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SEASONAL CHANGES OF SELECTED SECONDARY PLANT PRODUCTS
IN CHRYSOTHAMNUS NAUSEOSUS SSP. TURBINATUS

D. F. Hegerhorst', R. B. Bhat', D. J. Weber', and E. D. McArthur

Abstract.—Previously, physiological studies of rubber and resin production during the growing season of

Chrysotluimnus naitscosus ssp. ttirhinatus indicated a negative correlation between rubl'ier and resin content. The
resin was highest in the spring and lowest in the summer, whereas rubber was highest in the siunmer and lowest in the

spring. Individual compounds were followed during the growing season to see if they correlated with the rubber or

resin trend. The total compounds in the c\clolie.\ane traction followed the resin pattern. Individual compounds varied

in their changes during the growing season. Limonene, for example, was negatively correlated with rubber production,

whereas p cubebene was positively correlated. The possible metabolic pathways between resin and rubber are

discussed.

Recently there has been increased interest

with respect to the availabihty and possible

commercialization of rubber rabbitbrush

{Chrysothammis nauseosus) for natural rub-

ber (Pierson 1975, Weber et al. 1985, Ostler

et al. 1986). Some of the subspecies contain

levels of natural rubber similar to those of

guayule (Ostler et al. 1986, Hegerhorst et al.

,

Resin and rubber, 1987). Additional uses of

rabbitbrush, such as a winter forage and as a

revegetation shrub, increase its potential as a

commercially beneficial crop (McArthur et al.

1979, Weber et al. 1985). Because of the vast

environmental and geographical latitude in

which rubber rabbitbrush grows, the poten-

tial advantages ofgrowing rubber rabbitbrush

for a commercial source of natural rubber and
other plant products become more obvious.

Chrysothammis nauseosus ssp. turhinatus is

of particular interest because levels of natural

rubber reported exceed 6.5% (dry wt)

(Hegerhorst et al., Resin and rubber, 1987).

Commercialization of rabbitbrush relies on

understanding plant habitat, genetic variabil-

ity, rubber accumulation in the plant,

seedling characteristics, and many other as-

pects ofplant development (Hegerhorst et al.

,

Chemical analysis, 1987). A deeper under-

standing of the parameters influencing rubber

synthesis will help us possibly control its accu-

mulation. Recent results (Hegerhorst et al..

Seasonal changes, 1987) show that a strong

negative correlation exists between rubber

and resin production in selected subspecies of

rubber rabbitbrush. The pinpose of this study

is to better understand the relationship be-

tween resin and rubber production within the

plants by following seasonal changes in se-

lected secondary plant products.

Materials and Methods

Plant material from rubber rabbitbrush

{Chrysothammis nauseosus ssp. turhinatus

[Jones] Hall & Clem.) was collected 1.6 km
west of Goshen, Utah (USA), during the

Department iif Botany and Range Science. Brigham Young L'niversit\, Provo, Utah f54602.

"USDA Forest Service, Shrnb Sciences Laboratory, Provo, Utah 84601.
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Table 1. Conipounds present in Chrtisothauinus tum-

seosiis ssp. turbinatus as determined 1)\ GC-MS and their

GC retention time.

Name of the eompound
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Fig. 4. Changes in C-27 branched hydroearbon (a), hnionene (b), sabinene (c), and P cnbebene (d) from

Chrysothamnus nauseosiis ssp. turbinattis during the growing season at Goshen, Utah. The hne with squares is based

on the peak area, and the Hne with the blaek spots is based on the percentage of the compoimd in relation to the total

area of the compounds.

Three of the sesquiterpenes, (3 eubebene,

A cadmene, and epi-bicyclosesquiphellan-

drene, were common to both rubber and resin

patterns at the intermediate similarity classifi-

cation (Tables 2 and 3).

A correlation matrix and factor analysis of

individual compounds to each other was de-

termined by Statview 512+ (1986). A high

correlation value indicated that the two com-
pounds had a similar pattern during the grow-

ing season and could possibly be synthesized

by the same pathway. Factor analyses of the

data (Statview 512+ , 1986) indicated that six

factors were involved. The compounds in the

six factors are listed in Table 4. Factor 1 con-

tains long-chain hydrocarbons that form a

group seemingly independent of the other

compounds. The synthetic pathway to waxes

is considered to be different from the rubber

and resin pathways (Robinson 1983). Factor 3

had three compounds, including 3 ethenyl-3-

methyl-2-(l-methylethenyl-6-) cyclohex-

anol, which all have a high correlation with

the rubber content pattern. Factor 6 contains

monoterpenes, which have a high correlation

with the resin synthesis. The outlined path-

way (Robinson 1983) in Figure 5 shows a path-

way to monoterpenes. There is a branch point

at isopentenyl pyrophosphate between
monoterpenes and the pathways to the

sesquiterpenoids, diterpenoids, and rubber.

Rubber synthesis is considered to involve

isopentenyl pyrophosphate and perhaps

diterpenoids or similar compounds (Robinson
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Table 2. Similarity of individual compounds over the

growing season in Clirysothainnus naiiseosiis ssp. ti4r-

hinatus in relation to total rubber content as determined

by Statvie\v.512+.

Compounds that are very similar to rubber pattern

Cyclohexanol, 3 ethenyI-3-methyl-2-(l niethylethenyl-6-)

Compounds that have some similarity to rubber pattern

Myrcene

P cubebene

A cadinene

Unknown A
Epi-bicyclosesquiphellandrene

Unknown G
Unknown D
C-28 branched hydrocarbon

C-30 branched hydrocarbon

Hentriacontane C-31

Compounds that have little similarity to rubber com-

pounds

Sabinene

Cymene
Linionene

Unknown B
Unknown C
Unknown E

P elemene
Unknown F
Unknown H
C-27 branched hydrocarbon

Nonacosane C-29

C-29 branched hydrocarbon

Triacontane C'-30

Table 3. Similarit\ of indi\idual compoimds o\er the

growing season in Chnjsothammis iiauseosus ssp. ttir-

binatus in relation to total resin content as determined b\'

Statview512-^.

Compounds that have high similarity to resin pattern

Sabinene

Linionene

Unknown C
I'nknown E

Compounds that have some similarity to resin pattern

Myrcene
Cymene
3 cubebene

A cadinene

Epi-bicycloses(juiphellandrene

Unknown D
Unknown F
Unknown G
Unknown H

Compounds not similar to resin pattern

Cyclohexanol, 3 ethen\ l-3-meth\l-2-(l metlnlethen\l-6-)

Unknown A
Unknown B

P elemene

C-27 branched h\drocarbon

C-2S branched Indrocarbon

Nonacosane C-29

C-29 branched hydrocaibon

Triacontane C-3()

C-30 branched h\ drocarbon

Hentriacontani- ('-31

1983). Benedict (1986) used isopentenyl py-

rophosphate as the substrate for rubber syn-

thesis in guayule (Partheniinn ar^entatum).

While more investigations are needed to de-

termine the synthesis pathways of the differ-

ent compounds in rubber rabbitbrush, our

results provide some support for the concept

that rubber and resin synthesis pathways are

different (Fig. 5).

Benedict (1986) found that the enzymatic

synthesis of rubber was induced by cool tem-

peratures and that the enzymatic incorpora-

tion of isopentenyl pyrophosphate occurs on

the surface of subcellular rubber particles.

The rubber synthesis did not begin until the

cool months ofOctober and November (Bucks

et al. 1986). The enzymatic activity of cis iso-

polyisoprcne polymerase was related to the

number of hours at 13 C and below. While the

process of rubber synthesis in rubber rabbit-

brush has not been studied as it has been in

giiayule, it is obvious that regulator) genes lor

the cis isopoK isoiMcne jioK nierase in rubber

rabbitbrush would have to function in re-

sponse to heat or stress signals rather than

cool temperatures. Although not clearK

demonstrated, exidence suggests that the

pathwa\ from mevalonic acid to cis-isoprene

is more closely tied to the formation of some

terpenes than otluMS. Figure 5 gi\es a dia-

grammatic explanation of the possible rela-

tionship between tcMpene formation and that

of natuial rubber from cis-isoprene. While the

changes in rubber and resin content impK an

intercom (Msion, radioacti\ e tracer studies are

needed t()\(Mif\ the concept. The significance

of elucidating the exact relatioirship that exists

between the resin and rubber formation is in

controlling the flow of energ\' from terpene

production into ualural rubbei". If environ-

mental signals such as high temperature, low

moisture lexi'ls, and water stress could be

imitated, it nia\ be possible to fa\or the con-

version from me\alonie acid and certain ter-

penes to natural rubber, rather than to

monoteri)(Mioids.
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Table 4. Individual compounds present in the factors

as determined by fector analyses by Statview 512+ in

relation to each other over the growing season in

Chnjsothainnus nauseosus ssp. turhinatus.

Factor 1

C-27 branched hydrocarbon

C-28 branched h\drocarbon

Nonacosane C-29

C-29 branched hydrocarbon

Triacontane C-30

C-30 branched hydrocarbon

Hentriacontane C-31

Factor 2

A cadinene

Unknown D
Unknown F

Unknown B

Unknown H

Factor 3

Cyclohexanol, 3ethenyl-3-methyl-2-(l methylethenyl-6-)

Epi-bicyclosesquiphellandrene

Unknown C

Factor 4

Unknown A
Unknown E

3 elemene

Unknown F

Factor 5

P cubebene

Factor 6

Sabinene

Myrcene

Cymene
Linionene
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UTAH BOTANICAL EXPLORER CHARLES CHRISTOPHER PARRY
(28 AUGUST 1823-20 FEBRUARY 1890)

Stank'V L. Welsh'

Abstract.—The Utah botanical contributions of Charles Christopher Parry are discussed. Especial emphasis is on

his trips to Utah in 1874 and 1875. Plants taken during those years, which were subsecjuently listed as type-specimens,

are listed. Insight is gained into this window in Utah botanical history through his letters to Dr. George Engelmann and

limited correspondence from Engelmami and Joseph Ellis Johnson.

When medical doctor and professional

botanist Charles Christopher Parry arrived in

St. George on 5 April 1874 (Parry letter BRY),

Utahs Di.xie was essentially unexplored

botanically. Prior to his trip, this part of the

Southwest had been visited by John Charles

Fremont in 1844 (Fremont 1845), French nat-

uralist J. Remv in 1855 (Parry 1875a), and Dr.

Edward Palmer in 1870 (McVaugh 1956,

Parry 1875a), each of whom had collected

plants in or near present-day Washington

County.

It is not certain that Fremont collected in

southern Utah specifically, but it is known
that he took plants from immediately south of

Utah near present-day Littlefield on 9 May
1844. He traversed the region quickly from

the Virgin River to Mountain Meadows,
where he remained for one day, resting from

his harrowing trip across the Mohave (Fre-

mont 1845). Parry (1875a) notes that in 1855 "a

French naturalist, named J. Remy, passed

over this route from Salt Lake to Los Angeles,

and made a scanty collection of plants on the

journey, which were afterwards deposited in

the Paris Museum." In his letter dated 8 Octo-

ber 1874, Parry enquired of Dr. George En-

gelmann at St. Louis Missouri ifhe knew any-

thing about the Frenchman J. Remy, "who
collected plants on the way ftom Salt Lake to

S. California and Virgen valley sometime in

1854? Specimens deposited in the Paris Mus.
Did he publish anything? and what date, &c
&c &c????. The ({uestions anticipated Parry s

(1875) publications in the American Naturalist

(Amer. Naturalist 9: 14-21; 139-146; 199-

205; 267-273; 346-351).

Doctor Palmer, a friend of Parry s em-
ployed by the Department of Agriculture and

the Smithsonian Institution, came to St.

George in the spring of 1870 at the suggestion

of Parry (Parry 1875a). Palmer collected

plants in the St. George vicinity for only about

10 days prior to leaving for St. Thomas, Ne-

vada. During that trip he collected the types

of seven Utah jjlant taxa. In 1877 he returned

and collected the types of some 51 additional

taxa from Utah, manv of them from the south-

ern part (Welsh 1982).

Parry's sojourn in the St. George vicinity in

1874 resulted in the collection of37 ofa total of

38 type-specimens recognized by various au-

thors as requiring description (Welsh 1982).

The solitary type taken during 1875 was that of

Festuca dasijcUida Hackel ex Real. He named
only three plant taxa from Utah during the

period (Welsh 1982), depending on others to

name plants of his taking. The plants named
by Parry are Oenothera johnsonii Parry, Gilia

filiforniis Parry ex Gray, and Shepherdia ro-

tundifoUo Parry. The latter is based on mate-

rial collected "on bare clay soil in the upper

valley of the Virgen, A. L. Siler, 1873." The
others are based on Parry's own collections.

The life of Parry has been summarized in

several publications, the most important of

which are Biographical Sketch of Dr. C. C.

Parrv (Preston 1897), Charles Christopher

Parry (Malone 1962), and Utah Plant Types-
Historical Perspective 1840 to 1981—Anno-

tated List and Bibliography (Welsh 1982).

Parry was born 28 August 1823 in Adming-
ton, Gloucestershire, England, the son of

Joseph and Eliza Parry. His family moved to

Lite Science .Museum and Department of Botany and Range Science. Brigham Youni; l'msersit\. Proso. L'tali iS46()2
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the United States in 1832, settling on a farm in

Washington Connty, New York, when
Charles was nine years old. He obtained an

A.B. degree in 1842 from Union College and

went to graduate school at Columbia College,

where he took an M.D. degree in 1846. At

Columbia he came under the influence of

John Torrey, professor of chemistry, but in

reality a pioneer plant taxonomist. Following

completion of graduate studies, Parry settled

in Davenport, Iowa.

Following 1849, Parry devoted nearly 40

years to botanical exploration of western

states and territories, either privately or as a

member of some governmental expedition.

He was the first person to serve as botanist for

the United States Department ofAgriculture.

Parry was at the Smithsonian Institution from

1869 to 1871, organizing collections from gov-

ernment-sponsored expeditions.

Parry spent much time in Colorado, where
he discovered Picea engehnannii and named
peaks for Asa Gray and John Torrey. Califor-

nia became something of an obsession to him.

He visited there more and more in the 1870s

and 1880s, where he became interested in

chaparral, finally publishing on Manzanita

and Ceanotlius . Many new taxa were discox-

ered by him during the coiuse of almost 40

years of collecting. He died at his home in

Davenport, Iowa, on 20 February 1890.

Parry s herbariiuu and papers are at Iowa

State University (ISC); they were sold to the

university by his widow in 1895.

Parry was in Utah during portions of 1874,

1875, and 1877 (with Palmer). The main year

of exploration was 1874, when he visited St.

George and worked out of the home ofJoseph

Ellis Johnson in Washington. In 1875, Parr\

worked out of Spring Lake, Utah, where he

lived at the liome of Benjamin V. Johnson

(brother of Joseph Ellis Johnson). Originals of

letters written by Parry to George Engel-

mann, and from Geoige Engelmann and

Joseph Ellis Johnson to him, are in the library

at Iowa State University. Copies of some of

the letters are at the herbarium of Brighani

Young University.

Insights into Parry's days of collection at St.

George in 1874 especially are to be fonnd in

those letters. They are filled with botanical

discussions and other information about the

aspirations and expectations of the lives of the

participants. While most of the letters are

from Parry to George Engelmann, and must
have been retiuned following receipt b\ En-

gelmann, additional letters to Asa Gray and
other correspondents are hinted at.

The selected letters are too long to be re-

produced here in their entiretx', and much of

the information is not ofbotanical importance.

I have selected for reproduction two complete

letters and portions of others that might add

insight to the botanical understanding of the

period and to the personality of the characters

involved. They afford a window into a time no

one now living has experienced. The extracts

are reproduced as exactly as possible from the

handwritten pages, except for underlining of

scientific words. Words misspelled are indeed

spelled that way in the letters; after all, the

letters were not edited and not intended for

publication. Within the letters, scientific

names were often written without imderlin-

ing. I have chosen to underline them rou-

tinely, so as to avoid the inevitable "sic cjuota-

tion. Parry chose to spell Virgin as \'irgen. I

have not changed his original spelling. Nota-

tions in brackets are my editorial notes.

Knowledge of the flora of the region around

St. George was strictly limited. The nature of

the vegetation was largeK' a mystery.

Botanists in the East were grasping for an\'

material possible to clarify the thin line of

specimens, often mere fragments, then avail-

able for study. Parry and his correspondents

used each other as sounding boards to test the

understanding of the taxonomy of the time.

They discussed the taxa, offered more com-
plete descriptions, and traded (or sold) speci-

mens. The e\()hiti()n of taxonomic thought

was advanced In their discussions.

Dr. (ieorge Engelniaun, ol St. Louis, Mis-

souri, was interested in main' groups of

plants, but esi)eciall\ in conifers, cacti, and

other succulents (including Yucca), and

woody plants generally. Parr\ sent him speci-

mens of these and man\ more. The Parrx

correspondence reproduced or ([uoted here is

e\clusi\(.'ly to Engelmann. accounting tor the

UKuu references to the same kinds of plants.

Letters from Pan\ to l\ugehnaim are ad-

dri-ssed to "M\ Dear Dr." That dated 14 April

1874, which is reproduced here in its entirety,

was sent from St. George (actually Washing-

ton, where Johnson s home was situated) and

notes that he:
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Rcachec! here 5tli inst just in time to hear Bri,u;liains

farewell address to tiie laithtul. Sinee then I have |l)een]

tranipinsover hill and dell, v\alkinu; and gathering up the

many strange things that came in my way. I am in time to

catch all early plants, the season being 3 weeks late (for

m\ acconiodation). Best news ol all Yucca hrcvifolia, fide

mail rider, is in full flower 30 miles from here, & [he] will

bring it up on excursion next monday. Imagine my exulta-

tion, say tuesday, 2Lst, I can hardly wait. Not many
varieties of cacti just about here. Olpuntia] nitilhi [prob-

ably O. erinacea var. ursina Parish] is here most com-

mon. I do not yet meet £. [Echinocactus, now Neolloy-

dia] john.sonii. There is a large Turks head [Ferocactiis

acunthodes] near here, that I do not recognize. Am
watching it. The Mormons individually call Y[iiccci] hrev-

ifolia Joshua.' We have here Mesquite & Larrca near the

north limits. I do not yet get sight of Agrtt'C utahensis.

Glad to hear you think J tiniperus Utahensis distinct from

/. occick'ntalis. I am just now out of the range oijtiniperus

but will be in it again back & forth & send occasional

instruction' specimens. I do not yet notice a uniform

color to the fruit. The riper appear to assume a dull

brown, though that may be the result of abortive seeds. I

have occasionally seen a tendency to a didl blue with

slight bloom. The trunk has a shreddy liark. Heart wood is

dull red, slightly fragrant. Will get a section, usual size, of

full grown trees— 20 ft?— in a clumpy shape— branch-

ing low down. It is a very common fire wood of the

country. Where does it range? I send you today a branch

from a woodpile that seems to show male fl. I also saw a

fruited Mamillaria. There are hosts of nice things coming
on. I am now giving special attention to the evanescent

annuals before they take their leave. This is a wonderfully

rich fruit district. All temperate & subtropical plants in

abimdance. I have never seen such a profusion of blos-

som. There is danger of late spring frosts, else I d(j not see

what they cannot raise. Grapes [two words illegible] the

California. As they say will be 100 degrees F. I see a

common wild species [of grape]. So much to try of begin-

ning— send in your ??? hooks. Yoius truly C C Parry.

The Parry letter was answered by Engel-

mann as follows:

St. Louis Apr 24 1S74. My Dear Parry: Your different

packages have, I think all come to hand, the last were
Opiintia rutila and today a trashy fragment without fl & fr

o( Junip UtaJi, but good as illustrating locality — fire-

wood?, good!, harder, more compact than our cedar?

Well, you will find/, occid. also and examine its wood and
bark and perhaps J. pachyphloea, which you know. It

comes from Prescott & Fort Whipple— wood, bark, ripe

berries. Ofcourse you can not now say anything about the

(in the fall) ripe berries. I divide all our Junipers as such

with red brown (glaucous bloom) dryish berries of fibrous

texture, and such with bluish black (also bloom) juicy or

pulpy berries, number of seeds variable in each;

I. Larger brown fibrous berries: 1) osteospenna with

Utahensis, 2) pachyphloea

II. Smaller blue pulpy berries: 3) occidentalis. 4) Vir^ini-

ana, 5) Sahina.

But with Mamillaria, you missed it! Why that is your old

friend and early discovery Mam. pheUospenna. First time

that I see it fresh. Lord, but— the plant was too fresh and
juicy, with the pride and pleasure of spring and [two

words illegible]. Mail back [here] squeezed it to death —

trv again! (Guaranteed there were good seed in those

berries.

So you are among Joshua's Army, I hope they don t take

you for a Philistine and pierce you with their daggers. But

don't forget for heaven's sake, that these plants make
suckers, which can be sent, ought to be sent. How would
it do to send a whole box full of such young plants here—
also oiAfiave and oi'Y[ucc(i] baccata. Or is this season not

favorable, which I doubt, then Johnson might plant there

and send in fall or early spring— smaller suckers by mail!

Shall I send you a lot of stamps? A sort of inducement to

use them well and use them soon.

My Ech. Johnsoni did not winter, it was never vigorous.

Yoin- Tink's head may be Lecontei or Emoryi.

You will recognize easily A^wrc Utahensis by the inflores-

cences (I saw flower stalks of last year) being spiked,

flowers in pairs or 4s [?]. You know it does sprout.

Dr. [McClechamp?] keeps sending flowering oaks and I

hope soon to set matters right and reconstruct/restore

some of these condemmed scattered species.

Hope you send me flowers o{ Yucca hrevifolia at once by
mail. My article [?] of Yucca is now in printers hands with

notes of Yucca ^h)hosa fruit etc. Of course you will look

out for fruit of last year— gather as much as you can and
find out about the position of the fruit — pendulous or

erect.

Gilbert of Lieut. Wheelers Exped. has last fall collected

Arccuthol)ium but I have written to you all about it on Ab.

dou^lasii [Pseudotsu^a mcnziesii (Mirb.) Franko], Ab.

En^ebn. & look out! Any oaks? in flower?

You ask about the range of Junip. Utahensis — Utah,

Arizona, Nevada, and S. California [illegible word]. But

the plant is not really distinct from osteospenna (tetra-

goort var. osteospenna Torr.) which grows in California

but ranges east to Zuni.

Don't forget to collect that wild grape— male flowers and

fruit.

A few bundles of spms of that large Turk's head would be

more acceptable to me [by] U.S. Mail I suppose.

I wish you could satisfy me about that "fibrous bark of

Jimiper.' It would be a bad sell if I print the damned
investigation and then some fellow comes and says it is all

closet botany — old universe herbarium specimens —
nothing like it is native! Some Mexican Junipers belong to

one — another to the other class.

Now my best wishes for Johnson and yoiu-self

Yours ever. G. Engelmann.

Even though Engelmann formalized the

name Jiiniperus californica var. utahensis in

1877 (Trans. Acad. Sci. St. Louis 3: 588), the

discussion ofJiiniperus osteospenna versus/.

utahensis would not be settled for many
decades (Leafl. W. Bot. 5: 125. 1948). The
combination of Torrey's var. osteospenna at

specific rank under the genus Sahina by An-

toine (Cupress.-Gatt. 51. 1857-60) provided

an obstacle to later use of the specific epithet

'\itahensis" aside from the consideration ofan

earlier use of the name Junipenis californica

var. utahensis bv Vasev (Cat. Forest Trees

U.S. 37. 1876).

Parry wrote to Engelmann on 21, 24, and 29
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May. In his letter to Engelmanii dated 3 June

1874, Parry indieated receipt of information

that Engelmann had received "Joshua tree,"

and sent a sketch offlowers oiYucca brevifolia

and actual flowers of Y. anp^ustifoUa [probably

y. utahensis], with a bug "which ma\ do the

fertilizing though I have not seen it in the act.'

Parry goes on to state that he had selected

some yucca plants near his lodgings with the

Joseph Ellis Johnson family for observation.

"The plants were ruthlessly broken down by

boys or cows?' Parry then looks forward to the

possibility ofjoining Engelmann in Colorado.

In spite of the close of the spring-flowering

season. Parry was still in St. George on 19

June. He chastises Engelmann for his interest

in oaks. He opens his letter to Engelmann on

that date with the following:

If I had you within reaching distance I shovdd lie stron^K

tempted to use an instructi\e cudgel oi Qucrctis eiiioryi

[Q. turhinclla Greene] — to keep liothering me with tlie

nasty things! As if it was not enougli to loose the seat ofmy
pants in scrambling over them to find old fruit & new
flowers!!! Well the disaster above referred to is nieasure-

ahly repaired & now I am in better humor. I recognize

here only the 2 oaks (evergreen) Q. emonji. very variable,

& deciduous leaved Q. douiilasii? \Q . ^(iinlx'lii Nutt. ].

Parry also indicated that he had taken Vitis

arizonica, including male and iemale flowers

and young fruit, for shipment to Engelmann.
Also, Engelmann seems to have been inter-

ested in having more complete material of

Lewisia hrachijcahjx Engelm. ex Gray, which

had been published earlier (Proc. Amer.
Acad. 7: 400. 1868). Parry writes:

I enclose in this [letter] a scraj) of Lctiisia hnichycdhjx

Engelm., of which I have ample material to [amend] the

characters. Petals in fully opened si)ecimens have the

length of the sepals, I' [line[ broad, whitish satin color

with pink streaks. The plant is not very showy. The
individual (- post il.) buds being massed in the center of a

circle of spathulate oblong leaves on the ground, (irows in

boggy spring places. Pitie Valle\-. SOOO ft!

