miller & 

Brown (1981, 1983) and Ferris (1989) give the 

subspecific name as poeyi. while McCaffrey (1984) gives 

it as poeyii. McCaffrey (1984) gives the authority 

citation year in square brackets, while Ferris (1989) 

gives it without square brackets or parentheses (see 

footnotes 40, 41). Parenthetical years are not employed 

in the ICZN sense by Miller & Brown (1981, 1983). 

Occurrence: Potential stray. 

Discussion: McCaffrey (1984) reports a 28 April 1981 

record of this species at Sunspot, Otero County, New 

Mexico. This record, outside the Llano Estacado, 

indicates potential for similar northward movement of 

this Neotropical species elsewhere. 

Genus Dryas Hiibner 1807 

Dryas iulia (Fabricius) 1775 

ssp. mnderata (Stichel) 1907 
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Systematics/Taxonomy/Nomenclature: A treatment by 

Stichel (1907) names moderata as a form under Colaenis 

iulia daiiia^24 (Fabricius) 1775. Technically, the 

protologue description is given under Colaensis, an 

orthographic variant apparently unnoticed to date, and 

thus not given in relevant publications (e.g., dos 

Passos, 1964; McHenry, 1967b; Miller & Brown, 1981, 

1983; Ferris, 1989). The name is correctly given as 

Colaenis many other times in Stichel's work. Riley's 

(1926) moderata constitutes an elevation of Stichel's 

moderata. Although Miller & Brown (1981) incorrectly 

indicate moderata to have been named by Stichel as an 

aberration (p. 134), in note 439 (p. 229) they correctly 

give the taxon form status, but incorrectly as having 

been named under julia. Although amendation of ICZN 

Article 45 (International Commission on Zoological 

Nomenclature, 1974, 1975, cf. 1985) predates Miller & 

Brown (1981, 1983), the latter works attribute moderata 

to Riley.-̂ 25 stichel, in making use of concepts 

available to him at the time, clearly used the 

unmodified term "forma" in naming moderata. Therefore, 

in accordance with Article 45 as amended. Article 10b 

124 Given as delia by dos Passos (1964), with delila as a 

lapsus calami by Skinner in 1898. Smith (1903) gives it as 

Colaenis julia delila. 

125 Miller & Brown (1981) give Riley parenthetical status. 

Miller & Brown (1983) give nonparenthetical status. 
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does not apply, and moderata is attributed to Stichel. 

Occurrence: The author observed a single specimen in 

northward flight in September 1984, Lubbock County, 

Texas. Another Lubbock County specimen that was taken 

from the radiator of an automobile confirmed as having 

been locally driven was given to the author and is 

recorded for 1976. These records constitute an addition 

to the species recorded west of the 100° W meridian, 

north of Mexico, and confirm Tilden & Smith's (1986) 

anticipation of such occurrence. 

Discussion: The orthographic variant, julia. is used in 

many recent references, and in many others for nearly 

two centuries, apparently based upon an error in 

Fabricius (1793) which was passed on (see McHenry, 

1967b). Under ICZN Article 23b, iulia could have been 

rejected as a nomen oblitum and not used unless 

indicated by the Commission.126 Declaration 43 repealed 

the responsible article, thus iulia is available for use 

without formal direction of the Commission. 

Genus Heliconius Kluk 1802 

Heliconius charitonius (Linnaeus) 1767 

ssp. vazquezae W. P. Comstock & F. M. Brown 1950 

Systematics/Taxonomy/Nomenclature: Miller & Brown 

(1981) note that in regard to this species, variant 

126 The term nomen oblitum is now reserved to designate a 

senior synonym rejected through the article's provisions 

during its period of operation. 
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spellings have been the rule, rather than the exception. 

The subspecific name is no exception to this rule, being 

given as vazgnega^^ in the same work, and as vasguezae in 

Miller & Brown (1983), each a lapsus calami. These 

names constitute unintentional orthographic variants, 

and as such are treated as nomenclatural forms of the 

specific name vazquezae. The protologue gives this 

feminine patronym as vazquezae (Comstock & Brown, 1950), 

as do a number of other works (e.g., Klots, 1951; dos 

Passos, 1964; McHenry, 1967a; Ferris, 1981c; Tilden & 

Smith, 1986; de la Maza Ramirez, 1987). In the 1767 

editio duodecima of Systema Naturae, Linnaeus first 

gives the nominate as charithonia. and subsequently as 

charitonia in the index of the same work. In Comstock & 

Brown (1950) and Ferris (1989), Linnaeus is considered 

to have corrected the name in his index to conform to 

its Greek base. Comstock & Brown (1950) mention 

subsequent uses of charitonia by Linnaeus, P. L. S. 

Miiller, and Gmelin (the latter as an editor) . The name 

charithonia has been used by various workers and is in 

recent use (e.g.. Smart, 1975). Ferris (1981c) and 

Scott (1986) give the specific name as charitonia/ 

rather than charitonius. Retention of charitonia or its 

emendation, rharitonius. represents departure from 

strict application of ICZN priority. Although Comstock 

& Brown (1950) invoke the first revisor tenet (see ICZN 

Article 32b), Miller & Brown (1981) remark that the 
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situation is far from solved. This may remain the case 

apart from formal Opinion of the Commission. 

Occurrence: Throughout. 

Discussion: The imago is able to utilize both nectar 

and pollen as food. Pollen provides amino acids that 

contribute to a life span of up to nine months for the 

imago and extended production of ova (cf. Boggs et al., 

1981; Dunlap-Pianka, 1979; Gilbert, 1972). In contrast 

to the nine month figure. Cook et al. (1976) give the 

imaginal life span as having a mean of 30-50 days and a 

maximum of around 130, with evidence of senescence 

commencing at 2 5 days. Complex behavior patterns, 

including social behavior such as nocturnal roosting, 

and foraging behavior such as diurnal traplining and 

accompanying resource partitioning, are described in the 

literature (e.g.. Cook et al., 1976; Jones, 1930; Waller 

& Gilbert, 1982; Young & Thomason, 1975). To date, 

charitonius in the Llano Estacado has been recorded only 

as individual dispersants or migrants, thus precluding 

social behavior. Continual change of location that 

accompanies dispersal or migratory behavior prevents 

establishment of traplines. Predominant direction of 

migration is toward the north to northwest. 

Nymphalinae Swainson 1827 

Nymphalini Swainson 1827 
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Genus Polygonia Hubner 1819 

Polygonia interrogation is (Fabricius) 1798 

Systematics/Taxonomy/Nomenclature: The form names, 

umbrosa (Lintner) 1869 and fabricii (W. H. Edwards) 1870 

were described under interrogationis, but in the 

literature, each term is sometimes used as a nomen 

collectivum to designate corresponding forms of other 

species of Polygonia. Although these forms tend to 

correspond to summer and autumn seasonal occurrences 

respectively, they overlap in most years. A wide array 

of ventral phenotypes exist in this and other species of 

Polygonia. Miller & Brown (1981) give this taxon as 

interrogantionis. This constitutes an unintentional 

orthographic variant, and as such is treated as a 

nomenclatural form of the specific name interrogationis. 

Occurrence: Throughout. 

Discussion: Sedman & Hess (1985) suggest that 

interrogationis in west central Illinois may undergo 

hibernation in some life cycle stage other than the 

imago. In the Llano Estacado, the imago may be the only 

hibernation stage. This is evidenced by late 

winter/early spring records of worn form fabricii on 

warm days and by rearing records. These records are 

considered to originate in the local population, due to 

absence of adjacent regionally warm days that could 

allow influx of immigrants. Late instar larvae found in 

the field in late autumn and maintained at ambient 



143 

outside conditions successfully pupated, but all 

experienced mortality during the ensuing winter. It is 

unknown whether larvae may be able to hibernate. Late 

autumn female images kept with suitable ovipositional 

substrate did not oviposit, even on warm days, but 

spent much time resting.128 

Genus Nvmpha1i s Kluk 1802 

Nymphalis antiopa (Linnaeus) 1758 

ssp. antiopa (Linnaeus) 1758 

Systematics/Taxenemy/Nomenclature: Holarctic phenotypic 

expression of this species presents an effectively 

circumpolar assemblage of nominate antiopal29 with 

populations of Palearctic and Nearctic clines at 

^ '^ Green Ulmus americana (Ulmaceae) leaves from young, 
short plants in spots sheltered in such a manner as to 
prolong leaf survival beyond that of more exposed mature 
plants, from which leaves generally fall first. 

•̂28 Members of Polygonia tend to rest vertically, anterior 

facing downward, with the wings folded dorsally and the 

primary wings held forward such that the humeral margins of 

the secondaries are barely covered. The appearance 

produced by this behavior may augment existing ventral 

crypsis, giving the appearance of raised or curled bark on 

certain tree species serving as resting substrates. This 

differs markedly from the considerable wing overlap 

presented by behavioral resting postures of many other 

species of Rhopalocera. 

129 TL: Sweden. 
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southern latitudes expressing parallel phenotypes. 

Southern populations in Europe have been named N. a.. 

Creta^30 (verity) 1916. Verity originally named creta as 

a race, intended as infrasubspecific (see Verity, 1929), 

below his "exerge" category. Miller & Brown (1981, 

1983) give M. a. Pompadourl31 (Pollich) 1779 as a 

Palearctic junior synonym, but omit creta.132 while 

north-to-south clinal variations in Europe and North 

America are phenetypically parallel, Klots (1951) 

considers creta to be biologically distinct from 

Nearctic material. Higgins & Riley (1970) view 

phenotypic variation over the extensive range of antiopa 

as practically nonexistent. In addition to having 

parallel phenotypes, southern Palearctic and Nearctic 

populations of antiopa may be considered likely to 

freely and successfully interbreed if brought into 

contact (unlike differentiating endpoint populations in 

a "ring of races" concept). If the phenotypes are 

viewed not as representing distinct differentiating 

Palearctic and Nearctic clines, but as an Holarctic 

north-to-south cline of an otherwise relatively uniform 

130 TL: Toscana, Italy. Given as Tuscany in Klots (1951). 

131 TL: Pfalz, Germany. 

132 TL: Miller & Brown (1981) also give Palearctic 

"hygiaea" (Heydenreich) 184 6 (as an aberration). Miller & 

Brown (1983) give this taxon at species group level as a 

junior synonym authored in 1851. 
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assemblage (cf. Higgins & Riley, 1970), then Palearctic 

names may come to be applied to Nearctic material, given 

acceptance of polytopic subspecies on an 

intercontinental scale. Breeding and biosystematic 

research may ultimately justify or deny applicability of 

Palearctic names to southern Nearctic populations of 

antiopa. Nearctic antiopa in northern Alaska has been 

named R. a., hyperborea (Seitz) 1914, and is used at 

subspecies level in recent publications (e.g., Shapiro, 

1980(1981), 1981; Miller & Brown, 1981, 1983). 

Occurrence: Throughout. 

Discussion: This species sometimes occurs in large 

numbers. 

Genus Vanessa Fabricius 1807 

Field (1971) divides Vanessa into three genera, 

recognizing Bassaris and Cynthia. In Field's treatment, 

Nearctic species belong to Vanessa and Cynthia, and a 

number of publications follow this precedent. However, 

Dimock (1973) reports naturally occurring hybrids of V. 

atalanta rubria x V. carye annabella (as Q. annabella). 

This is regarded by many to suggest congenericity of the 

two genera involved, and most authors now treat them as 

such. This genus and Precis have been treated as 

comprising Nearctic representation of a subfamily, 

Vanessinae (e.g., see dos Passos, 1964). Each of the 

four species represented in the Llano Estacado are known 

to infrequently manifest phenotypes sometimes 
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collectively referred to as "elymi" phenotypes, after V. 

cardui ab. "elymi" Rambur 1829133 (e.g., Shapiro, 

1981(1983); Lamas, 1983). These are generally 

considered aberrations, though peak expression may occur 

at form level frequencies in areas of relatively high 

regional^34 occurrence. Similar phenotypes may be 

induced by cold shock to pupae (cf. Dimock, 1968; 

Shapiro, 1974, 1976). Sampling has revealed no "elymi" 

occurrences to date in the Llano Estacado, thus regional 

climate may not favor expression. 

Subgenus Cynthia Fabricius 1807 

Vanessa (Cynthia) virginiensis (Drury) 1773 

Occurrence: Throughout. 

Discussion: This species does not exhibit as great a 

proclivity toward migration as does y. cardui (see 

listing below). In the spring, specimens are noted to 

move in a northward direction. This is part of an 

annual general range extension and colonization which is 

pushed back by cold weather each winter. 

Vanessa (Cynthia) cardui (Linnaeus) 1758 

Systematics/Taxonomy/Nomenclature: Some have regarded 

133 Omitted in Miller & Brown (1981, 1983), but included in 

Ferris (1989). 

134 An area noted for occurrence is northern California 

(e.g., see Tilden & Smith, 1986). Mention of "elymi" 

phenotypes is omitted in species accounts of some sources 

(e.g.. Garth & Tilden, 1986; Scott, 1986). 
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the African name, Y. cardui carduelis Cramer 1779, to 

apply to most material throughout the worldwide 

distribution of this species, including its Nearctic 

range. The submarginal spots on the dorsal secondaries 

of cardui are described by many authors as being black 

and this condition is sometimes accorded diagnostic 

status (e.g., Dornfeld, 1980; Sedman & Hess, 1985). 

Form -iacksonil35 A. H. Clark 1932, has blue pupils in the 

dorsal hind wing submarginal black spots, similar to 

those in ^. carye (q.v.). Although specimens with blue 

pupils occur in areas where cardui and carye are 

sympatric, they also occur in areas where carye is not 

found, and hybridization is not required as suggested by 

some. This phenotype is a form representing a portion 

of the normal phenotypic range of cardui. Tilden & 

Smith (1986) indicate that the submarginal spots are 

seldom blue-centered. Opler & Krizek (1984) indicate 

that the submarginal spots of the summer form are blue-

centered, while those of the winter or migratory form 

are dark-centered. Field (1938(1940)) remarks that 

jacksoni is "very common." In the Llano Estacado, 

summer material may have blue centers in some or all of 

the submarginal spots. 

Occurrence: Throughout. 

Discussion: This species has the distinction of being 

135 TL: District of Columbia 
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one of the most widely distributed in the world. It is 

migratory, but not as distinctly so as ^anaJlS plexippus. 

It is noted for its migratory tendencies in temperate 

climate zones (e.g., see Abbott, 1950, 1951; Tilden, 

1962; Williams, 1925, 1949, 1970). Images first appear 

on warm days in February and March, usually moving north 

or northeast. In the Llano Estacado, cardui usually 

appears a week to a month before virginiensis, and in 

greater numbers. Occasional southward fall migration is 

observed in the Llano Estacado. During summer, 

nonmigratory specimens forage for nectar throughout much 

of the day, followed by perching and chasing behavior in 

the middle to late afternoon. Some spots in flat fields 

are consistently used for weeks by small groups of 

perching/chasing cardui. 

Vanessa (Cynthia) carye Hiibner 1812 

ssp. annabella (Field) 1971 

Systematics/Taxonomy/Nomenclature: References to 

Nearctic carye are given as Cynthia annabella or V. 

annabella in many papers and books since 1971. Field 

(1971) in a revision of Vanessa not only attempts to 

revive the subgenera Bassaris and Cynthia, but observes 

that carye is based on Neotropical material. He renames 

Nearctic carye as annabella at species level. The 

author has examined South American material and concurs 

with Scott (1986) that morphologically, annabella 

appears conspecific with carye. Clench (1975) indicates 
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that annabella occurs southward through most of Mexico 

to Guatemala, and in montane habitat southward from 

there, while DeVries (1987) states that two species of 

Vanessa (virginiensis and cardui) occur in Central 

America, thus indirectly indicating annabella and 

nominate carye to be allopatric. For purposes of this 

checklist, annabella is treated as subspecific to carye. 

Occurrence: Throughout. No Oklahoman extension records 

to date. 

Discussion: During the study, this species was more 

common some years than others and was not sampled every 

year, indicating a probable fluctuating eastern range 

boundary for carye. The "elymi" phenotype of carye. ab. 

"muelleri"i36 Letcher 1898, has not been sampled in the 

study area to date, possibly due to both the low 

relative abundance of local carye, and the fact that the 

Llano Estacado is well-separated from principal 

geographic areas of expression of this phenotype. 

Although relatively rare, "letcheri" may occur with 

enough phenotypic uniformity and regularity in its 

136 This may be considered equivalent to ab. "letcheri" F. 

Grinnell 1918, utilized recently by the late Harry Kendon 

Clench (1975). It is included in Miller & Brown (1981) and 

omitted in Miller & Brown (1983). Although aberrational 

names are unavailable under ICZN criteria for availability, 

and priority does not strictly apply to their use, most 

workers apply priority concepts to implementation of such 

names. 



150 

principal areas of expression to be considered a form 

rather than an aberration. Note the frequency-dependent 

definitions of aberration and form. 

Subgenus Vanessa Fabricius 1807 

Vanessa (Vanessa) atalanta (Linnaeus) 1758 

ssp. rubria (Fruhstorfer) 1909 

Occurrence: Throughout. 

Discussion: Naturally occurring hybrids of atalanta and 

oarye are discussed under carye. 

Junoniini Reuter 1836 

The name Hypolimnini auct. is given in Miller & Brown 

(1981) as an automatic emendation of Diademinae Muller 

1886, valid under ICZN Article 40a, and applied at tribe 

level in the present role. It is invalid under ICZN 

Article 60a, as indicated in Ferris (1989). The late C. 

F. Cowan has suggested Junoniini for use (Ferris, 1989). 

Genus Precis Hiibner 1819 

Relevant Nearctic taxa have been variously referred to 

Precis (e.g.. Hemming, 1934; Klots, 1951; Ehrlich & 

Ehrlich, 1961; Tilden, 1970(1971); Gorelick, 1975; 

Scott, 1986) or to Junonia (e.g., dos Passos, 1964; 

Ferris, 1981; Opler & Krizek, 1984; DeVries, 1987). The 

former name has page priority over the latter. Tilden 

(1973(1974)) states that some workers have mistakenly 

presented Precis as strictly Old World and Junonia as 

strictly New World, commenting that this is true for the 

respective type species, but not all accompanying 
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congeners, given recognition of both at genus level and 

consistent treatment of member species. Ferris (1981d) 

indicates Precis to be Old World and Indo-Pacific, and 

Junonia to be New World. Tilden (1973(1974)) follows de 

Lesse (1952) in interpreting male genitalic distinctions 

in the type species as indicative of generic 

differentiation. The following taxa share incomplete 

development of isolating mechanisms and exhibit an array 

of dynamic interactions in certain areas of their 

ranges. 

Subgenus Junonia Hiibner 1819 

See comments under Precis. 

Precis (Junonia) coenJa Hubner 1822 

Systematics/Taxonomy/Nomenclature: This species is 

given as monotypic in Miller & Brown (1981, 1983) and 

Ferris (1989), and as polytypic in Gorelick (1975). See 

remarks under £. nigrosuffusa. 

Occurrence: Throughout. 

Discussion: Most specimens in this region are treated 

as nominate roenia. The author has recorded consistent 

east-west phenotypic differences among coenia when 

driving and sampling over a three hundred mile transect 

from central through western Texas in a short time 

period, thus precluding time from being a causal factor 

in variation. This transect runs from a relatively 

mesic to a xeric environment. Melanism often associated 

with "wet season" formsl3'' was not present, although 
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there was an increase in numbers of and degree of 

expression of J. coenia form rosal38 (whittaker & D. 

Stallings) 1944 in the mesic environment. There was 

prominent and consistent variation in distribution of 

dorsal orange and white areas, development of wing 

ocelli, and specimen size. Such differences could 

conceivably be influenced by larval hosts, edaphic, 

climatic, or predation factors, and may represent a bona 

fide clinal tendency. Breeding research and analysis of 

extensive biogeographic samples are needed to more fully 

understand the relationships of the various species, 

subspecies, and forms. Gloger's rule is evidenced in 

that wet seasons are associated with dark phenotypes, 

and dry seasons and winter with light phenotypes, 

including specimens suffused with red ventrally, 

especially on the secondaries. 

Precis (Junonia) nigrosuffusa (Barnes & McDunnough) 1916 

Systematics/Taxonomy/Nomenclature: This taxon was 

originally described as a subspecies of J. coenia and is 

given as such by Gorelick (1975). A number of works 

give nigrosuffusa at species level (e.g., Tilden, 

1970(1971); Miller & Brown, 1981, 1983; Tilden & Smith, 

13*̂  Sometimes referred to as forma humida. 

138 Miller & Brown (1981) give rosa as an aberration. 

Miller & Brown (1983) give it as a winter form at species 

group level as a junior synonym. 
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1986). Hafernik (1982) treats nigrosuffusa as 

conspecific with zonal is under £. evarte, based upon 

phenetic demonstration of clinal phenotypes. Both 

nigrosuffusa and evarte phenotypes occur sympatrically 

in the HSA. Turner & Parnell (1985) present evidence 

that evarte and £. genoveva (Cramer) 1780l39 represent 

distinct biological species with regard to each other, 

at least in Jamaica. This represents a departure from a 

previous widely held position of conspecificity (e.g., 

Forbes, 1928; Carpenter & Lewis, 1943; Munroe, 1951; 

Brown & Heineman, 1972; Opler & Krizek, 1984). Findings 

by Turner & Parnell (1985) and by Hafernik (1982) are 

combined in placing zonalis as a subspecies under 

genoveva and nigrosuffusa as a junior synonym under 

zonalis in Ferris (1989). T. W. Turner (in litt., cited 

in Ferris, 1989) has suggested that nigrosuffusa may be 

a hybrid between coenia and J., genoveva, and interprets 

larval and chromosome studies to indicate that dark 

material from Padre Island, Texas is not nigrosuffusa, 

but coenia. Evidence is given in Hafernik (1982) that 

genes of coenia may have been incorporated into 

139 Some sources (e.g.. Miller & Brown, 1981, 1983; Opler & 

Krizek, 1984) give genoveva as authored by Stoll in 1782. 