Parry further states: "About Cacti, our com-
mon arborescent species is O. echinocarpa

Engelm. & Big., a horrid thing with greenish

yellow fls. And, fmther:

I have had some con\ersation with [Joseph I'.ilis] Johnson

in reference to collecting plants 6c seeds for sale, lie is

anxious to do something in that way. He is prett\ nnuli

broken down himself but has an active promising bo\

Charles who I hope will do some good work. I ha\e givcTi

him some training and he is apt. They will make it a

business to collect "Joshua," Aga\ e. Cacti, to slii]i this fall.

Johnson is \im\ itard up & poor? (too imich poK gamy). It

would be cjuite an encouragement if \<)U could ad\ance

him say $20. He is perfectly reliable and will send every-

thing to you to be disposed of to the best advantage so you
w ill run little risk.

On 23 June 1874, Parry sent his "last flash"

from St. George. He stated: "I am now packed

& ready to leave in the morning for Cedar City

or as you would have iijimipenis ostcospcnna

var. Utaliensis [city]." Parry includes a state-

ment to Engelmann clarifying the location of

"Beaver Dam. "It is the ne.xt SW tributarv' to

the Virgen, was a frontier Mormon settlement

till siuveys showed it to be within the

boimdaries of Nevada [actually Arizona] and
was then abandoned, also St. Thomas further

south on the Mudd\ . I suppose Powells maps
will give latest geographical data, or

Wheeler's. The Beaver Dam Mts. are the high

range between here [St. George] and Beaver

Dam Creek. I do not know their elevation.

"

A single letter dated 9 Jul) 1874 from Parry

to Engelmann is extant from Cedar City. Fol-

lowing a preliminary discussion on future

plans to go to Daxenport and return to Colo-

rado with Mrs. Parr\' to meet the Engel-

manns. Parry launches into his first love:

Now a word on botan\ . I sent \ou in paper a sprig of/.

iitdhcnsis (July 4th). The fruit seems well formed but

hardly mature enough for seed. I shall arrange here to

have seed collected & sent on later. Did the berries reach

you in their natural color — light green with glaucous

bloom? I judge from specimens that the\ soon turn piuple

to l>rown. I send with this fr. & leaf oiYfucca] aii^ustifolia

\ ar. Idtifolia! as it grows here. fr. disturbed by the wx)rms.

Op. rittillii Nutt. looks different from St. George, fewer

(coarse) spines & thin growth. Charlie Johnson will fill

you out with Op. echinocarpa Engelm., seed & fr. .\sk

him for the conunon tree species and tell him what you

want. Send postage stamps (not too large 6 & 14 cts).

There will be a difficult\ in getting ripe cones oi Afhiesl

concolor. It must be watched closeK is: gathered within a

week or less.

Parry notes that the Johnsons can "manage
y. brevifolia seed b\ the bushel if desired.

Engelmann is told to "write encouraging to

Johnson, but do not send mone\ at fust. Let

him sa\ what he will do.

.Almost as an aside Parr\ indicates: "I met
here by accident A. L. Siler, an odd speci-

men. He is collecting seeds and plants. I ha\ e

ad\ised him to send pines 6: oaks to\()u. He is

li\ ing in a \ er\ choice mountain district east of

here, is poor, shiftless, &: lazy (fide Johnson),

v\ill need postage stamps. He ga\e me some
seeds. I enclose a few of a remarkable Eleag-

naceae.
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Andrew Lafayette Siler, a Mormon
rancher, lived at a place called "Ranch, re-

putedly near Kanab, but actually near the

head of the Sevier River, between present-

day Long Valley Junction and Hatch near the

Kane-Garfield county line. Siler collected

plants in Kane and adjacent Mohave (Arizona)

counties. He was interested in cacti and took a

collection of a low depressed-hemispheric

ball-cactus, which was named by Engelmann
as Echinocactiis sileri (later Utahio sileri [En-

gelm.] Britton & Rose; now Pediocactiis sileri

[Engelm.] L. Benson). The cactus was later

found in Utah. His most important find ap-

pears to be Shepherdia rotundifolia Parry.

Jones (Contr. W. Bot. 16: 46-47. 1930) says of

Siler: "He was about seven feet tall and slim as

a rail, and wore about a No. 14 shoe. He was
awkward and uncouth, but a real man.

Following his contact with Parry in Cedar
City, Siler corresponded with both Engel-

mann and Parry. He collected seeds ofvarious

plants for sale to Engelmann and others. Parry

notes the collection of 50 pounds of Abies

coticolor seed for sale by Siler, and in another

place he wrote that Siler expected to make a

thousand dollars that year selling seeds and
specimens. Both Parry and Engelmann
scoffed at the idea; they sent him stamps and
occasional payments of a dollar.

The reference to the seeds of the

"remarkable Eleagnaceae" were to be the sub-

ject ofdiscussion in several of Parry's letters to

Engelmann during the last months of 1874

and much of 1875. They turned out to repre-

sent ShcpJierdia rotundifolia Parry.

Parry found himselfsomewhat ofa celebrity

upon his return to Davenport. He had, after

all, returned from among the Mormons, with

their peculiar polygamous life-style. Parry's

letter of 23 February 1875 to Dr. Engelmann
notes: "I am through with my lecture LTtah &
the Mormons.' So I can't sympathize with

you. It netted our Acad. Sciences $2.50????"

Evidently, preparation for his Mormon lec-

ture had led him to enquire of the events

surrounding the Mountain Meadows Mas-
sacre, which had taken place in 1857 some 25
miles due north-northwest of St. George. His

source of information was Joseph Ellis John-
son, who wrote to him on 30 January 1875.

Johnson opens the letter with greetings and
then recounts family and neighborhood hap-

penings. The temple was under construction

and "up to middle of the first story. Johnson
had his "wine and curing house up and closed

in." Finally, having put off" the question for as

long as possible, he states:

Well I ha\ e written everything I can think ofand will now
change subject to the subject of your lecture. The
M.M.M. [Mountain Meadows Massacre] occurred in that

exciting period when Johnson s army was striving to enter

5 L Valley, the people off here 350 miles south from

settlements on the road — no mail facilities — nervously

guarding and watching for a part of the army to come, Via

New Mexico, Colorado or California— All uncertainty &
excitement — Indians highh' excited against 'Americats'

(white emigrants) who from the time of Fremont's visit,

who shot 8 indians near here, and generally after they

(Emigrants) have shot Indians at sight — Then the com-
pany from Ark. [Arkansas] while at Corn Creek lost an ox

6 the Indians Eat of it & 8 died immediately — These
Indians followed and raised all others on the route — and
no doubt under the excitement some of our vengeful ones

might have joined— we don t know, but so I lielieve and
the deed was done — The Indian Chief at Parowan was
advised by the Bishop not to go — he stayed[?], but was
brought two yoke of oxen by his men.

Johnson then defended the Mormon
church and its officials, stating that it was the

policy at the time to "cripple the enemy in

means but not in men. . . . They sent an ex-

press to B. Y. [Brigham Young], asking shall

we protect them or fight them? The answer
came by swift messenger 2 days too late —
protect & pass them safely through the coun-

try from B. Young.

It would be interesting to know how the

information was used in the Parry lecture on

the Mormons, whose polygamous life-style

impressed him negatively.

There are two letters from Parry to Engel-

mann from Spring Lake, Utah, in the summer
of 1875. The first is dated 8 July 1875. In it

Parry discusses Abies concolor, other plant

species, and the nature of Utah Lake. Of the

latter, Parry says, "I have been over on a trip

to the head of Lake Utah, a nice sheet ofwater

but poor in botany. " He had anticipated going

to St. George in the autumn but decided to go

to California instead. He discusses some ofthe

forest trees of Utah and gives their common
names as follows: "Abies concolor is called

here 'Black balsam' and is cut for R R ties,

considered good timber. A. grandis [probably

A. lasiocarpa] is 'White balsam' and consid-

ered worthless. 'Red pine' is A. douglasii &
"White pine' A. Engelmannii."

A portion of the 1875 season was spent in a

mountain cabin remote from Spring Lake, but
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there is no reference to wliere collections

were actually made, except for Mt. Nebo and

vicinity.

In the letter dated 28 August 1875, Parry

notes: "I expect Mrs. Parry next week, will go

to meet her at Salt Lake, bring her down here

to introduce her to the polygamists &c & leave

for California about 2()th Sept.

Thus, Parry closes out his second trip to

Utah.

List of C. C. Parry Type-Specimens

Arctomecon humilisCjOv., Proc. Biol. Soc. Washington 7:

67. 1892.

Washington Co., Utah, near St. George, Parrv sn

1874 (US!; NY!).

Papaveraceae.

Parry (1875b) says, in reference to this

plant:

Amid the more unusual forms of undergrowth, made
familiar in my rambles near St. George, my attention was

drawn at a single loeality to a showy Papaveraceous plant,

with nodding white flowers, in which I was delighted to

recognize the Arctomccon Californicum Torr. (No. fi),

collected only by Fremont thirty years ago, and figured

and described in his report from a single specimen. The
present collection, since supplemented by mature fruit-

ing specimens, furnishes the means of completing the

description of this interesting plant, which seems to differ

from the original figure in its less hairy leaves, four (not

si.x) valved capsule and more caespitose habit. The fruit-

ing specimens show marcescent petals, persisting after

the maturity of the seed, and an aversion of the upper

third of the triangidar valves, leaving the placental ribs

connected at the summit with the imited stigmas forming

a basket in which the shining black seeds lie looseh' like so

many eggs. The plant is apparently biennial, with deep
tap roots, the broken stem and leaves giving out a yellow-

ish sap. In the two localities where found it grew in a loose

marly soil, strongly impregnated with G\psum.

The protologue o( Arctomecon and its only

species, A. californicimi, in the appendix of

the s(>cond Fremont expedition included the

descriptions of the petals "about an inch long,

yellow (Fremont 1845). The discrepanc\'

seems to have been lost on Parry, but with

only the description by Torrey lor compari-

son, it is not easy to now fault Parr\

.

The species was not published mitil two

years following Parry s death.

Asdepiaslcucopluilla Kngelm. in Parrv, .\mer. Naturalist

9: ,348. 1875.

Washington (^o., Utah, near St. George, Parry

207, 1874 (MO). .'\.sclepiadaceae A. crosa'WnY.

In Parrys letter to (ieorge Engelmann
dated 23 February 1875 is a conuueut on his

specimen No. 207. Parry says: "But there is

something in your line. I am not (juite clear

about No. 207, which Gray says is near Ascle-

pias eriocarpa Benth. I doubt this, as the

habitat and location is t^uite familiar, grows
4-6 feet. What do you say?" The answer is not

present among the correspondence exam-

ined, but obviously Engelmann agreed that

specimen No. 207 was not Asclepias erio-

carpa. In another letter to Engelmann, dated

27 March 1875, Parry says: "I have nothing to

helyt out Asclepias eriocarpa , No. 207, grows

in dry sandy washes of the Virgen, 3-5 feet,

curious mottled leaves. I do not think it is

either of the California sp." On 29 April 1875,

in another letter to Engelmann, Parry fiuther

states: "I have seen Asclepias here [he was

writing from Brooklyn, New York, and had
visited the Torre\' herbarium] &; at Philadel-

phia, including several specimens of A. erio-

carpa and A. vestita, confirming your diagno-

sis of A. leucophijlla, but yesterday at Torrey

herb I saw an unmarked specimen from Vera

Cruz (Hatsted), the exact counterpart of ours?

I send some flowers to compare, not having

any specimen of A. leucophijlla here. If it

agrees, is not the taller likely to prove a de-

scended Mexi[can] sp.?'

Astr(i<iahis crcniiticus Sheld., Bull. Geol. & Nat. Hist.

Surv. Minnesota 9; 161. 1894.

Washington Co., Utah, Beaver Dam Moimtains,

C. C. Parry 45, 8 May 1874 (MINN; US!).

Leguminosae

Parry (1875b) notes that No. 45 (identified

as Astragalus arrectus) was taken "at our

nooning place [Bea\'er Dam Mts.], ha\ing

reached an ele\ ation ot not less than one thou-

sand feet abo\c' the \alley of the N'irgen, a

deep gorge in the limestone rocks attbrded a

scant supply of water. Astra<ialus eremiticus,

the hermit milk\ t'tch, remained mmanied mi-

til four \ ears follow ing Parry s death.

The opportunity to traxtl to the Beaver

Dam Mountains is reported b\ Parr\' (1875b).

lie describes the route as crossing the Santa

( >lara near its mouth (confluence with the Vir-

gin) and proceeding up one of the "dry

washes leading more directh' toward the

mountain slope. The site of the "nooning" is

not known, but could be the head of C-edar

Pocket Wash, which is crossed by the historic

road between St. George and Las \'egas.

Other plants cited by Parry as being collected

with Astraiialus arrectus are Oenothera
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[CamissoniaJ pteruspcnna Watson (No. 70), a

tall Phacelia of a climbing habit with foliage

resembling P. tanacetifolia (probably P. val-

lis-moi'tae), Phacelia ramosissima Benth.

(No. 184), and a robust, showy form of Eri-

ogonum ovalifolium Nutt. (No 241).

The numbers of the specimens are not tra-

ditional collection numbers. Instead, they are

exiccatae numbers assigned as the specimens

were placed in sets for distribution.

Astragalus metacarpus (Nutt.) Gray var. parriji Gray ex

Wats., Bot. California L 148. 1876.

Iron Co., Utah, near Cedar Citv, Parrv 51, 1974

(GH; US!; NY!).

Leguminosae

"After spending a few days very pleasantly

in the rude homes of these hospitable

herders, I returned to Cedar city, by a very

direct trail, leading down the steepest part of

the mountain slope. On this route I was fortu-

nate in securing good fruiting specimens of

Astragalus metacarpus Gray (No. 51), hith-

erto only known from Nuttalls original speci-

mens" (Parry 1875c).

Parry wrote last to Engelmann on 23 June

1874, noting: "This is my last flash from St.

George. I am now packed & ready to leave in

the morning for Cedar City or as you would
have it Juniperus osteospenno var. Utahensis

[city]!!!" He must have arrived there within

the next few days, possibly as early as 25 or 26

June. Only one letter from Parry to Engel-

mann, dated 9 July 1874, is from Cedar City.

That letter looks foi-ward to a trip later that

year to Colorado, where Parry expected to be

joined by Engelmann.

Cordi)Iantlius parn/i Wat.s. in Parry, Anier. Naturalist 9;
"

346. 1875.

Washington Co. , sahne marshes in vallev of the

Virgen, Parry 155, 1874 (US!; NY!).

Scrophulariaeeae = C. maritimus ssp. canescens

(Gray) Chuang & Heekard

Cuscuta denticulata Engehii. in Parry, Anier. Naturahst

9: .348. 1875.

Washington Co., St. George (on Coleo^tine, Bis-

cutella [Ditlujrai'a]), Parry 205, 1874 (US!; NY!).

Cuscutaeeae

Parry (letter from Davenport, Iowa, dated 8

October 1874) pressed Engelmann: "I want

you to look again at the Cuscuta parasitic on
Coleogyne. It cannot be a form of C. califor-

nica, will look for more advanced plants." Pos-

sibly this need to have Engelmann "look

again" led to the publication of C. denticulata.

Ercmocanja iiiurirafa H\dl)., Bull Torrey Bot. (Jhih 36:

677. 1909.

Southern [prohahlv Washington Co.] Lftah, Parrv

164, 1874 (NY).

Boraginaeeae - Cnjptanthu micrantha (Torr)

Johnst.

The collection was properly identified at

the time (Parry 1875d) as Eritrichium mi-

cranthum Torr., the basionym oiCryptantha

micrantha.

Erio^onum parriji Gray, Proe. Anier. Acad. 10; 76. 1874.

Washington Co., Utah, rocky slopes near St.

George, May 1874 (US!; NY!).

Polygonaeeae = E. braclujpodumT. &G.
Eriogonum spathulatum Gray, Proc. Amer. Acad. 10; 76.

1874.

Sevier (?) Co., "Lower vallev of the Sevier," Parrv

245, July 1874 (GH).

Polygonaeeae

This was likely taken on his return trip from

Beaver to Salt Lake City.

Eriogonum suhreniformc Wats., Proc. Amer. Acad. 12;

260. 1877.

Washington Co., Virgin River valley, Parry 237,

1874 (ISC!).

Polygonaeeae

Eritrichium }}(irbigerum Gray , Synop. Fl. N. Amer. 2(1):

194. 1878.

Washington Co., St. George, Parrv 171, 1874

(NY?).

Boraginaeeae = Cnjptantha harhigera (Gray)

Greene

Eritrichium pterocanjum Torr. var. pectinatum Gray,

Proc. Amer. Acad. 10; 61. 1874.

Southern [prohahlv Washington Co.] Utah, Parry

sn 1874 (NY!).

Boraginaeeae = Cnjptantha pterocarija var. pte-

roca rija

Parry (1875e) cites two collections of Er-

itrichium pterocan/um Torr., numbers 168

and 169.

Euplu)rhia parriji Engelm. in Parry, Amer. Naturalist 9:

3.50. 1875.

Washington Co., L'tah, "St. George, in loose drift-

ing sand," Parry 247, 1874 (MO).

Euphorbiaceae

Festuca dast/clada Hack, ex Beal, Grasses N. Amer. 2:

602. 1896.

Utah. Parry 93, 1875 (US!; ISC!; NY!).

Gramineae

This curious grass was taken by Parry in

1875 while he was a resident at the home of

Benjamin F. Johnson. Parry was concentrat-

ing on collecting conifers for shipment to Dr.

Engelmann. He made forays to Mt. Nebo,

and possibly penetrated as far as the Straw-

berry Ridge or to the Wasatch Plateau. The
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species in Utah is currently known from the

margin of Strawberry Ridge near the Utah-

Wasatch county line, the Wasatch Plateau,

and the Table Cliff Plateau. This grass, named
some six years following Parry's death, re-

mained obscure for a long time, partially be-

cause of its remote habitats, but primarily

because of its resemblance to Stipa hij-

menoides, which it simulates in growth form

and habit of branching of the inflorescence.

The Stipa is a common species through much
of Utah and coexists with Festuca dasyclada

on high-elevation Tertiary limestones and cal-

careous shales. Each plant must be examined
with care to note the differences. This festuca

is also known from Tertiary shales in Rio

Blanco and Garfield counties, Colorado.

GaiUardia acaulis Gray, Proc. Amer. Acad. 10: 73. 1874.

Iron Co. , "gypseous clav hills near Cedar Citv, C.

C. Parry 120, July 1874 (NY!).

Conipositae = G . parnji Greene, not Piush

The name Gciillordia acaulis Gray is a later

homonym of G. acaulis Pursh, the basionym

of Hymenoxys acaulis (Pursh) Parker, hence

G. parnji Greene.

Giliafiliformis Parry ex Gray, Proc. Anier. Acad. 10: 7.5.

1874.

Washington Co., Utah, "rockv slopes near St.

George," C. C. Parry 187, April' 1874 (NY!),

Polemoniaceae

Gray (1875a) cites the type locality as

"Southern Utah, on the detritus of volcanic

rocks. Dr. Parry."

Cilia latifulia Wats, in Parry, Amer. Naturalist 9: .347.

187.5.

Washington Co., Utah, "Valley of the Virgen, near

St. George," Parry 188, 1874 (GH: US!; CAS!;

NY!; BRY).

Polemoniaceae

This plant is almost at the margin of its

range at the type locality. The species extends

into Utah in two areas: along the Virgin River

into Washington County, and along the

canyons of the Colorado into Kane, San Juan,

and Wayne counties. Otherwise its distribu-

tion is througii southern Nevada, uoitheru

Arizona, and southern California. Gilia latifo-

lia is ("Specially well adapted to growth on

gravelly alluvial fans warmed early b\ spring

sunshine and watered late by suuuner and
winter rains.

Gilia scopulorum \ar. dtfonnis Brand, IMlan/enr. 4.

Fam. 250: 109. 1907.

Washington Co., Utah, "Sud Utah; Ohne nahere

Angabe," Parry 198, 1874 (?).

Polemoniaceae = G. scopulorum ]ont's?

Parry (1875e) identifies his No. 198 as Gilia

inconspicua Gray. The same identification is

indicated for his No. 199, but he notes (1875e,

p. 348): "Apparentlv distinct from the above

form" (i.e.. No. 198.').

Hamosa atratifonuis R\dl)., Bull. Torrey Bot. Club 34:

48. 1907.

Washington Co., Utah, Pine Valley Mts. (Parry

1875c, pp. 200-201), on "the lower diyiding ridge

to the north and west," Parry 47, 8 or 9 June, 1874

(NY!).

Leguminosae - A. straturcnsis jonea

This species was initially identified by Parry

(I.e. ) as Astragalus atratus Watson. Marcus E.

Jones (1898) subsequently named the plant A.

straturcnsis.

Lannloisia sctosissima yar. campijloclados Brand,

Pflanzenr. 4. Fam. 2.50: 171. 1907.

Washington Co., Utah, near St. George, C. C.

Parry 190, May 1874 (US!).

Polemoniaceae = L. scfosissitna (T. & G.) Greene

Number 190 in the Parry list is identified as

Gilia setosissima Gray. Parry (1875e) says of

the plant that it is "a very neat and ornamental

species, abundant on rocky slopes near St.

George, May."

Lepidium p,cor'^iuuin Rydb., Bull. Torrey Bot. C'lub .30:

2.53. 1903.

Southern Utah (Washington Co.?), C. C. Parry 19,

1874 (NY!).

Cruciferae =^ L. lasiocarpuni \ar. '^i'()r<iinuin

(Rydb.)C. L. Hitchc.

Parry's No. 19 was originalh identified as L.

wrigJitii Gray.

Lcsipicndla ^ordonii yar. scssilis Wats.. Proc. Amer.

Acad. 23: 2.53. 1888.

Washington (^o., ni'ar St. George (?), C C. Parry

snl874((;H).

Cruciferae L. tciwlld \. Nels.

Ijil)imis ruhcn.s R\(lb., Bull. Torre\ liot. (Mub .34: 45.

1907.

Washington Co., near St. (icorgc, C". C. Parr>'41,

1874 (NY!; ISC!).

Legiuninosae /,. j)usillus Pursh

Ataiiiiiiillaria cldoraiitha Fngelm. in Wheeler, Rep. U.S.

(ieogr. Sury. W. lOOth Meridian 6; 127. 1878.

Washington Co., Beaxcr Dam Moinitiiins, C. C.

Parry sn, 1874 (MO).

Cactaceae — Coniphantlui i it iparii \ar. dcscrti

(Engelm.)W. T. Marsluiil

The narrali\c' ol Paii\ s report (1874b) in-

cludes a soHtarx nieutiou of this species. He
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left St. George on 8 May 1874 on an excursion

to the Beaver Dam Mountains, and, "On
reaching a higher elevation on a continuous

upward grade there was brought to view a

greater profusion of plants and shrubbery,

conspicuous among which may be noted Aii-

dihertia incana [probably Salvia dorrii]

Coleogyne ramosissima . and a caespitose yel-

low-flowered Mamniilhiria (A/, chlorantha

Engelm., ined.). Various authors have cited

the type locality as "Southern Utah, east of St.

George." The pale-flowered plants are cur-

rently known only from the Beaver Dam
Mountains.

"Mam. chlorantha is forming seed but not

yet in proper condition. I send in this parcel

what I like to be M. arizonica, apparently

distinct enough" (Parry letter of 23 June 1874

from St. George).

Specimens ofan unnumbered Mammillaria

are in the Parry herbarium at ISC (duplicate

BRY). They were annotated as CorypJiantJia

vivipara var. arizonica (Engelm.) W. T. Mar-

shall by Lyman Benson in 1967. Possibly

these are the basis of the reference to M.
arizonica.

Mimtthis parryi Gray, Proc. Amer. Acad. 1L97. 1876.

Washington Co., Utah, near St. George, C. C.

Parry 147, 1874 (NY!; US; BRY!).

Scrophulariaceae

The citation for No. 147 in Parry s (1875e)

list is as follows: ^^Eiinanus ? A slender,

large flowered showy annual, growing abun-

dantly on gravelly hills near St. George; flow-

ers mostly bright yellow. A light pink vari-

ety(?) was also met with later in the season."

Notholaena parn/i D. C. Eaton, Anier. Naturahst 9: .351.

1875.

Washington Co., LUah, "Crevices of basaltic rocks

near St. George," C. C. Parrv 26.3, April 1874

(US!; BRY!).

Polypodiaceae.

Oenothera alhicciulis var. deciimbens Wats, ex Parry,

Amer. Naturahst 9: 270. 1875.

Washington Co., Utah, "common in dry, sandy

soil, near St. George, C. C. Parry 63, 1874 (GH?)'.

Onagraceae = Oe. deltoides ssp. ambigua (Wats.)

W. Klein

Oenothera brevipesvar. parviflora Wats, in Parrv, Amer.
Naturalist 9:271. 1875.

Washington Co., LUah, near St. George, C. C.

Parry 74, 1874 (GH; MO; F).

Onagraceae = Cainissonia multijuga (Wats.) Raven
Oenothera johnsonii Parrv, Amer. Naturalist 9: 270.

1875.

Washington Co., Utah, near St. George, C. C.

Parry 64, 1874 (ISC!).

Onagraceae Oe. primiveris Gidv

Parry (1875d) notes: "Common on all dry

hills near St. George. Dedicated to J. E. John-

son, Esq."

Oenothera parn/i Wats, ex Parry, Amer. Naturalist 9:

270. 1875.

Washington Co., Utah, "near St. George, C. C.

Parry 72, May 1874 (US!; NY!; BRY!).

Onagraceae ^ Camissonia parriji (Wats.) Raven

"Abundant in bare gvpseous clav hills near

St. George; H. May" (Parry 1875d)'.

Petah)iujx parn/i Gray, Proc. Amer. Acad. 10: 72. 1877.

Washington Co., Utah, near St. George, C. C.

Parry 75, 1874 (NY!; BRY!).

Loasaceae

Parry (1874b) discusses this species as fol-

lows:

Among the rarities of this section must be noted a well

marked new species of the peculiar southwestern genus

PetaU)nyx, characterized by Prof Gray as P. Parn/i n.sp.

(No. 75), this making a second recent addition to the

genus. Of this only a single plant was met with, forming a

low bush with remains ofdead stalks, especially conspicu-

ous at a distance from the faded leaves of the previous

season's growth, exhibiting a pure pearly white. The deli-

cate cream-colored blossoms, with exserted style and

stamens, reminded one ofLonicera, but the polypetalous

flowers and the peculiar hairy brittle leaves designated it

at once as belonging to the Loasaceae. A diligent search

over the dry gra\ ell\' and alkaline soil, where it was found

associated with the common "grease woods' of this region,

failed to bring to light any other plants, so that this single

locality, precariously situated within a stone s throw of the

great Mormon temple, does not encourage the hope of a

prolonged existence for the benefit of future botanists.

The plant from which the type material was

taken has long since been eradicated. The
species is, however, locally common on the

Moenkopi Formation east of Washington,

Utah.

Peucedanum parn/i Wats., Proc. Amer. Acad. 11: 143.

1876.

Southern Utah (Washington? Co. ), C. C. Parry 85,

1874 (NY!).

Uml)elliferae = Lomatium parnji (Wats.) Macbr.

Phaceha eej)Iudotes Gray, Proc. Amer. Acad. 10: 325.

1875.

Washington Co., LUah, near St. George, C. C.

Parry 179, May 1874 (NY!; US!; BRY!).

Hydrophyllaceae

According to Parry (1875e), this species oc-

curred "on bare clay soil in the valley of the

Virgen." The label information on Parry 179 at

BRY is "rock crevices, near St. George."
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Phacelia pulchella Grav, Proc. Amer. Acad. 10; 326.

1875.

Washington Co., Utah, near St. George, C. C.

Parrv 182, May 1874 (GH; POM!; NY!; US!;

BRY!).

Hydrophyllaceae

"Abundant on gypseous clay hills near St.

George (Parry 1875e). The species is referred

to in the text (Parry 1875a) as P. crassifolia

Torr. Of the species, he (I.e.) notes: "Hardly

less showy [than P. fremontii Torr.] is the

Phacelia crassifolia Torr. (No. 182), with flow-

ers of an intense blue shade, thickly scattered

over gypseous clay knolls. This latter species

frequently becomes dwarfed in exposed

places, and spreads out in the form of purple

patches over the bare soil."

Platijstemon rcmotus Greene, Pittonia 5; 190. 1903.

Washington Co., Utah, "Upper Santa Clara," C.

C. Parry 8, 1874 (CAS!).

Papaveraceae = P. californicus Benth.

This is correctly identified in Parrys

(1875d) list.

Platijstemon rigidulus Greene, Pittonia 5: 167. 1903.

Washington Co., Utah, near St. George, C. C.

Parry 8a, 1874 (CAS!).

Papaveraceae = P. californicus Benth.

Thelesperma suhnudum Gray, Proc. Amer. Acad. 10: 72.

1874.

Iron Co., Utah, near Cedar Citv, C. C. Parrv 109,

1874 (US!; ISC!; BRY!).

Compositae

Parry (1874c) notes: "Along the gravelly

marginsofCedar Creek was found . . . Theles-

perma suhnudum Gray, n. sp. Gray (I.e.)

cites the type locality as "St. George, South-

ern Utah, Dr. Parry." That error, having been

copied from Gray, is perpetuated in Welsh

(1982).

Trifoliiim ronfusiiin Rvdb., Bull. Torrev Bot. (Huh .34: 46.

1907.

Iron Co., Utah, near Cedar (>itv, C. C. Parrv 35,

1874 (NY!; BRY!).

Leguminosae - T tongiprs \ar. liracluipiis Wats.

This plant, called Trifolium eriocepliahim

Gray l)y Parry (1875d), is indicated as ha\ing

been collected on the "Sheep range. Cedar
City. July." Parry (I.e.) notes: "Having soon

exhausted this scanty flora [near Cedar City],

my attention was directed to the high moun-
tain range of the Wahsatch, rising abruptly to

the East, and overlooking the southern exten-

sion of the great interior basin. An ascent of

about 3,000 feet in a distance of three miles,

brings us to the outer crest ofthe range, which
extends eastward in an irregular series of un-

dulations to the upper Sevier valley." He fur-

ther states: "Four miles back towards the inte-

rior of the range, the country expands into

wide grassy slopes, and frequent springs and

running streams bordered by snow drifts, give

unwonted freshness to the pastoral scenery.

Here is located the summer sheep range, and

dairy farms of this district, of which the only

apparent drawback to their attractive and pro-

ductive features, is the annoying prevalence

of blood-thirsty flies.

The flies are still there during the summer
months.
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AGONISTIC BEHAVIOR OF THE CALIEORNIA GROUND SQUIRREL,
SPERMOPHILUS BEECHEYL AT AN ARTIFICIAL FOOD SOURCE

Pedro Durant', Jim W. Dole", and George F. Fisler

Abstract.—Occurrence of agonistic behavior patterns in Spcrmophiltis hcechciji at a concentrated artificial food

source was studied. Our data from S51 encounters are compared with pre\iously published information from

unmanipulated populations. Eight new behavior patterns (rump block, kick, foi-ward shove, pounce, displacement

grooming, circle fight, roll fight, and boxing fight) are described.

Because of the diver.sity of life-styles exhib-

ited and habitats occupied by its member spe-

cies, the squirrel family Sciuridae has pro-

vided biologists with a rich source of

information on the evolution of mammalian
sociality. Aspects of this work with ground
squirrels have been discussed by, among oth-

ers, Armitage (1981) and Michener (1983). A
recent volume (Murie and Michener 1984)

deals extensively with the biology of ground

squirrels, including sociality. Biologists gen-

erally accept, however, that successful analy-

sis of the evolution of behavior and sociality

depends upon the prior cataloging of the be-

havioral repertoire of each species as an etho-

gram (Lehner 1979). Only when the extent

and context ofeach behavioral action is imder-

stood can its adaptiveness be fully appreci-

ated. For this reason, many works on the be-

havior of squirrels have been at least partially

devoted to descriptions of behavioral actions.

Among the highly social ground s(|uirrels,

agonistic behavior has received considerable

attention. Descriptions of postures and ac-

tions associated with agonism have been pub-
lished for several species, among them Sper-

mophilus undulatits (Watton and Keenlevside

1973, Steiner 1974), S. annatiis (Balph and
Stokes 1963, Clark and Russell 1977), S.

richardsonii (Sheppard and Yoshida 1971), S.

cohimbianus (Betts 1976, Steiner 1974), and
Ammospennophilus leucurus (Fisler 1976).

For the California ground scjuirrel, Sper-

mophilus beecheyi, Owings et al. (1977) have
described many agonistic behavior patterns,

and Dobson (1983) has provided information

on the timing, pattern, and form ofagonism in

this species. The purpose of this paper is to

describe eight agonistic actions previously un-

reported in this species, all observed among
individuals feeding at artificial, concentrated

food sources; we also provide additional infor-

mation concerning the context and frequency

of agonistic actions previously described.

Study Area

Two populations about 880 m apart were
observed in the Santa Susana Mountains,

north of Chatsworth, Los Angeles Co., Cali-

fornia, from 27 July 1975 until 29 April 1976.

Site 1 was relatively flat, at the head of a steep

canyon (920 m elevation); Site 2 was a south-

facing hillside (985 m elevation). Predominant
vegetation at both sites was wild oats {Avena

fatua), heavily grazed by cattle. The only

other vegetation was a single, small coast live

oak {Qiierciis agrifolia) and a small stand of

California sagebrush {Arteinisia califoniica)

at Site 1. Grasslands of this sort are common
habitats of S. beeclieyi in southern California.

The localitv studied is well within the range of

S. b. beecheyi (Hall 1981).

Methods

Squirrels were live-trapped, sexed,

weighed, toe-clipped for permanent identifi-

cation, and dye-marked with Rodol-A. Trap-

ping was continued sporadically throughout

the study and toe-clipped animals re-dyed as

necessary. Forty-eight animals (17c?, 31 9)

were marked at Site 1, 44 {23<S , 219) at site

2. At Sites 1 and 2, respectively, 15 and 4

Faciiltad de Ciencias. Universidad de los Andes, Merida, Venezuela.

"Department of Biolog\', California State University. Northridge, California 91.3.30.
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animals were adults when first captured; all

others at captiu-e were yoinig-of-the-year

(hereafter termed young). By spring, all ani-

mals had attained adult size. No exchange of

individuals between the two sites was noted.

Of the 50 observation days, 29 were in the

fall prior to winter inactivity (3 September-4

December), 18 were in the spring mating,

gestation, and lactation period (3 Febru-

ary-29 April), and 3 were in summer (13

July-19 August). Observations were made,

sometimes with binoculars, from a car.

To encourage and intensify interactions, we
filled four or five enclosed wooden boxes (20

X 20 X 25 cm) with seed (wild-bird mix) and

placed them in various locations within the

colony each observation day. Seeds fell into a

5 X 5-cm feeding tray on one side of each box

where only one squirrel could feed at a time.

Interactions among squirrels at each box were
then recorded over a 3-4-hr period.

Most observations were made on 15

marked animals (7d, 89) at Site 1 and 18

(IM, 79) at Site 2; both adults and young
were included. To avoid including animals of

unknown biological and social status, we lim-

ited our analysis to interactions between two

dye-marked squirrels. Kinship among ani-

mals was not known, but male-female pairs

sometimes were identified.

Results

New Behavioral Patterns

Behavior patterns previously unnoted in

this species are described l)elow. Where ap-

plicable, we use terminologv applied by

Fisler(1976).

Rump BLOCK; A shifting of the rump position

by a feeding animal so as to block another

individuals approach.

Kick.: A raising of and pushing with the rear

legs against the flank of another animal.

FOHVVAHDSIIOXE: A pushing action with llic

forelegs while in an upright posture.

PoUNCE: The leaping of one animal onto

another so that all four of its feet are momen-
tarily in contact with the back of the animal

being attacked.

Bo.XiNC FI(;iiT; An action in which two ani-

mals stand briefly on their hind legs, face to

face, and bat each other \ igorously with tlu-ii"

forepaws.

ROLLFICHT: An intense fight in which two

individuals roll over and over in a tight ball,

frecjuently with considerable clawing and bit-

ing.

Circle fic;iiT: An intense fight in which two
scjuirrels chase each other in a tight circle.

"Displacement' croominG: A very brief

(4-5 sec), elaborate "washing motion, start-

ing with a vigorous rubbing action with both

forepaws on the face and ears, then proceed-

ing rapidK' down the entire body to the tail

tip. Because the action appears out of context,

typically interspersed among intense agonis-

tic encounters, we interpret it to be

"displacement" behavior.

Occurrence of Behavior Patterns

Here we consider the context and fre-

(luency of occiurence of agonistic behavior

patterns seen in our study. Where appropri-

ate, we compare oiu- findings with those of

Owings et al. (1977). Data for all 851 encoun-

ters observed by us are siuumarized in Table 1.

Chase.—As did Owings et al. (1977), we
found chase the most common type of agonis-

tic interaction (27.5% of all encounters), with

males chasing more frequently than females

(167 of234 chases; 71.4%). In contrast to their

findings, however, we observed males chas-

ing females more frequently than the\' did

other males, 1.34X as frequently among
adults in spring and 1.65X as often overall.

Females were the chasers 67 (28.6%) times,

chasing other females 52 times, males only 15.

One young female accounted for 13 of the 15

chases of seven males (six yoimg, one adult),

fi\'e of which were larger than she b\- 50-150

g. Two other females were also seen to chase a

male once each; in one instance both animals

were young, and in the other both were

adults.

On seven occasions in spring, two adult

males engaged in bouts of reciprocal chasing

after meeting at a box. First one chased the

other 2-3 m from the box. Reversing roles,

the pair then ran past the box 2-3 m in the

opposite direction. TypicalK the roles re-

versed repeatedly, in one case eight times,

before an encounter terminated. We believe

such beha\ ior to be the result of repeated

dominance rexcrsals across a territorial

boundarx . As evidence, we cite the fact that

such l)eha\ ior could be induced ouK' at cer-

tain locations; nu)\ ing the box as little as 1 m to

either side caused agonistic encounters to
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Table 1. Frequency of behavior patterns hy sex and age in dyadic encounters. All encounters involving young

occurred in fall. All encounters between two adults were seen in spring, except for two rump blocks, one roll fight, and

one flank push between two females, and the four male-female flank pushes in which males did the pushing. In

male-female encounters, frecjuency of male wins and freciuency of female wins, respectively, are separated by a slash.

Asterisks identifv newlv described behaviors.

Agonistic
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deliver a kick (3.7%) against a young female.

Frequently, foi-ward shoves were inter-

spersed with kicking. This action was seen 20

times, 19 of them involving two young fe-

males. All but two foiAvard shoves occinred

coincidentally with kicking.

Displays.—During intense agonistic en-

counters two animals often showed a lateral

approach display (Owings et al. 1977), their

bodies parallel, either head to head or head to

flank, their backs arched, their heads slightly

up and oriented toward the opponent, their

tails elevated, and the tail hairs erect. Al-

though Owings et al. (1977) reported such

action mainly among males, of the 68 lateral

approaches we saw, only 24 (35.3%) involved

two males; 33 (48.5%) cases involved a male

and a female, 11 (16.2%) two females.

Owings et al. (1977) reported that lateral

approaches often ended in flank pushes or

slams, but we found they most commonly ter-

minated simply by separation (20 cases;

43.5%); 10 (21.7%) ended with a chase, 6 with

a kick, 6 in fights (13% each), and only 4 (8.7%)

in flank pushes. Furthermore, the display was

not always initiated in a side-to-side orienta-

tion; 38 times (55.8%) we saw this behavior

begin as two animals approached head-on,

often when 3-4 m apart. Only as they closed

on each other in a slow, stilf-legged gait did

they assume the typical lateral position.

Pushes.—Whenever two animals ap-

proached a box simultaneously, or when one

tried to enter while another fed, flank pushing

(side-shove match of Fisler 1976) was com-
mon. An animal at the box when the encoun-

ter began typically initiated the pushing, usu-

ally after an attempted rump block failed. Two
males engaged in such matches only 5 times

(6.0%) compared to 54 (64.3%) such interac-

tions between two females and 25 (29.8%)

between a male and a female. Of the 25 male-

female encounters, the male retained or at-

tained control of the box in 19 (76%). The
vigorous (lank slams described from film by
Owings et al. (1977) were not seen.

Markinc; behavior.—Three behavior pat-

terns describ(xl by Owings et al. (1977) and
probably invoked in scent marking occurred

among our squirrels. C'heek-back rubbing was
most common, with cheek rub and dusting

seen only about 25% as often. All were exclu-

sively actions ol adult males in spring, usualK

occurring when two males met at a box on

their common territorial boundary. Typically,

a lateral approach display was followed by a

brief period oi ambivalence as first one, then

the other, approached the box. One animal

would then turn away to rub either its cheek

(cheek rub) or its whole side from mouth to

flank (cheek-back rub) on a nearby stake or

log, or in the dust (dusting). Frequently such

behavior was repeated many times in succes-

sion.

In one case a cheek-back rub occurred with

only one male immediately involved. While
one adult male was in a trap, another ad-

vanced 5 or 6 m into the trapped male's terri-

tory where it cheek-back rubbed a stake three

times before retreating.

Fic;hts.—Several gradations of fighting be-

havior occurred. Least vigorous was the

pounce. Twice an adult male pounced on an-

other adult male feeding at their common ter-

ritorial boundary. In a third instance a male

pounced on a female, apparently causing her

to relinciuish a box. In a fourth encounter a

pregnant female, without obvious prelimi-

naries, leaped onto a male (with whom she

shared a burrow) while he was feeding in the

grass. He gave no obvious response and con-

tinued feeding as she began feeding also.

Boxing fights occurred 24 times. This action

was most common between two young (21

times; 87.5%), usually females (15 times;

62.5%). Only once did two adults, a male and

a female, engage in such an action. Each en-

counter lasted only 3-5 sec.

Both roll and circle fights were usualh" in-

tense, often invoking clawing and biting. Roll

fights, the more common ol the two, occurred

among both mature and immature animals. In

2 of the 10 roll fights between a male and a

female (both Noung), the female won the en-

counter and retained the box.

Of the 68 fights of all sorts, roll fight and

boxing fight were most conunon (54.3% and

35.3%, respectixek); pounce accounted for

only 5.9% of the fights and circle fight only

4.5%. Forty-six (67.6%) fights were between
two N'oung animals, and 33 (48.5%) involved

two \()ung females.

Disi'L.\c;emen'I croonhnc;.—This action

was seen onk' during high-intensit\ encoun-

ters between adult males on territorial

boundaries. It was obserxed in six encounters

and in each was repeated man\ times. Each
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time the behavior was seen it was inter-

spersed among bouts of lateral approach, flank

push, fights, and marking behavior. Typically

a male would break offan agonistic encounter,

engage in displacement grooming, then ei-

ther renew the encounter with its adversary

or mark a nearby stake.

We occasionally shifted the action from one

member of a dyad to the other by moving the

feeding box 0.5-1 m toward the territory of

the animal that had previously been

"grooming." Consequently, our subjective

opinion is that the grooming animal is the one

most "ill at ease" at the moment. We have not

seen such action among adult males in any

other context, nor among females or imma-

ture males.

Discussion

Our study differs from that of Owings et al.

(1977) in that most interactions we saw took

place at a concentrated food source. Pre-

sumably the level of antagonism at such a

locale is higher than among individuals inter-

acting where resources are more widely scat-

tered. This difference in procedure probably

accounts for most of the differences observed

in frequency and context ofbehavior patterns.

It probably also accounts for our observations

of several previously unreported fight pat-

terns and displacement grooming, thereby al-

lowing an extension of the ethogram for Sper-

mophihis beecJieiji.

Some behavior patterns, (e.g., chase, sup-

plantation, flank push, lateral approach) are

common to both sexes and all ages. Indeed, if

one assumes a 1:1 ratio among the sexes in the

populations, the frequency of occurrence of

the first two behaviors approximates the 1.2:1

ratio expected on the basis of likelihood of

male-male, male-female, or female-female

contacts. The frequencies ofoccurrence of the

flank push and lateral approach, on the other

hand, are clearly skewed, the former much
more common among females than males, the

latter mainly utilized when the two animals

are of the same sex.

Other behaviors are more restricted in oc-

currence. Almost half of the fights were be-

tween young females, perhaps animals still

sorting out hierarchical relationships. Stare

and rump block were never seen between two

males ofany age, although both were common

when two females or a male and a female

interacted. Kick and forward shove, typically

associated with stare and rump block, were

almost totally restricted to young females.

They occurred only rarely in a young male-

female encounter and never between two

males of any age. Among adult males, the

more intense agonistic action of lateral ap-

proach appears largely to replace the milder

actions ofrump block, stare, kick, and forward

shove, although it is not restricted to this con-

text.

Four behavior patterns—displacement

grooming and three marking actions—oc-

curred only during intense boundary interac-

tion between two adult, territorial males. Ow-
ings et al. (1977) also reported cheek rub and

cheek-back rub to be mainly a male action,

although they saw these actions among fe-

males occasionally. The predominance of

marking actions among males is not surprising

since such actions are presumed to be related

to identification and reinforcement of territo-

rial boundaries; evidence that adult males are

territorial during the breeding season is

strong, but clearcut indications of territorial-

ity among females is lacking (Dobson 1983).

The role of displacement grooming is not

clear.

As evidenced by the "winner" in all cate-

gories of agonistic behavior but one (rump

block), male dominance is characteristic in

this species, even among young and among
adults in the nonbreeding season. This con-

forms generally with the findings of Dobson

(1983) and Fitch (1948). Male dominance may
be related both to sex-related hormonal differ-

ences and to the generally larger size of males.

However, the possibility that factors other

than sex and size are also involved is sug-

gested by the fact that among Richardson's

ground squirrels (S. richardsonii) the larger

males do not dominate females after the

breeding season (Michener 1983). Even in the

California ground squirrel male dominance is

not invariable, as indicated by a young female

that at various times chased seven different

males, all but two larger than she, and by a

pregnant female that attacked a larger male in

whose territory she lived (her mate?) with

apparent impunity on a few encounters.

Clearly the degree of aggressiveness among
females differs and may temporarily be

increased relative to certain males during
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pregnancy. Dobson (1983) also found females

to occasionally dominate males, at least non-

resident ones.

Our observations also confirm the findings

of Dobson (1983) that male California ground

squirrels frequently are territorial, at least

during the breeding season. Using artificial

food sources, we had no difficulty identifying

the territorial borders between adjacent

males and found them to be stable throughout

the breeding period. We suggest that this

technique, though manipulative, may prove

useful with other scjuirrels for verifying the

existence of territoriality and for delineating

boundary locations.

Finally, we note that the majority (92%) of

the agonistic encounters seen appear to in-

volve little energy output and entail little

physical risk. The four fight categories, those

behaviors presumed bioenergetically most

expensive and potentially most harmful, com-

prised only 8% of the encounters observed.
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MIGRATING MORMON GRICKETS, ANABRUS SIMPLEX (ORTHOPTERA:
TETTIGONIIDAE), AS FOOD FOR STREAM FISHES

Harold M. Tyus' and W. L. Minckley"

Abstract—Migrating hands oi Mormon crickets (Anahni.s simplex) were oI)served crossing the Green and Yampa
rivers in Dinosaur National Monument, Colorado and Utah, in 1986 and 1987. Swimming crickets were swept

downstream and eaten by loin- endemic and seven introduced fish species. Included were two endangered fishes,

Colorado squawfish {Ptycliochcilus luciiis ) and humpback chub (Gila cyplia ). Direct and indirect effects to aquatic food

webs associated with application ol pesticides for Mormon cricket control may pose a threat to these fishes and to man.

The Mormon cricket {Anahrus simplex

Haldeman) occurs only in western North

America where it is generally regarded as an

agricultural pest (Wakeland 1959). This

flightless, long-horned grasshopper is primar-

ily solitary in low-density subpopulations but

becomes gregarious and migratory with high

densities, moving from its mountain breeding

areas to plague croplands (Gapinera and

MacVean 1987). Earliest records oi this insect

date to Mormon pioneers in the Salt Lake
Valley in 1847 and to the legendary cricket

plague of 1848 (Bancroft 1889, Whitney 1892).

Although most reports stress the detrimen-

tal effects of Mormon cricket outbreaks. Mor-
mon crickets potentially provide an abundant
and high-quality food source (Defoliart et al.

1982). Predation by terrestrial animals in-

cludes about 50 species of birds, mammals,
and reptiles; however, references to preda-

tion by aquatic animals are few (Wakeland

1959). Mormon crickets swim readily (LaRiv-

ers 1956), as do other Orthoptera, and refer-

ence to their movements into Utah streams

and lakes dates to 1848 (Bancroft 1889). Swim-
ming crickets would be exposed to aquatic

predators during migrations, but we found no
reference to predation on this species by
fishes.

Annual Mormon cricket outbreaks and mi-

grations in Dinosaur National Monument
(DNM), Golorado and Utah (Fig. 1), have re-

newed an old controversy about control of

crickets by aerial spraying of pesticides (Gap-

inera and MacVean 1987), U.S. Fish and
Wildlife Service 1986, 1987). A part of this

controversy concerns Park Service policy to

treat crickets with natural controls, if needed
(National Park Service 1986), since aerial

spraying could adversely affect endangered
species in DNM. The objectives of this study

are to evaluate fish predation on Mormon
crickets in DNM, discuss possible signifi-

cance to fishes of a periodic, massive, and
seasonal food supply, and comment on possi-

ble impacts of cricket controls on fishes,

acjuatic communities, and man.

Methods

The availability of Mormon crickets in

streams and predation on them by fishes were
evaluated by visual observations, use of crick-

ets as bait, and direct inspection of stomachs

of nonnative species taken by angling, tram-

mel nets, and electrofishing. Angling in-

cluded bottom-fishing with weighted hooks

and surface-fishing with floats. Mormon crick-

ets were hooked through the thorax and abdo-

men. Weekly trips through the Green and
Yampa rivers in 1986 and 1987 (May through

July) included the season when crickets were
present.

Average weights of late instar and adult

Mormon crickets were obtained in 1987 by
weighing 20-50 individuals from several large

bands. All crickets in a 5-30-m section of road

were collected and weighed on a 1,000 x 2-g

platform scale. Grickets were placed in previ-

ously tared plastic bags, and subsamples were
separated by sex. Gricket bands were located

on Harpers Gorner Road in DNM from 19

July to 14 August 1987.

'us. Fish and Wildlife Sen ice, 1680 West Hwv 40, Kooin 1210. Vernal, Utah 84078.

"Department of Zoology. Arizona State University. Tempe, Arizona 85287.
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Results unicjue and substantial oruanic input to the

(wren and Vampa rixcrs in DNM in 1986 and
Migratory Mormon erickets formed a 1987. Voun<i eriekets were first observed on
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Table 1. Numbers of fish captured usiug Mormon cricket, Analinis simplex, as bait or fish whose stomachs

contained crickets. All fish were captured in DNM 1986-1987 ([— ] indicates no records kept).
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upstream of the confluence (13-km reach),

and none of 25 individuals of the same three

species collected there had consumed crick-

ets.

Discussion

Mormon Crickets and Stream Ecology

The movements of large bands of Mormon
crickets into the Green and Yampa rivers in

DNM in 1986 and 1987 provided a substantial

and high-quality organic input to this system.

This must have been the case in other years of

major outbreaks, such as from 1980 to 1987 in

DNM (Gapineraand MacVean 1987, National

Park Service 1986). Mormon cricket availabil-

ity may be important to the ecology of both

native and nonnative fishes. This is especially

true in DNM, which contains the only known
spawning site for the endangered humpback
chub in the Green River Basin, and one of the

two confirmed spawning sites for the endan-

gered Colorado squawfish (Tyus et al. 1987).