However, the material covering genoveva was written by 

Cramer and only published posthumously on Cramer's behalf 

by Stoll (see footnote 111). ICZN Opinion 516 assigns 1780 

as the year for the relevant material. Authorship is 

correctly attributed to Cramer in some other sources (e.g., 

Klots, 1951; Turner & Parnell, 1985). 
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nigrosuffusa populations in south Texas. Hafernik 

(1982) indicates that isolating mechanisms involving 

courtship and color-pattern partially to completely 

isolate light coenia from dark nigrosuffusa (and 

zonalis) . A pair, the male of which has the light 

coenia phenotype and the female of which has the dark 

nigrosuffusa phenotype was found in copula on 28 

September 1986, Lubbock, Lubbock County, Texas (leg. J. 

B. Lombardini). At several sites in the HSA, specimens 

with phenotypes ranging from coenia to evarte to 

nigrosuffusa fly together along with specimens 

exhibiting an array of intermediate phenotypes. These 

phenotypes may represent conspecific variation as 

existing in the HSA during the years of this study or a 

bona fide zone of sympatric interaction. A number of 

aspects of the interrelationships presented by these 

taxa remain unresolved. Comprehensive breeding research 

and application of molecular techniques have much to 

contribute. For purposes of this checklist, 

nigrosuffusa is used at species level, pending 

clarification. 

Occurrence: Caprock Escarpment in the HSA. 

Discussion: In the HSA, specimens having the 

ni grosuffusa and evarte phenotypes tend to occur in 

smaller, more precisely defined areas than those having 

the coenia phenotype. They also have lower frequencies 

of abundance than coenia, both in the HSA in general and 



155 

in their particular colonized areas. The higher 

frequency of coenia at sites where nigrosuffusa and 

evarte occur favors a proportionally higher frequency of 

"interspecific" encounters of the latter two with the 

more common coenia, and a correspondingly lower 

frequency of "intraspecific" encounters. This would 

lead to an increased probability of "hybridization," 

depending upon the effectiveness of isolating 

mechanisms, and the specimens having intermediate 

phenotypes evidence such an interaction in the HSA. 

Different habitat associations and larval host 

preferences are at least partially effective isolating 

mechanisms between coenia and nigrosuffusa elsewhere in 

Texas (Hafernik, 1982). Sampling conducted when driving 

through other areas of Texas has revealed only coenia at 

some localities and only nigrosuffusa at others, in a 

given day (D. E. Allen, pers. comm., 1982). 

Precis (Junonia) evarte (Cramer) 1779 

ssp. zonalis (C. & R. Felder) 1867 

Systematics/Taxonomy/Nomenclature: Miller & Brown 

(1981) give evarte as authored in 1782, and Miller & 

Brown (1983) give it as authored in 1780. The assigned 

year is 1779 (ICZN Opinion 516). Specimens sampled 

during the present study appear similar to recent (mid-

to late-1960's) Jamaican material figured in Turner & 

Parnell (1985), and lighter than that figured by Cramer 
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(1775-1791)140 as reproduced in Turner & Parnell (1985). 

See comments under £. nigrosnffnc;^ 

Occurrence: Caprock Escarpment in the HSA. 

Discussion: This species spread rapidly from Florida in 

recent years. 

Genus Anartia Hiibner 1819 

Anartia iatrophae (Johansson) 1763 

ssp. luteipirt-a Fruhstorfer 1907 

Occurrence: Texan Llano Estacado and Oklahoman 

extension. 

Anartia fatima (Fabricius) 1793 

Occurrence: A stray to Kansas indicates potential for 

other strays. 

Genus Siproeta Hiibner 1823 

Siproeta stelenes (Linnaeus) 1758 

ssp. biplagiata (Fruhstorfer) 1907 

Occurrence: Texan Llano Estacado and Oklahoman 

extension. 

Argynninae Blanchard 1827 

Genus Euptoieta Doubleday 1848 

Euptoieta claudia (Cramer) 1775 

ssp. Claudia (Cramer) 1775 

140 The color of the hand-painted plates of this work 

varies from one copy to another. The plates were produced 

by artists working for Cramer. 
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Systematics/Taxonomy/Nomenclature: Miller & Brown 

(1981) do not mention subspecific status for claudia. 

Polytypic status is utilized herein due to currently 

recognized Central and South American subspecies. 

Occurrence: Throughout. 

Discussion: DeVries (1987) states that though northward 

migrations of claudia are known to occur from southern 

states and reach as far as Canada, a return migration is 

unknown. Multiple waves of claudia in autumnal 

southward migration across the Llano Estacado have been 

observed by the author within a given season (unpubl. 

data). 

Genus Speyeria Scudder 1872 

Hovanitz (1943b, 1962b, 1963a, 1963c) treats Argynnis 

Fabricius 1807, Palearctic type species Papilio paphial4l 

Linnaeus 1758, as senior synonym of Speyeria Scudder 

1872, Nearctic type species Papilio diana Cramer 1775. 

Until it was revived by dos Passos & Grey (1945a), 

Speyeria was largely unused at genus level in the 

literature. Ehrlich & Murphy (1981(1982)) indicate 

willingness to retain Speyeria at genus level due to its 

present wide usage. McHenry (1963) summarizes 

historical data regarding Argynnis and related names. 

Members of this and related genera or subgenera are 

141 Barnes & Benjamin (1926a) give paphia as the type 

species for Dryas while giving within it the Nearctic taxa 

given in the present checklist as in Speyeria (q.v.). They 

give Dryas iulia (q.v.) as Colaenis julia. 
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sometimes collectively referred to as argynnids, without 

family level implication. An array of 109 names was 

reduced by dos Passos & Grey (1947) to 13 species (cf. 

Brittnacher et al., 1978). 

Subgenus Semnopsyrh^ Scudder 1875 

The subjective synonym SemnopsyrhP, type species Papilio 

idalia Drury 1773 by monotypy, was not elevated to genus 

level by Miller & Brown (1981). It is employed as a 

subgenus in dos Passos & Grey (1945b, 1947) to associate 

species based on structure of the bursa copulatrix.142 

Natural occurrence of an apparent hybrid between 

subgeneric Speyeria and Semnopsyrhe is reported by Scott 

(1981(1983)) . 

Speyeria (semnopsyrhe) cybele (Fabricius) 1775 

ssp. carpenterii (W. H. Edwards) 1876 

Occurrence: Dubium.143 see discussion. 

Discussion: The nearest area of normal occurrence for 

carpenterii is adjacent to the Rocky Mountains in New 

Mexico (Moeck, 1957; Ferris & Eff, 1981). Although the 

142 There is a secondary bursal sac or chamber. 

143 The record is a damaged specimen poorly repaired with 

excessive glue. The same individual, whose name is not 

here provided, is associated with several other improbable 

records in and out of the Llano Estacado within a 

relatively short time period at widely separated 

localities. These specimens may be mislabeled and are 

regarded as dubia until verified or others are recorded. 
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present cybele record is considered a dubium, the 

following two points should be noted: (1) Several 

species of Speyeria, including cybele, naturally occur 

across the plains north of the Llano Estacado. The 

others are S. aphrodite (Fabricius) 1787 (see map of 

Scott, 1986) and S. idalia (Drury) 1773 (see maps of 

Hovanitz, 1963a; Scott, 1986) . Intensive sampling in 

the northernmost Llano Estacado may conceivably reveal 

occurrences of these species. Remnants of virgin 

prairie or similar habitat may provide favorable 

conditions. In the plains, aphrodite occurs in 

association with tall prairie (Scott, 1986), and idalia 

occurs in association with remnant virgin prairie and 

moist habitats (Masters, 1975a; Ferris & Eff, 1981). 

(2) Temporary introduction or importation may occur. 

Kendall & McGuire (1984) report an example of nominate 

cybele in Bexar County, Texas. 

Speyeria (Semnopsyche) aphrodite (Fabricius) 1787 

ssp. aphrodite (Fabricius) 1787 

Systematics/Taxonomy/Nomenclature: Strecker (1877) 

gives Llano Estacado material as, "Argynnis Columbina 

Godt." Interpretation of this identification involves a 

number of considerations: (1) Godart did not author 

rnlumbina (excepting the unlikely event that Strecker 

had access to a Godart publication we know nothing of 

today or one with a virtually unnoticed name). (2) The 

r̂ (7inmhina that was authored is Papilio columbina 
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Fabricius 1793, now recognized as a junior synonym of 

Euptoieta hegesia (Cramer) 1780. Nearly half a century 

after Strecker's list, Barnes & Benjamin (1926a)144 

commented, "^Euptoieta columbina Godt.' Not a new name. 

Simply a presumably erroneous identification of 

columbina Fabr." They were apparently unaware of both 

Strecker's list and past use of Argynnis in association 

with "columbina Godt." (3) The only subspecies of 

hegesia that occurs north of Mexico, £. hegesia 

hoffmanni W. P. Comstock 1944, is unlikely to have 

occurred that far north of its normal range. (It is 

presently a rare stray in south central Texas, hundreds 

of miles southeast of the Llano Estacado.) (4) Strecker 

could have used Euptoieta instead of Argynnis. and he 

did so immediately above in the same publication for the 

closely similar species £. claudia. This, combined with 

the preceding points, favors the interpretation that 

Strecker did not mean £. hegesia. (5) Strecker may have 

meant A. Columbia Hy. Edwards 1877, but again, the 

indicated authorship of Grote lessens certainty of this. 

Had the author been given as Hy. Edwards, the assumption 

of a manuscript or printer's error in orthography of 

144 In an appended section entitled, "Names omitted from 

this check list but appearing on the Barnes & McDunnough 

check list, or upon recent revisional papers." This 

indicates they considered it to be a relatively recent 

error; the checklist referred to is Barnes & McDunnough 

(1917). 
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Columbia would be more certain. (6) Although the range 

of Columbia,^^5 as presently recognized, is in the 

Pacific Northwest, it is recognized as a subspecies of 

aphrodite. (7) specific aphrodite ranges across the 

plains north of the Llano Estacado. (8) It may be that 

strecker intended to apply the then newly named Columbia 

to the specimens. Scott (1986) treats plains material 

occurring north of and nearest to the Llano Estacado as 

nominate. (9) Although aphrodite generally favors tall 

prairie, suitable habitat may have existed in the virgin 

prairie of the Llano Estacado and adjacent areas. (10) 

It is more likely for aphrodite to have occurred in 

virgin prairie and associated habitats than for multiple 

specimens of hegesia to have occurred so far north of 

their normal range. While it is remotely possible that 

both species may have been present, the above points 

collectively suggest tentative use of aphrodite for the 

specimens. See further relevant information under 

Megathymus streckeri. 

Occurrence: Llano Estacado specimens taken at Mulberry 

Creek (three) and the head of the Red River (one) in 

1876 (leg. T. M. Woodruff) . 

Discussion: The use of Godart (as Godt.) is not present 

anywhere else in Strecker's (1877) list and should not 

be considered a random arrangement of letters by a 

145 TL: Lahache, British Columbia. 
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typesetter. Possible explanations include: (1) Another 

taxon was included in the list and omitted by the 

typesetter while placing Godt. after the wrong species. 

(2) Another taxon was included in the list and similarly 

omitted by Woodruff in his transmission of the list to 

E. H. Ruffner (see citation of Strecker (1877) in the 

Literature Cited) if Strecker's original correspondence 

itself was not transmitted. Equivalent possibilities 

exist for Ruffner's subsequent transmission, etc. (3) 

Strecker used it in his correspondence with Woodruff, 

either intentionally or unintentionally. If it was 

intentional, then there may be earlier uses in the 

literature or in correspondence received by Strecker. 

Regarding the "n" in columbina. if it was a mistake, an 

"n" in Columbia could be accounted for by a simple 

mistake by anyone from Strecker on through to the 

typesetter, and unlike Godt., could be a random 

typesetter's error. In Strecker's case, he conceivably 

could have seen the name columbina in association with 

his material on claudia. prior to writing the Argynnis 

name, leading to a slip of the pen. Further confusion 

would be required to explain the presence of Godt., if 

it too was a mistake by Strecker and not a result of an 

omitted name by a typesetter or other person, as 

explained above. 

Subgenus Speyeria Scudder 1872 

See discussions under genus Speyeria and subgenus 
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Semnopsyche. 

Speyeria (Speyeria) nokomis (W. H. Edwards) 1862 

ssp. coerulesrens (Holland) 1900 

Occurrence: The distribution map line of Hovanitz 

(1963c) for this species crosses the Mescalero 

Escarpment and nearby southwestern Llano Estacado along 

with southwestern Texas. No records in the Llano 

Estacado or Texas have been sampled or located during 

the present study (cf. map of Scott, 1986). 

Speyeria (speyeria) edwardsii (Reakirt) 1866 

Ocurrence: A single specimen, identified as edwardsii. 

was sighted in the northernmost Llano Estacado and 

reported to the author by R. E. Howard (pers. comm., 

1991) . 

Melitaeinae Reuter 1896 

This family group name is given by Miller & Brown (1981) 

and many sources as authored by Grote 1897. 

Melitaeini Reuter 1896 

See remarks under Melitaeinae. 

Genus Phyciodes Hubner 1819 

Subgenus Anthanasa Scudder 1875 

Phyriodes (Anthanasa) texana (W. H. Edwards) 1863 

ssp. texana (W. H. Edwards) 1863 

Occurrence: Throughout. 

Subgenus Phyriodes Hiibner 1819 
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Phyciodes (Phyciodes) phaon (W. H. Edwards) 1864 

Occurrence: Throughout. 

Phyciodes (Phyri ndf̂ s) tharos (Drury) 1773 

ssp. tharos (Drury) 1773 

Occurrence: Throughout. 

Phyciodes (Phyciodes) pratensis (Behr) 1863 

ssp. camillus W. H. Edwards 1871 

Systematics/Taxonomy/Nomenclature: This species is 

given as pratensis in Miller & Brown (1981) and Ferris 

(1989), and as £. campestris (Behr) 1863 in Miller & 

Brown (1983) and Scott (1986). Comment is provided in 

Ferris (1989) regarding use of these specific names and 

£. montanus (Behr) 1863. 

Occurrence: May approach Mescalero and Coyote 

escarpments. 

Phyciodes (Phyciodes) pictus (W. H. Edwards) 1865 

ssp. pictus (W. H. Edwards) 1865 

Systematics/Taxonomy/Nomenclature: This species is 

given as pictus in Miller & Brown (1983) and Ferris 

(1989), and as picta in Miller & Brown (1981), Scott 

(1986), and many other sources. 

Occurrence: New Mexican Llano Estacado and scattered 

colonies along at least the central portion of the 

Caprock Escarpment. 

Phyriodes (Phyciodes) vesta (W. H. Edwards) 1869 

Occurrence: Throughout. 

Genus Chlosyne Butler 1870 
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Subgenus Thessalia Scudder 1875 

ChlQsyne (Thessalia) theona (Menetries) 1855 

ssp. bollii (W. H. Edwards) 1877 

Systematics/Taxonomy/Nomenclature: The subspecific name 

is given as belli in Miller & Brown (1981). 

Occurrence: The range given by Scott (1986) comes near 

the Mescalero Escarpment. There is a colony in 

Yellowhouse Canyon and nearby escarpment where it was 

found by intensive sampling. By implication, other 

colonies of theona may occur along the Caprock 

Escarpment north at least to Yellowhouse Canyon, 

although there are no intervening records at present. 

This is the northernmost record for Texas. 

ChlOSyne (Thessalia) chinatiensis (Tinkham) 1944 

Occurrence: Occurs southwest of the Mescalero 

Escarpment. Further sampling may detect occurrence 

there. 

Chlosyne (Thessalia) fulvia (W. H. Edwards) 1879 

Systematics/Taxonomy/Nomenclature: Bauer (1975), Miller 

& Brown (1981, 1983), Tilden & Smith (1986), and Smith & 

Brock (1988) treat fulvial^^ and Q. Iganirâ "̂ "̂  (C. & R. 

Felder) 1860 as separate species. Higgins (1960), in a 

146 TL: "W. Texas." Brown (1966) restricts the TL to 

Archer Co., Texas. 

147 TL: "California." Miller & Brown (1981) remark, "but 

certainly vie. San Francisco, California." 
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revision of Chlosyne, treats fulvia as subspecific to 

leanira, a position taken by Ferris (1981d) and Scott 

(1986). 

Occurrence: Northern three-fourths of the Caprock 

Escarpment. 

Discussion: Sampling conducted in a small area in which 

specimens are known to have emerged on a single day, 

reveals considerable variation in extent of black 

scaling on dorsal and ventral wing cells and veins, and 

degree of development of the diagnostic "Y" in the 

ventral secondary discal cell. Aberrations, easily 

distinguishable from normal phenotypic variation, have 

been sampled. 

Subgenus Chlosyne Butler 1870 

Chlosyne (Chlosyne) lacinia (Geyer) 1837 

ssp. adjutrix Scudder 1875 

Systematics/Taxonomy/Nomenclature: Most Llano Estacado 

specimens of this variable species are phenetypically 

similar to that figured in Holland (1898) as Synchloe 

lacinia, and in Holland (1931) as Q. lacinia var. 

adiutrixl48, and differ markedly from that figured as £. 

lacinia adjutrix in Howe (1975a). Specimens are rarely 

sampled in the HSA that are phenetypically similar to Q,. 

lacinia crocale (W. H. Edwards) 1874 and its forms, 

nigrescens (W. H. Edwards) 1893 and rufescens (W. H. 

Edwards) 1893; seme unnamed phenotypes also rarely 

148 TL: "Texas. 
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occur. These are all considered to represent bona fide 

phenotypic variation within the area's adjutrix 

population, not sympatric or intergrade occurrences of 

subspecific crocale. Bauer (1975) attributes forms 

nigrescens and rufescens to Cockerell.i49 

Occurrence: Throughout. 

Chlosyne (chlosyne) definita (Aaron) 1884 

Occurrence: Southern Mescalero Escarpment. 

Chlosyne (Chlosyne) ianais (Drury) 1782 

Occurrence: Rebb (1978) reports a worn female specimen 

fer 11 June 1977, Lubbock, Lubbock County, Texas (leg. 

J. Rebb). 

Discussion: The range map of Scott (1986) uses this 

record as a basis fer giving the range as extending 

northward through the southeastern quarter of the Llano 

Estacado. 

Chlosyne (Chlosyne) rOSJta Hall 1924 

ssp. browni Bauer 1960 

Occurrence: A single specimen of this species has been 

recorded in the Llano Estacado, 12 August 1973, Lubbock, 

Lubbock County, Texas (leg. J. B. Lombardini). 

149 Two Ceckerells were active in the literature: and T. 

Ceckerell (more so) and W. Cockerell. In regard to 

lacinia. T. Ceckerell's rufescens was preoccupied by that 

authored by W. H. Edwards. An infrasubspecific name 

applicable to Speyeria nokomis nokomis (W. H. Edwards) 1862 

(Nymphalidae: Argynninae) was named as "rufescens" (T. 

Ceckerell) 1909. 
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Discussion: This is the northernmost record fer the 

continent, being hundreds of miles north of ether 

reported occurrences. The species' area of normal 

occurrence north of Mexico is southernmost Texas. Scott 

(1986), in not providing a range map, mentions that it 

occurs in south Texas only, and that a single specimen 

is recorded from southeast Arizona. 

Subgenus Charidryas Scudder 1872 

To date, sampling has not revealed any Llano Estacado 

colonies of Chlosyne nycteis (Doubleday & Hewitsenl50) 

1847. 

Chlosyne (Charidryas) gergone (Hiibner) 1810 

ssp. carlota (Reakirt) 1866 

Occurrence: Caprock Escarpment, northern two-thirds of 

the plateau; may occur throughout. 

Genus Dymasia Higgins 1960 

Dymasia dymas (w. H. Edwards) 1877 

Occurrence: Range approaches the Mescalero Escarpment. 

Genus Texola Higgins 1959 

Texola elada (Hewitsen) 1868 

ssp. callina (Boisduval) 1869 

Systematics/Taxonomy/Nomenclature: This subspecies is 

given as Ulrica (W. H. Edwards) 1877, a junior synonym, 

in many recent works. Holland (1931) figures a 

Boisduval specimen (ex W. H. Edwards collection) as the 

150 Seme works emit ceauthership of Hewitson 
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type of callina. Bauer (1975) does not apply callina. 

stating that there is question concerning its type 

specimen. Miller & Brown (1981) and Scott (1986) give 

callina as subspecific under Phvciodes mylitta (W. H. 

Edwards) 1861. Its use under mylitta is a lapsus 

calami, possibly originating in past confusion with 

mylitta junior synonym collina Behr 1863 (cf. dos 

Passes, 1964). Hall (1928-1930) gives Ulrica as a 

junior synonym of callina. Holland (1931) states that 

this action on Hall's part is an error. Miller & Brown 

(1981) and Ferris (1989) emit mention of callina under 

elada. it is given subspecific status under elada by 

McDunnough (1938), dos Passes (1964), Miller & Brown 

(1983), and Tilden & Smith (1986). 

Occurrence: Southern three-fourths of the New Mexican 

Llano Estacado and southern fourth of Texan Llano 

Estacado (cf. range map in Scott, 1986) . Recorded in 

the central Caprock Escarpment and adjacent Rolling 

Plains in the HSA. By implication, it may occur 

northward along the Caprock Escarpment to that vicinity. 

Discussion: The central Caprock Escarpment is the 

northernmost occurrence for Texas. The northern portion 

of its New Mexican range is largely rangeland, while 

adjacent Texan land across the state line is largely 

cropland. The author has on several occasions driven 

across the Texas/New Mexico state line on windy days and 

witnessed a virtual line in the air, with rangeland 
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having clear sky and dry tilled cropland being in a 

light duststorm with brown sky. These different 

agricultural practices not only affect duststorm 

potential, but may affect elada's current range. Any 

previously existing populations between the Caprock 

Escarpment and Coyote Escarpment have apparently been 

largely extirpated, at least to the extent that sampling 

conducted during this study did not locate any. 

Genus Poladryas Bauer 1961 

Taxa in Poladryas are given in Melitaea in most sources 

prior to 1961 and in dos Passos (1964). Following 

Bauer's (1975) contribution in Howe (1975a), Poladryas 

has come into more general use. 

Poladryas minuta (W. H. Edwards) 1861 

ssp. minuta (W. H. Edwards) 1861 

Systematics/Taxonomy/Nomenclature: Bauer (1975) and 

Miller & Brown (1981, 1983) give minuta as monotypic. 

McDunnough (1938), dos Passos (1964), and Ferris (1989) 

give minuta as polytypic, but distinct from £. arachne 

(W. H. Edwards) 1869. Scott (1974) interprets minuta to 

be conspecific with arachne. 

Occurrence: The range map in Scott (1986) indicates 

this species as occurring throughout all but the 

northeastern Llano Estacado, above the vicinity of Palo 

Duro Canyon. It has been extirpated from much of the 

range in Scott's map (unpubl. data). 

Discussion: Low vagility (Scott, 1974, 1975) and 
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Shortage of suitable habitat (Kendall & Kendall, 1971) 

combine to restrict colonies in this genus. 

Genus Euphydryas Scudder 1872 

Subgenus Occidryas Doubleday 1847 

Miller & Brown (1981, 1983) use Occidryas at genus 

level. It is not used at genus level in Ferris (1989) . 

Miller & Brown (1981(1983)) indicate it to be a good 

candidate for subgeneric standing, when subgenera are 

used. 

Euphydryas (Occidryas) chalcedona (Doubleday) 1847 

ssp. capella (Barnes) 1897 

Systematics/Taxonomy/Nomenclature: Miller & Brown 

(1981, 1983) give capella as subspecific under £. anicia 

(Doubleday) 1847. Brussard et al. (1989) use 

electrophoresis to estimate genetic similarity among 

populations of chalcedona. £. colon (W. H. Edwards) 

1881, and anicia, and recommend treating these taxa as 

comprising a single highly variable species under 

chalcedona. Accordingly, capella is given herein under 

chalcedona. Populations of these taxa in the field 

exhibit a dynamic "ring of races"l5l relationship, in 

151 Brown & Gibson (1983) define a Rassenkreis as a clinal 

ring of subspecies or races comprising a species in which 

endpoint populations, which may be sympatric, are markedly 

different and may not be interfertile. Mayr & Ashlock 

(1991) define a Rassenkreis (sensu Rensch) as equivalent to 

a polytypic species, stating that it is not equivalent to 

the "circle of races" concept. 
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which those of chalcedona intergrade with those of colon 

and anicia, while those of the latter two are usually 

reproductively separated from each other by isolating 

mechanisms. 

Occurrence: The range map in Scott (1986) indicates 

stray occurrence of this western species in the 

approximate vicinity of Palo Duro Canyon and occurrence 

further east. 

Discussion: The author has not examined the strays, and 

capella is used as it is the geographically most likely 

subspecies. It is unknown whether the occurrences may 

represent colonies rather than strays. 

Limenitinae Behr 1864 

This subfamily is given as Limenitinae in most recent 

works and as Limenitidinae in some others (e.g., dos 

Passos, 1964; Miller & Brown, 1981, 1983; Tilden & 

Smith, 1986). The name Limenitidinae is on the ICZN 

official list as a correction of Limenitides Butler 1870 

(see ICZN Dir. 99, Dir. 118). The ICZN does not 

officially determine names of any biological unit or 

group. It only provides rules for and official approval 

or rejection of names and works for nomenclatural use by 

systematists and taxonomists, for the purpose of 

promoting unambiguous communication. ICZN Article 78 

clearly indicates that names on the official list may be 

considered as synonyms, and the principle of priority is 
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to be applied to them as it is to other names, unless 

specifically indicated otherwise in a relevant Opinion 

or Direction, or in a subsequent ruling. The ICZN 

correction applies to the name authored by Butler, not 

Behr, and does not provide for orthography of Butler's 

corrected synonym to automatically replace that of the 

Behr name. Inasmuch as Behr (1864) previously gave an 

equivalent family group name as Limenitidae, the name 

given by Butler and corrected by the ICZN is a junior 

synonym. If Behr's synonym were not so similar 

orthographically, recent usage of Limenitidinae may not 

have occurred, as dos Passos (1964) and Miller & Brown 

(1981) give the author as Behr, thus correctly 

recognizing priority of his authorship over Butler's. 

However, these sources incorrectly indicate Behr to be 

the author of the ICZN correction of Butler's original 

orthography. Application of the above applies to use at 

family level and to the corresponding tribal names 

Limenitidini and Limenitini, as used by workers (see 

ICZN Article 36). Scott (1986) places these species 

within Nymphalini. 

Limenitini Behr 1864 

This tribe is given as Limenitidini in Miller & Brown 

(1981, 1983). See discussion under Limenitinae. 

Chermock (1950), using tribal level, provides a generic 

revision of the Limenitini of the world. Tribal level 
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is used by some other sources (e.g., Ehrlich & Ehrlich, 

1961). 

Genus Limenitis Fabricius 1807 

The genus Limenitis. which has a Palearctic type 

species, is often used for Nearctic material (e.g., 

Klots, 1951; Ehrlich & Ehrlich, 1961; dos Passos, 1964; 

Perkins & Perkins, 1975; Piatt, 1983; Opler & Krizek, 

1984; Scott, 1986). Nearctic members of this genus, 

have alternately been placed under Basilarchia Scudder 

1872, which has a Nearctic type species (e.g., Scudder, 

1881, 1889a; Holland, 1898, 1931; Nakahara, 1924; 

Gunder, 1934; McDunnough, 1938; Miller & Brown, 1981, 

1983; Ferris & Brown, 1981; Tilden & Smith, 1986). 

Subgeneric format for Basilarchia is used in Piatt 

(1987). Biosystematic study is needed to resolve the 

question of congenericity (as is agreement or at least a 

consensus regarding criteria that constitute distinction 

at genus level). Members of this genus are widely 

recognized to exhibit pronounced mimesis, using a number 

of species from different genera and families as 

Batesian models, as summarized by Piatt (1983). 

Subgenus Basilarchia Scudder 1872 

See remarks under Limenitis. 

Limenitis (Basilarchia) arthemiS (Drury) 1773 

ssp. astyanax (Fabricius) 1775 

Systematics/Taxonomy/Nomenclature: The nominate and 

fjcjtyanax have been treated as distinct species (e.g., 
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Scudder, 1881, 1889a; Holland, 1931; Gunder, 1934; 

McDunnough, 1938; Ehrlich & Ehrlich, 1961; dos Passos, 

1964) . They have also been treated as conspecific 

(e.g., Nakahara, 1924; Barnes & Benjamin, 1926a; Klots, 

1951), an approach supported by breeding studies 

summarized by Piatt (1983). 

Occurrence: The distribution of astyanax is given by 

Piatt (1983) as extending across all of the Llano 

Estacado, and by Scott (1986) as only approaching near 

the Mescalero Escarpment and Oklahoman extension. 

Sampling conducted in the Llano Estacado during the 

present study has not produced any records. 

Discussion: Scudder (1881), apparently not suspecting 

astyanax of having a mimetic role, either model or 

mimic, suggests that it and L. archippus (q.v.) must 

have derived from common ancestry, the latter finally 

diverging through mimesis. Scudder (1895) suggests that 

astyanax may be a model for mimesis by Speyeria diana. 

Subspecific astyanax is now generally considered to be 

one of a complex of taxa employing Battus philenor as a 

Batesian model (cf. Brower, 1958b; Brower & Brower, 

1962; Piatt & Brower, 1968). This subspecies occurs 

east of the Llano Estacado, but the border of its range 

is indeterminate. As one travels west from north-

central Texas, where astyanax is common, the size of 

areas having suitable larval hosts (see Scott, 1986) 
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becomes smaller and the distances between these areas 

becomes greater. Occasional specimens may occur in the 

Llano Estacado. As larval hosts are present in some 

locales, and temperatures are not delimiting, astyanax 

may potentially become established in the Llano 

Estacado^52 ^pon introduction or through entry of 

dispersant gravid females into the area. 

Limenitis (Basilarchia) archippus (Cramer) 1775 

ssp. archippus (Cramer) 1775 

Systematics/Taxonomy/Nomenclature: Miller & Brown 

(1981, 1983) give archippus as authored in 1776. The 

assigned year is 1775 (ICZN Opinion 516). Llano 

Estacado material ranges from nominotypic archippus to 

phenotypic L. a.- watsonii53 (dos Passos) 1938 and L- a. 

lahontanil54 Herlan 1971. These three phenotypes are 

sympatric over large areas elsewhere (pers. obs.). 

Phenotypic ratios and degree of expression change with 

geographic location (pers. obs.) and exhibit pronounced 

tendencies toward regionalized epicenters. These 

phenotypes are generally treated at subspecies level in 

the literature. 

Occurrence: Caprock Escarpment, especially along water 

152 This is but one of a number of taxa with potential to 

become established in parts of the Llano Estacado. 

153 TL: Alexandria, Louisiana. 

154 TL: Fernly, Lyon Co., Nevada. 
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drainage, and in towns where larval hosts are present, 

notably SaJJji and Populus (Salicaceae) . 

Discussion: The partially grown larva (third instar 

confirmed) passes hibernation inside an hibernaculum 

made from one or more partially eaten, specially shaped 

leaves pulled toward and attached to a stem forming an 

enclosure. Scudder (1881) provides description and 

drawings. Populations in many areas utilize Danaus 

plexippus as a Batesian model for mimesis (Brower, 

1958a; Piatt et al., 1971). Numerous textbooks and 

other sources misleadingly imply that plexippus is the 

only model employed by archippus. Another Batesian 

model is Danaus gilippus berenice (Cramer) 1779 

(Nymphalidae (sensu lato): Danainae) which is utilized 

by L. archippus floridensis Strecker 1878 (Brower, 

1958c) . Although D.. gilippus strigosus occurs 

throughout the Llano Estacado, the archippus considered 

by some to be its corresponding mimetic phenotype, L. a. 

obsoleta W. H. Edwards 1882, has not been sampled in the 

area. The same is true for many more thousands of 

square miles in which strigosus occurs. Darkening of 

the dorsal primary wings in watsoni may parallel similar 

darkening in strigosus. Although this mimesis involving 

danaine models is generally treated as Batesian, 

^rrhippus may be in the process of developing genuine 

unpalatability, thus becoming Miillerian in its mimetic 

relationship with plexippus (e.g., see Piatt, 1983). 
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See further remarks under fi. plexippus and L. arthemis. 

Genus Adelpha Hiibner 1819 

This genus is sometimes treated as congeneric with 

Limenitis, as is done in Scott (1986). Members of 

Adelpha have formerly been given under Heterochroa 

Boisduval 1836 (e.g., Holland, 1931). One species, 

Adelpha bredowll (q.v.), is considered by some to be a 

Batesian model for Limenitis lorquini Boisduval 1852 

(Nymphalidae: Limenitinae). If this Batesian 

relationship is valid, treatment of these species as 

either congeneric or in distinct genera would have 

differing implications for subjective concepts of 

intrageneric and intergeneric relationships and 

phylogenetic relationships in development of mimesis. i 

review of Neotropical material leaves no doubt that 

bredowii is a member of an extensive group. Cladistic 

research may prove useful in determining whether 

synapomorphies are sufficient to support a consensus 

regarding generic differentiation and biosystematic 

resolution of statuses. 

Adelpha bredowii Geyer 1837 

ssp. eulalia (Doubleday & Hewitson) 1848 

Systematics/Taxonomy/Nomenclature: Co-authorship of 

Hewitson is omitted by some sources. Some recent 

writers (e.g. Scott, 1986) place bredowii in Limenitis. 

the genus in which eulalia was first proposed. 

Occurrence: Throughout. 
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Discussion: Most records of bredowii during this study 

came from bait traps. Only one specimen was actually 

observed in flight by this investigator in the Llano 

Estacado during the present study. The specimen was 

flying rapidly a little over 1 m (around 4 ft) above the 

ground almost exactly toward geographic north. The 

constant operation and combined attraction and retention 

properties of the traps enabled them to provide a number 

of records of this species, which is rare in the Llano 

Estacado. Observations recorded by the author indicate 

that the Texan range of bredowii fluctuates greatly 

through time. R. 0. Kendall (pers. comm., 1985) has 

suggested that this may be correlated with precipitation 

patterns. 

Epicaliini Miiller 1886 

Scott (1986) places these species within Nymphalini. 

Genus Eunica Hiibner 1819 

Eunica monima (Stoll) 1782 

Occurrence: Southernmost Texan portion. 

Eunica tatila (Herrich-Schaffer) 1853 

ssp. tatilista Kaye 192 6 

Occurrence: Southernmost Texan portion. One known 

stray to Kansas indicates potential for strays 

throughout. 

Eurytelini Doubleday 1844 

Scott (1986) places these species within Nymphalini. 

Genus Mestra Hiibner 1823 
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The year is given as 1825 by Neave (1940a), dos Passos 

(1964), and Miller & Brown (1981, 1983). See discussion 

under the pyrginine genus, Polygonus. 

Mestra amymone (Menetries) 1857 

Occurrence: Texan portion; no records for the New 

Mexican portion were found during the present study. 

The range map of Scott (1986) indicates occurrence 

throughout. 

Discussion: Masters (1970) states that there are no 

records known at that time for several states having 

range in Scott's (1986) map. Scott's (1986) map matches 

much of a floral distribution line given by Masters 

(1970) . Tilden & Smith (1986) indicate occurrence from 

central Arizona to south Texas. Field data indicate 

that two overlapping broods occur in the Llano Estacado, 

an observation also made in east Texas (Gooch & 

Strecker, 1924) . Fresh emergals have been sampled, 

suggesting production of broods well away from the range 

given by Masters (1970) for its larval host, Tragia 

neptifolia Cavinilles (Euphorbiaceae). Johnston (1962) 

discusses Tragia north and west of that area, and K. I. 

Miller (1970) mentions Tragia reaching as far north as 

Nebraska. Correll & Johnston (1970) treat X. 

n<:>peti folia var. leptophylla (Torrey) Shinners as a 

junior synonym of X. ramosa Torrey. Behavioral 

differences between migrating and nonmigrating 

individuals have been observed during the present study 
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(unpubl. data). Specimens also occupy the same, 

sometimes small (e.g., <75 m (250 ft) diameter) and 

therefore easily identifiable, scattered patches of 

canyon habitat each year, indicating an affinity for 

physical environmental characteristics and/or presence 

of a larval host. Darker color, with brown on the 

ventral secondaries largely replacing orange, was 

observed to coincide with an increase of precipitation 

and humid weather. Very dry weather was accompanied by 

a phenotype in which white almost completely replaces 

orange on the ventral secondaries, with reduced dark 

markings overall. These observations correspond with 

Gloger's rule (see Mayr, 1942). 

Marpesiinae Aurivillius 1898 

Scott (1986) places these species within Nymphalini. 

Genus Marpesia Hiibner 1818 

Marpesia chiron (Fabricius) 1775 

Occurrence: Throughout the Texan Llano Estacado and 

Oklahoman extension. 

Marpesia petreus (Cramer) 1776 

Occurrence: Throughout. 

Charaxinae Guenee 18 65 

Genus Anaea Hiibner 1819 
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Some sources use infrasubspecific A. aidea form 

morrisonil^^^ (W. H. Edwards) 1883 as a nomen collectivum 

for North American Anaea having an enhanced falcate apex 

on the primaries. This is an autumn and winter form. 

Anaea aid^a (Guerin-M^nevllle) 1844 

Systematics/Taxonomy/Nomenclature: This taxon is 

considered by some to be subspecific to A. troglodyta 

(e.g., Scott, 1986). Most sources currently treat aidea 

at species level. 

Occurrence: Throughout. 

Discussion: The Yellowhouse Canyon population may be 

breeding, as suggested by fresh emergals replete with 

postemergal fluid. It is unknown whether some 

individuals manage to hibernate through mild winters in 

sheltered areas as is the case for A. andria. There is 

a lack of spring records, and later fresh specimens 

(i.e., those showing little or no wear) may be a result 

of recolonization from southern populations. The 

principal natural food source recorded for the imago in 

the Llano Estacado is Salix sap. It is also attracted 

to bait in the form of fermenting fruit or sugar 

solutions, as is A. andria. 

Anaea andria Scudder 1875 

Occurrence: Throughout. 

155 TL: restricted by Brown (1967) to "Mt. Graham, Cochise 

Co., Arizona." 
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Discussion: Images of this species are recorded to 

undergo hibernation in the HSA. 

Apaturinae Boisduval 1840 

Genus Asterorampa Rober 1916 

Friedlander (1986(1987)) is followed in recognizing 

three species of Asterocampa north of Mexico, two of 

which are represented in the Llano Estacado. 

Asterocampa celtis (Boisduval & Le Conte) 1835 

ssp. antonia (W. H. Edwards) 1878 

Occurrence: Throughout. 

Asterocampa clyton (Boisduval & Le Conte) 1835 

ssp. texana (Skinner) 1911 

Occurrence: Caprock Escarpment and much of the eastern 

Llano Estacado. May occur westward, but there is a lack 

of records. This species is usually much less abundant 

than A. celtis in the Llano Estacado. 

Satyrinae Boisduval 1833 

Euptychiini Miller 1968 

Genus Cyllopsis R. Felder 1869 

Members of Cyllopsis have long been placed in closely 

related Euptychia Hubner 1818. 

ryllopsis pertepida (Dyar) 1912 

ssp. dorothea (Nabokov) 1942 
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Systematics/Taxonomy/Nomenclature: Scott (1986) is 

followed in treating aviculal56 (Nabokov) 1942 and 

maniola-'-̂ '̂  (Nabokov) 1942 as consubspecific with 

dorothea-*-̂ ^ for purposes of this checklist (cf. Nabokov, 

1942). 

Occurrence: Coyote Escarpment. 

Genus Megisto Hubner 1819 

Members of Megisto, like those of Cyllopsis, have long 

been placed in closely related Euptychia. Series of 

Megisto have been sampled during the present study that 

do not fit descriptions in existing references (e.g., 

Holland, 1931; Klots, 1951; Ehrlich & Ehrlich, 1961; 

Emmel, 1975a; Pyle, 1981; Scott, 1986; Tilden & Smith, 

1986). These series are under study. 

Megisto cymela (Cramer) 1777 

ssp. cymela (Cramer) 1777 

Systematics/Taxonomy/Nomenclature: Miller & Brown 

(1981, 1983) and Ferris (1989) give cymela as polytypic, 

in recognizing M. S.- violai59 (Maynard) 1891. 

Occurrence: Oklahoman extension. Northeastern Texan 

156 TL: Fort Davis, Jeff Davis Co., Texas. 

15"̂  TL: Cochise Co., Arizona. 

158 TL: S rim Grand Canyon, Coconino Co., Arizona. 

159 Scott (1986) treats viola as a form, while others treat 

it as having species level distinctions (cf. Oliver, 1982; 

Opler & Krizek, 1984). 
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Llano Estacado records may be found with further 

sampling. 

Megisto rubricata (W. H. Edwards) 1871 

ssp. rubricata (W. H. Edwards) 1871 

Systematics/Taxonomy/Nomenclature: Specimens of 

rubricata"^^^ from the Llano Estacado vary in the color 

and extent of dorsal primary discal patches, from light 

orange to rusty red. The light orange color is most 

well developed and appears most often on worn (usually 

assumed to be older) specimens, thus many cases may be a 

result of cumulative pigment breakdown or alteration, by 

photoreaction or other means. Sympatry of cymelal6l and 

rubricata in portions of eastern Texas, Oklahoma, and 

Kansas is contraindicative of conspecific status (cf. 

Miller, 1981). 

Occurrence: Throughout. 

Discussion: Although the imago feeds predominantly on 

sap and rotting fruit, rubricata has been observed 

nectaring at inflorescences in the Llano Estacado 

(unpubl. data), a new behavioral record for the species. 