Various investigators have studied Green
River fishes (Holden and Stalnaker 1975,

Miller 1964, Miller et al. 1982, Vanicek and

Kramer 1969) with emphasis on rare, native

species listed or considered for listing as

threatened or endangered (U.S. Department
of the Interior 1985). The fauna also includes

numerous nonnative fishes introduced for

sport, forage, food, or by accident (Tyus et al.

1982). Food habits of native fishes are gener-

ally known (Vanicek and Kramer 1969, Jacobi

and Jacobi 1982), but their seasonal use of

terrestrial animals is not. Foods of nonnative

species are described for other rivers (e.g.,

Carlander 1977), but few data exist in DNM.
Mormon cricket movements into rivers in

DNM in spring provide food for stream fishes.

This is a time when flooding, scouring, and

annual insect emergence reduce food

availability. High-water turbidity presumably

reduces visual feeding efficiency of predatory

fishes, yet large nmnbers of crickets at or near

the water surface are vulneral)le to a((uatic

predators. Cricket availability c()incid(\s with

prereproductive periods lor some native spe-

cies, including roimdtail and humpback
chubs, flaimelmouth sucker, and Colorado

s(|uawfish. As reported by Defoliart et al.

(1982), adult Mormon crickets have a mean
crude protein content of58% and a iat content

of 16.5%. Such abundant and high-(jualit\

food might enhance fish reproductive success,

postreproductive recovery, or both.

We do not advocate that native fishes time

reproductive behavior to cricket input. How-
ever, a demonstrable relationship between
nutrition and reproductixe success in these

fishes would be of interest, and long-lived

fishes could incorporate such unpredictable

major outbreaks to advantage in life-history

strategies (Smith 1981, Tyus 1986). Longevi-

ties of endemic Colorado River fishes studied

to date indicate long life is an exceptional

attribute of this fauna. Bonytail chub (Gila

elegans) older than 40 years have been re-

ported, razorback sucker (Xyrauclien tex-

aniis) commonly reach 30 to 40 years, and

Colorado sciuawfish that formerly achieved

1.8 m in length must have lived even longer

(McCarth)' and Minckley 1987, Rinne et al.

1986). Periodic outbreaks of Mormon crickets

could contribute significantly to nutrition, di-

rectly or indirectly, tor a number of consecu-

tive or disjunct years during such a long pe-

riod of life.

High Hows and seasonal flooding in the

mainstream Green River are now reduced by
dams (Joseph et al. 1977). This alters or pre-

cludes floodplain inundation and removes

particulate organics through reservoir entrap-

ment (e.g., Minckley and Rinne 1986).

Flooded lowlands were formerly expansive

during sustained high flows, which often ex-

ceeded mean discharge (181 m'Vsecond, based

on an 86-year record at Jensen, Utah) b\' more
than an order of magnitude during snowmelt

(Remilliard et al. 1986). Floodplain connnuni-

ties were thus made available to predation by
riverine fishes, as observed elsewhere

(Welcomme 1979). In the Green River, Colo-

rado scjuawfish and ra/orback sucker have

been radiotracked to flooded lowlands, where
they presumably feed (Tyus 1987, Tyus et al.

1987). Flood reduction and loss of al-

lochthonous inputs ma>' make seasonal inputs

of terrestrial animals, including Mormon
crickets, more important now than histori-

cally.

Mormon Cricket Control

In their natural grassland or sagebrush-

dominated habitats. Mormon crickets prefer

lo irvd on succulent, herbaceous vegetation.

Damage to range grasses is considered so

slight that the\ are not generalK considered a
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serious livestock competitor (Capinera and

MacVean 1987, Corkins 1923, Cowen 1932).

Bands of crickets migrating into croplands

have resulted in economic damage that is leg-

endary. However, reports of flying grasshop-

pers in early accounts (Bancroft 1889), indi-

cate Mormon crickets did less than all the

damage. Psychological effects of hordes of

large, black insects invading gardens and

dwellings during periodic outbreaks were

nonetheless sufficient to stimulate severe

countermeasures. Mechanical barriers, poi-

soned baits, aerial application of pesticides,

and biological controls have all been used (An-

imal and Plant Health Inspection Service

1986, Capinera and MacVean 1987, Swain

1944, Wakeland 1959).

As mentioned. Mormon crickets provide

food for many terrestrial and aquatic animals.

They are also potentially valuable to man.

Defoliart et al. (1982) found that dried Mor-

mon crickets contained 2,800 Kcal/kg and val-

ued the powder at $300/metric ton. A small (1

km") band of crickets (10-20 crickets/m")

would be worth about $3,000-$7,000 based on

these values. Mormon crickets are also

beneficial because they feed on other insect

pests, including aphids (Ueckert and Hanson
1970), and are known to scavenge on feces or

carrion, converting these energy sources into

food more readily usable by higher predators.

Control may therefore conflict with perpetua-

tion and management of desirable species,

either through direct poisoning or indirectly

through reduction in the terrestrial and

aquatic food supply (Capinera and MacVean
1987, Mont and Oehme 1981).

Although government agencies currently

utilize pesticides of relatively low toxicity to

vertebrates (i.e., carbaryl, malathion), these

chemicals can cause adverse impacts to the

avifauna (Moulding 1976) and to aquatic in-

vertebrates (Mont and Oehme 1981). Private

citizens may employ even more dangerous

chemicals. Direct impacts of pesticides (e.g.,

blow-over, accidental spraying, or washing of

poisons into aquatic habitats) may be mini-

mized by enforcement of regulations (U.S.

Fish and Wildlife Service 1986, 1987). Yet

pesticide contamination remains a possibility

if applied near aquatic systems. If direct poi-

soning of nontarget animals does not occur,

indirect effects, such as reduction in foods,

may affect fishes.

Contamination of aquatic habitats may fur-

ther occur through mass movements of pesti-

cide-laden Mormon crickets into streams, and
entrainment ofother contaminated animals. If

crickets consumed by fishes contain pesti-

cides, the large number eaten by fishes sug-

gests that substantial amounts of pesticides

could likewise be consumed. This would re-

sult in death or physiologic impairment. Coin-

cidence of cricket outbreaks, pesticide appli-

cation, and fish reproduction may result in

potential pesticide influence on gamete pro-

duction, gametes, or young. A high incidence

of vertebral anomaly (lordosis) in roundtail

chub in DNM has been tentatively linked to

pesticide applications (Haynes and Muth
1985).

Lastly, streams within and near DNM are

renowned for sport fishing. Substantial har-

vests are recorded for trouts in the Green
River below Flaming Gorge Dam and channel

catfish throughout the upper Green River

Basin. Other carnivorous fishes, including

northern pike {Esox hicius), are also taken and

eaten. If pesticides are bioaccumulated by
sport fishes, an avenue exists for direct trans-

fer of potentially damaging substances to the

public.
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NOMENCLATURAL CHANGES AND NEW SPECIES
OF SCOLYTIDAE (COLEOPTERA)

Stephen L. Wood

Abstract.—New replacement names for junior homon>in,s are presented as follows; Acanthotomicus tuberculifer

for A. (Mimips) tuberculatu.s Scht'd\ 1967, Chaetoptelius versicolor for C. (Acraiitus) tricolor Schedl 1958, Hylesinop-

sis angolanus for H. (Aridiamcrus) anp,olensis Schedl 1982, Hyhirf2,ops tuberculifer for H. tuberculatus Schedl 1947,

Pseuclothtjsanoe.s spinatifer for P. spinatus Wood 1956, Scolytodcs atcrrimus for S. ater (Hylocurosoma dtriim Eggers)

1941, Scolytodcs bohvicusis for S. (Prionosceles) bolivianus Eggers 1928, Scolytodcs brasiliantts for S. (Hexacolus)

brasiliensis Schedl 1935, Scolytodcs discriminatus for S. discedens Eggers 1943, Scolytodcs elon^atissimus for S.

elonfiatus (Hylocurosoma clonaatum Eggers) 1943, Scolytodcs ^cnnacus for S. genialis Wood 1978, Scolytodes

lacvi<i(itulus for S. (Hexacolus) laevigatus Schedl 1962, Scolytodcs laevicorpus for S. laevis (Hylocurosoma lacvc

Eggers) 1943, Scolytodes majus for S. major Eggers 1943, Scolytodcs medialis for S. medius Eggers 1943. New
synonymy is reported for Dactylipalpus nig.er Schedl (= D. unctus Wood), Dendroctonus armandi Tsai & Li (= D.

prosorovi Kurenzov & Konono\ ), Siuophloeus porteri Brethes (^ S. destructor Eggers). Species new to science

include: Acacicis bicornis (New Guinea), Acacicis zeylanicus (Sri Lanka), Sphaerotrypes bengalensis (India), Sphaero-

tnjpes costatus (North Andaman Island), Sphaerotrypes cristatus (Sri Lanka), Sphaerotrypes pentacme (Burma),

Sphaerotrypes ranasinghei (Sri Lanka), Xylechinus ougciniac (India). Xylcchinus padus (India).

On the following pages 15 new names are

presented as replacements lor newly discov-

ered jnnior homonyms, 3 new cases of syn-

onymy are reported, and 9 species new to

science are described. These items are neces-

sary nomenclatural honsekeeping discovered

during the preparation of a new world catalog

of Scolytidae and are published here to facili-

tate citation for the catalog. The new names
affect species from Angola (1) and Zaire (1) in

Africa; USA and Mexico (1) in North America;

Argentina (1), Bolivia (7), Brazil (1), and

Venezuela (1) in South America; New Zealand

(1); and Baltic amber from Eiuope (1). The
new synonymy affects species from Chile (1),

China (1), and the Philippine Islands (1). The
species new to science are from the Andaman
Islands (1), Burma (1), India (3), New Guinea

(1), and Sri Lanka (Ceylon) (3).

New Names

Part of the task of preparing a new world

catalog of Scolytidae is the review of all avail-

able names. My review of the genera (Wood
1986, Great Basin Naturalist Memoir No. 10)

included considerable generic synonymy that

resulted in the formation of a number of sec-

ondary homonyms. This has made it neces-

sary to rename those junior homonyms when
synonyms are not available to fill this need.

Fifteen new names are presented below.

Ac(int]iotomicus tuberculifer, n. n.

Mimips tuberculatus Schedl, 1967, Opusc. Zool. Bu-

dapest 7(1):230 (Holotype, male; Bouenza

cataract, C^ongo; Budapest Nat. Mus.), preoccu-

pied

When Mimips became a synonym of

Ac(intJu)toiuicus, it was necessary to transfer

M. tuberculatus Schedl 1967:230 into

Acanthotomicus. Because Ips tuberculatus

Eggers 1927:79 had previously been trans-

ferred into that genus, Schedl's name became
a junior homonym. The new name tuber-

culifer is proposed as a replacement for the

junior homonym as indicated above.

Chaetoptelius versicolor, n. n.

Acrautus tricolor Schedl, 1958, Ann. Mag. Nat. Hist.

(13)1;56() (Holotype, sex?; Nelson, New Zealand;

British Mus. [Nat. Hist.]), preoccupied

The holotype ofLeperisinus tricolor Schedl

1938:34 was examined and was found to be a

member of the genus Chaetoptelius. Because

the genus Acrantus has been placed in syn-

onymy under Chaetoptelius (Wood 1986:42),

Life Science Museum and Department oi Zoolo,u;y, Brij^ham Youns L'ni\ersit\ , Provo, Utah 84602
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the name Acrcmtus tricolor Schedl 1958:560

became a junior homonxm of Scliedl s 1938:34

name and must be replaced. The new name
versicolor is proposed as a replacement for

this junior homonym.

Hylesinopsis an^olanus, n. n.

Aridiamerus angolensis SchecU, 19(S2, Ann. Transvaal

Mus. 33(15):284 (Holotype. sex?; Angola; Schedl

Collection in Wien Museum), preoccupied

As indicated above, the genus Aridiamerus

Schedl 1982 is a junior synonym. Its type-spe-

cies, angolensis Schedl, therefore, is trans-

ferred to Hylesinopsis, where it becomes a

junior homonym of angolensis Schedl

1959:24. The new name angolaniis is pro-

posed as a replacement for this junior

homonym.

Hylurgops fnl)erculifer, n. n.

Hylurgop.s tul^crcttlutus Schedl, 1947, Zentralhl.

Gesampt. Ent. 2(1):28 (Holotype, sex?; fossil in

Baltic amber; Geol.-Paleont. Inst. Albertus-

Univ., KoniKsburg), preoccupied

Schedl 1947:28 named Hylurgops tuhercu-

latus, a fossil from Baltic amber; however, this

name was preoccupied by Eggers 1933:98.

The new name tuherculifer is proposed as a

replacement for the junior homonym, tuber-

culatus Schedl.

Pseudothysanoes spinatifer , n. n.

Psettdotliysdnoes spiudtiis Wood, 1956, Canadian Hint.

88:1.54 (Holotype, male; 27 km W. Tehuantepec,

Oaxaca, Mexico; University of Kansas Collection),

preoccupied

When the genus Bostrichips became a ju-

nior synonym of Pseudothysanoes (Wood
1986:63), the name P. spinatus Wood
1956: '54 became the junior homonym of B.

s))inattis Schedl 1951:21. The new name
spinatifer is proposed as a replacement for

this junior homonym.

specific name be changed to ater. This name
thus became a jimior homonym by page prior-

it\' oi Prionosceles ater Eggers 1943:365 (now
in ScoJytodes) that was validated in the same
article. The new name Scolytodes aterrimus is

proposed as a replacement for the jimior name
cited above.

Scolytodes holiviensis, n. n.

Prionosceles l>olivi(inus Eggt^rs, 1928, Arch. Inst. Biol.

Sao Paulo 1;88 (Lectotype, sex?; Bolivia, Cocha-

bamba; U.S. National Museum, designated by

Anderson and Anderson, 1971, Smithsonian Con-

trib. Zool. 94:7), preoccupied

The transfer of Prionosceles boliviatius Eg-

gers 1928:88 to Scolytodes caused this name to

become a junior homonym b\' page priority of

Scolytodes bolivianus Eggers 1928:86 that

was validated in the same article. The new
name boliviensis is proposed as a replacement

for the jimior name.

Scolytodes brasilianus. n. n.

Hvxiicoliis hriisiliciisis Schedl, 19.'35, St\ lops 4:274 (Holo-

t\pe, sex?; Biazil; Schedl C^ollection in Wien Mu-
seum), preoccupied

The transfer of both Prionosceles brasilien-

sis Eggers 1928:89 and Hexacolus brasiliensis

Schedl 1935:274 to Scolytodes caused the

Schedl name to become a junior homonym.
The new name brasilianus is proposed as a

replacement for the junior name.

Scolytodes discriininatus, u. n.

Scolijloilcs discrclcns Eggers, i94.'3, Mitteilungen

Mi'mchner Ent. Ges. 3.3:.36() (Holotype, sex?; Bo-

li\ia, C!ochabaniba; Paris Museum), preoccupied

The transfer oi Hexacolus discedens Eggers

(1940, Arb. Morph. Taxon. Ent. Berfin 7:133)

to Scolytodes created a junior homoinin of

Scolytodes discedens Eggers 1943:360 cited

above. The new name discriniinatus is pro-

posed as a replacement for the junior name.

Scolytodes aterrimus, n. ii.

Ilijlociirosoinii (itruin Eggers, 194.3, Mitteilungen

Miinchner Ent. (les. .3.3:.371 (Holotype, sex?; Bo-

livia, (^ochabamba; Paris Museum), ])reoccupi('d

When Hylocuros(»)ia atrum Eggers was
transferred to Scolytodes, the change in gen-

der of the genus re(iuircd that siiclling of the

Scolytodes elongatissinuis, n. n.

llilhuiirosonKi clonguttnii Eggers, 1943, Mitteilungen

Miinclmer Ent. Ges. .33:.369 (Holotype, .sex?; Bo-

li\ia, ( !och;ibami);i; I*;iris Museum). iin'Oiciii^ied

The transfer of Hylocuroso])ui elongatum

Eggers 1943:369 to Scolytodes re(juircd that

spelling of the s[)ecific name be corrected to
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elongatus. This action made Eggers name a

junior homonym of Scolytodes elongatus

Schedl (1935, Stylops 4:273). Although the

Schedl name is a junior synonym of S.

trispinosus Eggers 1934, it is an available

name and requires that elongatus Eggers be

replaced. The new name elongatissimus is

proposed as a replacement for this junior

homonym.

Scolytodes genyiaeus, n. n.

Scolytodes genialis Wood, 1978, Great Basin Nat.

38(4):403 (Holotype, female; 30 km N Merida,

Merida, Venezuela; Wood Collection), preoccu-

pied

The name of Scolytodes genialis Wood
1978:403 is preoccupied by Scolytodes ge-

nialis Wood 1975:27 and must be replaced.

The new name gennaeus is proposed as a re-

placement for this junior homonym.

Scolytodes laevigatulus, n. n.

Hexacolus laevigatus SchecW, 1962, Mitteilungen Miinch-

ner Ent. Ges. 52:98 (Holotype, male; Argentina,

Missiones, Dept. Concept., Sta. Maria; Schedl

Collection in Wien Mu.seiun), preoccupied

The transfer ofHexacolus laevigatus Schedl

1962:98 to Scolytodes made the Schedl name a

junior homonym of Scolytodes laevigatus

Ferrari. The new name laevigatulus is pro-

posed as a replacement for this junior

homonym.

Scolytodes laevicorpus, n. n.

Hijlocurosomalaeve Eggers, 1943, Mitteilungen Miinch-

ner Ent. Ges. 33:367 (Holotype, sex?; Bolivia,

Cochabamba; Eggers Collection, on loan to

Schedl), preoccupied

The transfer oi Hylocurosoma laeve Eggers

1943:367 to Scolytodes and the change in gen-

der of the generic name dictates that spelling

ofthe specific name be changed to laevis. That

action caused the name laevis (Eggers 1943:

367) to become a junior homonym when Pri-

onosceles laevis Eggers 1928:88 was also

transferred to Scolytodes. The new name
laevicorpus is proposed as a replacement for

this junior homonym.

Scolytodes majus, n. n.

Scolytodes inajor Eggers, 1943, Mitteilungen Miinchner

Ent. Ges. 33:361 (Holotype, sex?; Bolivia, Cocha-

bamba; U.S. National Museum)

The transfer of Prionosceles major Eggers

1928:86 to Scolytodes caused Scolytodes ma-
jor Eggers 1943:361 to become a junior

homonym. The new name majus is proposed

as a replacement for this junior homonym.

Scolytodes medialis, n. n.

Scolytodes medius Eggers, 1943, Mitteilungen Miinch-

ner Ent. Ges. 33:359 (Holotype, male; Bolivia,

Cochabamba; Paris Museum), preoccupied

The transfer o{ Prionosceles medius Eggers

1928:89 to Scolytodes caused Scolytodes

medius Eggers 1943:359 to become a junior

homonym. The new name medialis is pro-

posed as a replacement for this junior

homonym

.

New Synonymy

In order to provide a basis for listing names
in synonymy for the new world catalog of

Scolytidae, the following proposals are pre-

sented.

Dactylipalpiis niger Schedl

Dactylipcdpiis niger Schedl, 1961 (March?), Philippine).

Sci. 90(1):87 (Luzon, Laguna, Mt. Makiling, 2,000

ft; Schedl Collection in Wien Museum)
Dactyhpcdpus tinctus Wood, 1961 (May), Great Basin

Nat. 21:8 (Holotype, female; Mt. Makiling, La-

guna, Philippine Islands; British Museum, [Nat.

Hist.]). New synonymy

When 1 received a series of this species

from the California Academy of Science, I was

told that one specimen might have been sent

to Schedl. An inquiry to Schedl brought the

response that only one species of Dactylipal-

pus occurred in the Philippines and that if I

had another I should name it and he would
refrain from doing so should the specimen

mentioned in my letter reach him. One can

only speculate as to what happened either

before or after that letter with respect to this

species. His specimen quite clearly was sent

to him by the California Academy of Science

from the same series sent to me, but their

ownership was not acknowledged and the

specimen resides at the Wien Museum. The
holotype of tiiger and a paratype of unctus

were compared directly; both the specimens

and their locality labels are identical.
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Dendroctomis annandi Tsai & Li

Dcndroctonus annandi Tsai & Li, 1959, K un chung

hsueh chi Kan (Opera Entomologic), Peking, p.

80 (Holotype, sex?; North China; Institute of Zool-

ogy, Academia Sinica, Beijing)

Dendroctomis prosorovi Kurenzov & Kononow 1966,

Pages 29-33 in A. I. Cherepanow, Instit. Biol.,

Acad. Sci., Siberian Br., (Holotype, sex?; Yunnan

Province, China; Lab. Ent. Coll. Inst. Soil Biol.,

Far Eastern Br., Academy of Science, USSR).

New sijnonymij

My series oiDendroctonus annandi Tsai &
Li was compared by H. F. Yin to the holotype.

Authentic specimens ofarmandi were sent to

Kurenzov before his death and he agreed that

they were the same species, but he apparently

never published that information. I have

talked to or have a letter from two other work-

ers who also claim to have seen the type of

prosorovi and agree on the synonymy, but I

have not yet located the type. In view of the

fact that both types came from Pinus ar-

mandii, that prosorovi was taken within the

known distribution of annandi, that the de-

scriptions and illustration do not disagree, and

that only one species of small Dcndroctonus is

known from China, it is concluded that these

names are synonymous as indicated above.

SinopJdoeus portcri Brethes

Sinophloeus portcri Brethes, 1922, Rev. Chilena Hist.

Nat. 25:434 (Holotype, male; Province de Cautin,

Chile sur Notli()phap,us oblique: Brethes Collec-

tion)

Sinophloeus destructor Eggers, 1942, Zool. Anzeiger

139:15 (Holotype. female; Chile [Chilian]; Ham-
burg Museum [lost], 2 cotypes in Eggers Collec-

tion). Neic synonymy

Several years ago Dr. G. Kuschel sent a pair

of Sinophloeus portcri Brethes 1922:434 to

me that he had compared to the holotype.

Since then I have compared a series of this

species to the Eggers cotypes of S. destructor

Eggers 1942:15 and to the Kuschel specimens

and find no characters that distinguish these

taxa except for secondary sexual characters.

All specimens are from Nothophag^us . The
Eggers name must, therefore, be placed in

synonymy as indicated above.

NewTa.xa

Acacicis bicornis, \\. sj).

This species is mn(}ue in the genus in fron-

tal, pronotal, and elytra! sculptmc and in

vestiture as described below.

IVIale.—Length 1.4 mm (paratypes 1.4-1.6

mm), 1.4 times as long as wide; color black,

vestiture pale.

Frons deeply concave from eye to eye from

epistoma to upper level of eyes, this sulcus

continuing to broadly flattened area from up-

per level of eyes to vertex; lateral margins at

upper level of eyes armed by a pair of promi-

nent tubercles; surface minutely rugose-retic-

ulate, punctures not clearly evident, minute;

vestiture in lower concavity at least partly

bifid, those above stout, sparse, short, not

divided.

Pronotum 0.62 times as long as wide,

widest at base, sides rather strongly, arcuately

converging to strong constriction just behind

anterior margin; surface rugose-reticulate,

unarmed except for two or three small tuber-

cles near anterior margin; punctures minute,

rather abundant. Vestiture on sides and pos-

terior third of disc with pale, rather long, bifid

hair, remaining area of disc with mostly undi-

vided, darker setae.

Elytra 0.91 times as long as wide; sides

weakly arcuate and subparallel on basal third,

then arcuately converging to declix ital tuber-

cles, posterior margin between tubercles al-

most straight; feeble impressions indicate po-

sition of striae, but punctures not evident;

surface smooth, shining, punctures small, dis-

tinct, close, confused. Declivity beginning

one-third of elytral length from base, moder-

ately steep, very broadly convex; sculpture as

on disc except prominent subtuberculate

prominences at posterior end of interstriae 5

(a generic character). Vestiture of abundant,

short, apparently bifid, almost scalelike setae,

and erect, hairlike setae twice as long as short

setae.

Female.—Similar to male except frons al-

most convex, somewhat flattened on lower

half

Tvi'E \L\rERiAL.—The mak^ holot>pe, fe-

male allotype, and two damaged male

paratypes were taken near Bulolo, Morobe
District, New Guinea, 6 August 1972, from

the bark of a partly uprooted tree seedling, 1)\"

me.

\\\v li()l()t\ pc, allot) pe, and paratypes are

in m\ collection.

Acacicis zcijlanicus, n. sp.

The small size and numerous, widelv
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distributed pronotal asperities distinguished

this species from all other previously named
members of the genus.

Male—Length 1.4 mm (paratypes 1.3-1.5

mm), 1.4 times as long as wide; color almost

black, vestiture pale.

Frons moderately concave on lower two-

thirds of area below upper level of eyes,

slightly convex above; surface finely, some-

what obscurely rugose-reticulate, punctures

not evident, upper halfwith sparse, fine gran-

ules; vestiture of moderately abundant,

coarse, rather long hair.

Pronotum 0.65 times as long as wide;

widest at base, arcuately, strongly converging

toward anterior margin; siuface smooth, shin-

ing, anterior three-foiuths rather uniformly

armed by small, rather numerous tubercles,

posteromedian area with small, distinct punc-

tures. Vestiture of imiiormly distributed,

short, stout hair.

Elytra 0.93 times as long as wide; sides

almost straight and parallel on basal third,

then arcuately converging to broadly rounded
posterior margin, declivital major tubercle

projecting slightly at posterolateral angles;

basal crenulations low, forming a distinct mar-

ginal row, a submarginal row also present;

striae distinctly, narrowly impressed, punc-

tures in rows, distinct, very small; interstriae

distinctly convex, almost smooth, surface

dull, setiferous punctures small, three-

ranked. Declivity beginning one-third elytral

length from base, rather steep, very broadly

convex; sculpture much as on disc except in-

terstriae 1 strongly narrowed toward apex, a

large, blunt tubercle at apex of 5 (a generic

character), interstriae 2-9 each with a few low

tubercles toward apex. Vestiture hairlike,

three-ranked on each interstriae, middle rank

slightly longer and distinctly coarser.