Maniolini Grote 1897 

Genus Cercyonis Scudder 1875 

Cercyonis pegala (Fabricius) 1775 

ssp. texana (W. H. Edwards) 1880 

160 TL: "near Waco, McLennan Co., Texas." 

161 TL: "Cape of Good Hope," (in error). 
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Systematics/Taxonomy/Nomenclature: Specimens in the 

Llano Estacado may vary from typical texanal62. Some 

appear nominotypic, and others exhibit total suppression 

of dorsal primary yellow patches. This suppression is 

regarded herein as an uncommon, but normal phenotypic 

variation. 

Occurrence: Scattered colonies, especially along the 

Caprock Escarpment and in towns. 

Discussion: Kendall & Freeman (1963) record pegala from 

four of seven regions in Texas, the largest of which 

includes the Texan portion of the Llano Estacado. Emmel 

(1975a) notes that pegala has not been recorded from 

large areas of Texas. In the Llano Estacado, pegala is 

present in scattered colonies, especially in canyons 

where larval host grasses are present together with 

trees. The imago predominantly feeds on sap and rotting 

fruit. The species is also present in towns to a lesser 

degree. A new ovipositional record and a new record of 

anthophilous behavior have been observed by the author 

(unpubl. data). 

Danainae Boisduval 1833 

ICZN Direction 99 gives the family group name Danaidae 

as a correction of Danaides, a Boisduval name. Miller & 

162 TL: "Texas." Brown (1964) restricts the TL to 

Bastrop, Bastrop Co., Texas. 
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Brown (1981) attribute this family group name to 

Duponchel 1844, and Ferris & Brown (1981) attribute it 

to Bates 1861. Although a suggestion by C. F. Cowan 

that Danaidae and Danainae be corrected to recognize 

Boisduval's authorship is given in Part I of Ferris 

(1989), the revisions and emendations in Part II of that 

work give the family as authored by Duponchel. 

Genus Danaus Kluk 1802 

Ackery & Vane-Wright (1984) indicate that 1780 may 

eventually be accepted as the year for Kluk's work. 

Subgenus Danaus Kluk 1802 

Danaus (Danaus) plexippus (Linnaeus) 1758 

ssp. plexippus (Linnaeus) 1758 

Systematics/Taxonomy/Nomenclature: Miller & Brown 

(1981, 1983) do not mention applicable subspecific 

status for North American plexippus. which is nominate. 

Occurrence: Throughout. 

Discussion: This species exhibits pronounced migration 

(e.g., see Brower, 1977; Urquhart, 1960; Zahl,1963). 

Migration occurs through the Llano Estacado each spring 

and autumn. July specimens are rare. Autumnal migrants 

consistently fly in a southerly direction, often due 

south, indicating likelihood that regional and transient 

material undergoes hibernation in Mexico (cf. Urquhart, 

1976; Urquhart & Urquhart, 1976; Calvert & Brower, 

1986) .^^'^ Observations made by the author in many areas 
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indicate that in seasonal migrations, the number of 

migrants per unit time crossing a transect in the Llano 

Estacado flyway is considerably less than that in 

eastern Texas and Atlantic states, but more than that in 

some other areas (e.g., autumnal migration westward 

through the Sonoran Desert). Migrant images and 

breeding populations that complete the entire life cycle 

both occur in most or all of New Mexico, well outside of 

the range for plexippus indicated by Urquhart (1987: 

129; cf. map in Anon., 1988). Autumnal migration 

through or from many (possibly all) locales in New 

Mexico is southward. Although plexippus is generally 

acknowledged as a genuinely protected Batesian model 

(e.g., see Jeffords et al. 1979) due to cardenolidesi^"* 

(Euw et al., 1967), avian predators are known to consume 

members of some populations (e.g., Ackery & Vane-Wright, 

1984; Peterson, 1964; Calvert et al., 1979; Fink & 

Brower, 1981). This is considered to be due to 

relatively low toxicity of larval hosts, usually 

Asclepias spp. (Asclepiadaceae) . Increases in 

abundances of less toxic Asclepias species (A. syriaca 

Linnaeus and A- tuberosa Linnaeus) has produced less 

toxic plexippus images and correspondingly higher 

1̂ 3 The nonmigratory plexippus hypothesis is summarized by 

Malcolm (1987). 

164 Cardiac glycosides, such as calactin, calotoxin, and 

calotropin, closely related to digitalins. 
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predation (cf. Fink & Brower, 1981; Borkin, 1982).165 

Less toxic parts of many specimens are consumed by avian 

predators. Some predators at overwintering colonies in 

Mexico, such as Pheuctirns melanocephalus Swainson 

(Aves: Passeriformes: Fringillidae) , consume entire 

specimens and have immunity to or high tolerance of 

glycosides. Broods are produced in the Llano Estacado. 

Palatability of images of regional origin has net been 

studied, and glycoside contents of regional Asclepias 

hosts and plexippus images have not been assayed to 

date. 

Subgenus Anosia Hiibner 1816 

Danaus (Anosia) gilippus (Cramer) 1775 

ssp. strigosus (Bates) 1864 

Systematics/Taxenomy/Nomenclature: In strigosusl66 from 

the study area, characteristic greyish scaling along 

dorsal hindwing veins ranges from very pronounced to 

nearly absent. The background color ranges from typical 

strigosus to much darker, but not as dark as in D.. 3.. 

•̂ 5̂ A related hypothesis is that development of toxicity in 

Limenitis archippus (q.v.) is partly due to dynamic 

pressures on the entire plexippus/archippus phenotype to 

produce more negative experiences for predators. Such 

development would be advanced by predatory pressure itself, 

while serving to guard genetic investment in the existing 

mnemonic phenotype. 

166 TL: "Guatemala." 
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berenice^^"^ (Cramer) 17791^8 ^f eastern North America. 

The year for gilippus is given as "1779" [1776] in dos 

Passos (1964), [1775] in Miller & Brown (1981), 1777 in 

Ferris & Brown (1981), and 1776 in Miller & Brown 

(1983).169 The date assigned under ICZN Opinion 516 is 

31 December 1775. 

Occurrence: Throughout. 

Discussion: See discussion regarding mimesis under 

Limenitis archippus. A congener, n. eresimus (Cramer) 

1777, occurs as subspecific montezuma Talbot 1943 in 

central Texas, north and northwest of the Texan range 

indicated in Scott (1986), but has not been found in the 

Llano Estacado to date. 

1̂ "̂  TL: "Jamaica." Miller & Brown (1981) remark that the 

actual TL for berenice is probably Georgia. 

168 The year for berenice is given by dos Passos (1964) as 

"1782" [1780], and by Miller & Brown (1981) as [1780], and 

by Miller & Brown (1983) as 1780. The year assigned under 

ICZN Opinion 516 is 1779. 

169 Quotation marks and ICZN square bracketts as used in 

cited works. 



CHAPTER IV 

ECOLOGICAL BIOINDICATION 

Methods 

The habitat and province categories, and sampling and 

classification methods given earlier, form a basis for 

collective use of Rhopalocera as a bioindicator group. 

Each datum is tabulated in binary state (i.e., 1, 0), 

classified by species and biotic province or HSA category 

in a rectangular samples-by-speciesl70 primary data matrix. 

Cumulative phenological occurrences were are tabulated. 

Relationships delineated by the primary data matrix are 

used in describing ecological statuses of human-influenced 

and natural habitat categories, and in identifying unique 

rhopaloceran occurrences. Two component matrices are 

utilized for computational purposes: 

(1) total occurrence classified by biotic province and 

interface 

(2) total occurrence classified by habitat 

Total occurrence is defined as all occurrences sampled 

during the present study, including outliers; species known 

I'̂O Different approaches to sampling terminology exist in 

the literature. The present study uses the statistical 

term sample to refer to all taxa from a given habitat or 

biotic province; individual specimens or records are 

sampling units. Another approach uses sample set for the 

former and samples for the latter. 

191 
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to range through the area, but not sampled, are not 

included. Species richness (S) is used as an index of 

ecological diversity, and residency status is discussed and 

utilized as an objective method of adjusting its value. 

Statistical analysis used SPSS (Kim, 1975) and NT-SYS 

(Rohlf et al., 1979) factorl7l and cluster analysis 

programs on an IBM 3081kx mainframe computer, and NTSYS-pc 

(Rohlf, 1988). Analysis was completed using programs 

described by Podani (1989) .i'̂2 

Transposed matrix Q-factor analysis methodsl^3 are 

utilized to produce corresponding triangular coefficient 

matrices for use in cluster analysis. The Phi coefficient 

is utilized, having been selected for use from a number of 

coefficients and indices surveyed for potential use. 

Coefficient computation routines performed on each 

component primary data matrix provide results in 

1*̂1 Some sources (e.g., Kim, 1975) employ a broader use of 

the term factor analysis than do others (e.g., Gauch, 

1982) . 

1*̂2 Certain terms herein reflect the fact that these 

programs often use biosystematic terminology common to neo-

Adansonian or numerical taxonomy. Applicability of the 

programs extends into many fields. 

l''3 Often referred to in the context of R-type versus Q-
type. Defined versus inferred initial factor extraction 

and orthogonal versus oblique rotation to terminal factor 

methods are not utilized in favor of cluster analysis 

techniques. 
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dissimilarity form. Matrices produced by Q-factoring 

coefficient methods are clustered using UPGMA, complete 

linkage, and single linkage sequential agglomerative 

hierarchical nested (SAHN)174 (Sneath & Sokal, 1973) 

polythetic techniques. Methods of arbitrary tie-breaking, 

suboptimal fusions, and single linkage resolution (as 

distinguished from single linkage clustering itself) were 

made available to each of the SAHN algorithms. Q-mode'^'^^ 

cluster dendrograms are used to plot results in graphic 

form. 

HSA Data 

Occurrence in Space 

The HSA is a geographical subset of the LESA and its 

taxa also represent a subset of those in the region as a 

whole. The number of species included in the checklist are 

listed below in Table 3 for each superfamily, family, and 

1*̂4 Alternately, the acronym may also be used to indicate: 

sequential agglomerative hierarchical nonoverlapping (e.g., 

see Rohlf et al., 1972, 1979). 

•'•'̂5 Use of the term Q-mode in cluster analysis derives from 

use of R and Q terminology in factor analysis (e.g., R-
type, Q-type, i?-factor, (2-factor, K-technique, Q-
technique, etc). A proposal by Cattell (1954), that use of 

Q and R be restricted to more formal factor analysis and 
C and R' be used for other studies, has not come into 

use. 
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subfamily. The figures for the LESA give a total count of 

all taxa recorded during this study from field study and 

review of the literature, including dubia and implied taxa, 

so as to summarize the scope of the checklist. The figures 

for the HSA give a count of all taxa recorded during field 

study in that area, and exclude all dubia and implied taxa, 

as well as taxa known to range across the area, such as 

long distance dispersants or migrants, but not sampled 

during the present study. The figures indicate the degree 

to which HSA taxa represent regional y-diversity of the 

LESA. They also reflect the rarity of certain Neotropical 

long-distance dispersants or migrants, some of which are 

recorded to rarely occur north of the Llano Estacado. Not 

all of these species were recorded during the considerable 

sampling conducted during the time period of the present 

study, thus indicating their rarity. This effort produced 

records of a number of such species and further produced 

records of a number of both nonresident and resident 

species previously unrecorded from the region. Table 4 

gives rhopaloceran occurrences in the HSA habitat and 

biotic province categories. Aspects of these occurrences 

are developed and utilized in discussion and analysis in 

the following sections. 
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Tab le 3 . Numbers of s p e c i e s i n c l u d e d in t h e a n n o t a t e d 
r e g i o n a l c h e c k l i s t f o r t h e Llano Es t acado Study Area (LESA) 
and i t s s u b s e t , t h e H a b i t a t Study Area (HSA). LESA f i g u r e s 
i n c l u d e d u b i a and i m p l i c a t e d t a x a ; HSA f i g u r e s i n c l u d e on ly 
t a x a r e c o r d e d d u r i n g t h e p r e s e n t s t u d y , and exc lude dub ia 
and t a x a such a s d i s p e r s a n t s and m i g r a n t s known t o range 
t h r o u g h (or p a s t ) t h e HSA, bu t no t r e c o r d e d d u r i n g t h e 
p r e s e n t s t u d y . 

Taxonomic C a t e g o r y LESA HSA 

H e s p e r i o i d e a 66 29 

H e s p e r i i d a e 61 27 

P y r g i n a e 2 9 12 

H e s p e r i i n a e 32 15 

Mega thymidae 5 2 

Mega thyminae 5 2 

P a p i l i o n o i d e a 122 72 

P a p i l i o n i d a e 9 5 

P a p i l i o n i n a e 9 5 

P i e r i d a e 27 15 

P i e r i n a e 7 2 

A n t h o c h a r i n a e 1 1 

C o l i a d i n a e 

L y c a e n i d a e 

L y c a e n i n a e 

T h e c l i n a e 

Polyommatinae 

Riodinidae 

Riodininae 

19 12 

27 14 

1 0 

14 6 

12 8 

2 0 

2 0 
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Taxonomic Category LESA HSA 

Libytheidae 1 1 

Libytheinae 1 1 

Nymphalidae 56 37 

Heliconiinae 4 3 

Nymphalinae 12 9 

Argynninae 5 1 

Melitaeinae 18 13 

Limenitinae 6 3 

Marpesiinae 2 0 

Charaxinae 2 2 

Apaturinae 2 2 

Satyrinae 3 2 

Danainae 2 2 

Total 188 101 
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Table 4. Primary data matrix giving binary occurrences of 
Hesperioidea and Papilionoidea by habitat category and 
biotic province in a 13,926 km^ habitat study area (HSA) in 
the central Llano Estacado and adjacent Rolling Plains (as 
found during the present study). RA = range, ME = mesas, 
ES = escarpment and canyons, PL = playa lakes, UR = large 
urban area in the High Plains (Lubbock), CO = cotton, GR = 
grain sorghum, AL = alfalfa, CP = Comanchian biotic 
province, PI = biotic province interface, KP = Kansan 
biotic province. 

TAXA HABITAT PROVINCE 

RA ME ES PL UR CO GR AL CP PI KP 

1 Epargyreus clarus clams 

2 Cogia cutis 

3 Erynnis brizo burgessi 

4 Erynnis meridianus 

5 Erynnis horatius 

6 Erynnis tristis tatius 

7 Erynnis funeralis 

8 Pyrgus scriptura 

9 Pyrgus communis communis 

10 Celotes nessus 

11 Pholisora catullus 

12 Hesperopsis alpheus alpheus 

13 Ancyloxypha numitor 

14 Cq)aeodes aurantiacus 

15 Hylephila phyleus phyleus 

1 0 1 1 1 0 0 1 1 1 1 

0 0 1 0 0 0 0 0 0 1 0 

1 0 1 0 1 0 0 0 1 1 1 

0 0 1 0 1 0 0 0 0 1 1 

0 0 1 0 1 0 0 0 0 1 1 

0 0 1 0 1 0 0 0 0 1 1 

1 1 1 1 0 0 1 1 1 1 

0 0 0 0 0 0 0 1 0 0 

1 1 1 1 1 1 1 1 1 1 

1 1 0 0 0 0 0 1 1 0 

1 1 1 1 1 1 1 1 1 1 

0 1 0 0 0 0 0 1 1 0 

0 0 1 0 0 0 0 0 0 1 0 

1 1 1 1 1 1 1 1 1 1 

0 1 1 1 0 0 1 1 1 1 
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TAXA 

16 Hesperia uncus uncus 

17 He^)eria viridis 

18 Wallengrenia otho egeremet 

19 Atalopedes campestris campestris 

20 Atrytone logan lagus 

21 Euphyes ruricola metacomet 

22 Amblyscirtes aenus aenus 

23 Amblyscirtes oslari 

24 Amblyscirtes texanae 

25 Amblyscirtes nysa 

26 Amblyscirtes eos 

27 Lerodea euMi eufala 

28 Megathymus yuccae coloradensis 

29 Megathymus streckeri texanus 

30 Battus philenor philenor 

31 Papilio (Papilio) polyxenes asterius 

32 Papilio (Heraclides) cresphontes 

33 Papilio (Priamides) anchisiades idaeus 

34 Papilio (Euphoeades) multicaudatus 

35 Pieris (Pontia) protodice 

36 Pieris (Artogeia) rapae rapae 

37 Euchloe olympia 

RA 

0 

1 

1 

1 

0 

0 

1 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

ME 

0 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

HABITAT 

ES 

1 

1 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

PL 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

1 

1 

0 

1 

1 

1 

0 

UR 

1 

1 

0 

1 

1 

0 

0 

0 

1 

1 

0 

1 

0 

0 

1 

1 

1 

1 

1 

1 

1 

0 

CO 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

1 

0 

1 

1 

1 

0 

GR 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

1 

0 

1 

1 

1 

0 

AL 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

1 

0 

0 

0 

1 

1 

0 

PROVINCE 

CP 

0 

1 

1 

1 

0 

0 

1 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

PI 

1 

1 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

KP 

1 

1 

0 

1 

1 

0 

0 

0 

1 

1 

0 

1 

0 

0 

1 

1 

1 

1 

1 

1 

1 

0 
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Tab le 4 c o n t i n u e d 

TAXA 

38 Colias (Colias) philodice eriphyle 

39 Colias (Colias) eurytheme 

40 Colias (Zerene) cesonia cesonia 

41 Anteos clorinde nivifera 

42 Phoebis (Phoebis) sennae (two sspp.) 

43 Phoebis (Phoebis) agarithe agarithe 

44 Kricogonia lyside 

45 Eurema (Pyrisitia) lisa lisa 

46 Eurema (Pyrisitia) nise nelphe 

47 Eurema (Abaeis) nicippe 

48 Eurema (Eurema) mexicanum 

49 Nathalis iole 

50 Atlides halesus halesus 

51 Phaeostrymon alcestis alcestis 

52 Calycopis isobeon 

53 Callophrys (Mitoura) grynea castalis 

54 Strymon melinus melinus 

55 Strymon columella istapa 

56 Brephidium exile exile 

57 Leptotes marina 

58 Hemiargus isola alee 

60 Celastrina argiolus cinera 

HABITAT PROVINCE 

RA ME ES PL UR CO GR AL CP PI KP 

0 

0 

0 

0 

0 

1 

1 

1 

0 

1 

0 

1 

1 

0 

1 

1 

1 

0 

0 

0 

1 

1 

0 

0 

1 

1 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

1 

1 

1 

0 

1 

1 

1 

1 

0 

1 

1 

1 

1 

0 

1 

1 

1 

0 

1 

1 

1 

1 

1 

1 

1 

0 

1 

1 

0 

0 

0 

1 

0 

1 

0 

0 

0 

0 

1 

0 

1 

1 

1 

0 

1 
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Table 4 continued 

TAXA HABITAT PROVINCE 

61 Glaucopsyche lygdamus jacki 

62 Plebejus (Lycaeides) melissa melissa 

63 Plebejus (Icaricia) acmon texana 

64 Libytheana bachmanii larvata 

65 Dione vanillae incamata 

66 Dryas iulia moderata 

67 Heliconius charitonius vazquezae 

68 Euptoieta claudia claudia 

69 Poladryas minuta 

70 Chlosyne (Thessalia) theona boUii 

71 Chlosyne (Thessalia) fulvia fulvia 

72 Chlosyne (Chlosyne) lacinia adjutrix 

73 Chlosyne (Chlosyne) janais 

74 Chlosyne (CThlosyne) rosita browni 

75 Chlosyne (Charidryas) gorgone carlota 

76 Texola elada callina 

77 Phyciodes (Anthanasa) texana texana 

78 Phyciodes (Phyciodes) phaon 

79 Phyciodes (Phyciodes) tharos tharos 

80 Phyciodes (Phyciodes) vesta 

81 Phyciodes (Phyciodes) pictus pictus 

82 Polygonia interrogationis 

RA ME ES PL UR CO GR AL CP PI KP 

0 0 1 0 0 0 0 0 0 1 0 

0 0 1 0 0 0 0 0 0 1 0 

0 0 1 0 0 0 0 0 0 1 0 

1 1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 1 

0 0 0 0 0 0 0 1 0 0 

0 0 0 0 1 0 0 0 0 0 

1 1 1 1 1 1 1 1 1 1 

1 1 1 0 0 0 0 0 1 1 0 

0 0 1 0 1 0 0 0 0 1 

1 1 1 1 1 0 0 1 1 1 

1 1 1 1 1 1 1 1 1 1 

0 0 0 0 1 0 0 0 0 0 

0 0 0 0 1 0 0 0 0 0 

1 1 1 1 1 1 1 1 1 1 

1 0 1 0 0 0 0 0 1 1 0 

1 0 1 1 1 0 0 0 1 1 

1 0 1 1 1 0 0 0 1 1 

1 1 1 1 1 1 1 1 1 1 

1 0 1 0 1 0 0 0 1 1 

0 0 1 0 1 0 0 0 0 1 

1 1 1 1 1 0 0 0 1 1 
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Table 4 cont inued 

TAXA 

83 Nymphalis antiopa antiopa 

84 Vanessa (Cynthia) virginiensis 

85 Vanessa (Cynthia) cardui 

86 Vanessa (Cynthia) carye annabella 

87 Vanessa (Vanessa) atalanta rubria 

88 Precis (Junonia) coenia 

89 Precis (Junonia) nigrosuffusa 

90 Precis (Junonia) evarte zonalis 

91 Limenitis (Basilarchia) a. archippus 

92 Adelpha bredowii eulalia 

93 Mestra amymone 

94 Anaea aidea 

95 Anaea andria 

% Asterocampa celtis antonia 

97 Asterocampa clyton texana 

98 Megisto rubricata rubricata 

99 Cercyonis pegala texana 

100 Danaus (Danaus) plexippus plexippus 

101 Danaus (Anosia) gilippus strigosus 

HABITAT PROVINCE 

RA ME ES PL UR CO GR AL CP PI KP 

1 1 1 0 0 1 

1 1 1 1 1 1 

1 1 1 1 1 1 

1 1 1 0 0 1 

1 1 1 0 0 1 

1 1 1 1 1 1 

0 1 0 1 0 0 0 0 

0 1 0 1 0 0 0 0 

0 1 1 1 0 0 0 1 

0 1 0 1 0 0 0 1 

0 1 0 1 0 0 0 0 

0 1 1 1 0 0 0 1 

1 1 1 0 0 0 1 

1 1 1 0 0 0 1 

1 1 1 0 0 0 1 

1 0 0 0 0 0 1 

1 1 1 0 0 0 1 

1 1 1 1 1 1 1 

1 1 1 1 1 1 1 

Total 
71 49 92 54 76 32 32 42 71 92 78 
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Occurrence in Time 

Cumulative monthly occurrences of Rhopalocera are 

given in Table 5. Interpolation is used in Figure 2 to fit 

a curve representing seasonality as expressed by cumulative 

monthly occurrences. Brief discussion follows regarding 

aspects of the table and graph. Phenology is briefly 

discussed in the section covering properties of the data. 