Female.—Similar to male except frons

more evenly convex.

Type material.—The male holotype, fe-

male allotype, and 115 paratypes were taken

at Buttala, Sri Lanka, 6 June 1975, elevation

50 m. No. 147, from a liana 3 cm in diameter,

by me.

The holotype, allotype, and half of the

paratypes are in the U.S. National Museum;
the remaining paratypes are in my collection.

Sphaerotrypes bengalensis, n. sp.

This species is allied to fsugae Tsai & Yin,

from China; they share the large size and
shape, and nine rows of setae on the antennal

club; this species is distinguished from tsugae

by the finer sculpture and by the unique ar-

rangement of elytral setae.

Male.—Length 3.3 mm (paratypes 3.4-3.6

mm), 1.4 times as long as wide; tenneral color

light brown, vestiture apparently dark.

Frons weakly impressed on lower half,

flattened above, lateral areas of lower half

with a few lateral tubercles, a weak median
carina on lower third; vestiture of abundant,

multiply divided setae, surface largely ob-

scured. Antennal club with nine transverse

rows of setae.

Pronotimi outline as for genus; punctures

coarse, very close, interspaces much less than

one-fourth diameter of a puncture; vestiture

all of one kind of suberect scale, each about

three times as long as wide, short, close,

rather abundant.

Elytra about as wide as long; striae

abruptly, deeply, narrowly impressed, punc-

tures rather coarse, very close; interstriae

rather weakly convex, three to four times as

wide as striae, small crenulations restricted to

near base. Declivity gradual, beginning on

basal fourth, broadly convex, sculpture as on

disc; interstrial punctures confused, rather

small, very deep, some with posterior margin

feebly subcrenulate. Vestiture all ofone kind,

small, erect scales at posterior bottom of

puncture, each scale about twice as long as

wide, of uniform length throughout.

Female.—Similar to male except frons

more distinctly convex.

Type materl\l.—The male holotype and

female allotype were taken at Samsingh,

Kalimpong, Bengal, India, III-1934, by Mo-
han Lall, from sahaje jahara; 2 male paratypes

bear similar data except thev were taken on

5-X-1933.

The holotype and allotype are at the Forest

Research Institute, Dehra Dun; the paratypes

are in my collection.

SpJiaerotrypes costatus, n. sp.

This species is distinguished from cristatiis

Wood by the very different sculpture of the

elytral declivity.

Male.—Length 2.2 mm (paratypes 2.3-2.4

mm), 1.4 times as long as wide; mature color

dark brown.

Frons as in cristatiis.
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Pronotum as in cristatiis except several

larger punctures with their lateral margin

very weakly crenulate.

Elytra 1.03 times as long as wide; sides

straight and subparallel on more than basal

half, broadly rounded, then sinuate between

interstriae 3; striae narrowly, abruptly,

deeply impressed, punctures very small,

rather close; interstriae six times as wide as

striae, surface rugose, crenulations very small

except on basal margin and submargin and on

base of declivity. Declivity beginning rather

abruptly one-fourth elytral length from base,

rather steep, very broadly convex; as in

cristatiis except crenulations obsolete except

on interstriae 7 (these larger, 6 in number), S

more strongly costate, this costa extending

farther toward base and apex continuing to

and slightly up 3; interstriae on base of decliv-

ity each with about three coarse crenulations,

each about two-thirds as wide as an inters-

triae. Vestiture as on cristatiis except erect

scales wider, each about three times as long as

wide.

Female.—As in male.

Type material.—The male holotype and

female allotype are from North Andaman [Is-

land], 11-III-1930, C. F. C. Beeson, from

Dipterocarpiis tiirbinatiis; 3 male paratypes

bear the same data except thev were taken

18-XII-1928.

The holotype and allotype are in the Forest

Research Institute, Dehra Dun; the paratypes

are in my collection.

Sphaerotrijpcs cristatiis, n. sp.

This species is distinguised from siwalikoi-

sis Stebbing by the larger size and by the very

different elytral sculpture as described below.

This species was cited as vateriac Beeson,

nomen nudum.
Male.—Length 3.0 nun {parat\'pes 3.0-3.5

mm), 1.4 times as long as wide; color brown to

very dark brown.

Frons convex, a feeble impression on lower

half and near vertex; a short, feeble, median
carina indicated on lower third; surface appar-

ently smooth, shining, and finely, closely

punctured, largely obscured by short bifid

hair and small scales; eyes separated by 1.4

times width of an eye.

Pronotum as in ranasin<s,hei except some
setae in ground cover bifid.

Elytra 1.1 times as long as wide; sides

almost straight and parallel on basal half then

arcuately converging to rather narrowly

rounded posterior margin; striae strongly,

abruptly, rather deeply impressed, punctures

very small, rather close; interstriae moder-
ately convex, four times as wide as striae,

basal fourth of 1-4 with a row of coarse crenu-

lations, these abruptly decrease in size and

become obsolete on declivity, on 5 and 6

crenulations attain middle of elytra, on 7 they

extend to apex. Declivity rather gradual, be-

ginning on basal fourth, broadly convex; inter-

striae narrower, sculpture as on posterior

disc, 8 very strongly, acutely costate on mesal

margin from base of declivity to interstriae 3,

9 similarly but very weakly costate. Vestiture

of ground cover of very minute scales, and
rows of longer, erect scales, each erect scale

four times as long as wide and one-fourth as

long as width of an interstriae.

Female.—As in male except for segmenta-

tion ofabdomen.
Type material.—The male holotype and

five paratvpes were taken at Gilmale, Rat.

Distr., Sri Lanka, 17 May 1975, No. 19, from

CaUophyUiim sp., by me; the female allotype

and six paratvpes are from Weddagala, Rat.

Dist., Sri Lanka, 19 May 1975, No. 37, from

Doona cordifolia, by me; 4 paratypes are from

Thandikela, Ratnapura, Sri Lanka, 2000, 28-

XII-1934, Vateria copalifera.

The holotype, allotype, and six paratypes

are in the U.S. National Museum, 2 paratypes

are in the Forest Research Institute, Dehra
Dun, and the remaining paratypes are in my
collection.

S])liaerotnjpes pentacme, n. sp.

This species is distinguished from quad-

ritiihcrciilatiis Sampson by the more strongly

impressed basal hall of the striae, b\ the more
narrowK roimded interstriae, and b\ other

characters described below.

Male —Length 2.8 mm (paratypes 2.8-3.0

nun), 1.4 times as long as wide; color dark

brown, \estiture pale.

Frons shallowly impressed on lower half,

somewhat flattened between eyes; surface

smooth, shining, coxcred b\' abundant setae

nuiltipK di\ ided to their bases, caiina absent,

small tubercles apparentK' in lateral areas; an-

tennal club with six rows of setae.

Pronotum typical of genus; surface smooth,

shining, punctures \er\' small, abundant, a
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few larger ones intermixed posteriorly;

ground vestiture of abundant, minute hair,

and a few erect, longer scales.

Elytral outline similar to quadntiihercida-

tiis, striae on posterior half of disc much more
strongly impressed, much wider; interstriae

almost as wide as striae, rather narrowly con-

vex, 3, 5, and 7 with crest undulating, one or

two undulations forming a coarse tubercle on

these interstriae. Declivity moderately steep,

broadly convex, beginning at middle of elytra;

interstriae 3 and 5 each with three widely

spaced, coarse tubercles, 7 weakly elevated

and with tubercles indicated but less definite

and closer, junction of 2 and 9 with a coarse

tubercle as in quadrituberculatus. Ground
vestiture not evident, each interstriae with an

indefinite row of erect scales, each scale about

twice as long as wide and spaced within a row

by length of a scale.

Female.—Similar to male except frons

more strongly convex and discal interstriae

more broadly convex.

Type material.—The male holotype, fe-

male allotype, and one male and one female

paratype were taken at Mohnyin Res., My-
itkyina (Burma), 9-X-1928 (26-VII or 12-VIl'l-

1928), C. F. C. Beeson, from Pentacme

suavis.

The holotype and allotype are in the Forest

Research Institute, Dehra Dun; the paratypes

are in my collection.

SpJiaerotrypes ranasinghei, n. sp.

This species is distinguished from coimbat-

orensis Sampson (based on examination of the

type; Schedl confused no less than three spe-

cies under this name) by the smaller size, by
the much more narrowly separated upper
eyes, by the near absence of a frontal carina,

and by other characters described below.

Male.—Length 1.6 mm (paratypes 1.5-1.8

mm), 1.4 times as long as wide; color very dark

brown, vestiture pale on pronotum.

Frons convex, except slightly impressed

just above epistomal margin on median third;

a fine, weak, median carina except just above

epistoma; surface rugose-punctate, largely

obscured by erect scalelike setae; upper eyes

narrowly separated by a distance less than

width of an eye.

Pronotum typical of genus, without any
crenulations; surface smooth, dull, densely,

rather finely punctured, interspaces equal to

about half width of a puncture; a pair of larger

punctures near base separated by one-third

width of pronotinn bear a pair of long, stout

setae; vestiture of scales, mostly short, recum-

bent, a few twice as large.

Elytra as long as wide; arcuate almost from

base; striae shining, strongly, narrowly im-

pressed, punctures very small, widely spaced;

interstriae six times as wide as striae, closely

pimctured, each with a row of narrow, sharply

pointed tubercles. Declivity rather steep,

evenly convex; sculpture as on disc except

interstriae become narrower. Ground vesti-

ture of small, dark scales, each as wide as long,

and rows of lighter, erect scales, each twice as

long as ground cover.

Female.—As in male, except for segmenta-

tion of abdomen; frontal carina usually obso-

lete.

Type material.—The male holotype, fe-

male allotype, and 22 paratypes were taken at

Kanneliya, Sri Lanka, 22 May 1975, 250 m,

No. 54, from an unidentified log, by me.

The holotype, allotype, and 10 paratypes

are in the U.S. National Museum, and the

remaining paratypes are in my collection.

Xylechinus ougeiiiiae, n. sp.

This species is distinguished from dar-

jeelingi Schedl by the smaller size, by the

uniseriate interstrial tubercles, by the sparse

ground setae, and by coarser, erect, inters-

trial bristles.

Female.—Length 1.5 mm (paratypes

1.6-1.7 mm), 2. 1 times as long as wide; color

light brown, vestiture pale.

Frons similar to padus except punctvn-es

much larger, shallower, closer.

Pronotum 0.84 times as long as wide,

widest at base, sides very feebly arcuate, con-

verging toward almost imperceptible con-

striction near anterior margin; surface

smooth, shining; punctures coarse, very

close, moderately deep except indefinite,

rather small and obscme on anterior fifth;

vestiture of short, fine, moderately abundant

hair.

Elytra 1.4 times as long as wide, 1.9 times

as wide as pronotum; sides almost straight and

parallel on basal two-thirds, rather broadly

rounded behind; striae weakly impressed,

punctures coarse, deep, close; interstriae

slightly wider than striae, weakly convex,

smooth, shining, each armed by a row of
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rather closely set tubercles of moderate size.

Declivity convex, steep, sculpture essentially

as on disc. Vestiture of rows of fine strial hair

and interstriae with sparse ground setae and

erect, close bristles; bristles moderately

stout, extending on all rows from base to apex,

each slightly shorter than distance between

rows. Abdomen rises slightly to meet elytra.

Type material.—The female holotype and

two female paratvpes are labeled Asan R.,

Dehra Dun, M. Bose, 17-VIII-1928, S.E's

No. 531, RRD930, B.C.R. 297, Cage 1001 ex

Oligemia dalhergioides.

The holotype is in the Forest Research In-

stitute; the paratypes are in my collection.

There are 13 additional specimens in the

Forest Research Institute.

Xylechinus padiis, n. sp.

This species was designated as Aniphagus

padiis (nomen nudum) in Beeson s 1941 (sec-

ond printing) Ecology and Control of the

Forest Insects of India and the Neighboring

Countries, p. 285. Although it has been cited

several times in the literature, the name has

not previously been validated.

This species is larger than other Indian

Xylechiniis, it has very different vestiture,

and it has declivital interstriae 1 and 3 dis-

tinctly elevated.

Female(?).—Length 2.7 mm (paratypes

2.7-3.0 mm), 2.4 times as long as wide; color

very dark brown, vestiture pale.

Frons broadly convex, a feeble median im-

pression on lower half, pre-epistomal margin

rather abrupt on median two-thirds; surface

smooth and shining, feeble reticulation be-

coming slightly stronger laterally, much
stronger toward vertex; punctures rather

small, distinct, moderately coarse; vestitiue

of .sparse, fine, rather short hair.

Pronotum 0.95 times as long as wide; sides

on liasal hall almost parallel, very weakly con-

stricted on anterior half; surface smooth, shin-

ing, punctures moderately large, very close,

rather deep, interspaces equal to less than

one-third diameter of a puncture. Vestiture of

moderately abundant, fine, rather short hair.

Elytra 1.6 times as long as wide, 2.1 times

as long as pronotum; striae slightly impressed,

punctures moderately impressed, close,

those on 1 and 2 usually with a small tubercle

arising from their interior, lateral punctures

often with a similar tubercle; interstriae dis-

tinctly wider than striae (about 1.5 times),

distinctly convex, 1 and 3 slightly more
strongly elevated on posterior half of disc, 1

and 3 each with a row of small, subcrenulate

tubercles throughout, others usually with

smaller tubercles near base. Declivity con-

vex, steep; odd-numbered interstriae dis-

tincth' elevated, elevation of 3 joins 9 then

continues almost to 1; odd-numbered inters-

triae each with a few to man\ small tubercles,

others unarmed. \'estiture of moderately

abundant, short, almost hairlike setae

throughout; odd-numbered interstriae on

posterior half of disc and declivity each with a

row of erect, slender bristles, each as long as

width of an interstriae.

Male —The only identifiable male is as in

female, except frons without median impres-

sion.

Type material.—The female(?) holotype

and one paratvpe are labeled Mundali,

8,500', Chakrata, U.P., C. F. C. Beeson, 17-

VI-1924, ex Pntnii.s piuUis: 2 paratypes, U.

Mundali, 7,200', Fir Panjal Kashmir, 10-V-

1928, C. F. C. Beeson, ex Pninus pudus; one

paratype Baghi 8,500', Simla Hills, C. F. C.

Beeson, ex Xammor- one paratvpe Tal-

rathachi, 10,500', Tharoch, Simla,' Punjab,

27-V-1924, C. V. C Beeson, Pniiuis padns.

The holot\ pe and one parat\ pe are in the

Forest Research Institute, and the remaining

paratypes are in my collection. In addition to

these, 44 other specimens are in the Forest

B(\search Institute.



COMPARISON OF REGRESSION METHODS FOR PREDICTING
SINGLELEAF PINYON PHYTOMASS

Robin J . Tausch' and Paul T. Tuclk'i'

Abstract—Succession, nutrient cycling, production, and competition studies in plant communities require estima-

tion of plant biomass. This is often accomplished by relating weight to easily measured plant dimensions via allometric

equations. Dimensions of basal area and crown volume were used to predict phytomass of singleleaf pinyon {Finns

monophyUa Torr. & Frem.). Two regression methods for fitting the allometric equation to data for phytomass

prediction were tested. These methods were the more commonly used logarithmic transformation of both data

variables followed by linear regression anaKsis and an iterati\ e nonlinear anaKsis without data transformation. The first

was consistently less effective for predicting both individual tree and total plot ph\ tomass for pinyon. Basal area was a

better predictor of phytomass on a site than was crown volume. Prediction ecjuations were highly site specific. Age of

the trees in the stand used to derive the equations significantly affected the phytomass estimates. Other site and stand

factors also appear to affect the phytomass-allometric parameter relationship.

Detailed studies of succession, nutrient cy-

cling, production, and competition in plant

communities often require estimates of plant

biomass and production. Procedures have

been developed for making these estimates by

relating biomass or production to easily mea-

sured plant dimensions. E.xamples include

the prediction of surface area and biomass

relationships of woody plants in deciduous

forests (Whittaker and Woodwell 1967, Pastor

et al. 19(S3) and prediction of the aboveground

biomass and wood volume of western conifers

(Cochran 1982, Hatchell et al. 1985) and euca-

lyptus species (Stewart et al. 1979). Biomass

predictions from plant dimensions have also

been used for shrubs, grasses, and forbs

(Tausch 1980, Hymphrey 1985, Alaback 1986,

Hughes et al. 1987). The most commonly used

plant dimensions are stem or trunk diameter,

plant height, and crown volume.

Various types of regression analysis tech-

niques are used for these procedures. Usually

they involve some type of regression fit to the

allometric equation: Y = aX'', where Y =

weight and X = the dimension measured
(Sprent 1972). The allometric equation de-

scribes the constant specific or relative growth
rates between measurements of plant size and
shape (Batschelet 1973). Commonly the equa-

tion is fit to specific data sets through linear

regression oflogarithmically transformed data

known as log-log or power regression (Grove

and Malajczuk 1985). Log-log regression has

the form: ln(Y) = a + b ln(X). Its preferred use

is the result of a more precise fit to the trans-

formed data as indicated by higher values for

the coefficient of determination (R"), and

lower values for the standard errors of the

estimate (S, J (Stewart et al. 1979, Huges et

al. 1987).

Such transformation of data has been

demonstrated to sometimes introduce bias

into the results (Baskerville 1972, Lee 1982,

Sprugel 1983). Theoretically this bias repre-

sents the introduction of an underestimate of

individual plant biomass values resulting from

the log-antilog transformations. In some stud-

ies this bias appeared to make only a small

difference (Madgwick and Satoo 1975, Turner

and Long 1975, Pastor and Bockheim 1981),

and a proposed correction factor (Lee 1982,

Sprugel 1983) has been shown to result in

overestimation of plant biomass in some in-

stances (Westmann and Rogers 1977). Trans-

formation can also result in difficulties in ap-

propriate evaluation by the usual measures of

goodness of fit such as the coefficient of deter-

mination (R") and standard error of the esti-

mate. This occurs because they apply only to

the logarithmically transformed data (Payan-

deh 1981, Chiyenda and Kozak 1982). Previ-

ous attempts at using the allometric equation

for biomass determination in woodlands dom-
inated by singleleaf pinyon and Utah juniper

'Department of Range, Wildlife and Ki)restr\-, University of Nevada at Reno. 10(K) \alle\ Road, Reno, Nevada S9512.
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(Juniperiis osteosperma [Torr. ] Little) did not

consider the bias problem (Tausch 1980).

Avoidance of the potential introduction of

bias into the results of regression analyses for

biomass estimation by the allometric equation

is possible by using untransformed data in an

iterative nonlinear regression technique

(Payandeh 1981, Chiyenda and Kozak 1982).

Determination of the possible presence of

bias is best accomplished by the simultaneous

use of both log-log and nonlinear regression

techniques and comparison of the results

(Schlaegel 1981, Brand and Smith 1985).

The first objective of this study was a com-
parison of the use of log-log and iterative non-

linear regression for the estimation of leaf

biomass or phytomass of singleleaf pinyon.

The second objective was the comparison of

measurements of basal area and crown vol-

ume for predicting the phytomass of both in-

dividual trees and entire stands. Regression

results were also evaluated for how they were

affected by different ages of the trees in a

stand.

Study Site Description

Tree data used for most ofthe analyses were
associated with four locations in the pinyon-

juniper woodlands of the Sweetwater Moun-
tains in western Nevada, first sampled by

Meeuwig (1979) and Meeuwig and Budy
(1979). These locations ranged in elevation

from just over 2,000 m to 2,300 m (Table 1).

All four sites were in woodlands that were
fully stocked or fully tree-occupied as de-

scribed by Meeuwig and Budy (1979). Some
juniper was present in plot S4, but plots SI,

S2, and S3 contained only singleleaf pinyon.

Data from four additional sites (Table 1) in

central Nevada from Meeuwig (1979) plus

data from a site in southwestern Utah from

Tausch (1980) were included in one analysis.

All five additional sites were closed-stand

woodlands with mixed pinyon and juniper.

Methods

Sampling Procedures

The Sweetwater Mountains plots from

Meeuwig (1979) and Meeuwig and Budy
(1979) were 30 x 30 m in size. All tre(>s in the

four plots were measured for height, average

crown diameter, and basal diameter. All trees

Table 1. Elevation, slope, and aspect for eight plots

from Meeuwig (1979) and one plot from Tausch (1980).

Mountain ranges represented are the Sweetwater Moun-
tains of Nevada and California (S), Paradise Range of

central Nevada (P), Monitor Range ofcentral Nevada (M),

and the Needle Range of southwestern Utah (UT).

Plot
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sapwood area to phytomass has been shown to

remain hnear throughout the crown for sev-

eral species ofconifers (Long etal. 1981, Kauf-

mann and Troendle 1981). This relationship

was used to subsample trees with basal trunk

diameters greater than 15-18 cm. Two sub-

samples were collected, one from the main

stem and one from a random major branch in

the middle one-third of the tree. Main stem

and branch subsamples were cut at a diameter

of about 12 cm. A cross section was collected

from the base of each stem and branch sub-

sample, and a trunk cross section was col-

lected from the base of the tree. All green

foliage was collected from each stem and

branch subsample during the first week of

August.

Analysis Techniques

Crown volume was computed for each har-

vested tree from the average crown diameter

and tree height using the formula for one-half

of an ellipsoid (Tausch 1980). Crown volumes

in plots SI through S4 were computed from

the average crown diameter and tree height

data provided by Meeuwig (1979) and

Meeuwig and Budy (1979). Basal diameter

measurements were converted to basal area.

Trunk, stem, and branch cross sections

from the subsampled trees were measured for

heartwood and sapwood area with a dot grid.

Sapwood areas and phytomass data from the

two subsamples of each tree were combined
and an overall ratio ofkg ofphytomass per cm"

of sapwood area determined. This ratio was

multiplied by the sapwood area of the trunk

cross section to estimate the total phytomass

of the tree.

Two prediction relationships were used at

each site, one using basal area and the other

using crown volume, to predict phytomass.

Both log-log regression and nonlinear regres-

sion were used to derive prediction equations

for each relationship for a total of four equa-

tions for each site. For nonlinear regression

the parameters a and b were determined by

an iterative least-squares technique.

Regression results were compared for each

prediction relationship on each plot. Log-log

regression results were converted back to

arithmetic form (anti-log) prior to comparison

with results from nonlinear regression analy-

ses. Because R" from log-log analysis applies

only to transformed data, it cannot be used for

direct comparison with nonlinear regression

results (Payandeh 1981). Results from the two

types of analyses were compared on the basis

of a Fit Index (FI) and a standard error of the

estimate (S^ J computed from untransformed

data for both analvses as recommended by

Payandeh (1981) and Brand and Smith (1985).

The term Fit Index is from Brand and Smith

(1985). The FI is a measure of the variation in

Y explained by the variation in X:

FI = 1 - (S(Yi - Y//S (Y, - Y)').

The FI and R" are equivalent for linear regres-

sion without data transformation. For the log-

log and nonlinear regression analyses the

maximum value for FI is also 1.0, but unlike

R" it can be negative (Payandeh 1981). The
standard errors of the estimate for all analyses

were computed as the square root of the sums

of deviations squared (based on untrans-

formed data) divided by the number of obser-

vations minus 2 (Steel and Torrie 1960).

Ecjuations derived from the trees collected

next to plots SI, S3, and S4 were used to

predict the total pinyon phytomass of the re-

spective adjacent plot. All four possible com-

binations of regression techniques and predic-

tion relationships were used for each site.

Basal areas and crown volumes used on these

plots were derived from data provided by

Meeuwig (1979) and Meeuwig and Budy
(1979). Predicted biomass values were then

compared with the published values.

The nonlinear regression results for the

basal area and crown volume to phytomass

relationships for plots SI, S3, and S4 were

used to predict the total plot phytomass for

plot S2. This provided a test ofhow accurately

an equation derived for one plot could predict

total plot phytomass on a different plot. The
results were then evaluated on the basis of

differences in singleleaf pinyon age between

predicting and predicted sites. Average tree

ages for sampled plots from Meeuwig (1979)

and Meeuwig and Budy (1979) were com-

puted from individual tree age data they pro-

vided.

The effects of average pinyon age in a stand

on biomass prediction were further evaluated

by comparing the differences over nine sites

with trees of different ages. Eight of the sites

are from Meeuwig (1979) and one is from

Tausch (1980). Nonlinear regression was used
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Table 2. Basal area (cm") to tree phytomass (g) log-log and nonlinear regression ecjnation parameters tor trees

harvested adjacent to three plots studied by Meeuvvig (1979) and Meeuwig and Budy (1979) on the Sweetwater

Mountains. Plot designations are described in Table 1.

Log-log regression Nonlinear regression

Plot

ninnber

Fit index

Standard

error (g) Fit index

Standard

error (g)

SI



January 1988 Tausch, Tueller: Singleleaf Pinyon Ecology 43

Table 4. Prediction of total piiiyon phytonia.ss from crown volume and basal area of individual trees on three plots

studied by Meeuwig and Budy (1979) and Meeuvvig (1979) and comparison with the published \alues. Plot designations

used are those from Meeuwig (1979). Nonlinear and log-log regression ec|uations used are for data froiu trees randomly

collected adjacent to the plots.
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data, nonlinear regression provides more ac-

curate estimates on an individual tree and

total plot basis than the more commonly used

log-log regression.