A number of factors contribute to the bimodal 

character of the seasonality curve. Although a number of 

species are bivoltine, generational overlap and staggered 

ontogeny tends to obscure much of its expression in the 

curve. A number of univoltine spring species contribute to 

the first portion of the curve, and seasonal distribution 

of some late season occasional migrants and dispersants 

contribute to the second portion of the curve. 

Species first to be recorded in one or more of the 

calendar years during this study are Pyrgus communis. 

Pieris protodice, £. xapa^, Colias philodice, £. eurytheme, 

Q.. cesonia, Eurema njcjppe, FolygonJa interrogationis, 

Nymphalis antiopa. Vanessa c^rduj, and Anaea andria. 

December and January records generally represented 

phenological outliers, e.g., a specimen of Colias eurytheme 

sampled by the author on 23 Dec. 1984, Lubbock, Lubbock 

County, Texas. However, during periods of unseasonably 

warm weather, early December records were observed to be a 

bona fide extension of the year's occurrences. February 
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Table 5. Seasonality as expressed by cumulative monthly 
occurrences of hesperioid and papilionoid images in a 
13,926 km̂  habitat study area (HSA) in the central Llano 
Estacado and adjacent Rolling Plains (as found during the 
present study). Solid dots represent positive records; 
open dots represent dubia. 

TAXA MONTHS 

J F M A M J J A S O N D 

1 Epargyreus clarus clarus 

2 Cogia outis 

3 Erynnis brizo burgessi 

4 Erynnis meridianus 

5 Erynnis horatius 

6 Erynnis tristis tatius 

7 Erynnis funeralis 

8 Pyrgus scriptura 

9 Pyrgus communis communis 

10 Celotes nessus 

11 Pholisora catullus 

12 Hesperopsis alpheus alpheus 

13 Ancyloxypha numitor 

14 C(^)aeodes aurantiacus 

15 Hylephila phyleus phyleus 

16 Hesperia uncus uncus 

17 Hesperia viridis 

18 Wallengrenia otho egeremet 

19 Atalopedes campestris campestris 

• • o 

• • • 
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TAXA MONTHS 

J F M A M J J A S O N D 

20 Atrytone logan lagus 

21 Euphyes ruricola metacomet 

22 Amblyscirtes aenus aenus 

23 Amblyscirtes oslari 

24 Amblyscirtes texanae 

25 Amblyscirtes nysa 

26 Amblyscirtes eos 

27 Lerodea eufala eufala 

28 Megathymus yuccae colcwadensis 

29 Megathymus streckeri texanus 

30 Battus philenor philenor 

31 Papilio (Papilio) polyxenes asterius 

32 P^ilio (Heraclides) cresphontes 

33 Pz^ilio (Priamides) anchisiades idaeus 

34 Papilio (Euphoeades) multicaudatus 

35 Pieris (Pontia) protodice 

36 Pieris (Artogeia) rapae rapae 

37 Euchloe olympia 

38 Colias (Colias) philodice eriphyle 

39 Colias (Colias) eurytheme 

40 Colias (2^rene) cesonia cesonia 

41 Anteos clwinde nivifera 

42 Phoebis (Phoebis) sennae (two sspp.) 

• • • • • • 
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TAXA MONTHS 

J F M A M J J A S O N D 

43 Phoebis (Phoebis) agarithe agarithe 

44 Kricogonia lyside 

45 Eurema (Pyristia) lisa lisa 

46 Eurema (Pyristia) nise nelphe 

47 Eurema (Abaeis) nicippe 

48 Eurema (Eurema) mexicanum 

49 Nathalis iole 

50 Atlides halesus halesus 

51 Phaeostrymon alcestis alcestis 

52 Calycopis isobeon 

53 Callophrys (Mitoura) grynea castalis 

54 Strymon melinus melinus 

55 Strymon columella istapa 

56 Brephidium exile exile 

57 Leptotes marina 

58 Hemiargus isola alee 

59 Everes comyntas comyntas 

60 Celastrina argiolus cinera 

61 Glaucopsyche lygdamus jacki 

62 Plebejus (Lycaeides) melissa melissa 

63 Plebejus (Icaricia) acmon texana 

64 Libytheana bachmanii larvata 

65 Dione vanillae incamata 

• • • 

• • • 
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Table 5 c o n t i n u e d 

TAXA 

66 Dryas iulia moderata 

67 Heliconius charitonius vazquezae 

68 Euptoieta claudia claudia 

69 Poladryas minuta 

70 Chlosyne (Thessalia) theona bollii 

71 Chlosyne (Thessalia) fulvia fulvia 

72 Chlosyne (Chlosyne) lacinia adjutrix 

73 Chlosyne (Chlosyne) janais 

74 Chlosyne (Chlosyne) rosita browni 

75 Chlosyne (Charidryas) gorgone carlota 

76 Texola elada callina 

77 Phyciodes (Anthanasa) texana texana 

78 Phyciodes (Phyciodes) phaon 

79 Phyciodes (Phyciodes) tharos tharos 

80 Phyciodes (Phyciodes) vesta 

81 Phyciodes (Phyciodes) pictus pictus 

82 Polygonia interrogationis 

83 Nymphalis antiopa antiopa 

84 Vanessa (Cynthia) virginiensis 

85 Vanessa (Cynthia) cardui 

86 Vanessa (Cynthia) carye annabella 

87 Vanessa (Vanessa) atalanta rubria 

88 Precis (Junonia) coenia 

MONTHS 

J F M A M J J A S O N D 

• • • • 

• • • 

• • • • 
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Table 5 continued 

TAXA MONTHS 

J F M A M J J A S O N D 

89 Precis (Junonia) nigrosuffusa 

90 Precis (Junonia) evarte zonalis 

91 Limenitis (Basilarchia) archippus archippus 

92 Adelpha Ix-edowii eulalia 

93 Mestra amymone 

94 Anaea aidea 

95 Anaea andria 

96 Asterocampa celtis antonia 

97 Asterocampa clyton texana 

98 Megisto rubricata rubricata 

99 Cercyonis pegala texana 

100 Danaus (Danaus) plexippus plexi|:^us 

101 Danaus (Anosia) gilippus strigosus 

• • • 

• • • • 

• • • 

Total (including dubia) 2 8 43 64 71 63 76 75 78 62 31 5 
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Figure 2. Cumulative number of species with curve fit by 
interpolation for Rhopalocera occurring by month in a 
13,926 km^ habitat study area (HSA) in the central Llano 
Estacado and adjacent Rolling Plains (as found during the 
present study). 
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records may include outliers, but are more likely than 

December or January records to represent normal 

phenological fluctuation, which in turn may reflect an 

interaction of climatic conditions and survival strategies. 

During the present study, no species occurring in February 

was recorded to do so every year. Similar conditions apply 

to mid-season records of bivoltine species and to a much 

lesser extent to October and November records, these being 

much more consistent from year to year. Some species 

recorded for March approach having recorded occurrences in 

February. Examples include Fyrgus communis, Amblyscirtes 

oslari, and a number of Melitaeini. New month records 

continued to be recorded each year throughout the duration 

of the study, including a mid-March record for Eurema 

mexicanum in 1991 after several weeks of unseasonably warm 

weather and southerly winds in February and March. As may 

be expected, far fewer new month records were found during 

the last few years of the study, indicating that principal 

month occurrences for the more common species had been 

recorded. 

Properties of the Data 

Importance of Methodology 

One of the central focuses of the present study was to 

avoid subjective elements as much as possible and make it 
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repeatable. Species composition, species richness, and 

residency are all ecological features that may be measured 

with a high degree of repeatability by different 

workers. 1*̂6 Consequently, data from the present study may 

be used as a basis upon which to index future ecological 

change or stability. 

Sampling methodology is of paramount importance to 

multivariate analysis (Digby & Kempton, 1987; Gauch, 1982). 

Different methodologies (including biases) applied to the 

same field location and conditions can alter both the 

outcome of analyses themselves and conclusions. Sampling 

methodologies interact dynamically with sampling units and 

the total environment with its complex interrelationships. 

Sampling is seldom, if ever, either perfectly random or 

structured with regard to all possible factors in a given 

sampling universe, even when it is intended to be so. In 

addition to factors directly related to occurrence in space 

and time, there are a number of others. The following 

sections give a number of basic factors that may affect 

sampling and data in a study such as this. The accounts 

are a series of brief statements describing practical 

aspects of varying importance. In the field, these factors 

1*̂6 To the extent that species composition and species 

richness are affected by differing systematic schemes, 

inherent variation may occur. Usefulness to different 

workers may be maximized through careful selection and 

explanation. In the present study, remarks in the 

checklist serve to clarify positions used. 
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produce dynamic multidimensional interactions. A 

parsimonious approach to bioindication is adopted herein 

that attempts to utilize the strengths of the sampling and 

minimize influence from subjective elements in weighting 

and interpretation. 

Biotic Factors 

Floral Distribution. Relationships of Rhopalocera to 

flora in the field are subject to dynamics of the entire 

biota of a habitat and external factors such as 

precipitation and other climatic factors. Floral 

distribution has a tremendous influence on rhopaloceran 

species, which are intimately associated with plants 

occurring in their various habitats (Benson et al., 1975; 

Breedlove & Ehrlich, 1968; Dethier, 1954, 1959; Downey, 

1962; Ehrlich & Raven, 1965, 1967; Feeny, 1975 (repr. 

1980); Forbes, 1958; Gilbert, 1975; Gilbert & Singer, 1975; 

Murphy, 1984; Murphy et al., 1984; Sharp et al., 1974; 

Shirozu, 1962; Singer, 1971, 1984; Smiley, 1978; van Emden, 

1973; Wiklund, 1974) . Distribution of larval hosts is a 

major limiting factor on rhopaloceran populations. Larvae 

of all widely spread resident species in the Llano Estacado 

either feed on one or more widely spread hosts, are 

polyphagous, or both. Monophagous or oligophagous species 

having hosts with restricted occurrence are correspondingly 

restricted, with allowances for vagility and dispersal. 

Low vagilities in such cases, especially when populations 
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are low, may serve as a species survival strategy to 

increase probability of mate location. It also may assist 

in location of restricted larval hosts by females. Low 

vagility can reflect adaptation to fluctuation in larval 

host resources through time (Singer, 1972). A number of 

the following factors, such as species composition, species 

richness, abundance, and phenology are also properties 

shared by flora, which in turn affect Rhopalocera. 

Larval Host Specifioity. Larval host specificity is 

of tremendous importance to sampling. The relationships of 

polyphagy, oligophagy, and monophagy to larval host 

distribution and density affect numbers and principal 

locations of many taxa. A further aspect is that larval 

host specificity is sometimes used as evidence of 

reproductive isolation (in terms of ability to complete a 

life cycle) to justify description of a species or 

subspecies, thus affecting species composition and 

richness. In such cases, controlled breeding studies may 

determine whether such differences are preferences of 

subjectively minor importance or if true postzygotic 

isolating mechanisms are indicated. The phenomenon of 

larval host specificity is likely to be expressed in 

varying degrees by the dynamics of isolation and 

interaction of various populations, as well as by similar 

dynamics of their hosts, l''̂  

177 A case study of host preferences in certain species may 

yield light on interpretation of this phenomenon. Study of 

North American Fieris rapae (q.v.), which not only 
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AnthOPhilou.s PreferenrP5:;. Different species of 

Rhopalocera may have widely varying anthophilous 

preferences. Some nectar at relatively few species, while 

others utilize many species. Some inflorescences are 

rarely or never used by Rhopalocera, while others are 

frequently or moderately used. In some cases, 

inflorescences may be used by very few species of 

Rhopalocera (pers. obs.). Sap sources are a consideration 

for species feeding frequently or principally on sap, 

rotting fruit, etc. In the HSA, these species include 

Polygonia interrogationis. Vanessa atalanta, Anaea aidea, 

Anaea andria, Asterocampa celtis, Asterocampa clyton. 

Megisto rubricata, and cercyonis pegala. 

represents a single biological species, but is known to 

have originated in the 1860's from released specimens, may 

yield light on the early stages of divergence in the host 

preference/ specificity spectrum. This could enlarge upon 

a base of existing research such as that by Hovanitz & 

Chang (1962, 1963a, 1963b, 1963c, 1963d, 1963e, 1965) and 

Hovanitz et al. (1963). Certain Caprock Escarpment 

populations of rapae appear isolated to some extent from 

other populations, and may be suitable for comparison with 

rapae from essentially panmictic eastern North American 

material. Comparative studies of this trait in rapae could 

be also be made with that in other species having varying 

degrees of interpopulational host differences and panmixis. 

Cases suitable for comparative study abound, including 

Mitoura spp. and the classic case of Fieris napi and Pieris 

YJ rqiniensis W. H. Edwards 1870. Historical perspective on 

the latter case is summarized in Hovanitz (1963b). 
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Species Compof^itlon. Species composition has an 

effect on sampling through the fact that different species 

do not share equal catchability. Factors include size, 

coloration, habits such as manner of flight, wariness, 

conditions of the preferred flight area, etc. A number of 

related factors are discussed in the following sections. 

Species Richnes«s. Species richness may be thought of 

as having an actual field value and a sampled or measured 

value. The latter concept is the one most often used in 

the literature in its generally understood unqualified 

sense. As the actual field value becomes higher, the 

probability of sampling an increased number of species 

becomes greater. Higher species richness is also 

accompanied by increased probability that some species may 

be rare or occupy highly restricted areas. Species 

richness may be the same in two habitats or areas, but have 

differing species composition. The present study uses 

thorough sampling in the HSA to measure species richness, 

as a census is impractical for so large an open area. 

Species richness is discussed further in the section on 

residency weighting. 

Abundance. Abundance levels directly affect 

probability of sampling. The present study does not 

utilize a quantitative equitability index. Sampling bias 

toward infrequent species or phenotypes was used to ensure 

sensitivity necessary to detect occurrence of rare species. 
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Abudance is discussed further under the sections on 

multivariate analysis factors and residency weighting. 

Residency. Residency affects rhopaloceran occurrence 

and can influence sampling. Many rhopaloceran species are 

permanent residents in the HSA, overwintering each year in 

suitable life stages. A number of other species colonize 

the HSA each year, typically originating from southern 

populations where winters are milder, while some species 

only colonize the area in some years. All taxa that are 

not permanent in a given locality or area are migrant or 

dispersant to some degree, with regard to that area. 

Population movements of permanent resident species also can 

lead to occurrence of material originating from without an 

area. Rhopaloceran migration is much noted in the 

literature (e.g., see bibliographies of Williams, 1930 

(approx. 800 references), 1958; Williams et al., 1942 

(approx. 600 references). Several cases of interest are 

mentioned in the checklist. A system of residency 

categories is defined in the section on residency 

weighting. 

Phenology. Phenology directly influences the 

probability of encountering a given species at a given time 

of the year. Voltinism may vary from one region of the 

continent to another. Slansky (1974) tests the hypothesis 

that intraspecific differences in voltinism are due to 

differences in nutritional adequacy of host plants. 
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Staggered ontogeny tends to offset distinct expression of 

seasonality or voltinisml78 in some species, leading to 

more generalized occurrence through time. In other 

species, especially those having lower abundances, it can 

lead to noticeably less predictable times of occurrence. A 

worker must conduct a field study at the right time of the 

year (as well as at an appropriate location, during 

suitable weather, and at the right time of day) to have a 

reasonable chance of sampling some species. In some cases, 

restricted areas of occurrence of certain taxa, low 

abundances, and sampling limitations combine to require 

long-term effort in order to locate colonies and determine 

occurrences. 

In many species, rhopaloceran phenology in the Llano 

Estacado manifests staggered ontogeny. This may distribute 

sexual maturity of F̂  progeny of a given female across a 

number of months or into different years. This may serve 

as a survival strategy in cases of irregular climate and in 

cases of heavy predation on a given brood. In the latter 

case, for example, some larvae may escape predation through 

a combination of size and other factors differing from that 

178 Multivoltine is given in some sources as referring to 

two or more generations per calendar year, and as three or 

more (or '"many" in the context of single vs. many) in other 

sources (e.g., Elzinga, 1981; Ross et al., 1982). In the 

present work, bivoltine is employed to specify those cases 

known to have two generations per calendar year, and 

multivoltine is used to indicate three or more. 
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of more noticeable larvae from the same brood that may be 

consumed. Staggered ontogeny is most pronounced in 

multivoltine species, followed by that in bivoltine 

species, and is least pronounced in univoltine species. 

The probability of mating and producing offspring is 

greater in species having increased levels of voltinism, 

and in turn, successful propagation passes along the trait 

of staggered ontogeny. Controlled rearing in natural 

conditions from ova oviposited on a single day by a single 

female can produce images spread ever two years, 1*̂9 thus 

expression of the trait can vary within a breed and is 

specific to individuals (unpubl. data). The concept of 

staggered ontogeny is to be distinguished from that of 

generational overlap (e.g., Scudder, 1895). 

Male images of a number of species exhibit a 

pronounced flight period preceding female emergals (cf. 

Wiklund & Fagerstrem, 1977; Wiklund & Solbreck, 1982; Iwasa 

et al., 1983). Unlike staggered ontogeny, this is 

generally most pronounced in univoltine species, followed 

by that in bivoltine species. Staggered ontogeny in 

multivoltine species tends to obscure this phenomenon from 

conclusive observation. 

Behavioral Patterns. Sampling effectiveness is 

influenced by rhopaloceran behavior. Diel patterns may 

affect catchability or general availability due to 

179 Periods of a number of years are recorded for pupation 

in some Lepidoptera. 
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different behavior and occupation of different habitat 

zones during different times of the day. Examples include 

restricted flight areas, nectaring, basking, torpor, 

patrolling, hilltopping, perching, courtship, mating, host 

plant locating, dispersing, migration, etc. No cases of 

lengthy (a)estivation were recorded during this study. 

Estivation of up to several days was observed during 

periods of excessive precipitation or wind. Brief diel 

torpid conditions, typical postures, and associated site 

selections were observed during periods of excessive heat. 

Flight behavior and flight areas differ among many 

species, affecting sampling. Some species (e.g., Nathalis 

ial^) fly close to the ground while others (e.g., Papilio 

multicaudatus) often fly 6 m (20 ft) or more high. Some 

species often fly and stay among limbs of relatively dense 

brush and trees (e.g., Megisto rubricata. Cercyonis peaala. 

and to some extent, Mestra amymone), while others fly in 

open spaces (many species). Height of flight and its 

location (e.g., over rugged rocky terrain, water, etc.) 

influence the effectiveness of a worker in the field. For 

example, in the Llano Estacado, Poladryas minuta and 

Glaucopsyche lygdamus are among species that often fly in 

rugged rocky areas. 

Hilltopping behavior (Merritt, 1952; Beall, 1953; 

Knudsen, 1954; Muspratt, 1954; Rawson, 1955; Shields, 1967; 

Scott, 1968(1970); Ehrlich & Wheye, 1986) is facilitated by 

escarpment and mesa habitats. Some hilltopping 
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rhopaloceran species are non-territorial, only patrolling a 

hilltop (Alcock, 1984). On the flat plains, naturally 

occurring suitable sites are relatively rare. Elsewhere in 

the region, hilltopping species make opportunistic use of 

trees and structures provided in urban and rural locations, 

including trees that have become established along some 

fencerows. In some cases, the same sites are known by the 

author to have been used through a number of years, thus 

indicating favorable features recognized by successive 

generations. With increasing field experience, one may 

come to recognize trees and structures that tend to serve 

as suitable hilltopping sites. In areas not having 

suitable trees or structures, hilltopping species manifest 

a somewhat different aggregation strategy, equivalent to 

hilltopping without hills. In some cases, a clearly 

identifiable epicenter of activity will form in a field, 

and may occur in the same place in a given field day after 

day. In other cases, more dispersed activity may be 

observed. 

Vagility. Dispersal, and Migration. Vagility can 

affect the likelihood of encountering a given species. If 

vagilities are low and occupied area is similarly small, 

then selection of sampling sites becomes crucial to 

sampling effectiveness. This must be done with awareness 

of the study area. Knowledge of species potentially 

present and their habits is also helpful. 
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It is expected that workers will continue to record 

occurrences of taxa not yet known from the area. Dispersal 

and migration rates affect likelihood of sampling a given 

species in a region or habitat other than its usual one(s). 

Long-distance dispersal and migration can bring specimens 

from areas well away from the HSA, typically southern 

populations, often assisted by winds. Occurrences of some 

nonresident, generally southern (with regard to the HSA) or 

Neotropical, species may occur at low levels so as to 

remain undetected to date. This is supported by the fact 

that intensive sampling conducted during the present study 

did not record all southern and Neotropical taxa known to 

rarely migrate northward, in some cases with recorded 

occurrences well north of the Llano Estacado. Occasional 

records of such species have been sampled across temperate 

North America. 

The present study contributes its own records of 

species previously recorded to move northward, such as that 

for Eurema nise (q.v.). It further contributes other 

records, such as those for Strymon columella (q.v.), 

previously not known to penetrate the continent in the area 

indicated by the present records, as well as hitherto 

unreported biogeographical occupancy by a number of other 

species. In the case of oolumella. fresh condition and 

postemergal fluid suggest regional origin representing F̂  

progeny of unsampled spring material from southern 

populations. If sufficient sampling is conducted in a 
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given area for many years, a worker may find taxa 

previously considered extralimital to that area. As 

temperate zone sampling continues to be conducted and 

reported over the following decades, the probability of 

such findings is likely to decrease, barring circumstances 

such as climatic change, exceptional movement of air 

masses, or similarly exceptional increases in dispersal or 

migrant frequencies. 

Abiotic Factors 

Climatic Factors. Temperature and precipitation 

affect rhopaloceran occurrence by influencing growth and 

inflorescence of plants and through directly influencing 

life cycles. Climate may also directly affect the worker 

and hence the quality of field study. A prominent aspect 

of climate in the Llano Estacado is wind, which has two 

principal effects on Rhopalocera: (1) It can help to carry 

migrating or dispersing individuals into the area (and out 

of the area). (2) It can affect flight behavior. In the 

Llano Estacado, winds may blow at relatively high 

velocities and carry soil from tilled agricultural areas 

high into the air in the form of duststorms, rarely so 

dense that the sun cannot be seen. Rhopalocera may fly in 

moderate winds and light duststorms. During periods of 

higher velocities, specimens often cling to twigs, other 

plant parts, rocks, etc. When specimens are flying. 



222 

excessive wind can negatively affect sampling through high 

specimen speed and low net manageability. 

Edaphic Factors. Exposed caliche occurs at points 

such as caliche pits, where it is typically mined on a 

small scale for use in constructing unpaved roads. Another 

prominent occurrence of caliche is along the upper portions 

of escarpment and canyon sides. In these areas, calcareous 

material below exposed caliche favors growth of flora that 

may be tolerant or obligate to varying degrees. Canyon 

bottomland provides relatively rich soil, and if near 

water, provides suitable habitat for plants generally 

associated with mesic habitats. In the HSA, Ancyloxypha 

numitor and Euphyes ruricola are characteristic of such 

habitat. 

Retention Factor. It is reasonable to assume that in 

regard to the HSA, migrants from outside move into the area 

at random with regard to habitats in the area. However, 

the greatest numbers of migrants were recorded in canyons, 

not randomly distributed through all habitats. This may be 

due to a retention factor of that habitat. This may be 

viewed as the abiotic side of an interaction between the 

environment and the organism's behavior in remaining there. 

Although a habitat does not draw Rhopalocera from afar 

through attractiveness, their lingering may be due to a 

combination of features such as change in physiography or 

landscape itself, generally less wind, wet soil from which 
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to sip moisture and salts (see Arms et al., 1974), presence 

of trees, etc. The second greatest number of migrants was 

recorded in urbanized habitat, another source of change in 

landscape, presence of trees, etc., but without equivalent 

physiographic advantages of canyons. Some rhopaloceran 

species are considered to be preferential for certain kinds 

of landscape and associated habitats (e.g., open fields, 

wooded, riparian, hilltops, intermontain, etc.). One of 

the most important aspects of landscape is its relationship 

to water, which in turn affects plants. 

Sampling Factors 

Sampling Period. Except in habitats or areas having 

the lowest of diversities, continued investment of sampling 

time in an area is likely to yield more taxa. Figure 3 

plots sampling time and cum.ulative number of species 

sampled in the HSA during this study. During the years of 

sampling in the present study, not all species known or 

implied to occasionally fly through the HSA were sampled. 

Continuation of the study would be expected to sample these 

species, as well as to record additional species, as done 

in a number of cases in the present study. The fact that 

not all species were sampled each year illustrates the fact 

that sampling dynamics are of utmost importance to a study 

such as this one. 

.qampling Technique. The principal sampling method 

used in this study is the hand-held aerial net. The 
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Figure 3. Sampling curve plotting sampling time in years 
and number of species of Rhopalocera sampled in a 13,926 
km^ habitat study area (HSA) in the central Llano Estacado 
and adjacent Rolling Plains (as found during the present 
study). 
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overwhelming majority of rhopaloceran material was sampled 

in this way. Since rhopaloceran avoidance tactics make it 

impractical to walk a transect and swing a net a certain 

number of times, alertness and ability of the worker 

conducting the sampling immediately become part of the 

sampling conditions, and are difficult to quantify. 

Selection of material in the field is a further influence 

imparted by a worker. 

Malaise traps have been successfully used in sampling 

Rhopalocera (e.g., Covell & Freytag, 1979; Owen, 1971, 

1975; Walker, 1978). Although Malaise sampling is easy to 

quantify, an assumption of equal effectiveness across all 

rhopaloceran species is unwarranted and could precipitate 

misleading results and interpretations. Many factors could 

affect such an assumption: differing trap avoidance 

characteristics; differing tendencies to complete entry 

into a trap, once encountered; tendencies to fly at 

different height, near tops of certain trees, in dense 

brush, in places where traps cannot easily be set such as 

rugged canyon sides (in some areas, this would include 

swamps or other habitats not in the HSA); differing 

likelihoods of escaping a trap due to inherent behavior 

differences among species; etc. Bait traps and UV light 

traps yielded some records of interest and are briefly 

discussed below with reference to their sampling 

properties. These have their own characteristics, subject 
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to certain limitations. Research using each of these or 

any other methods should be interpreted accordingly. 

Table 6 lists a dozen species of Rhopalocera from bait 

traps placed in canyon and urbanized habitats. Sampling 

effectiveness of a bait trap is a function of its design, 

bait formulation, placement, and ambient conditions. The 

combined attraction and retention properties of bait traps 

may serve to selectively reveal the presence of suitably 

attracted species that may tend to be missed by direct 

sampling conducted by an individual at a given time. In 

the present study, this is the case for Adelpha bredowii 

(q.v.). Records of bredowii in bait traps are high (during 

years when it is present) in proportion to its low 

frequency of occurrence in the Llano Estacado, as compared 

with other species attracted to bait traps. In regard to 

bait trap records, it should be noted that abundance of 

Anaea aidea in the Llano Estacado is much lower than that 

of its congener, A. andria. and each species is probably 

equally attracted to bait. Abundance of Asterocampa clyton 

in the Llano Estacado is generally lower than that of its 

congener, A. celtis. Mid- to late-season HSA records of 

clyton may be supplemented by influx of material from 

populations to the east, accompanied by increased sampling 

probability. 

Placement of traps was found to be influential in some 

cases. For example, in regard to satyrines, trap placement 

high in a tree or moderately high (e.g., entry situated at 
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Table 6. Rhopalocera occurring in bait traps placed in 
canyon and urbanized habitats in the Llano Estacado (as 
found during the present study). Traps placed in manner so 
as to be easily accessible. Subjective evaluations: ft 
refers to frequency of occurrence in traps relative to 
other taxa in traps, f. refers to frequency of occurrence 
in traps relative to its own species outside of traps 
(rough proportional equivalence denoted by =). 

Species 

Atalopedes campestris 

Pieris protodice 

Polygonia interrogationis 

Nymphalis antiopa 

Vanessa cardui 

Vanessa atalanta 

Adelpha bredowii 

Anaea aidea 

Anaea andria 

Asterocampa celtis 

Asterocampa clyton 

Megisto rubricata 

Cercyonis pegala 

outlier 

outlier 

common 

common 

uncommon 

common 

occasional 

occasional 

common 

common 

common 

common 

common 

outlier 

outlier 

low 

high 
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2 m (6.5 ft)) within dense foliage and branches, was found 

to effectively exclude feeding by Megisto rubricata, 

present in the given area at the time, while allowing 

access by a larger species, Cercyonis pegala. Observations 

indicate that flight, feeding'locations, and resting 

locations of rubricate are typically much closer to the 

ground than those of pegala, which includes ground through 

treetop levels in its behavior. 

There are many reports in the literature of usually 

diurnal Rhopalocera occurring nocturnally at lights (e.g., 

see Kendall & Click, 1972). A few Rhopalocera were 

recorded nocturnally at light in the Llano Estacado during 

this study. Species thus sampled are Atalopedes 

campestris, Fieris protodice, E. rapae, and strymon 

melinus. A single specimen of Pyrgus communis was sampled 

on the outside of a bait trap positioned near a combined 

UV/f luorescent light, î ^ The trap was checked for noctuids 

shortly before, and the communis specimen was not present, 

so it is known that its being there was a result 

nocturnally activity and not from selection of a resting 

site during the day. The rapae record represents an 

180 Positioning lights and bait traps near each other was 

done to record differences among responses of noctuid 

species. Under these conditions, many species largely 

ignored the bait and a few species largely ignored the 

lights, while others had less-pronounced responses, usually 

tending towards higher attraction to the lights (unpubl. 

data). 
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addition to Kendall & Click's (1972) list of species 

recorded at light in Texas, and the communis record is new 

for Texas and the species (unpubl. data). These cases may 

originate in disturbance of individuals from nocturnal 

resting sites in the proximity of a given light, rather 

than representing bona fide outlier nocturnal behavior, for 

which rhopaloceran optics are poorly suited. 

The literature does not have much to say regarding 

sampling effectiveness of hand-held aerial nets. 

Experience also has much to contribute to effective 

sampling of this sort. Arnold (1983a) employs a full-time 

equivalent scale in evaluating sampling hours among workers 

having greater or lesser experience. Some obvious and less 

obvious aspects follow in order to unambiguously describe 

the complexities and limitations of applying quantitative 

methods to such sampling. The present study avoids 

inherent difficulties of direct incorporation of 

investigator-related data. Indirect incorporation is of 

necessity made through the fact that the data itself is 

largely a result of the author's field study. 

In contrast to bait traps and UV traps, hand-held nets 

have virtually no inherent attraction for Rhopalocera, and 

net movement required to effect capture generally serves to 

elicit avoidance responses. The sampling effectiveness of 

a net may be thought of as a function of a number of 

factors, including an investigator's alertness and sampling 
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skills, location of an investigator, net design (including 

color and UV reflectance of fabric), condition of the net 

itself (e.g., no sizeable torn areas), alertness and 

avoidance tactics of the sampling unit, time of sampling 

(both during a day and during a season or year), and 

influence of ambient conditions. The latter include 

vegetative or other obstructive constraints on the 

investigator, net movement, and sampling unit, as well as 

anemometric, thermometric, physiographic (e.g., uneven 

terrain, slope, cliffs), optical effects (e.g., camouflage, 

shadows, movement), etc. Pests and an awareness factor 

required for dangers in the field, both of which vary from 

one area to another, also affect sampling effectiveness 

with hand-held nets. 

Although a net may often be thought of as only capable 

of eliciting avoidance responses, it should be noted that a 

prominently positioned net, especially when held still, can 

be attractive as a site for rhopaloceran perching behavior. 

In the Llano Estacado, acceptance of a net as a perching 

site was observed in Epargyreus clarus. Polygonia 

interrogationis, Vanessa atalanta, and Asterocampa 

celtis . 1̂ 1 In most cases, repeated apparently 

investigatory approaches are made before a specimen becomes 

sufficiently habituated to a net's presence for acceptance 

to occur. A net may be quickly moved and turned to 

1̂ 1 Acceptance by these and additional species has been 

observed in other regions prior to and during this study. 
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capture perching specimens for examination, if desired. In 

some cases, this method was used in order to attract and 

examine specimens perching in otherwise inaccessible spots. 

If flights were being made near the reach of the net, it 

was positioned accordingly. m other cases, attention was 

drawn to the net by making a prominent sweeping motion 

sufficient to disturb a perching specimen, followed by 

holding it in a suitable position where the specimen could 

notice and possibly accept it as a perching site. 

Available objects such as rocks or sticks may be tossed 

near a perching site to disturb a perching specimen. 

Experience enables a net to easily be positioned in regard 

to trees, bushes, prominent rocks, slope, wind, and other 

factors in a given surrounding environment such that it is 

likely to prove acceptable above other perching substrate 

options present. 

Multivariate Analysis Factors 

The character and appropriateness of multivariate 

methods as they relate to a study can have great influence 

on representation and interpretation of the results. When 

this is combined with the complexities affecting sampling, 

as discussed in the preceding sections, it becomes of 

paramount importance to choose methods of analysis that 

complement the data and its sampling characteristics. 

The Phi coefficient is in wide use, and is one of the 

most accepted binary similarity coefficients. UPGMA 
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clustering is one of the most widely used SAHN methods in 

the literature. The properties of complete linkage enable 

it to cluster similar samples or units closely together. 

Dendrograms produced by single linkage clustering are 

provided as a contrast to those produced by complete 

linkage methodology. Single linkage is the opposite 

algorithmic procedure of complete linkage, and as 

hierarchical nesting cycles progress, dissimilar samples 

tend to be agglomerated into clusters. Complete linkage 

clustering should normally be used in conjunction with 

single linkage clustering for this reason. Hill (1977) 

does not consider single linkage clustering itself to be 

generally applicable to bioassociational research. In the 

present study, use of single linkage clustering and its 

opposite, complete linkage, together with UPGMA provides 

balance and perspective regarding the integrity of 

clusters. Availability of arbitrary tie-breaking, 

suboptimal fusions, and single linkage resolution are 

provides further certainty regarding clusters. 

Interpretation of dendrograms in the literature and 

associated phenon placement is influenced by sampling in 

complex environments and by selection of clustering 

methods. Use of several carefully selected clustering 

methods, as in the present study, serves as a safeguard. 

Dendrograms produced by different clustering algorithms 

from the same data may vary. In interpreting the results 

of cluster analysis, it should be noted that although 
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dendrograms produced by different methods may differ in 

many regards, Rohlf (1988) states that each are to be 

considered ^'correct" for different concepts of cluster. 

Correspondence of a feature or features among several 

dendrograms produced by different clustering methods is 

meaningful in interpretation. Interpretation may make use 

of ball clusters, which can be used to identify the most 

distinct clusters in a dataset. In these cases, the 

smallest distance between a member of a given cluster and 

any non-member outside the cluster is larger than the 

greatest distance between any member pair within the 

cluster. Additionally, tie-breaking procedures may greatly 

influence final results. 1̂ 2 podani (1980) demonstrates 

that this is particularly true in the binary case, as in 

this study. Therefore, availability of several tie-

breaking methods is helpful, as is done in this study. 

Availability of several tie-breaking methods for several 

clustering methods is even more helpful, and is also done 

in this study. 

Connell (1978) recommends use of species richness (S) 

as the general measure of diversity. This has advantages 

such as in avoiding overemphasis on abundances of species, 

182 Most clustering programs currently available have 

algorithims that are limited to performing arbitrary tie-

breaking, often without so informing an investigator. 

Software used in this study is unique in that it enables 

use of suboptimal fusions and single linkage resolution. 



234 

one sampling factor that can vary greatly. Abundance can 

be particularly misleading if sampling occurs during a year 

or years when a given species is much lower or higher than 

at other times, as a species may experience large 

fluctuations on a regular or irregular basis. Use of 

species richness avoids the pitfall of considering certain 

population levels as normal, mean, median, etc., that may 

prove otherwise with continued observation. The present 

study distinguishes between cases such as singleton 

dispersants or migrants and established colonies. 

Residency Weighting 

Residents are those species that complete an entire 

metamorphic life cycle in a given region at some time, and 

nonresidents are those that do not. While the ecological 

aspects of residence present a dynamic continuum, several 

categories are given as utilitarian: 

Permanent resident: Present in a given area year-

round, including hibernation, if applicable. 

Regular resident: Colonizes a given area on a regular 

basis, being yearly or nearly so. May 

successfully undergo hibernation, if applicable, 

during a mild season, but not on a permanent 

basis. 

Irregular resident: Colonizes a given area on an 

infrequent to rare basis. May successfully reside 

in an area for a number of years, and during a 
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more severe season is extirpated for what may be 

several years to decades, until recolonization 

occurs. 

Occasional resident: Completes life cycle in a given 

area on an infrequent to rare basis, several years 

to decades apart. 

Permanent nonresident: Completes life cycle elsewhere 

and does not enter a given area. (This category 

would be applicable to taxon-based methods that 

utilize ''absolute" or ''total" absence in regard to 

an area.) 

Regular nonresident: Completes life cycle elsewhere 

and enters a given area on a yearly or nearly 

yearly basis. 

Irregular nonresident: Completes life cycle elsewhere 

and enters a given area on an infrequent to rare 

basis for several years at a time at irregular 

widely spaced intervals, ranging from several 

years to decades apart. 

Occasional nonresident: Completes life cycle 

elsewhere and enters a given area on an infrequent 

to rare basis, several years to decades apart. 

Weighting can take many approaches. One method is the 

removal of "outliers." In the present study, it is not 

desirable to remove outliers in the sense of rare, 

ecologically sensitive resident species. Retention of such 

species serves to increase sensitivity of analyses. The 
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process of outlier removal typically requires decisions on 

the part of an investigator, lending itself to subjective 

bias. This is further complicated by the possibility that 

a perceived outlier may not be a true outlier, but a 

product of an investigator's sampling and analysis methods, 

as discussed in preceding sections. In the present study, 

residency is used as an objective ecological criterion. 

Combining subcategories given above yields two categories: 

residents and nonresidents. Doing so removes most 

sampling-related differences that could occur among 

different workers. The subcategories would be useful in 

special cases. By adjusting data through removal of known 

nonresident species, a principal occurrence matrix may be 

obtained that is repeatable by another investigator with a 

high degree of reliability. 

Several weighting approaches may be taken to increase 

weight of occurrences positively associated with larval 

hosts or imaginal nectar sources. Each approach should be 

used with care to best take into account the interactions 

of the factors discussed earlier. Highly vagile, wide-

ranging species may be recorded as such to distinguish them 

from less vagile, restricted species integrally linked with 

a given habitat, and possibly dependent on relatively small 

areas or restricted floral components of that habitat for 

survival. In this manner, weight of restricted species in 

an analysis would be maximized. Principal occurrence 

matrices may also be adjusted by removal of outlier habitat 
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occurrences. As this is a highly subjective procedure, it 

would be best limited to only truly obvious cases. 

Although not used in this study, an example would be the 

occurrence of a single specimen of Cercyonis pegala in an 

open alfalfa field far from its normal habitat. The 

present study uses residency statuses to remove influence 

of known nonresident dispersants and migrants from species 

richness in measuring diversity. Residency categories or 

similar ones may also be applied to other measures of 

diversity, biotic similarity coefficients, and multivariate 

methods. 

Residency status can have profoundly different 

meanings in conservation, depending upon whether the focus 

is on species or habitat conservation. In regard to 

species conservation, only those individuals-^®^ having 

offspring that survive to propagate themselves contribute 

to their species' survival in a pure sense. For example, 

populations that do not undergo migration from a given 

temperate area to avoid annual onset of cold weather, and 

that do not survive the change of seasons, cannot 

contribute to their species' survival. Therefore, such 

populations cannot serve as a viable basis for formation of 

nature preserves designed to protect that survival. 

However, their presence, especially that of resident 

populations, in a given habitat or area can serve an 

1®̂  With regard to a given area, these may include both 

residents and transients. 
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important role in indicating its status, capacity, and 

biodiversity. Therefore, when habitat conservation is 

under consideration, inclusion of all categories of 

resident species in analysis serves a meaningful 

bioindicating role. Presence of nonresidents, especially 

where pronounced, may serve as a relative indication of a 

habitat's "attractiveness," nectar resource development, 

position in a flyway, retention factor, potential for 

colonization, etc., and can be used in evaluating an area's 

biodiversity. 

The dynamics of residency present a continuum. 

Inasmuch as biota are subject to dynamics of change, 

applicability of a given category to a species in a given 

area may change from time to time. For example, a species 

may be classified as a permanent resident for a number of 

years and then be extirpated or experience a long-term 

range change. A "permanent nonresident" or a regular 

resident species may become an occasional resident species 

due to population changes or range changes elsewhere in its 

range in the populations from which dispersal or migration 

occurs to other areas including the one under study. 

Population and ecological dynamics can lead to changes in 

residency category through time. 

In cases of certain, usually rare species, it may not 

be known whether a given species is a permanent, regular, 

or occasional resident, due to low frequency of occurrence 
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and sampling limitations.1^4 In these cases, species 

richness of resident or nonresident categories as a whole 

may be estimated by giving the total known for a category 

and separately giving those having indeterminate residency. 

Large numbers of species having indeterminate residency 

would indicate a particular need for further field study. 