The highly site-specific natiue ol tree age

on analysis results is apparently related to

growth characteristics of trees olsemiarid cli-

mates. Studies of semiarid sites in Australia

have shown that the phytomass of mature

trees becomes constant after a certain size is

reached (Sharpe et al. 1985). Basal area con-

tinues to increase after phytomass has become
constant, however, resulting in a decline in

the ratio of phytomass to basal area with in-

creasing age of the trees. Because yoimger
trees have higher phytomass to basal arc^i ra-

tios, e(j[uations developed from plots with

younger trees overestimate the ph\ tomass of

plots with older trees. Conversely, equations

developed from plots with older trees, with

their lower ratios, underestimate plots with

Nounger trees. In most instances new e{}ua-

tions should be developed for each site where
biomass estimates are needed.
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REPRODUCTIVE CHARACTERISTICS OF TWO KOKANEE STOCKS
IN TRIBUTARIES TO FLAMING GORGE RESERVOIR, UTAH AND WYOMING

Bradford G. Parsons' and Wayne A. Hubert'

Abstract—The charaeteristics of kokanee {Oncorhiitichus ncrka) spawning stocks in the Green River and Sheep

Creek (tributaries to Fkiniing Gorge Reservoir) are described as observed in fall 1985 and spring 1986; the time of

spawning; length, age, and sex structure of the stocks; fecundity and egg retention; density of eggs in redds; and the

timing ofdownstream drift ofemerging fry. The time of spawning, length-freciuency distributions ofspawning fish, and

egg density in redds differed between the two stocks, but other differences were not observed.

The kokanee {Oncorhyticlius ncrka), the

landlocked form ofsockeye salmon, have been

widely introduced into reservoins of the west-

ern United States as both a sport and forage

fish (Wydoski and Bennett 1981). Despite the

widespread stocking of kokanee by fishery

managers, there is little published informa-

tion on the dynamics of spawning stocks that

migrate from reservoirs or lakes into streams

to spawn. Past studies include descriptions of

stocks that migrate from Flathead Lake

(Hanzel 1964, Fraleyand McMullin 1984) and

Lake Koocanusa (Huston 1984) in Montana,

Porcupine Reservoir in Utah (Janssen 1983),

Priest and Upper Priest lakes in Idaho (Bjornn

1961), Lake Tahoe in California (Cordone et

al. 1971), and Nicola Lake in British Columbia

(Lory and Northcote 1965).

From 1963 to 1983, 2.2 million kokanee

were stocked in Flaming Gorge Reservoir on

the Green River in Wyoming and Utah

(Wengert 1985). Natural reproduction of

kokanee occurred in two tributaries to the

reservoir—the Green River in Wyoming and

Sheep Creek in Utah. The objective of the

present study, from 1 October to 19 Novem-
ber 1985 and from 1 March to 27 May 1986,

was to describe the characteristics ofthe koka-

nee spawning stocks in these two streams in-

cluding the time of spawning; length, age, and

se.x of the spawning fish; fecundity and egg

retention; density of eggs in redds; and the

time of downstream drift of emerging fry.

Study Akea

Flaming Gorge Reservoir is on the (irccu

River in Sweetwater County, southwest

Wyoming, and Daggett County, northeast

Utah. The dam was closed and the reservoir

began filling in November 1962. At full pool

the reservoir is 145 km long and has a surface

area of 17,000 ha.

The Green River originates in the Wind
River Moimtains of Wyoming. Fontenelle

Dam, 115 km upstream from Flaming Gorge
Reservoir, creates a barrier to upstream fish

movement, and its hypolimnetic discharge

provides cold water to support a salmonid

fishery downstream to Flaming Gorge Reser-

voir. Kokanee spawning is concentrated over

the 3.5-km reach of the Green River immedi-

ately downstream from Fontenelle Dam.
Over this reach the rixer had an average

wetted width of 68 m (range 33-121 m) and a

constant discharge of 24 m /second during fall

1985.

Sheep Creek is a small, high-gradient

stream that enters Flaming Gorge lk'ser\oir

from the west in Utah. Most of the discharge

originates from a large spring 9.6 km up-

stream from the reservoir. Kokanee spawning

occurs 1-7 km upstream from the creek

mouth. Mean wetted width o\er this reach

was 8.4 m (range 2.9-23.9 m) during fall 1985,

and a\'erage discharge was 1.6 m /second over

the same period.

Mi;iii()i)s

Kokanee adults were collected iioni both

streams to detiMinine the timing of migiation;

length, age, and sex structure ol the stocks;

and tec inidilN and eiiU retention b\ females.

'VVyoniinU Cooperative Kisli .im.I Uildlil,- lic-si-.in li I nil. InneiMtv ol W \oiiiiim. L.naiuK', W \oiiMm; S2()71 llie liiit

Wyoming, Wyoiiiiiig Game and I'ish Uepailiiu'iil, and L '. S. Kisli and W'ildlile Si lAiee.

lied In tlw lliuerMl\ ol
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In the Green River, fisli were sampled from

angler catches and with an electrofishing boat

between 0.5 and 3.5 km downstream fiom

Fontenelle Dam during fall 1985. A trap in-

stalled across the mouth of Sheep Creek in

September prevented fish from passing up-

stream without being caught. The trap was

checked at about 1000 and 1800 his each day.

Total lengths were measured to the nearest

millimeter. Otoliths were removed by the

method of Schneidervin and Hubert (1986),

and age was determined by three indepen-

dent readers using a dissecting scope. Esti-

mated age was the modal value or the median

value of the three readings (Hubert et al.

1987). The fish were sexed by morphological

differences. Ovaries were removed and

placed in Gilson's fluid to break down ovarian

tissue and harden the eggs for counting

(Snyder 1983). Dead females were collected,

and all eggs remaining in the body cavity were

removed and counted to determine egg reten-

tion.

We used a modified Hess sampler to exca-

vate redds and estimate egg deposition

(Usinger 1956). The sampler was placed over a

portion of the redd, and rocks were removed

and water stirred to lift eggs into the current

to be carried into the catch bucket. Excava-

tion continued to a depth of 20-25 cm at dif-

ferent locations until the entire redd had been

sampled.

The downstream drift of emergent fry was

measured with drift nets (().25-m" mouth, 4-

mm mesh Ace netting), 7.2 km downstream

from Fontenelle Dam on the Green River and

50 m upstream from the high-water mark of

Flaming Gorge Reservoir on Sheep Creek.

Samples were collected about once a week at

1-hr intervals after sundown in spring 1986.

Flowmeters (General Oceanics, Miami, Flor-

ida) were mounted in the nets to measure the

water volume sampled. Stream discharge es-

timates for the Green River at Fontenelle

Dam were obtained from the U.S. Bureau of

Reclamation and were made by the float

method (Buchanan and Somers 1969) for

Sheep Creek.

Results

Time of Migration and Spawning

On the Green River, anglers were first ob-

served snagging kokanee within the initial 1.5

Tablk 1. Lfnu;tli-ire(}uency clistrihiitioiis ot kokanee

in samples Ironi the (Jreen River and Sheep (>reek, fall

1985.
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Table 3. Comparison of predicted kokanee ieeundity from len.uth-fi'eundity ecinations for four waters.

Length (mm)
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SEM ANALYSIS OF UTAH EQUISETUM STEMS (EQUISETACEAE)

Robert B. Warrick'

Abstract—The Utah taxa of Eqiiisctu))i were observed with the scanning electron microscope to test for taxonomic

significance of stem morphology. The four Utah species oi Equisetian were compared. Stem morphology was shown to

be taxonomically significant in most cases. The hybrid E. x ferrissii, recognized in the literature as being extant in Utah

but heretofore unrecognized in Utah herbaria, was shown to be present in the flora of the state.

Certain species of Equisetum have long

been difficult to positively identify. Easily

keyed species often have intermediate forms

with characteristics of two species. This paper

attempts to resolve some ofthese problems by

observing stem characteristics, including

siliceous tubercle dimensions, position of

stomata, and ridge morphology, to test for

taxonomic significance.

The stems of Equisetum are longitudinally

striated, forming a series of furrows and

ridges. The two most obvious characteristics

of Equisetum stems are the stomata and

siliceous tubercles. Stomatal arrangement has

been used to divide the genera of Equisetum

into two subgenera (Emons 1986). Stems of

Equisetum are heavily impregnated with sili-

con, forming various-sized tubercles. The lit-

erature is replete with contusing terms for

different-sized tubercles, with little or no uni-

formity among writers. The tubercles have

been called silica nobs, rosettes, bands, bars,

bodies, nodules, pustules, spicules, papilla,

mamillae, pilulae, etc. (Kaufman et al. 1971,

Pant and Kidwai 1968). On all specimens ob-

served, siliceous tubercles were of three

sizes. For simplicity, they are designated here

as "microtubercles," "mesotubercles," and

"megatubercles" (Fig. 1). Microtubercles ap-

pear as small white specks, much smaller than

the stomata. Mesotubercles are rounded,

sometimes coalescing tubercles smaller than

the stomata but larger than the microtuber-

cles. Megatubercles, located on the ridges,

are larger than the stomata.

Methods and Materials

Ten specimens of each species were ob-

served (where possible) from random loca-

tions in Utah. For species not well repre-

sented in Utah, specimens from random

locations throughout the United States were

observed for comparison. All specimens were

from dry herbarium mounts located in the

Brigham Young University Herbarium (BRY).

An attempt was made to observe a section of

each stem from the second node below the

strobilus. All samples were from mature, fer-

tile stems, with the exception of £. arvense,

where sections from both fertile and sterile

stems were observed.

Samples were prepared for scanning elec-

tron microscopy (SEM) by mounting on alu-

minum stubs with double-sided tape, then

carbon coating followed by gold sputter coat-

ing (Dawes 1971). Specimens were neither

fixed nor critical-point dried before mounting

on stubs.

Results

Equisetum arvense L. This species is

unique among the species ofEquisetum found

in Utah, being dimorphic, with both fertile

and sterile growth forms. The siliceous tuber-

cles of sterile E. arvense (Fig. 2) are predomi-

nantly microtubercles. Megatubercles are

lacking. Mesotubercles may be present either

singly or coalescent with other mesotuber-

cles. Equisetum arvense is in many ways

unique when compared with the remaining

Department of Botany and Range Science. Brigham Young University, Prove, Utah S4602. Present address: Department of Botany, University of

Wyoming, Laramie, Wyoming 82071.
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Fig. I. Eqtiisetiim stem showing niicr()ttil)crcle.s (niic), int'sotiihtMclcs (iiies), and nit'gatuht'rck'S (nu-g)

Fig. 2. Sterile stem oi luiiiisctiiin (irvctisc (lOOX).

Fig. 3. Sterile stem oi Eiitiiscttitn ))rtifi'ii.sc from Palnu-r, Alaska ( lOO.X).

Fig. 4. Fertile stem of an atypical Eiitiisctuin (irvcnsc (lOO.X).

species in Utah. Tlie stoinata, instead of form-

ing two neat, parallel rows, form uneven, scat-

tered rows, referred to hy llauke (1963) as

bands. On specimens observed, bands are of-

ten as many as four stomata wide. The stomata

are not sunken as in other species, lack a

border of mesotubercles, and are generally

taller than wide. Tubercles are altogether

lacking on fertile stems.

A species similar in appearance to E. ar-

vense is E. pratensc. lioth are dimorphic and

somewhat small in stature (Welsh 1974).
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Fig. 5. Equisetum hijemale stem (lOOX).

Fig. 6. Immature Equisetum laevifiatum stem (llOX).

Fig. 7. Mature Equisetum hievi^atum stem (lOOX).

Fig. 8. Equisetum xfenissii stem (lOOX).

Where the two overlap in distribution, field

identification is difficult by sight alone. Equi-

setum pratense was historically represented

in Utah on the basis ofa few herbarium sheets,

generally collected in the northern part of the

state. All were annotated to £. arvense previ-

ous to this study, but one specimen collected

along the Logan River in Cache County re-

mained slightly enigmatic. This specimen was

carefully scrutinized with the SEM (Fig. 3)

and compared with a collection of £. pratense

from Alaska (Fig. 4) and E. arvense from Utah
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(Fig. 2). As shown in Figure 3, the megatuber-

cles of E. pratense are taller than wide and

arranged in a very regular pattern along the

ridges. The stomata are also grouped into neat

rows and mesotubercles are very few in num-
ber. When the Logan River collection of "£.

pratense" was compared with the Alaskan E.

pratense and a Utah collection of £. arvense,

it readily correlated with E. arvense, albeit

with some differences. Unequivocal speci-

mens of £. pratense are not currently known
from Utah.

Equisetum hyemale L. This species is the

most robust of the Equisetum taxa occurring

in the state, usually possessing an ash gray

band near the top of each sheath, and with

apiculate cones. The surface characters of £.

hyemale (Fig. 5) are very distinct. Microtu-

bercles are very few on mature stems. Meso-

tubercles are nimierous but are usually coa-

lesced. Most form short bars rimning

perpendicular to the furrows, with groups of

three or four forming borders around the

stomata, causing a "doubly sunken" condition

(Dayanandan and Kaufman 1973). The stom-

ata are arranged in two even, closely spaced,

parallel rows, and are wider than tall. The
megatubercles are very prominent on the nar-

row ridges and appear to form two parallel

rows on each ridge. Megatubercles are wider

than tall.

Equisetum laevigatum A. Br. This ta.\on is

readily identifiable unless the specimens are

small or othei^wise depauperate. Equisetum

laevigatum tends to branch from the caudex,

as does E. variegatum, whereas E. hyemale

and E. arvense rarely exhibit this feature.

Small or immature specimens (Fig. 6) may
resemble E. variegatum (Fig. 12) and vice

versa. The surface characters of £. laevigatum

(Fig. 7) show the tubercles to be predomi-

nantly microtubercles, with megatubercles

nonexistent to very few (hence the common
name, "smooth scouring rush). The ridges

range from being obscure with no special ar-

rangement of tubercles to prominent with

perpendicular bars of small megatubercles.

Mesotubercles are scattered throughout,

both as single units and as groups coalesced

into bars perpendicular to the furrows. Stom-

ata ar(^ sunken beneath the epidermis and
bordered by three connivent mesotubercles

above and below. The stomata arc wider than

tall and arranged in widely spaced, parallel

rows. The rows tend to be equidistant be-

tween the row in the same furrow and the row
in the adjacent furrow.

Equisetum xferrissii Clute ( £. hyemale x

E. laevigatum ). This hybrid is widespread in

the United States and has been reported for

Utah (Hauke 1963, Raven et al. 1981). It

should occur frecjuently since both parents

are abundant throughout the state (Welsh et

al. 1987). While there are no collections la-

beled as such, several sheets at BRY look like

intermediates between E. hyemale and E.

laevigatum and could possibly be designated

as the hybrid E. xferrissii (Fig. 9). Both col-

lections examined appear similar with the

SEM. Microtubercles, mesotubercles, and

megatubercles are all common. Stomata are

deeply sunken and spaced as in E. hyemale.

Ridge prominence and shape of stomata are

about intermediate between the two putative

parents.

Equisetum variegatum Schleich. This taxon

is poorly represented in the herbaria of the

state because of its rarit\'. Many of the herbar-

ium sheets labeled as E. variegatum appear to

be misidentified. Only two of the six collec-

tions labeled as E. variegatum at BRY have

cones. From external appearance, five of the

six, including the four lacking cones, could

very well be immature specimens of £. laevi-

gatum. For this reason, sexeral collections of

£. variegatum from throughout the United

States were observed and photographed (Fig.

11) for comparison with the Utah material.

Results showed that the collections from out-

side of Utah, though spaced over 3,000 miles,

are strikingly similar to one another in exter-

nal stem morpholog)'. The ridges are promi-

nent and tend to be as wide as the furrows.

Microtubercles are present but not especially

common. Mesotubeicles are prominent in the

furrows but noncvxistiMtt on the ridges, while

the reverse is true for the megatubercles, thus

forming distinct rows on the ridges. The Utah

material, howexcr, lacks e\ident megatuber-

cles. Tuberclc\s on the ridges are borderline

megatubercles, appealing more like slightK'

large coalesced mesotubercles. They are not

appreciably larger than the mesotubercles

found in the furrows. Microtubercles are

nuich more common in the Utah collection.

The onI\ Utah £. varie<i.<itiim which could be
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Fig. 9. Aborted spore oi Equisetum xferrissii (1,350X).

Fig. 10. Developed spore of Equisetum hyemale {l,350X).

Fig. 11. Equisetum variegatum stem from Richland, Washington (lOOX).

Fig. 12. Equisetum variegatum stem fiom Navajo Lake, Utah (lOOX).

positively identified as such (Fig. 12) was col-

lected near Navajo Lake. This site is only a few
miles from Cedar Breaks, the Utah location

frequently reported in the literature for this

taxon (Cronquist et al. 1972, Hitchcock et al.

1969).

Discussion

While some researchers doubt that stem

characteristics such as those described above

are worthy as taxonomic features (Kaufman et

al. 1971), others feel that these characteristics
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are analogous to the sculpturing of pollen

grains and are thus important as diagnostic

features (Page 1972, Larouche et al. 1970).

These features, based upon this small study of

Utah taxa of Equisetum, are useful taxonomi-

cally, at least for Utah species.

The species E. arvense and E. hyemale are

very distinct and unmistakable when com-
pared with other taxa occurring in the state.

These are, however, not easily mistaken for

anything else in the field, and it is unlikely

that one would ever have to resort to tubercle

morphology for identification. It has proven

useful, nonetheless, to show beyond doubt

that collections labeled as E. pratense were
mislabeled and that this taxon has yet to be

collected within Utah (see also Hauke 1978).

It is interesting to note that while the Utah

specimen identified as £. pratense is most

closely allied to E. arvense, it does not match
that taxon perfectly, possibly accounting for

the misidentification. Several mature stems of

fertile E. arvense from random sites in Utah
were examined and no stomata or tubercles

were observed. On fertile stems of "£.

pratense," stomata and tubercles were ob-

served to be as common as on the sterile stems

of£. arvense. In his monograph of the Equise-

tiim subgenus Hippocliaete, Hauke (1963)

states that a considerable amount ofvariability

exists within the species. Others have noted

that the horsetails are known to be plants of

notoriously plastic morphology (Page 1972).

All known taxa of Equisetum have 2n ^ 256

(Soltis 1986), a condition adding to the plastic-

ity of this genus. Thus, while different, the

Logan River collection of "£. pratense" fits

into the spectrum of variation for £. arvense.

Within Utah, £. laevi^atiim and£. varie^a-

tum are distinct as mature adults, but when
specimens are immature or depauperate,

identification becomes difficult and tubercle

morphology tends to resemble one another.

This would seem to indicate relatedness, but,

oddly enough, these are two of the most dis-

tantly related taxa in the subgenus

Hippochaete (Hauke 1963). Since £. lacvU^a-

tiim and £. varieg^atum are distinct as mature
adults and nearly impossible to distinguish

when depauperate or immature, tubercle and
stomata morphologies alone are not especially

useful for these two taxa within Utah. The one
certain collection of £. varic^atuni (Fig. 12)

examined with SEM is somewhat distinct

from collections of £. vahegatinn (Fig. 11)

from other states. Based solely on tubercle

and stomatal characteristics, this collection

appears to be intermediate between £. varie-

gattim and E. laevigatum. Since this specimen
readily keys to £. variegatiim using easily ob-

servable external features and looks like other

collections of £. variegatiim from all over the

United States, 1 can only conclude that this

specimen is within the range of expectations

for tubercle morphology, but that a large

enough sample was not examined. Again, the

notoriously plastic morphology of this genus

must be kept in mind. Inasmuch as the Utah
populations represent the southwest extreme

of the distribution of this species and are

somewhat disjunct, it is not surprising to find

this population slightly different from speci-

mens from other states.

Prior to this study, £. \ferrissii was unrec-

ognized in the herbaria of the state, though

discussed in the literature (Hauke 1963,

Hitchcock et al. 1969, Cronquist et al. 1972).

Because the two specimens examined are in-

termediate in stomata and tubercles and also

appear intermediate from gross morphologi-

cal features used in the keys, these collections

apparently fall safely within the concept of £.

xferrissii. The spores of £. xferrissii all abort,

and none are released from the strobilus

(Hauke 1963), thus providing one of the best

aids for identification (Wagner et al. 1986).

Aborted spores from Utah collections of £. x

ferrissii (Fig. 9) were compared with viable

spores of £. hijemale (Fig. 10). This verifies

the existence of £. xferrissii in Utah.
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FIRE HISTORY OF THE PAUNSAUGUNT PLATEAU
IN SOUTHERN UTAH

Steven J. Stein

ABSTli\CT—A fire history of the Paimsangnnt Plateau in southern Utah was developed using dendrochronological

methods. Fire frequencies of individual ponderosa pine trees from three sites on the plateau varied from 19.5 to 47

years. Composite fire intervals for the three sites ranged from 15.2 to 18.4 years. The last recorded fires in these study

areas occurred in 1892, 1902, and 1911, corresponding to the initiation of fire suppression policies in the West. The
absence of fire since 1911 may be contributing to a recently dociunented decrease in ponderosa pine regeneration

within the high-elevation, mi.xed-coniferous forests of the Paunsaugunt Plateau.

Fossil charcoal in both Tertiary and Car-

boniferous coal deposits testifies to natural

fires from over 400 million years ago to the

present (Komarek 1973). Before humans,

lightning was the primary cause of fires. Mc-
Cann (1942) has estimated that each year

about 16 million thunderstorms occur on the

earth, causing an average of 50 lightning

strikes per second or a total ot 2 billion strikes

a year. Even though only a small percentage

of these strikes ignites forest fuels, lightning

causes about 50,000 wildland fires per year

worldwide (Taylor 1974).

Historical evidence indicates that fires have

always been an ecological and evolutionary

force in ponderosa pine (Pinus ponderosa

Laws.) forests (Cooper 1960, Weaver 1951).

Fire in primeval ponderosa pine forest typi-

cally involved frequent surface fires spreading

slowly through the forest (Biswell 1973,

Wagener 1961). These fires had a significant

effect on community structure and composi-

tion by reducing understory vegetation and

thereby decreasing competition for water and

nutrients, accelerating biogeochemical cy-

cling, and controlling the encroachmtMit of

less fire-resistant tree species (Wright 1978,

Weaver 19671), Williams 1959). Fire en-

hanced ponderosa pine regeneration by creat-

ing small openings and by thinning the dense

sapling thickets that developed (Wright 1978).

Ponderosa pine has characteristics that al-

low it to withstand fre(|uent groimd fires.

These include thick bark, rapid juvenile

growth, a moderately high and open c-rown.

deep rooting habit, and open stand structure

(Brown and Davis 1973). Mutch (1970) hy-

pothesized that some fire-dependent plants

might possess characteristics to enhance the

spread ot fire. The highly flammable, resinous

needles that are dropped in great quantities

each year by ponderosa pines may be a charac-

teristic that supports Mutch s contention.

Dense thickets of crowded, spindK pon-

derosa pine and understories that have be-

come invaded with more shade-tolerant spe-

cies are now common in post-fire suppression

forests (Weaver 1974, Biswell 1973). This

leads to speculation that ponderosa pine

would likely have a more restricted distribu-

tion were it not for frequent fires in the past

(Wellner 1970).

In this study the fire history of an isolated

plateau in southern Utah is quantified. Re-

sults are compared to other studies in the

western United States.

Study Area

The study was conducted on the Paun-

saugunt Plateau, located within the Powell

Hanger District of the Dixie National Forest

and Br\ce ('aiiyon National Park. The Paun-

saugunt Plateau is apiMoximatcK' 49 x 16 km
(78,400 ha), occup\ ing a position midwax be-

tween 37 and 38 degrees North latitude, 16

km west oi the 112th meridian. It slopes up-

ward ironi about 2, 100 m in the north to 2,870

m in the south. Pondeiosa ])ine can be found

in pure stands from 2,200 to 2,600 m. It begins

'lil'O liiolony Dcpartiiu-iit. L'liivi

UnivcrsitN, Fl.msl.ilV, Aii/oiia SfSOl 1

,jtv otCdlcir.iil.i, licnildrr. ( :(ilor,ulc. S():i()') I'lisriil ..<l<lr<-vs D.'p.ii tiiiiMif ol Hioloyicil Scu-nces. Northfin .\riz
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to mix with Douglas-fir {Pscudotsuga men-

ziesii Franco) at about 2,200 m on north- and

east-facing slopes. Most of the higher eleva-

tions are covered with mixed coniferous

forests including Douglas-fir, blue spruce

(Picea pungens Engelm. ), white fir {Abies con-

color Lindl.), Engelmann spruce {Picea engel-

mcinnii Parre.), limber pine {Piniis flcxilis

James), subalpine fir {Abies lasiocarpa Nutt.),

and quaking aspen {Populus tremuloides

Michx.). Old individuals of ponderosa pine

grow among the spruce and fir trees on the

southern end of the Paunsaugunt Plateau,

though very little regeneration occurs.

The mean monthly precipitation recorded

at Bryce Canyon National Park Headquarters

ranges from 1 . 5 cm in June to 5. 6 cm in August

with an annual mean of 40.9 cm. The mean
maximum temperature is 2 C in January and

27 C in July. The mean minimum tempera-

ture is — 12 C in January and 8 C in July.

The three study areas selected were

Whiteman Spring, Seiler Mill, and Straight

Canyon. Because the first two areas contained

recent timber sales, cross sections could be

easily obtained from stumps.

Materials and Methods

Cross sections were collected from 14 fire-

scarred ponderosa pine trees. Each cross sec-

tion was surfaced with progressively finer

sandpaper (40-500 grit) until individual cells

were readily visible with the aid ofa dissecting

microscope. Annual rings were dated using

the skeleton plot technique (Stokes and Smi-

ley 1968). These plots then were cross-dated

with a master skeleton plot developed from

cores of 20 trees growing in the same area as

the fire-scarred trees. A master tree ring

chronology developed in Bryce Canyon Na-

tional Park and vicinity was also used (Tree

Ring Laboratory, University of Arizona). Fire

scars were identified from the 14 cross sec-

tions on the basis of the following criteria

(Stokes 1980): (1) the presence of a break or

gap within or along a tree ring boundary, (2)

the presence of charred wood within the

break or gap, (3) subsequent overlapping

curvilinear growth over the break.