Another method, used in this study, is to subtract only 

known nonresidents. The low subjective bias and high 

repeatability of this method offers advantages. 

In determining residency, records of complete life 

cycles are the best basis. Indirect evidences, such as 

specimen "freshness" and presence of meconial or 

postemergal fluid (see Shapiro, 1981(1982)) should be used 

with care, and not considered conclusive. Images of some 

species retain postemergal fluid and may release it in 

flight.1®^ During the present study, postemergal fluid 

retention for periods of over a month was recorded in 

captive autumnal images of Anaea andria. Although 

conditions in captivity differ from those in the field, it 

should be noted that autumnal images of andria hibernate in 

^̂ ^ It also may not be known whether a species generally 

considered to be a nonresident may at times also complete 

its life cycle in a given area and therefore be an 

occassional resident (or a rare regular or permanent 

resident). Field study may determine these cases. 

1̂ 5 When this is dene by large numbers of specimens, it can 

cause a phenomenon known as "red rain," as pigments present 

in postemergal fluid are reddish in many taxonomic groups. 
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the HSA, and this inactivity may not vary greatly from that 

presented in captivity. It is expected that retention in 

species such as andria may extend past a month during 

suitable conditions. •'•̂^ 

Some further information regarding approaches to 

weighting follows: Size of area of occurrence may be used 

in weighting. The areas occupied by the different habitat 

categories and biotic provinces in the HSA differ greatly 

from one to another. Fer example, the land occupied by 

cotton is the largest habitat in area, and the areas 

representing the biotic provinces are larger than that of 

the biotic province interface. While habitat categories 

such as range, cotton, and grain sorghum are particularly 

large-scale in the HSA, they are net weighted by area in 

computations. 

Another approach to weighting by size of area of 

occurrence is to classify species according to whether they 

are associated with or particularly representative of 

point- (see Cody, 1975), a-, P-, or y-diversity. In this 

case, definitions must be provided. Application of P- and 

y-diversity concepts is dependent upon the scale or range 

of variation in a given study or region (Mcintosh, 1967; 

cf. Whittaker, 1960) . Uses of the term y-diversity vary in 

some aspects. One use refers to diversity between similar 

^^^ A less-pigmented pungent fluid was sometimes released 
by individuals of A. andria. primarily when sufficiently 

disturbed, suggesting a defensive role. 
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habitats in widely separated geographic regions (e.g.. 

Brown & Gibson, 1983) . Another refers to diversity through 

a complex of habitats in a single large region, i.e., 

regional diversity. This may include biogeographic clines 

or replacement (e.g., Colinvaux, 1986). The term A-

diversity is used in equivalent fashion in some literature. 

Data from single sampling sites would represent point-

diversity and data from small homogeneous habitats without 

ecotones would represent a-diversity. 

In the present study, habitats and biotic provinces 

are strictly treated as categories, and are not evaluated 

by size. Indirect incorporation of size of area of 

occurrence is made in the present study through the fact 

that species recorded from increasing numbers of habitat 

categories are present throughout larger areas. 

Abundance is a commonly employed method of weighting. 

An aspect of abundance is that variations in abundance 

among species may not be correlated, and thus be considered 

noise. Additionally, rhopaloceran abundances often vary 

from season to season, year to year, or periodically at 

regular or irregular intervals over a number of years. 

Consequently, abundance data may be of use in assigning 

importance or prominence values to species, but this should 

be understood within the context of the sampling upon which 

such values are based. The present study minimizes effects 

of abundance by using binary state data. However, the fact 

that abundance data itself is not used does not mean that 
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abundance is precluded from affecting the data. Binary 

state data is affected by abundance through its 

relationship with sampling probability. A species with a 

high abundance in a given habitat has a greater likelihood 

of dispersals being sampled in another habitat than would a 

species with low abundance. Dispersal events usually 

considered rare in the literature may be more common than 

generally thought (see Shapiro, 1980a), being a by-product 

of low interaction with what is generally extremely sparse 

sampling activity in an area or across a continent. The 

probability of sampling a given "rare" dispersant or 

migrant in a small area covered by a worker at any given 

time in the field is relatively low, as demonstrated by 

cases such as Anteos clorinde and Eurema nise in the 

present study. 

In this study, indirect incorporation of factors such 

as size of area of occurrence and abundance is recognized 

as an inherent characteristic of the binary data itself. 

Attempts to quantify weighting of these factors may 

interact with other factors such as those discussed 

earlier, and reduce the ability of the data to represent 

conditions in the field. The parsimonious approach taken 

herein not only minimizes influence from subjective 

elements in weighting, but recognizes the inherent ability 

of the data to incorporate these factors. 
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Human Influences on Habitats 

Large-scale Range Grazing 

The principle influence of range grazing on 

rhopaloceran species is largely that of cattle consuming 

larval hosts and imaginal nectar sources. Resident 

rhopaloceran populations reflect the floral species grazing 

preferences of cattle and the degree of grazing. In some 

cases, cattle preferentially consume larval host plants, 

thus delimiting associated rhopaloceran species. Effects 

of large-scale range grazing are discussed in the section 

on refugium formation. 

Large-scale Monocrop Agriculture 

Agricultural fields often have a role in the isolation 

of natural habitat (Mader, 1984). Such fields are a major 

feature in the HSA. Examples of agriculture forming a 

barrier may be found in Hesperia viridis and Megisto 

rubricata, given in range maps in Scott (1986) as occurring 

throughout the Llano Estacado. Sampling conducted during 

the present study records bivoltine occurrences of viridis 

and rubricata along the central Caprock Escarpment in the 

HSA, but only occasional records of viridis. and none of 

rubricata. west of there. Thus, the Caprock Escarpment 

populations of both species experience a substantial degree 

of east-west separation from New Mexican populations due to 

the barrier formed by large-scale agricultural land use.187 
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Similarly, a number of species were not sampled at playas, 

possibly due to the relative isolation of playas by 

agricultural lands. Playas may be expected to have more 

species present if surrounded by the greater biodiversity 

of natural prairie. 

Large-scale monocrop agriculture completely or nearly 

completely removes naturally occurring larval hosts and 

imaginal nectar sources by physical means (tillage), direct 

application of herbicides, and indirectly through herbicide 

carryover. Additionally, application of insecticides and 

accompanying drift to nearby fences and roads affects many 

insect species outside the intended pest target. In many 

cases, spraying of fencerows is intentional to destroy 

potential pest reservoir populations, as some pests feed on 

both naturally occurring plants (weeds) and crops. This 

practice eliminates or restricts many incidental 

rhopaloceran species. The rhopaloceran species that most 

commonly utilize fencerow plants tend to be multivoltine, 

and thus able to temporarily colonize and utilize new leaf 

growth (unsprayed) along with older sprayed (perhaps 

partially washed off by rain) or incompletely sprayed 

leaves between insecticide applications. Sheltered pupae 

may survive some sprayings due to favorable combination of 

187 The general absence of bushes and trees in the pre-

agricultural plains may also have formed a barrier to 

rubricata. which typically occurs near bushes and trees in 

the escarpment. 
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influences such as degree of shelter, wind, and other 

variables. 

Insecticide application also affects rhopaloceran 

species indirectly. One such effect is in delimiting or 

removing myrmecophilous relationships (cf. Wheeler, 1910; 

Wilson, 1971, 1975). Myrmecophily presents an array of 

relationships that vary in degree of facultative or 

obligate characteristics. Development is especially 

pronounced in many lycaenids and riodinids. Larvae may be 

tended for secretions, defended, allowed to feed upon the 

brood, and allowed to pupate in a nest. Removal or 

limitation of ant populations may affect a given 

rhopaloceran myrmecophile in various degrees through means 

ranging from increased predation to possible extirpation 

from affected areas. 

Tietz (1972a, 1972b) gives three rhopaloceran species, 

Colias eurytheme, Calycopis cecrops (as Strymon cecrops), 

and Strymon melinus. as feeding on Gossypium herbaceum 

(Linnaeus) (Malvaceae). Scott (1986) gives a single 

species, strymon melinus, as using herbaceum.188 Although 

Vanessa cardui is known to use GossypJum-'-®̂  as a larval 

host, no observation was made during the present study of 

188 When feeding on Gossypium. the larval stage is known as 

the cotton square borer. 

8̂9 Scott (1986) gives Danaus plexippus by species number 

in the index (not in the text) as utilizing Gossypium. 
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use of Q.. hirsutum. Scott (1986) gives Lerodea eufala as 

using Sorghum vulgare and S. vulgare var. bicolor. 

Regarding Llano Estacado taxa, Tietz (1972a, 1972b) 

gives Erynnis funeralis. Cfiiiias. philodice. Q.. eurytheme. 

Leptotes marina, Hemiargus gyas (= Hemiargus oeraunus 

(q.v.)), and Phyciodes jiicta, as utilizing Medicago satJva 

as a larval host. Tietz (1972a, 1972b) also gives 

funeralis and eurytheme as utilizing closely related M-

hispida Gaertn. Scott (1986) gives Thorybes pylades. K. 

funeralis. Colias philodice. £. gurythemg, Q.. cesonJa, 

Vanessa cardui, Strymon melinus, Leptotes marina, 

Glaucopsyche lygdamus, Plebejus melissa. Hemiargus JSOla, 

and R. ceraunus. as utilizing M- sativa. 

Although Medicago sativa is a larval host for 

Glaucopsyche lygdamus. the latter was not sampled or 

observed in fields of this crop during the present study. 

This may be due to dispersal limitations and agricultural 

disturbance factors. Such disturbance could become the 

limiting factor, in the sense of Liebig's law of the 

minimum, as harvesting procedures may be likely to destroy 

all or nearly all larvae or pupae of this species, due to 

the fact that lygdamus is univoltine, with a rather 

restricted spring flight period. The same crop is included 

among the larval hosts of another lycaenid, Flebejus 

melissa, which is multivoltine in the area's latitude and 

altitude. This species was not found in these fields in 

spite of its multivoltinism. Both species are uncommon to 
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rare in escarpment habitat where colonies are established. 

Abundances and dispersal tendencies of these two species 

are approximately equivalent in the HSA, and each was only 

found on the escarpment. Due to the fact that both of 

these species were not recorded from these fields, and 

possible impedance of univoltine lygdamus by harvesting 

would not have as great an effect on multivoltine melissa, 

dispersal frequency from the escarpment is considered to be 

the limiting factor. 

Competition with the strongly colonizing species 

Colias philodice and £. eurytheme may be tentatively ruled 

out as the limiting factor due to the great abundance of 

larval host available in these fields, and due to the 

presence of other Medicago sativa feeding lycaenids: 

Strymon melinus (many), Everes COmyntas (few), and 

Hemiargus isola (many). Larval host growth and foliage was 

observed to remain lush and full, even in the presence of 

feeding by Colias and large numbers of other insects such 

as aphids (Homoptera: Aphididae). Natural biological 

controls were evident in the fields, such as Apanteles 

(Hymenoptera: Braconidae: Microgasterinae) on Colias, and 

Hippodamia convergens Guerin-Meneville (Coleoptera: 

Coccinellidae: Coccinellinae) and Chrysopa (Neuroptera: 

Chrysopidae) on aphids. Greater numbers of melinus and 

isola than comyntas may be due to differing ecological 

factors such as melinus' polyphagy and isola^s use of 

regionally available Prosopis as a larval host. In each 
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case, wide availability of larval hosts in other habitats 

would enable effective dispersal and supplementary 

colonization of fields of Medicago. 

Species occurring in agricultural monocrop areas may 

be categorized by one or more groups, each defined with 

reference to a given crop: (1) those whose presence is 

incidental with regard to the given crop and other plants 

species present; (2) those whose presence is positively 

correlated with the given crop; and (3) those whose 

presence is positively correlated other plants present. 

Dispersants and migrants may belong to any of the 

three groups, and comprise the entire first group. Species 

belonging entirely to the second group as imaginal 

anthophilous nectar feeders are beneficial pollinators and 

those that feed as larvae are pests. A species may be both 

a pollinator and a pest as is the case in Colias philodice 

and £. eurytheme on Medicago satJva. Species belonging 

entirely to group three may likewise be pollinators and/or 

larval feeders. Plants in the third group generally occur 

along fencerows and/or as weeds in crop fields. Repeated 

weed colonization of cropland often takes place from 

1 QO 

reservoir populations along fencerows.-̂ '''' In some cases, 

trees are deliberately planted along fencerows for 

windbreak purposes. A neologism, fencerow species, is 

useful to categorize floral and corresponding rhopaloceran 

1̂ ° This is also the case for some insect pests. 
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species of group three, due to principal occurrences along 

fences in monocrop agricultural lands. Fencerow species 

may be reduced by herbicides in cropland or by grazing in 

rangeland, where cattle and horses often efficiently reach 

palatable species along fences. 

Fencerow habitat is often higher than surrounding 

fields due to accumulation from duststorms and plow-

initiated saltation, and application of insecticides and 

herbicides to fencerows is sometimes practiced to suppress 

reservoir pest populations, although drift often effects a 

similar result. 

Insecticide applications in agricultural lands have a 

major impact on all rhopaloceran species present. Numbers 

of a polyphagous Gossypium feeder such as Strymon melinus 

are often effectively reduced so as to be uncommon or rare 

even among other larval food sources along fencerows. In 

the case of melinus. recolonization of fencerows can occur 

rapidly from other populations outside treated agricultural 

areas due to its vagility, dispersal, multivoltinism.l^l 

When spraying herbicides, principally against 

monocotyledonous plants, population levels of rhopaloceran 

fencerow species such as Lerodea eufala and Atalopedes 

campestris are temporally lowered in or extirpated from 

affected areas due to loss of larval food source. 

^̂ ^ Observational data suggests that Strymon melinus may 

preferentially feed on fencerow and other regional plant 

species, becoming a pest on Gossypium principally during 

population outbreaks. 
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Similarly, when herbicide use is principally directed 

against dicotyledonous plants such as Amaranthus 

(Amaranthaceae), rhopaloceran fencerow species such as 

FhQlisora catullus are affected negatively. Broad spectrum 

herbicides affecting both monocotyledonous and 

dicotyledonous species have a corresponding negative effect 

on larval food availability for all rhopaloceran fencerow 

species. 

Binary state occurrence in Gossypium and Sorghum does 

not differ, as found during the present study. As the 

former is dicotyledonous and the latter is 

monocotyledonous, differences in herbicides may be expected 

have effect on the opposite group of fencerow plants 

species through direct application or drift. However, 

corresponding differences in rhopaloceran occurrences, such 

as in hesperiines associated with monocotyledonous species, 

were not detected. This may be due to combined effects of 

vigorous growth, pockets of relatively unaffected or missed 

plants, and relatively high vagilities and/or dispersal 

rates of appropriate multivoltine rhopaloceran species from 

adjacent areas. 

Urbanization 

Urban areas provide a landscape in which a diverse 

assortment of native and human-introduced plants grow, 

often with additional water supplied through human 

assistance. These may provide larval hosts and imaginal 
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nectar sources. Vacant lots and similar disturbed habitat 

(Vessel & Wong, 1987) provide suitable habitat for a number 

of rhopaloceran species. Due to the irregular and often 

patchy mosaic structure of urban habitat and the dispersal 

vagility of most species, disturbed habitat is not singled 

out in the present study. In a manner, all urban habitat 

is disturbed, with different lots in varying states of 

maintenance or lack thereof. Differences were observed in 

various parts of towns; older neighborhoods with both 

overgrown lots and less pesticide use generally had 

greater species richness than newer closely maintained 

areas. These older neighborhoods were the only place in 

urbanized habitat where some colonies were found, such as 

those of Amblyscirtes texanae and A. nysa. 

Populations of a number of hesperiines are facilitated 

in urbanized areas through human propagation of grasses. 

One of the most consistently common hesperiines in the 

Llano Estacado as a whole is Atalopedes campestris, notably 

so in urbanized habitat where human-propagated grasses 

provide an abundant larval food resource when native 

grasses in other habitats are affected by drought. This 

same characteristic of urbanized areas provides suitable 

habitat for other hesperiines such as Amblyscirtes texanae 

and nysa, the abundances of which are often higher in 

urbanized habitat. Although Hesperia viridis rarely occurs 

in urbanized habitat, its principal occurrences in the HSA 
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are in natural areas where its native grass larval host is 

more readily found. As of this writing, introduced 

European Thymelicus lineola (Ochsenheimer) 1808 

(Hesperiidae: Hesperiinae) has not reached the Llano 

Estacado, where its occurrence and use of grass larval 

hosts would be of interest (e.g., see Anon., 1980; Burns, 

1966; Irwin, 1968; Pengelly, 1961; Shapiro, 1971). 

Urbanization provides beneficial influence on a number 

of rhopaloceran species through human-propagated trees. 

Notable examples include larvae of Papilio multicaudatus on 

Frunus; Polygonia interrogationis, Nymphalis antiopa. and 

Vanessa cardui on Ulmus: Limenitis archippus on Salix and 

Popylus; and Asterocampa celtis and A. clyton on Celtis. 

A good example from the above is Ulmus americana 

Linnaeus 1753 (Ulmaceae). This example illustrates some 

advantages of trees, in general, as larval hosts in hot 

semiarid conditions. In the Llano Estacado, this tree is 

among a number of larval hosts utilized by the three 

rhopaloceran species mentioned. Numbers of americana have 

been greatly reduced in much of North America by Dutch elm 

disease, the causal agent of which is Ceratocystis ulmji^^ 

(Buisman) 1932, C. Moreau 1952 (Ascomycetes: 

Ceratostomataceae). The vectors of the disease in North 

192 The synonymy of the ascigerous stage is Ceratostomella 

ulmi Buisman 1932 and Ophiostoma ulmi (Buisman) 1932 

Nannfeldt 1934, and that of the conidial stage is Graphium 

ulmi Schwarz 1922. This Graphium shares identical 

orthography with zoological Graphium in Rhopalocera. 
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America are, most importantly, introduced European Scolytus 

multistriatuff (Marsham) (Coleoptera: Scolytidae: 

Scolytinae), and to a lesser degree, native Hylurgopinus 

rufipes (Eichhoff) (Coleoptera: Scolytidae: Hylesininae). 

The disease has not been recorded in most or all of the 

Llano Estacado to date, apparently due to discontinuous 

host distribution in the plains acting as a barrier to 

spread, with scattered localized aggregations of americana 

remaining unaffected. 

Although americana in the Llano Estacado endures 

massive feeding by Pyrrhalta luteola (Muller) (Coleoptera: 

Chrysomelidae: Galerucinae) each year, sufficient foliage 

remains to provide an important larval food source for 

interrogationis, antiopa, and cardui in scattered urbanized 

areas where americana is human-propagated, and in some 

rural locations and fencerows. This is especially 

important during periods of minimal precipitation or 

drought, when the substantial roots of americana enable 

turgor to remain at a sufficient level for efficient 

feeding and increased survival of larvae. Larvae of many 

species can consume dried leaves for a short time, but do 

not survive long on such a diet, especially in harsh 

conditions. The height of americana also serves to provide 

a position above intense ground heat, which may be a 

limiting factor for larvae on low plants during extended 

periods of high temperature, particularly in areas 

combining sparse vegetation with hot ground. 
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Other Human Influences 

Other human influences include such diverse factors as 

regional oil industry and roads. Direct physical impact of 

oil fields on habitats in the study area are generally 

limited to well locations and service roads. Some oil 

fields have a relatively high density of oil wells and 

tanks with associated burnoff. In these areas, a 

distinguishing characteristic is an essentially permanent 

strong odor from the fumes. The question of whether this 

odor affects rhopaloceran occurrence is not addressed in 

this study. However, Rhopalocera were observed to be 

present and behave normally in such areas. 

The process of building roads is often accompanied by 

different soils on roadsides. In the Llano Estacado, this 

often means exposed caliche. Through elevation of the 

surfaces of many roads, roadside ditches or depressions are 

left, where precipitation runoff from the road surface 

collects, providing a greater supply of water than usual. 

Floral species composition and growth often reflect this 

fact. This is counteracted by the practice of roadside 

mowing. Texas has a state seeding program for promoting 

wildflower growth along roadsides. To the author's 

knowledge, this has only been practiced in the Llano 

Estacado immediately adjacent to state roadside rest areas. 

Roads generally do not provide a barrier to 

Rhopalocera or associated plants having wind-dispersed 

seeds, as they can to some ground-dwelling animals (e.g.. 
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see Mader, 1984). in fact, roadside plants benefit some 

species by contributing larval and imaginal resources. 

These roadside populations do face danger from collision 

with vehicles. On one roadside bordering a large field of 

Medicago, large numbers of Colias. philodice and C. 

eurytheme were observed and photographed by the author. 

Approximately two hundred were counted along six feet of 

road, and the Medicago field bordered the road for 

approximately one mile. Both sides of the road were 

similarly littered with Colias. leading to an estimate of 

352,000 specimens along that one stretch of road. Further 

Colias would be expected to have been caught in vehicle 

radiators. In spite of this influence on the population, 

many thousands continued to fly in the fields. In the case 

of roadside colonies that depend upon water, absence of 

grazing, or some other factor associated with roadsides, 

loss from such narrowly restricted populations due to 

collision with vehicles may be influential along much-

traveled roads. 