Fire scars were dated by determining the

ring in which the fire scar appeared. When
the scar occurred between the latewood of

one ring and the earlywood of the next ring.

the scar was dated to the year of the latewood

growth.

Individual fire frequencies (mean fire inter-

vals) were determined for each of the 14 fire-

scarred ponderosa pines. This represents the

mean interval between fires from the first to

the last fire scar. A composite fire interval

(mean interval for an area) was then con-

structed for each of the three study areas,

which expresses the historical fire frequency

for a particular area (Dieterich 1980).

Results and Discussion

Fire frequency and intensity vary among
species. Fire patterns for any one species also

vary over its geographic range. Prior to fire

suppression, the average fire frequency of

ponderosa pine forests in Arizona and New
Mexico was between 4 and 12 years (Dieterich

1980, Weaver 1951). In Washington and Ore-

gon, Weaver (1967a, 1959) showed that fire

frequency varied from 6 to 47 years in a wide

range of ponderosa pine communities. Arno

(1980) reported an average fire frec^uency of

between 6 and 12 years in the northwestern

Rockies. Ponderosa pines have an average fire

frequency of between 39 and 46 years in the

Colorado Rocky Mountains (Laven et al.

1980, Rowdabaugh 1978), and between 8 and

14 vears in California (McBride and Jacobs

1980, Warner 1980, Wagener 1961).

The fire history of the Paunsaugunt Plateau

is presented in Figure 1. Fire frequencies of

individual trees varied from 19.5 to 47 years.

Composite fire intervals from the three study

areas ranged from 15.2 to 18.4 years.

Though these observed fire frequencies are

greater than those reported from the central

Rocky Mountains, they are less than other

reports in ponderosa pine stands. On the

Paunsaugunt Plateau, understory growth and

buildup of litter are slow due to the cool, dry

climate, nutrient-poor soils, and short grow-

ing season (Stein 1983). Generally, fires are of

small areal extent because of cool tempera-

tures and the shortage of fuels. This pattern of

fires is reflected by the rarity of fires that

affected all trees sampled at a particular site

(Fig. 1). Consequently, the composite inter-

val for each area is much less than the fire

intervals of the individual trees.

The last recorded fires in the three study

areas occurred in 1892, 1902, and 1911 (Fig.
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1). These dates correspond to the initiation ot

fire suppression pohcies in the West around

1900, and the estabhshnient of Dixie National

Forest in 1905. The exclusion of forest fires on

the Paunsaugunt Plateau by the Dixie Na-

tional Forest and Bryce Canyon National Park

has been effective since 1911. Before 1911,

periodic ground fires were common. These

fires may have created conditions that helped

to establish fire-dependent ponderosa pines

at higher elevations, where only scattered in-

dividuals remain today (Stein 19(S(S).

Many inventories show a marked decrease

in land dominated bv ponderosa pine (Gruell

etal. 1982, Evre 1980, Barrett 1979, Schubert

1974, Weaver 1961, Cooper 1960). These and

other authors have observed an anomalous

size-class distribution of ponderosa pine in

many stands, due to a lack of indi\ iduals in

smaller size-classes. Both these changes ha\e

been documented on the higher elevations of

the Paunsaugunt Plateau (Stein 1988). Fire

suppression policies haxe probabK' made pon-

derosa pine regeneration difficult at higher

elevations throughout its range, favoring the

more competitive, shade-tolerant spruce and

fir. This is somewhat ironic since ponderosa

pine is the favored timber tree throughout

much of the interior West. However, the

Forest Service continues its policy of elimi-

nating forest fires despite the major ecological

and evolutionar\ role that fire has pla\ed in

the establishment and persistence of pon-

derosa pine forests.

ACKNOWLEDCMENTS

I would like to thank J. H. Bock, C. E.

Bock, and Y. B. Linhart for their help and

encouragement during this project. I also

thank J. A. MacMahon for reviewing the

manuscript. Financial assistance was pro-

vided b\' th(^ Francis Hamale\ Fund for Botan-

ical Research and the Kath\ Licht\ Fund for

Ecological Research.

Literature Cn HI)

Arno, S. F ly.SO. FoifSt (ire liistoiN in tlu' iioitlurii

Rockie.s. J. Fm. 7S: 46()-4(w.

Barreit, J. W. 1979. Silvkitlturi' of poTulcrosa jmiic in tlic

Pacific Northwest: the state ol our know Keltic.

USDA For. Serv. Rept. FNVV -97.

BiSWELL. H. 1973. Fire ecolou;\ in ponderosa pine-j^rass-

land. Proc. Tall Timbers Fire Ecol. ConF. 12:

69-96.

Rkown. a a , AM) R P D.wis 197.3. Forest fire control

and use. 2d. ed. McGraw-Hill Book Co., New
York. 6cS6 pp.

Cooper. C F. 1960. Changes in vegetation, structnre and

growth of southwestern forests since white settle-

ment. Ecol. Monogr, 39: 129-164.

DlETERlCH. J. H 1980. Chimney Spring forest fire his-

tory. USDA For. Serv. Res. Pap. RM-220. 8 pp.

EvRi:. F H 19S0. Forest cover types of the United States

and Canada. Societ\- of .American Foresters. 148

pp.

Ckikli., C E , W C. Schmidt. S. F Arno, and \V J

Reich. 1982. Seventy years of vegetal change in a

managed ponderosa pine forest in western Mon-
tana—implications for resource management.
Gen. Tech. Rept. INT-130. 42 pp.

KoMAREK, E. V. 1973. Ancient fires. Pages 219-240 in

Proc. ofthe Tall Timbers Fire Ecol. Conf 1972.

L.WEN, R DP N Omi, J G Wyant. and A S Pinkerton

1980. Interpretation of fire scar data from a pon-

derosa pine ecosystem in the central Rock\ Moini-

tains, Colorado. Proc. of the Fire Histor\

Workshop, Tucson, Arizona, 1980. USD.\ For.

Serv. Gen. Tech. Rept. RM-81. 142 pp.

Mc Bride. J R. and D F J.\cobs 1980. Land use and fire

histor\' in the mountains of southern California.

Proc. ofthe Fire Histor\ Workshop, Tucson, .Ari-

zona. 1980. USDA For'. Serv. Gen. Tech. Rept.

RM-81. 142 pp.

McCann. G. D. 1942. When iiglitning strikes. Sci. Amer.

49: 23-2.5.

Mitch, R W 1970. Wiklland fires and ecosystems—

a

h>pothesis. Ecology ,51: 1046-1051.

RowDVHAiCH, K, M. 1978. The role of fire in the pon-

derosa pine-mixed conifer ecosystem. Unpub-
lished thesis, ('olorado State Uni\ersit\\ Fort

Collins.

Schubert, G. H. 1974. Silviculture of southwestern pon-

derosa pine: the status of oin- knowledge. USDA
For. Serv. Res. Pap. RM-123. 71 pp.

SiElN. S J 1983. ReiM-oducti\t' failure and scattered dis-

tribution ot aged ponderosa pine within a high

ele\ation mixed conilerous forest ol southern

Utah. Unpublislu'd thesis, Uni\ersit\ oi Colo-

rado, Boulder.

1988. I'lxplanations oi the inibalanced age struc-

ture and scattered distribution ol pt)nderosa pine

within a high elevation mixed coniferous forest.

For. Ecol. and Manage. In press.

SlOkES. M A. 1980. Thedendroehronoh)gy offire history.

Proc. ofthe I'ire Histor\' Workshop, Tucson, Ari-

zona, 1980. I'SDA For Serv. Gen. Tech. Rept.

RM-81. 142 pp.

Stoke.s. M, a, ANdT C S\ni,ia 1968. Introduction to

tree ring dating. I nixi'isity oi Chicago Press,

Chicago.

Tvmok .\ R 1974. Ecological aspects of lightning. Proc.

ofthe Tall Timbers Fire Ecol. Conf 1973.

W VCENER, W. W 1961. Past fire incidence in the Sierra

Nevada forests. J. For. .59: 7,39-747.

\\ \RNER, T. E 1980. Fire history in the yellow pine

forests of Kings (Canyon National Park. Proc. ofthe

Fire I!istor\ Workshop, Tucson, .\rizona, 1980.

IS DA For.' Serv. Gen. Tech. Rept. RM-81. 142

pp.



January 1988 Stein: Paunsaugunt Plateau 63

Weaver, H. A. 1951. Fire as an t'cologital factor in south-

western ponderosa pine forests. J. For. 49; 93-98.

1959. Ecological changes of the ponderosa pine

forest ofWarm Springs Indian Reservation in Ore-

gon. J. For. 57; 15-20.

1961. Ecological changes in the ponderosa pine

forest of Cedar \'aile\ in southern Washington.

Ecology 42; 416-420.

1967a. Fire and its relationship to ponderosa pine.

Proc. Tall Timbers Fire Ecol. Conf 7; 127-149.

1967b. Fire as a continuing ecological factor in

perpetuation ofponderosa pine forests in the west-

ern United States. Adv. Front. Plant Sci. 18:

1.37-154.

1974. Effects of fire on temperate forests; western

United States. In: T. T. Kozlowski and C. E.

Ahlgren, eds.. Fire and ecosystems. Academic

Press, New York.

Wellner. C. a 1970. Fire history in the northern Rocky

Mountains. In: The role of fire in the Intermonn-

tain West, Proc. Symp. 1970. Missoula, Montana.

WiLLi.AMS. H W . Jr 1959. The effect of understory com-

petition on the growth rate of ponderosa pine in

northcentral Oregon. J. For. 57; 852-853.

Wright, H A. 1978. The effect of fire on vegetation in

ponderosa pine forests; a state of the art review.

Texas Tech. University Range and Wildlife Series

#2, Pub. 9-9-199.



USE OF INTERSTATE HIGHWAY OVERPASSES AND BILLBOARDS
FOR NESTING BY THE COMMON RAVEN {CORVUS CORAX)

Clayton M. White' and Merle Tanner-White"

AbstraCT.—Common ravens are usually rather shy birds around their nests and avoid nesting too near human
activity. We here report the use of overpasses along heavily traveled Interstate Highway 84 in Idaho and Utah for nest

placement. Nests are within 6 m of passing vehicles.

The feral pigeon (Cohtmba livia ) is a com-

mon inhabitant ofoverpasses and underpasses

along interstate highway systems. Also,

throughout the Great Basin at least, the cliff

{Hirundo pyrrhonota) and barn (Hirundo

rustica) swallows frequently nest on these

structures. The western kingbird {Tyranmis

verticalis) has also built nests on overpasses.

A thorough survey of over- and underpasses

would probably reveal numerous bird species

nesting on them.

The common raven (Corvus corax), while

widespread and often common, tends to be a

shy species and nests in remote areas, espe-

cially in the eastern LInited States (Hooper

1977, Knight and Call 1981). Although it is not

as retiring in the Great Basin, it nonetheless

nests in areas more or less removed from busy

human activity, especially as compared to the

American crow {Corvus brachyrhynchos)

that may nest in woodlots surrounding homes.

Prior to the arrival of settlers in the Great

Basin, ravens doubtless primarily used cliffs

for nesting. Since the arrival of settlers, many
man-made structures have been used for nest

placement (Knight and Call 1981), usually re-

mote from excessive human activity. Cur-

rently, high-tension steel pylons for electric

transmission line support or other power line

poles are being used with increasing fre-

quency by ravens for nesting (personal obser-

vation, Steenhof et al. 1985). For (\\ampl{\

along Interstate Highway 80 north of Rye
Patch, Nevada, we found 10 nests on power
poles within a distance of 21.7 km. Seven of

the nests had young or adults present. The
closest 2 nests with pairs were 0.64 km apart.

This may have resulted from the poles provid-

ing new nesting habitat in areas formerly nest-

site limited but not food limited. The list of

other man-made structures used by ravens for

nest placement includes such things as build-

ings, windmills, and artificial platforms built

for hawk nesting (Howard and Hilliard 1980,

Knight and Call 1981, McBee 1927). A rail-

road bridge (Johnson 1899) was used for-

merly, the nest being located 0.6 m from the

rails where a train passed four times daily.

Because overpasses structurally resemble

cliff^s, it is not surprising that ravens would use

them. However, because of the retiring na-

ture of ravens, it is noteworthy that they

nested so close to busy \ ehicular traffic. This

is the first report of which we are aware

wherein ravens are documented nesting over

interstate highways or freeways. We found

seven raven nests on overpasses within a 466-

km stretch of Highway 1—84 between Boise,

Idaho, and Brigham City, Utah, in 1986 and

1987. An additional nest was found in the

same general area in 1978.

In the 466 km, 69 overpasses were exam-

ined. Of these, 12 were constructed in such a

way that there were no ledges or other struc-

tures for nest placement. From the Wendall-

Hagerman area south, to at least the Rupert-

Declo area, the land is so intensively and

extensivcK' crop-farmed that ra\ens are not

seen there (although nesting crows may be

seen). Between these two areas there is one

stretch of interstate* along which native vege-

tation occurs, but a stretch of about 107 km is

deemed not suitable tor ra\en nesting. (The

dexelojiment of cropland, unless extreme.

'UepartnuMit of Zoology. Brigham Yoiinj; University, Provo, Utah 84602.

~ColleKc of Physical and Mathematical Sciences, Brigham Young University, Provo, Utah 84602.
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does not necessarily exclude ravens). There

are 22 overpasses in this 107 km, a dispropor-

tionate number for the distance, but results

because there are many more roads in devel-

oped areas. In the mi.xed native grass and

brush vegetation areas one may travel long

distances through which no roads cross the

interstate. Twenty-four overpasses occur in

areas we categorized as native vegetation of

mixed grass and brush. Between the junction

of 1-84 and 1-86 and Tremonton, Utah, we
judged the habitat to be a complex mosaic of

cropland and native vegetation. This area has

many ravens, covers 166 km, and contains 22

overpasses and underpasses. Based on habitat

and overpass structure, then, we judged only

25 overpasses available to ravens for nesting.

We extended our survey to Brigham City,

Utah in spite of extensive crop development

between Tremonton and Brigham City, be-

cause ravens nest on a steel electric power

pylon 300 m from the interstate near Brigham

City and could thus easily have used an over-

pass.

In May 1986 we found a raven nest on the

Power Plant Road overpass (Exit 129) of 1-84

at the Gooding-Elmore County line in Idaho.

It was situated on the top of a pillar support of

the overpass that was in the area between

south- and northbound traffic lanes (Fig. 1).

The nest was about 7.2 m from the nearest

road edge and 5.5 m above the southbound

traffic lanes. The intact condition of regurgita-

tion pellets below the nest and the amount of

fecal stain suggested that the nest was used in

1985 or, at the latest, 1984. The good con-

struction and size of the nest suggested that it

had been used more than one year. By May
1987 no pellets remained intact.

In May 1986 a second nest was found on the

overpass at the Malta-York exit (Exit 228) of

1-84, Cassia County, Idaho. Its location on

the overpass, as shown in Figure 1, was about

1 m from the nearest road edge and 5.5 m
above the traffic. It was not in use, its state of

disrepair suggesting that it had not been used

for three or four years. In September 1986 it

showed further disrepair, and by May 1987

only a dozen or so sticks remained.

About 4.8 km further south (mile 230.5)

another overpass (without an exit) crosses

1-84. There was a partially constructed nest

on the southbound traffic side in the same
location as above. The nest consisted of about

Fig. 1. Nest on Power Plant overpass in Idaho showing

position of nest relative to traffic. Overpasses with the

type of pillar support shown were those types of construc-

tion most easily used by ravens in Idaho. The nest is

indicated by the arrow.

15-20 sticks and a couple of mammal ribs (calf

size?). In May 1987 a nest of similarly poor

construction was on the opposite side of the

overpass above the northbound traffic lane.

These two nests and the one 4.8 km north may
have been built by the same birds and, at least

the latter two, were probably never used.

On 14 May 1987 a fifth nest was found above

the northbound traffic at Exit 32 (Ranch Road)

of 1-84 in Box Elder County, Utah. The con-

struction style of the overpass and, conse-

quently, nest placement were different from

the above four nests (Fig. 2). The nest was

about 6 m to the left of the inside traffic lane

and 6.1 m above the traffic. At least three

young, approximately two weeks old, were in

the nest. Wings of two fledgling meadowlarks

{Sturna neglecta ) were below the nest. On 23

May the three young were about one week
from fledging. On 13 June at least two young

had fledged.

At the Howell underpass (Exit 26) in Box

Elder Countv, Utah, two more nests were
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Ml

Fig. 2. Overpass construction mode in I'tah used hy ravens. This nest was used in 1987, and its location is indicated

by the arrow in the upper hgure (also shows an adult leaving the nest). In the lower figure, young uearK' read\ to fledge

(23 May) are shown in the nest.
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found on 22 August 1987. Both looked freshly

built, but neither had been used beyond the

incubation period, if at all. While one was well

constructed, the other consisted ofonly 30-40

sticks. They faced each other on opposite

sides of the underpass about 15 m apart. Used

cliff or barn swallow nests were within 1 m of

them.

Lastly, a nest was found in 1978 on a road-

side billboard along Idaho State Highway 81

some 32 km due west of 1-84. The nest, from

which young fledged from at least 1978 to

1980, was 25 km south of Malta, Cassia

County. The billboard, which had been torn

down by 1984, was 26 m from the road. This

was a dual-directional billboard, with adver-

tisements facing both north- and southbound

traflFic. The south-facing billboard, about 4.5

m high, was connected to the north-facing

sign, and both were supported by two

"telephone polelike" poles with the tops of the

poles about 3.6 m above ground. The nest was

on top ofone pole and, although between both

signs, was easily accessible to the raven be-

cause the north-facing sign was also only about

3.6 m high.

If raven populations continue to increase at

the rate shown by Robbins et al. (1986), it will

be of interest to see how extensively this

"interstate habitat" will be used. The fact that

most cars do not stop along the highway and

people remain in the cars has probably re-

moved the human disturbance element from

these nestings.
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FIELD OBSERVATIONS OF IRBISIA PACIFICA (HEMIPTERA: MIRIDAE):
FEEDING BEHAVIOR AND EFFECTS ON HOST PLANT GROWTH"

James D. Hansen

Abstract.—The interaction between a grass-feeding mirid, Irhisia pacifica (Uhler), and plant growth of intermedi-

ate wheatgrass, TJunopynim intcnncchttm (Host) Barkw. ik D. R. Dewey, was examined on a field site in northern Utah

in 1985. With egg hatch beginning in April, the bug completed its life c\ cle within two months. 0\ arian development

was completed by 1 1 June, a week after all bugs had become adidts. The proportion of feeding damage per leaf (35. 1%)

peaked on the se\enth week of the twelve-week study (IS July). Green leaf area per tiller decreased initialh' from bug
feeding and then continued to decrease because of seasonal aging. All plants senesced within three months. Grass bugs

predominantly attacked the second and third yoimgest leaves. AnaKses of age-specific leaf cohorts demonstrated that

the major effect of bug feeding was the loss of green leaf area and potential foliage production over time. Bug feeding

may also exacerbate other physiological stresses on the host plants.

The grass bug, Irhisia pacifica (Uhler)

(Hemiptera: Miridae), has the widest distri-

bution among all species within the genus

(Schwartz 1984). In this univoltine species, all

five nymphal instars and the adult stage feed

on an assortment of native and introduced

grasses (Schwartz 1984, Hansen 1986). At

times this insect is a pest of forage grasses in

the Intermountain West (Knowlton 1951,

1967).

In spite of its economic importance, very

little is known about the interaction between
feeding by /. pacifica and its impact on host

plants. Hansen and Nowak (1985) observed

that although chlorophyll concentration in

leaves of crested wheatgrass, A^iropyron

desertorum (Fisch. ex Link) Schult., de-

creased as feeding by /. pacifica intensified,

specific leaf mass remained about the same.

They also suggested that a compensatory re-

sponse occurred with this feeding. Hansen
(1987) showed that adult /. pacifica prefer the

second and third youngest leaves and that

feeding was greatest near the leaf tip. How-
ever, these studies did not examine the im-

pact of feeding on plant growth and sur\ i\ al in

the field.

The objectives of the present study were to

determine in the field tlie effect of feeding by

/. pacifica during its life cycle on spring

growth of intermediate wheatgrass, Thinopij-

riim intermedium (Host) Barkw. & D. R.

Dewey, and to obtain biological information

on the development and population changes

in /. pacifica.

Materials and Methods

The stud)' was conducted during the spring

growing season of 1985 at an ungrazed pasture

that contained a monoculture of intermediate

wheatgrass. This site, ca 3 km NE North Lo-

gan, Utah, was selected because of its history

of high populations of/, pacifica.

Along a fence row, 25 grass tillers (or plants)

50 cm apart were identified by colored wire

rings. The plants were examined weekh from

the time the insects became acti\e (8 May) to

full plant senescence (24 July). For every ob-

servation, all leaves on each marked plant

were measured for length, width, condition,

height from ground, and location on the plant.

The amount (expressed as a proportion) of

bug-feeding damage for each leaf was visually

estimated as described b\ Hansen and Nowak
(1985). Relatixc bug population densities

were obtained b> taking 10 full .sweeps with a

standard (38-cm-diameter) net in the pasture.

Adult females were dissected to determine

reproductixc condition b\ using the tech-

nic^ue of Kanun and Ritcher (1972).

Total leafarea was estimated 1)\ multipK ing

ISl.itinii. l,oi;.ni, l't,iliS|:i22 Approved as'This paper presents thrr.-MiltsotioDp.TatnciiiM'sli.u.itioiiM.irS I )\-\US .111.1 111,- I l.ili \m i, nllui.il l\p,-Miiii-iil >

journal Paper No. .3.311.
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"USDA-ARS, Crops Research Laboratory. Utah State University. Logan. Utah 84322. Present address; USDA-ARS, Tropical Kruil and \ egctablc R.scmk
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1982 ed., p. 527). Linear correlation and Stu-

dent's t-tests were conducted with a Hewlett-
Packard HP-llC calculator.

Results

Early instar nymphs of/, pacifica were al-

ready present when the field study began on 8

May (Fig. 1). Adults appeared in the third

week (21 May), and metamorphosis was com-
pleted by the fifth week (4 June). The largest

weekly collection was in the fourth week.
Weekly adult sex ratios llivored females, ex-

cept for the collection during the third week
when males outnumbered females by 63.6%.
In the seventh week females exceeded males
by 700%, and no bugs were found after this

collection.

No eggs were found in the first dissection of

adult females (week 3). By the fifth week,
87.3% of the adult females contained eggs,

and females collected the next week had the

greatest proportion ofeggs (90.0%). In the last

week that females were collected, the fecun-

dity level remained high (78.6% with eggs).

Although some grass bugs were present at

the start of the study, grass plants appeared
uninjured (Fig. 2). The proportion of feeding
damage on green leaves was initially low
(7. 1%) but increased very rapidly between the
third and fourth weeks. After culminating on
the seventh week (35.1%), the proportion of

feeding damage steadily declined, thus indi-

cating some form of recovery. Only one plant

survived to the twelfth week, a factor that

resulted in erratic values. Total GLA per tiller

increased during the first few weeks of the
study and then dropped consistently from the
third week to the eleventh. The correlation

between average GLA per leaf and week of
collection was highlv significant (r" .893,

slope ~ -2.36, P <'.01). Total leaf area per
tiller peaked a week after maximum GLA.
Most of the grass plants endured to the tenth
week, then senesced or died within the re-

maining two weeks. Seed head production

the se\(Mith week and
during the rest of the

the plants grew seed

was first observed in

continued irregularK

study. Only 44% of

heads.

Initially, all plants

leaves. In the second

had at least three green

obserxation fi\e i^lants

had five green leaves, and in the fourth week
one plant had six green leaves. Yet after the
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Fig. 4. Weekly percentage of feeding damage of lour age-specifie cohorts o( intermediate wheatgrass.

eration oflrbisia pacifica occuis in late spring

and early summer. At the study site, develop-

ment of all nymphal stages was rapidly com-

pleted in about a month. Schwartz (1984) esti-

mated the duration of nymphal development

in Irhisia sp. from western Oregon to he four

weeks. The population (Fig. 1) increased until

peaking at the fourth week. More likely, how-

ever, this apparent increase resulted because

either adults were more easily collected than

nymphs or adults moved from the middle to

the periphery of the pasture.

Female adults of/, pacifica generally out-

mmibered males (Fig. I). Females also out-

lived males. These observations were similar

to those of Schwartz (1984) for the genus Ir-

hisia. Total adult life span at the study site was

less than six weeks, but it may differ else-

where. These insects appear higliK sensitive

to increased temperatures (Hansen 1987), and
a cool summer may conceivably prolong life.

Females apparently required about a week

after the adult molt for o\ arian development.

The oviposition period seemed short, peaking

about a week after maximinn female popula-

tion level (28 May). Since most males were

gone by the seventh week, mating pre-

sumably occiured early.

The amount of GLA is physiologically im-

portant to the plant. GLA is a good indicator of

the potential for plant growth and mainte-

nance. A leaf in good condition has a large

(iLA relati\c to its total size. GLA is also the

primary food source lor /. pacifica.

When GLA is compared to total leaf area,

plant damage from different origins can be

demonstrated. The greatest proportion of

bug-feeding damage occurred between the

third and fourth weeks, which coincided with

the decline of GLA (Fig. 2). However, total

area peaked one week later, suggesting that

the grass bugs caused a premature drop in

GLA. The percent of feeding damage per leaf

declined after the seventh week because the
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grass bugs were no longer present. Yet, the

total GLA per tiller also deelined, indieating

that other physiologieal factors, such as

drought stress, were also causing senescence.