Populations of roadside species are greatly reduced 

during periodic mowing. Again, it is the multivoltine 

species that show greatest recovery potential. Roadside 

habitat in monocrop agricultural land differs from fencerow 

habitat in two principal aspects: (1) increased presence 

of water due to collection in road cuts and/or road runoff, 

and (2) generally less insecticide and herbicide presence, 

though there may be some drift. 
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Natural Areas 

Many shallow playas in farmland are tilled when dry 

and the edges are significantly altered on others and are 

thus not in a natural state. Some playas are not disturbed 

or are minimally so and represent undisturbed habitat. 

Lower species richness of many playas and of playas 

collectively may reflect both reduced size, patchiness, 

reduced capacity to sustain large populations due to small 

size, and dynamics of receiving dispersals, as well as 

supplying (losing) its own, due to its small size. Canyon 

bottomland may be used as pasture for cattle. Cattle do 

not venture up the sides of mesas, canyons, and the 

escarpment, and these areas are not tilled. This leaves 

sizeable areas in the natural state. 

Cluster Analysis 

The preceding discussion illustrates effects that 

human influence has on rhopaloceran species in the HSA. 

Occurrences of species in each habitat and biotic province 

have been provided in binary state in a rectangular 

samples-by-species primary data matrix in Table 4. This 

data is used as a basis for cluster analysis of binary 

similarity coefficient values computed for rhopaloceran 

occurrences in the HSA. Dendrograms produced by clustering 

of Phi coefficient values are given in figures and 

discussed below. 
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Three dendrograms clustering the two biotic provinces 

and their interface are given in Figure 4. Clustering by 

each of UPGMA, complete linkage, and single linkage methods 

gave similar results. The clusters are the same in each 

method. Inasmuch as each dendrogram clusters only three 

objects and there were no ties, single linkage resolution 

and suboptimal fusions produced the same clusters as 

arbitrary tie-breaking. Therefore, only one example of 

each clustering method is shown, each made with arbitrary 

tie-breaking available to the program when run. In terms 

of total occurrences sampled, the Commanchian biotic 

province and biotic province interface are more closely 

related to each other than to the Kansan biotic province, 

which is the last object to cluster. 

When the biotic province clusters are broken up into 

habitats, further relationships may be seen. Figure 5 

gives clustering of the habitat categories by UPGMA, Figure 

6 gives clustering by single linkage, and Figure 7 gives 

clustering by complete linkage. Dendrograms were identical 

for arbitrary tie-breaking, suboptimal fusions, and single 

linkage resolution applied to each given clustering method. 

The habitat dendrograms share a number of features in 

common. A feature common to all of them is the extremely 

tight ball cluster 6-7, cotton and grain sorghum habitats. 

This result indicates that they are the most closely 

related of all possible habitat pairs, which in this case 

reflects their identical rhopaloceran occurrences as found 
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Figure 4 . Dendrograms produced by clustering of Phi 

coefficient values in dissimilarity form, computed from 

binary state HSA biotic province by species matrix. Left 

dendrogram uses UPGMA clustering, center uses single 

linkage, and right uses complete linkage. Arbitrary tie-

breaking, single linkage resolution, and suboptimal fusions 

produced identical dendrograms (no ties). Biotic province 

designations: 1 = Comanchian biotic province, 2 = biotic 

province interface, 3 = Kansan biotic province. Size of 

scales as produced by software. 



7 . 

6. 

3. 

2. 

259 

I 

1 2 4 8 6 7 5 3 

Figure 5. Dendrogram produced by UPGMA clustering of Phi 

coefficient values in dissimilarity form, computed from 

binary state HSA habitat by species matrix. Arbitrary tie-

breaking, single linkage resolution, and suboptimal fusions 

produced identical dendrograms (no ties). Habitat 

designations: 1 = range, 2 = mesas, 3 = escarpment and 

canyons, 4 = playa lakes, 5 = large urban area in the High 

Plains (Lubbock), 6 = cotton, 7 = grain sorghum, 8 = 

alfalfa. 
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Figure 6. Dendrogram produced by single linkage clustering 

of Phi coefficient values in dissimilarity form, computed 

from binary state HSA habitat by species matrix. Arbitrary 

tie-breaking, single linkage resolution, and suboptimal 

fusions produced identical dendrograms (no ties). Habitat 

designations: 1 = range, 2 = mesas, 3 = escarpment and 

canyons, 4 = playa lakes, 5 = large urban area in the High 

Plains (Lubbock), 6 = cotton, 7 = grain sorghum, 8 = 

alfalfa. 



8. 

6. 

4 . 

2. 

1-

261 

f l 

1 2 4 8 6 7 5 3 

Figure 7. Dendrogram produced by complete linkage 

clustering of Phi coefficient values in dissimilarity form, 

computed from binary state HSA habitat by species matrix. 

Arbitrary tie-breaking, single linkage resolution, and 

suboptimal fusions produced identical dendrograms (no 

ties). Habitat designations: 1 = range, 2 = mesas, 3 = 

escarpment and canyons, 4 = playa lakes, 5 = large urban 

area in the High Plains (Lubbock) , 6 = cotton, 7 = grain 

sorghum, 8 = alfalfa. 
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during the study. Another feature shared in common is the 

pair 4-8, playa lakes and alfalfa cropland. This may be 

attributable to similarities produced by the intermittent 

presence of water in playa lakes with the flora it 

supports, and the use of alfalfa (usually irrigated) as a 

larval host plant by several species and use as a nectar 

source by a number of species, as well as the presence of 

fencerow species. Another feature in common is the high 

level clustering of 5 and 3, urban and escarpment habitats. 

Habitat 1, range, clusters under habitats 5 and 3 in single 

linkage and complete linkage methods to the cluster formed 

by the rest of the habitats. Range offers less diversity 

than urban or escarpment habitats. 

In this analysis, the linear habitat order produced by 

the algorithms and shared in common does not represent a 

particular dimension of the data. Cluster rotation would 

yield different linear order, but identical clusters. 

The greatest differences in the dendrograms are in the 

clustering of habitat 2, mesas. It clusters with habitat 1 

in UPGMA, with 2-4-8-6-7 in single linkage, and with 4-8 in 

complete linkage. Habitats 4-8 and 6-7 cluster together in 

the UPGMA and single linkage methods, but do so after 4-8 

clusters with habitat 2 in complete linkage. 

The characteristics of single linkage clustering and 

the inappropriateness of applying it to bioassociational 

data have been noted in preceding discussion. In its role 
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as a contrasting element in dendrogram interpretation, it 

is meaningful that its clusters exhibit a noticeable degree 

of correspondence in certain points with those of UPGMA and 

complete linkage. Complete linkage differs due to its 

algorithmic tendency to cluster similar objects more 

closely. Comparison of clusters obtained by complete 

linkage and single linkage can enable identification of 

objects that are more closely related. This would indicate 

2-4-8 of complete linkage to be a more closely related 

cluster than 4-8-6-7 of single linkage. 

Habitat 3, the Caprock Escarpment, stands out as the 

final object to cluster in all three methods and may be 

interpreted as the most unique single object in the dataset 

with regard to the clustering of the others. This 

agreement among the different clustering methods is all the 

more significant in that the opposite SAHN procedures of 

complete linkage and single linkage produce the same 

result. This finding is compared with species richness in 

the following section. 

Refugium Formation 

A histogram giving total species richness as found in 

the HSA sections of the Kansan and Comanchian biotic 

provinces and their interface is provided in Figure 8. A 

histogram in Figure 9 gives species richness by habitat 

category in the HSA. It is readily observable that the 

species richness of the biotic province interface is 
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Figure 8. Species richness as expressed by total 
occurrence of Rhopalocera in a section of the Comanchian 
and Kansan biotic provinces (CP and KP, respectively) and 
their interface (PI) in a 13,926 km^ habitat study area 
(HSA) in the central Llano Estacado and adjacent Rolling 
Plains (as found during the present study). 
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Figure 9. Species richness as expressed by total 
occurrence of Rhopalocera in eight habitats in a 13,926 km^ 
habitat study area (HSA) in the central Llano Estacado and 
adjacent Rolling Plains (as found during the present 
study). CO = cotton, GR = grain sorghum, AL = alfalfa, ME 
= mesa, PL = playa, RA = rangeland, UR = urban, ES = 
escarpment. 
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markedly higher than that of either province. The 

preceding discussion has noted the uniqueness of habitat 3. 

This habitat corresponds to the biotic province interface. 

Thus, in addition to its property as a unique cluster 

object in the dendrograms, it has by far the greatest 

species richness of all habitats or provinces. Extensive 

surrounding areas with no records of a number of species 

that are restricted to the biotic province interface 

suggests their distribution to reflect existence of a 

refugium. 

Table 7 lists HSA taxa that are unique to the biotic 

province interface, one of the biotic provinces, or that 

occur in more than one of these categories, but are known 

to be highly restricted in occurrence. Figure 10 gives 

species richness for the biotic provinces and their 

interface in the HSA after removal of known nonresident 

species as discussed in the section on residency weighting. 

Species thus removed are Papilio anchisiades, Anteos 

clorinde, Phoebis sennae. £. agarithe, Eurema nJse, 

Celastrina argiolus. Dryas iulia, HelJCOnJUS Charitonjus, 

Chlosyne rosita. Adelpha bredOWJJ, and Anaea aldaa. The 

possibility exists for colonization by argiolus, and fresh 

condition aidea have been found. Species richness produced 

by use of resident species as a bioindicator group 

evidences the distinct biological diversity of the narrow 

biotic province interface between the two provinces. 
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Table 7. Data matrix giving rare or restricted 

Hesperioidea and Papilionoidea by rare and restricted 

states and residency category in a 13,926 km^ habitat study 

area (HSA) in the central Llano Estacado and adjacent 

Rolling Plains (as found during the present study). Rare 

taxa = 1, not rare = 0; restr = restricted, 1 = restricted 

taxa = 1, 0 = not restricted; asterisk (*) indicates 

resident species with most highly restricted areas of 

occurrence within habitats; res = residency, R = resident, 

N = nonresident). A zero may also indicate that a category 

is not generally applicable. 

TAXA ra re r e s t r res 

2 Cogia outis 

8 Pyrgus scriptura 

10 Celotes nessus 

12 Hesperopsis alpheus alpheus 

13 Ancyloxypha numitor 

16 Hesperia uncus uncus 

20 Atrytone logan lagus 

21 Euphyes ruricola metacomet 

23 Amblyscirtes oslari 

33 Papilio (Priamides) anchisiades idaeus 

37 Euchloe olympia 

41 Anteos clwinde nivifera 

46 Eurema (Pyrisitia) nise nelphe 

52 Calycopis isobeon 

0 

0 

1* 

1 

1 

1* 

0 

0 

1 

1* 

0 

1 

0 

0 

0 

R 

R 

R 

R 

R 

R 

R 

R 

R 

N 

R 

N 

N 

R 
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TAXA rare r e s t r res 

55 Strymon columella istapa 

60 Celastrina argiolus cinera 

61 Glaucq)syche lygdamus jacki 

62 Plebejus (Lycaeides) melissa melissa 

63 Plebejus (Icaricia) acmon texana 

66 Dryas iulia moderata 

67 Heliconius charitonius vazquezae 

69 Poladryas minuta 

70 Chlosyne (Thessalia) theona bollii 

74 Chlosyne (Chlosyne) rosita browni 

76 Texola elada callina 

89 Precis (Junonia) nigrosuffusa 

90 Precis (Junonia) evarte zonalis 

92 Adelpha iM^dowii eulalia 

93 Mestra amymwie 

98 Megisto rubricata rubricata 

1 

1 

1 

0 

0 

1 

1 

1 

1 

1 

1 

0 

0 

1 

0 

0 

0 

0 

1* 

1 

1 

0 

0 

1* 

1* 

0 

0 

1* 

1 

0 

1 

1 

OR 

N 

R 

R 

R 

N 

N 

R 

R 

N 

Ra 

R 

R 

Nb 

R 

R 

^ In the Rolling Plains, near the edge of previously known range, 

which is to the south-southeast of the HSA. 

1̂  Although this species is an occasional resident throughout much of 

Texas, no evidence was found to support this status within the HSA, 

Its presence as long-distance dispersants in the HSA may correlate 

with temporary range extensions elsewhere. 
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Figure 10. Species richness as expressed by resident 
occurrence of Rhopalocera in a section of the Comanchian 
and Kansan biotic provinces (CP and KP, respectively) and 
their interface (PI) in a 13,926 km^ habitat study area 
(HSA) in the central Llano Estacado and adjacent Rolling 
Plains (as found during the present study). 
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Examples of relatively restricted resident species, as 

they exist in the HSA, include Pyrgus scriptura, Celotes 

"gSSUS, Ancyloxypha numitor, Hesperia viridis. Euphyes 

ruricola, Amblyscirte.<=f oslari, Glaucopsyche lygdamus. 

Flebejus melissa, E. â m̂on, chlosyne tJifiima., Poladryas 

minuta, and Megisto rubrioata. Although vagility can vary 

(e.g., see White & Levin, 1981), in each of these cases, 

specimens were rarely or never found to leave relatively 

restricted occupied areas. Low vagilities or relative 

isolation of colonies such as these may contribute to 

indicating importance of specific locations in habitat 

preservation. Any importance index should regard these to 

be of high importance in indicating conditions within their 

own preferred habitats or ecotone zones. Assignment of 

such values can be subjective, and applicable weighting 

procedures are not universally accepted. In the present 

study, their restricted condition is stated, and they are 

retained as unweighted units in data matrices. 

Post-Pleistocene dynamics of climate, physiography, 

and biota have left some refugia across the continent. In 

the present case, climate is not different from the 

surrounding area, and the refugium is too narrow to have 

its own macroclimate. The greatest factor in refugium 

formation may be regional drying, in conjunction with 

continued presence of water from springs along the unique 

habitat provided by the distinct physiographyl93 of the 

193 Another natural influence present in recent times was 
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biotic province interface. This presence of water would be 

likely to have favored survival of populations of species 

that otherwise now occur in habitats well-separated from 

the present area by intervening semiarid land. 

Human influences have drastically altered the flora of 

most of the land in the HSA. Formerly, bison moved through 

range areas, and the early cattle industry used open range. 

However, the advent of the barbed wire fence led to a 

series of (human) social interactions contributing to 

overgrazing, especially during the early portion of the 

twentieth century. This overgrazing is associated with 

such massive extirpation in Poladryas minuta that it has 

since been considered to probably be extinct (see Kendall & 

Kendall, 1971; Miller & Brown, 1981; Ferris & Brown, 1981). 

It is known that it was formerly widespread. This example 

illustrates the effect that grazing, especially 

overgrazing, can have on certain rhopaloceran species, 

especially those that are monophagous or oligophagous. The 

cropping principle indicates that total plant diversity is 

bison. Foraging by massive herds of bison may conceivably 

have contributed to restriction of certain plants to less 

accessible reaches of the escarpment. However, since these 

herds freely moved to new pastures, their impact was likely 

to have been far less than that caused by overgrazing of 

fenced-in livestock. Thus, this natural grazing is 

considered to have been quite a minor influence when 

contrasted with the major roles of water and overgrazing of 

livestock. 
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increased by overgrazing, and total diversity of 

rhopaloceran species may be expected to similarly increase, 

benefiting from larval host and imaginal nectar sources. 

However, floral species having low reproductive rates and 

high palatability to grazers may be severely restricted or 

extirpated, thus selectively affecting associated 

rhopaloceran species. 

To this is added the effect of large-scale monocrop 

agriculture (see Mader, 1984), discussed above. This human 

practice has effectively removed from affected land all 

native species of flora except those few that persist as 

fencerow species or weed pests in cropland. The combined 

effects of large-scale rangeland and monocrop agriculture 

have further contributed to natural isolation factors to 

form this refugium along the Comanchian and Kansan biotic 

province interface. In addition to having greatest 

biological diversity, the refugium contains colonies of a 

number of rare species. It also is the principal or only 

recorded place of occurrence for a number of nonresident 

species, thus indicating its value as an ecologically 

distinct area. Several resident species exhibit tendencies 

toward precinctivel94 phenotypes in the refugium. These 

facts, added to its distinctness in clustering and high 

194 widely referred to as endemic in the literature. The 

term, precinctive, is etemologically better-suited to 

convey the intended concept. The opposite of endemic is 

epidemic, yet a phenotype is not described as an epidemic 

phenotype. 
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species richness, further evidence the biegeographically 

isolated and ecologically unique nature of this refugi um 

Habitat and Species Preservation 

This section summarizes the implications of the 

findings as they relate to preservation of habitat and 

species. Species must have suitable habitat of suitable 

size in which to carry en their life cycles, thus habitats 

and species are inextricably linked. A total of 101 

species was found in the HSA during the present study. Of 

these, many are widely established in different habitats in 

the study area. A number represent nonresident species 

originating from outside areas, in seme cases, quite 

distant. These may feed at flowers, be consumed by local 

birds, etc., but as nonresidents, de net play an important 

indicating role in local ecology.195 Resident species have 

been shewn to be well-suited fer an ecological indicating 

role, and their use has shewn the presence of an isolated 

narrow refugium in the biotic province interface. The 

escarpment that comprises the interface is the only habitat 

category in the HSA that has unique resident populations 

well-separated from ethers elsewhere. 

Present influences of human activities in the HSA may 

be summarized as follows: Grazing in rangeland has had an 

195 Records regarding such species do play a role in 

understanding biogeographical migratory and dispersal 

aspects of the biology of their respective species. 
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historically important impact en certain rhopaloceran 

species. It continues to maintain selective pressures en 

certain larval hosts, thus delimiting occurrences, 

recovery, or colonization of associated plants and 

Rhopalocera. These species presently well-established in 

urbanized habitat are unlikely to become seriously 

threatened by human activities. Their effective breeding 

and colonizing ranges are being expanded by urbanization of 

cropland. 

In terms of agricultural habitat categories, several 

observations apply (apart from pest considerations). Only 

two species, Colias philodice and £. eurytheme, were found 

to predominantly inhabit any of the three farmland 

categories, namely fields of a larval hostplant and 

imaginal nectar source, Medicago sativa. Other Medicago 

feeders were found to occur mere uniformly throughout ether 

habitats (e.g., Strymon melinus) or not to occur in these 

fields (Glaucopsyche lygdamus and Flebejus melissa). The 

Medicago feeders present in the fields are also established 

on native flora in ether habitats, from which colonization 

of new crop fields may take place. Although outbreaks of 

melinus larvae sometimes occur on Gossypium. this 

ubiquitous crop is apparently of little regional importance 

to this polyphagous species, with its most prominent 

occurrences being elsewhere. Fencerow species are well-

established elsewhere. Although monocrop agriculture has 

historically diminished, and currently limits, area 
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available for colonization by many species, it does not 

pose a present threat to any species' preservation. 

Agriculture is effectively using as much land area as 

feasible with current and foreseeable technology. It is 

unlikely that monocrop agriculture will have an increasing 

effect on rhopaloceran species, short of unlikely events 

such as development and use of an insecticide having 

particularly acute rhopaloceran toxicity, agricultural 

terracing and use of the escarpment, or extensive 

replacement of rangeland. 

The Ogallala aquifer is diminishing in many areas, a 

fact widely reported (e.g., see Farney, 1989), and present 

use of irrigation in large-scale monocrop practices is 

likely to decrease over the next few decades, accompanied 

by replacement by modified practices and dryland farming. 

Demographic and other trends, such as diminishing water 

resources, lead Popper & Popper (1989) to consider human 

depopulation of the plains to be inevitable. They discuss 

the concept of a "Buffalo Commons" in which much of the 

Great Plains with its current farms and ranches would be 

seeded with native grasses and the buffalo reintroduced. 

Short of such a grand scheme, it would be prudent to 

take steps to protect and study this refugium. Such steps 

would enable continued research in many faunal and floral 

groups for indexing ecological change and environmental 

influences, as well as offering aesthetic and historical 
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value. Any such planning should take care to assure that 

habitat zones utilized by precinctive resident taxa within 

the refugium are included in a nature reserve. 

During the duration of the present study, no 

rhopaloceran species occurring in the study area were 

protected by law (McGaugh & Genoways, 1976) . In the past, 

insects and other arthropods have received little attention 

in conservation efforts in Texas. A popular summary of 

endangered species in Texas reflects this through its 

mention in an appendix of the very few arthropods (no 

insects) that have received attention (Doughty & Parmenter, 

1989) . This is changing, however; an effort sponsored by 

the Texas Organization for Endangered Species is currently 

underway to compile statewide information regarding 

statuses of rare, threatened, and endangered arthropods. 

Rhopalocera are increasingly recognized in popular outlets 

as an important part of the environment (e.g., Pyle, 1979, 

1984b; Ehrlich & Ehrlich, 1981; Harbrecht, 1991). 

Present national parks (Pyle, 1975), national forests, 

and national wildlife refuges, state parks,196 and state 

natural areas (Carls & Ludeke, 1984) do not contribute to 

the preservation of natural habitat in the present HSA 

refugium. Private lands are subject to various potential 

uses or sale, and presently do not contribute positive 

196 One state park, Mackenzie State Park, is present in the 

HSA in urban Lubbock, Texas, outside the refugium. Much of 

this park consists of mowed grass. 
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preservation, and groups such as the Nature Conservancy 

presently do not have holdings. Portions of this refugium 

are currently under threat through human land use in the 

forms of grazing, housing construction, and controlled 

burning. A large area would be affected by the reservoir 

of the Justiceberg Water Project, currently under 

construction. Preservation of a significant portion of 

this refugium would not only ensure the existence of this 

habitat and its species, but preserve a refugium unique in 

the continent as a whole. 
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