Other grass-feeding mirids and early instar

nymphs of grasshoppers were on the study

site during this time, but there were too few of

these insects to be the primary cause of late-

season decline of GLA. Senescence is a com-

mon characteristic of intermediate wheatgrass

during dry periods. The decline in plant pop-

ulation after the tenth week was not directly

due to bug feeding, but feeding damage may
have contributed to plant mortality that oc-

curred earlier in the growing season.

Grass bug feeding differed with leaf posi-

tion. Irhisio pacifica clearly preferred the sec-

ond and third youngest leaves. This feeding

preference verified an earlier study on 1.

pacifica feeding-site selection on leaves of

field-collected intermediate wheatgrass and

other grass species (Hansen 1987). Reasons

for this preference are still unknown.

The interrelationship between the host

plants and grass bug feeding was best illus-

trated by the cohort data (Figs. 3, 4). Cohort

A, which had mature leaves at the start of the

study, was relatively unharmed by /. pacifica.

As the season progressed and the grass bugs

developed, the other cohorts were affected

more. The leaves of Cohorts B, C, and D all

had an opportunity to expand successfully be-

cause the youngest leaves present on a tiller

are less preferred (Hansen 1987). Cohort B
had less damage than Cohort C because more
of the grass bugs were immature at the time of

attack. The rapid increase in percent feeding

damage for Cohorts B, C, and D between the

third and fifth weeks occurred when the bugs

became adults. All cohorts exhibited a reduc-

tion in GLA and eventual death due to normal

aging. Yet, the greatly reduced GLA in the

later cohorts (Cohorts C and D) suggested that

meaningful damage from bug feeding reduced

biomass production.

In summary, grass bug feeding resulted

both in less GLA and in less potential foliage.

Feeding may also cause presenescent stress

that may weaken the grass plant physiologi-

cally. Although we did not examine it in this

study, other researchers found that seed head

production in intermediate wheatgrass was

reduced by another grass-feeding mirid,

Lahops hcspcriu.s Uhler (Malecheck et al.

1977).

This study suggests several areas for future

research with Irhisia pacifica. First, the nutri-

tional (|uality of the host plants, particularly

the nitrogenous compounds, should be exam-

ined to determine their effect on insect devel-

opment and egg production (McNeill 1971,

1973). Does /. pacifica complete its life cycle

before grass senescence because of an intrin-

sic mechanism, or is it due to nutrition? If

nutrition is important, how can intermediate

wheatgrass be developed as a good forage crop

without encouraging /. pacifica population

growth? How do grazing practices interact

with growth of plants attacked by grass bugs?

If monocultural stands of intermediate wheat-

grass increase /. pacifica populations, what

other forage species can be interspersed to

reduce bug-feeding damage? Finally, the ef-

fect of I. pacifica feeding on growth of other

host plants needs to be examined.
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A CASE OF LEUCISM IN THE WESTERN BLUEBIRD (SIALIA MEXICANA)

Kevin L. Ellis and Jiniiiiic K. Parrislr

Abstract.—Leucism in the western hluehird (Sidlia mcxicatui) is reported from La Plata County, Colorado.

Leucism in birds is a condition resnlting

from a partial loss of pigment, aflPecting all the

colors present and reducing them in intensity

(Harrison 1985). Recently, Jehl (1985) esti-

mated that the frequency of leucism is rare in

eared grebes {Podiceps nigricoUis). Occur-

rence overall is rare in birds, differing greatly

among species (Sage 1963, Gross 1965).

Herein, we report a case of leucism in a west-

ern bluebird {Sialia mexicana ).

A study of nest site fidelity of western blue-

birds was conducted in the vicinity of

Durango, La Plata County, Colorado, from

May to July 1986. A total of32 nest boxes were

checked for occupancy and presence of

nestlings, and young birds were monitored

throughout the nesting cycle. Adults and

young were banded with U.S. Fish and

Wildlife Service numbered leg bands. One
particular nest box contained two young that

differed considerably in early plumage color.

One nestling appeared normally colored,

while the other was very pale. The young

bluebirds were approximately 15 days old

when first observed, and remex and rectrix

colors were not observable at that time. The
nest box was visited 10 days later and both

young appeared to have fledged successfully.

On 24 September 1986 at 1100 hrs, a leu-

cistic western bluebird was seen feeding along

a fence row approximately 6 km south of

Durango, Colorado, in the company of nor-

mally colored bluebirds. The leucistic blue-

bird was collected and found to be the pale-

colored individual banded as a nestling. Foot

and eye color appeared normal. Head, breast,

and back plumage was an uncharacteristic

light brown, intermixed with white (Figs. lA,

IB). Shoulder, upper wing, and tail coverts

were lightly colored slate blue gray (Fig. lA).

The outer vane of the distal primary remiges

was white, while the inner vane was light tan

(Fig. lA). The proximal remiges were colored

white on both the inner and outer vanes. The
ventral siufaces of remiges were virtually all

white, with the exception of a few centrally

located remiges that were light tan on the

ventral surface (Fig. IB). The outer vane on

the dorsal surface of the rectrices was also

white, while the inner vane was light tan (Fig.

lA). Upper tail coverts were slightly colored

with a light blue-purplish wash, and one

darker central rectrix was approximately half

emerged (Fig. lA). The ventral surfaces of the

rectrices were white (Fig. IB). In addition,

leucistic feathers were overall somewhat
translucent (Figs. lA, IB). Sex could not be

determined.

At least 10 cases of albinism have been re-

ported for the eastern bluebird {Sialia sialis)

(Ross 1963). We found no previous record of

albinism or leucism occurring in the western

bluebird. Future population studies compar-

ing eastern and western bluebirds should

provide estimates of frequency and variation

in expression of leucism.
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Fig. 1. Leucistic western bluchird collctted in the vic-init\of niiraniio. La Plata C^oiiiity, Colorado: A, dorsal view; B,

ventral view.
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INFLUENCE OF FONDEROSA PINE OVERSTORY ON FORAGE QUALITY
IN THE BLACK HILLS, SOUTH DAKOTA

Kieth E. Severson and Daniel W. Uiesk"

Abstract.—Forage quality was assessed in pole and sapling ponderosa pine {Piniis ponderosa ) stands growing at five

stocking levels—0, 5, 14, 23, and inithinned (which approximated 40 nr/ha basal area)—in the Black Hills of South

Dakota. Crude protein, acid detergent fiber, acid detergent lignin, ash, calcium, and phosphorus were e\aluated for

cream peavine {Lathijrus oclirolcuctis ), hearberrv' {Arctostaphylos uva-iirsi ), and timber oatgrass (Danthonia interme-

dia). Acid detergent fiber, acid detergent lignin, and ash showed some significant difierences among growing stock

levels for cream peavine growing in sapling stands. Crude protein content of timber oatgrass was different among
growing stock levels in pole stands. In all cases, however, no trends or patterns relative to stocking levels were evident.

When understory forage (}ualit\' was compared within pole and sapling stands, only 4 of 18 possiiile comparisons were

significant. In general, modif\ing the overstory of ponderosa pine in the Black Hills b\^ cleaicutting or thinning did not

result in predictable changes in nutritional values of selected understorx' species.

Understory-overstory relationships have

been stndied extensively throughout North

America (Ffolliott and Clary 19(S2), but most

studies have focused on how imderstory pro-

duction responds to alterations of overstory.

Relatively few have examined nutritional

changes in imderstory plants that may have

resulted from overstory reduction or removal

(Dealy 1966, Wolters' 1973, Regelin et al.

1974, Hanley et al. 1987). Others have com-

pared nutritional attributes of plants collected

from beneath an overstory canopy and from

adjacent natural openings (McEwen and

Dietz 1965, Rickard et al. 1973, Earth and

Klemmedson 1978).

It is generally recognized that imderstory

production, particularly herbage, increases in

a linear or curvilinear manner as overstory

density, cover, and/or basal area decrease. It

is also generally assumed that these increases

in imderstory production are favorable to her-

bivores, especially large imgulates. Relation-

ships between overstory and chemical con-

tent or nutritional (juality of understory forage

plants are not well defined, however.

The purpose of this study was to compare
selected nutritive attributes in understory

plant species from sapling and pole ponderosa

pine {Pinus ponderosa) stands growing at five

stocking levels ranging from clearcuts (0 m"/ha

basal area) to unthinned (40 m7ha basal area).

Study Area

The Black Hills of South Dakota and

Wyoming are dominated by ponderosa pine.

White spruce {Picea ^lauca ), paper birch {Be-

tiiJa papyrifcra), (juaking aspen (Popuhis

trcDiiiloidcs), and bur oak {Qiierciis macro-

carpa) are common associates (Boldt et al.

1983). Common imderstor\ species include

bearberry {Arcto.stapliylos uva-iirsi), com-

mon chokecherry {Pruniis virginiana), Ore-

gon grape {Bcrheris rcpeiis). Saskatoon ser-

viceberry {AmclancJiicr alnifolia), and

snowberr\' {SympJioricarpos spp. ). Herbs in-

clude roughleaf ricegrass {Oryzopsis asperfo-

Ji(i), timber oatgrass {Danthonia intermedia),

Kentucky bluegrass {Poa pratensis), cream

peavine {LatJiyrus ocJuoleucus), and bluebell

{Campanula rotundifolia). Ponderosa pine

and (luaking aspen subtxpes have been delin-

eated b\ Thilenius (1972) and Severson and

Thilenius (1976), respecti\el\

.

The stud) was conducted on the l^lack Hills

Experimental Forest about 30 km west of

Rapid ('it\ , South Dakota. The ExpcMimental

Fori'st encompasses about 1 ,375 ha and ele\ a-

tions range from 1,620 to 1,800 m. The aver-

age annual precipitation is 55 cm, of which

70% falls from April to September. Soils arc

primariK gra\ wooded, shallow to moderately

deep, and derixcd from metamorphic rock

(B()ldlaiul\aii Deiiscn 1974).

Kock) MoiiTitaiii l''i)rcst and H.iiiuc l-:\p<-nrnciil St.iliiii

-K()ck\ .\l()\iiitaiii I'orcsl aiul Haii«c KxpiTiinciit Slatioi

!/,iii,iSlal,' I

illi Dakota S,

, \rl/oiiaS52S7

il TicluiolDgv . H.ipulCit). .Smith 0.iki)ta .J7(X)1.
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Methods

Five growing stock levels (GSLs) ot pon-

derosa pine were sampled. These were nu-

merically designated as 0, 5, 14, 23, and un-

thinned. Growing stock indicates all living

trees in a stand. The numerical designation of

growing stock levels approximates, i:>ut may
not equal, the actual basal area (m%a) of the

stand. Basal areas of unthinned pole stands

ranged from 37 to 40 m"/ha, while unthinned

sapling stands ranged from 27 to 33 m"/ha.

Three replications of each of the five GSLs
were established in each of two size classes of

pine: saplings (8-10 cm diameter-breast-

height [dbh]) and small poles (15-18 cm dbh).

These tree size classes are common and exten-

sive in second-growth forests of the Black

Hills.

Replicate plots were randomly selected and

installed for each of the four GSLs from 5

through unthinned in 1963; the clearcuts (0

GSL) were selected in 1966. Each of the 15

sapling plots was 0. 10 ha, and each of 15 pole

plots was 0.20 ha.

Three common understory species were

collected on each plot in August 1976 for anal-

ysis. These included one grass, timber oat-

grass; one forb, cream peavine; and a shrub,

bearberry. Twelve 30 x 61-cm plots were

clipped at ground level and bagged by species

from each of the 30 GSL plots. Samples were

oven-dried to a constant weight at 45 C. All

specimens of the above three species from

each plot were ground through a 1-mm screen

Wiley mill, thoroughly mixed together, and

composited by plot to obtain samples for

analyses.

Standard analytical procedures (AOAC
1970) were used for analyses of duplicate sub-

samples for each plant species and plot. Mois-

ture content was determined by oven-drying

samples at 135 C for four hoius, cooling in a

vacuum desiccator, and reweighing to deter-

mine percent moisture. All results were cor-

rected to a dry-weight basis. These samples

were placed in a muffle furnace and ashed at

600 C for four hours. Samples were then

cooled in a vacuum desiccator and reweighed

to determine percent ash. Ash samples were
further digested with hydrochloric acid and

nitric acid. Calcium content was determined

by titrating an aliquot of this mineral solu-

tion with ethvlenediaminetetracetate acid

(EDTA), using calcein indicator under ultra-

violet light. Phosphorus content was deter-

mined by measuring optical density on a col-

orimeter at 440 mu with the addition of

ammonium vanadate and sodium molybdate.

Standard cinves were prepared to correct op-

tical density to milliequivalents ofphosphorus

per milliliter.

Crude protein was determined using mi-

cro-Kjeldahl procedures. Acid detergent fiber

and acid detergent lignin were analyzed fol-

lowing procedures outlined in AOAC (1972).

The null hypothesis—no differences be-

tween tree size-classes or among GSLs in nu-

tritional content of selected understory spe-

cies—was tested with a 2 X 5 (tree size-class X

GSL) analysis of variance with three replica-

tions per cell. All statistical inferences were

made at P ^ .05. Where differences among
GSLs were noted, or a significant tree size-

class X GSL interaction was detected, size-

classes were analyzed separately with one-

way analysis of variance. Where differences

were significant, means were separated using

Tukey's HSD. Because percentage data were

used, homogeneity of variances was tested

with Bartlett's Box F. In all cases, Box F was

not significant, and so data transformations

were not applied. All analyses were done with

SPSS/PC + (Norusisl986).

Results and Discussion

Nutritive contents of understory species

were not affected by the overstory 13 years

after thinning treatments were applied (Table

1). Some significant differences were noted in

the structural compounds (acid detergent

fiber and lignin) and ash content of cream

peavine from sapling stands, and crude

protein content of timber oatgrass in pole

stands. In these cases, however, no patterns

or trends related to growing stock levels (basal

area) were evident.

Similar results were noted when stands

were compared; in only 4 of 18 possible com-

parisons were significant differences observed

(Table 1). The structural compounds were

both higher in bearberry growing under

sapling stands. Phosphorus content was

higher in both herbaceous species collected

from pole-sized stands. However, there were

no consistent differences, indicating that tree

size, pole vs. sapling, does not have important
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Table 1. Percentages (mean ± standard error) of six mitritixe attrilnites lound in three plant species growing nnder

five different stocking levels of two size classes of ponderosa pine. Black Hills, South Dakota.
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thinned stands, but no differences in crude

protein or crude fat. Wolters (1973) compared

forage growing on longleaf (P. palustris) and

slash pine {P. elliott ii )
plAnlAtions in Louisiana

to that from cutover areas. While chemical

contents were similar the year of treatment,

crude protein and phosphorus contents were

consistently higher under pine plantations

than on cutover land during succeeding years.

These differences grew larger as plantations

developed (9 years). Nitrogen-free extract was

significantly and inversely related to pine

basal area during later years; there were no

significant changes in crude fat, crude fiber,

or calcium. Hanley et al. (1987) did not detect

differences in digestible dry matter of two

shrubs from very young stands (5-11 years)

and adjacent older (80 and about 450 years)

Sitka spruce {Picea sitchensis)-wes\:ern hem-
lock {Tsuga heterophijUa) forest, but did note

that plants in young stands had greater astrin-

gency, phenolics, and total nonstructural car-

bohydrates. Those growing beneath older,

well-developed overstories had greater con-

centrations of nitrogen.

Similar results have been found where

shrubs are overstory. Rickard et al. (1973), for

example, found no differences in foliar nitro-

gen ofbluebunch wheatgrass {Agropyron spi-

catiim) growing under and outside the canopy

of big sagebrush (Artemisia tridentota). Nor
did Earth and Klemmedson (1978) detect dif-

ferences in nitrogen and carbon percentages

in understory vegetation growing under vel-

vet mesquite (Prosopis juliflora) and in the

open. Conversely, foliar nitrogen percentage

of cheatgrass {Bromus tectorum) collected

from beneath canopies of greasewood (Sarco-

batus vermicidatiis) and spiny hopsage

(Grayia spinosa) was higher than that col-

lected from open areas (Rickard et al. 1973).

Examination of studies conducted on areas

with a tree harvest treatment (this study,

Dealy 1966, Regelin et al. 1974, Wolters

1973, Hanley et al. 1987) reveals considerable

variation in response of nutritive attributes to

overstory. Nitrogen, or crude protein, for ex-

ample, was not affected by overstory in South

Dakota (this study) and Oregon (Dealy 1966)

ponderosa pine, or in Colorado mixed-conifer

forest (Regelin et al. 1974), but was in Louisi-

ana pine forests (Wolters 1973) and in Alaska

spruce-fir (Hanley et al. 1987). Ash, or total

mineral content, was not affected by overstory

reduction in this study, but higher concentra-

tions were noted in natural or unthinned

stands by McEwen and Dietz (1965) and

Dealy (1966). Crude fiber (obtained via proxi-

mate analysis) cannot be directly compared to

acid detergent fiber, but both indicate the

least digestible fractions. Responses of crude

fiber and acid detergent fiber were extremely

variable among studies. Crude fat, however,

was not affected by overstory in all instances

where it was considered.

Conclusions AND
Management Implications

Variable and inconsistent responses of nu-

trient concentrations in forage plants to

changes in overstory indicate that overstory

modification cannot be relied upon to obtain

predictable changes in nutritional values of

individual plant species within interior pon-

derosa pine forests. However, overstory re-

duction will increase forage production and

forage diversity (Ffolliott and Clary 1982).

Therefore, total nutrients can be altered by

reducing the overstory, but this results from

increased plant production, not from changes

in forage quality. Increasing forage diversity

creates more and better opportunities for her-

bivores to encounter higher quality plants or

plant parts and thereby improve diet quality.

Because ungulates, as a general rule, are se-

lective feeders, by providing the maximum
number of forage species, managers would be

increasing the opportunities for animals to ex-

ercise this selectivity.
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A REVIEW OF FLEA COLLECTION RECORDS FROM ONYCHOMYS LEUCOGASTER
WITH OBSERVATIONS ON THE ROLE OF CRASSHOPPER MICE IN THE

EPIZOOLOGY OF WILD RODENT PLAGUE

Rex E. Thomas

Abstract—Published records of fleas collected from the northern grasshopper mouse, Ontjchomtj.s leuco^aster,

indicate that these mice have a great deal of intimate environmental contact with other rodents or their burrows.

Fifty-seven species of fleas have been collected from the omnivorous grasshopper mouse. The range of this mouse

overlaps much of the distribution of plague. Yersinia pestis, in the western United States; and nearly one-halt of the flea

species collected from O. leuco^astcr arc known to be of importance in the epizoology of plague. This article discusses

the importance of the association of fleas with a hospitable secondary host in the maintenance and transmission of wild

rodent plague.

Wenzel and Tipton (1966) defined host spe-

cies that provide suitable conditions for a large

ectoparasite fauna as euxenous or hospitable

hosts. For example, certain hosts such as the

opossum, Didelphi.s marsiijyialis. collect a dis-

proportionately large number oi ectoparasitic

species in comparison to others. Such hosts

play potentially important evolutionary and

ecological roles by providing physical, behav-

ioral, and/or physiological conditions ade-

quate for a large number of ectoparasite spe-

cies. Dissemination of ectoparasites between
ecologically restricted populations of pre-

ferred hosts by carrier hosts benefits the para-

sites by providing opportunities for dispersal

and colonization of new host populations or

gene exchange with established populations.

Wenzel and Tipton noted that since host spe-

cies with large flea faunas must have contacts

with many other host species or their immedi-

ate habitats, they are likely to acquire patho-

gens from ecologically more restricted hosts

or their parasites and thus become carriers or

reservoirs themselves.

The northern grasshopper mouse, Onij-

chomijs leucogaster, is an example of such an

animal. Members of the genus Onijchomys

are unique among North American cricetine

rodents in that they are true omnivores

(Landry 1970). The range of O. leucogaster

extends from Mexico to Canada in the arid

plains and deserts of the western United

States (Fig. 1). While much of their diet prob-

ably consists of arthropods, these mice will

often kill and consume other small rodents

(Flake 1973). Hubbard (1947) described them
very colorfully as

sa\ age little brutes and miuderous little carnivores whose

marauding habits tell in their fleas, for upon them can be

fovuul all the desert species, fleas picked up from their

victims as they pommel and kill them.

Traub (1985) credits the success ofrodent fleas

adapted to arid habitats as due to the survival

strategies of remaining in the fur of the host

or, when unattached, remaining wholly in the

burrow. It would certainly be to the advan-

tage of fleas on the victim of a grasshopper

mouse to move, at least temporarily, onto the

Onycliomys to avoid a harsher second-order

environment. As a species, northern grass-

hopper mice are certainly exposed to a variety

of fleas due to their semi-carnivorous nature.

This, however, is not adequate to explain the

phenomenal flea fauna that published records

collectively indicate O. leucogaster to have

(Table 1).

Host Specificity

In a survey of flea/host associations involved

in the ecology ofplague in the western United

States, Eskey and Haas (1939) reported over

50 species of fleas from 30,000 small wild ani-

mals. They observed that all of the rodent flea

species exhibited some degree of specificity,

which limited them to one host species or a

group of biologically related rodents. They

National Institutes of Health, National Institute of Alleri;\ and Infectious Diseases, Rock\ Mountain Laboratories. Hamilton, Montana 59840.
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Compiled from various sources (McCarty, 1978)

Fig. I. The historical occurrence of liuman and animal plague in the United States (by county) from 1900 to 1986 (A),

and the distribution of the northern grasshopper mouse, Onychomys leucogaster, in the United States (B).

also noted that among wild rodents having

environmental contact with each other, some
degree of flea interchange occurs constantly.

It is not uncommon for survey data to report

collection of a flea species from other than its

primary host. Collection records convention-

ally include the flea species recovered from

various hosts in a restricted area over a rela-

tively short period of time. As these data accu-

mulate, the geographical and seasonal distri-

bution of fleas on host species with which they

are commonly associated are subject to anal\ -

sis over their entire range. Stark (1986) has

pointed out the difficulty of establishing reli-

able terminology to describe host associa-

tions. He suggests use of the terms "primary,

"secondary," and "accidental" as used by Hol-

land (1964), but notes the freciuent use of

"major" and "principal" as ec^uivalent terms.

Collection of a flea from other than its pri-

mary host can be interpreted in two ways.

Either the flea is physically and/or physiologi-

cally adapted to one species of host by specific

habitat or blood-meal re(juirements (e.g.,

SpilopsijUns rauictili on Onict(>l(i<iiis cit-

niculiis [Rothschild 1965J), and records from

other hosts are temporary associations; or the

flea and the host depend on similar ecological

re(juirements, and host ranges overlap in such

a way that more than one species satisfies the

flea's ecological needs (Holland 1958). Hop-
kins (1957) emphasized the physical condi-

tions provided b\' the host in determining

limitations to host utilization. Many fleas may
be adapted more to nest conditions favorable

to eggs and larvae than to other factors

identified with a particular host (Hopkins

1957). Benton and Miller (1979) noted that

Peromijscopsylla h. hainifer occurs over most

of the range of its normal host, Microttis spp.,

l)ut appears to be limited to flood plains where
the soil type or soil moisture pro\ ides neces-

sary reciuirements. Other flea species are cli-

matically restricted, and climate changes with

altitude (Barnes et al. 1977, Wenzel and Tip-

ton 1966).

Buffer (1965) described several types of

burrows constructed by O. leucogaster in a

test arena but (juoted Bailey and Sperr\' (1929)

as stating that it is ({uestionable whether they

dig their own burrows, use abandoned bur-

rows, or use those of their prey. Bailey (1931)

felt that they occupied an\ burrow found

abandoned or from w Inch the\ could e\ ict the

owner. If the host en\ ironment is a primary

factor in determining host suitability, then

grasshopper mice could satisfy some of the

needs of many flea species by inhabiting the

burrow from which the fleas were acciuired.

The flea collection data presented in Table 1
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Table 1. Species of fleas collected from Oiujcliomys spp., their noniial hosts', location of collection (city, county,

state), and collection reference.

AnomiopsyUus amphibohis

Caliente, Lincoln, Nevada

A. hicmalis

, , Texas

,
[several], Texas

A. novomexicensis

Roswell, Chaves, New Mexico

Las Cruses, Dona Ana, New Mexico

Catallagia decipiens

White Horse Ranch, Malheur, Oregon

Ceylon, Saskatchewan, Canada

Dactylopsylla bhiei psilos {
= psila

)

Mercury, Nye, Nevada

D. coinis

, , Utah

D. digitenua

Matador, Motley, Texas

D. neomexicana

D. percemis

,
[several], Texas

,
[several], Texas

Diamanus viontantis

Echidnophag,a gcdlinacea

Albuquerque, Bernalillo, New Mexico

Columbus, [Luna], New Mexico

, , Texas

Roswell, Chaves, New Mexico

Epitedia stanfordi

Polacca, Navajo, Arizona

, Santa Fe, New Mexico

, , Utah

Dugway Proving Ground, Utah

E. tvenmanni

Brigsdale, Weld, Colorado

Foxella ignota

, Dawson, Texas

, [Tooele], Utah

, Harney, Oregon

Natl. Reactor Testing Sta., Idaho

, Navajo, Arizona

, Coconino, Arizona

F. t. albertensis

, Albany, Wyoming
, Bowman, North Dakota

F. i. ignota

, Grant, Nebraska

F. i. omissa

F. i. rectda

Fields, [Harney], Oregon
Narrows, , Oregon
Ontario, [Malheur], Oregon
Cody, Park, Wyoming

F. (. utahensis

, Big Horn, Wyoming
Great Salt Lake Desert, Utah

HoplopsyUus affinis =- (EupholopsyUtts

glacialis) affinis

,
[several], Texas

, [several], Texas

H. anomalus

Denio, [Humboldt], Nevada

(Neotoma, Pcromysnis and other rodent genera-nest flea)

(Barnes etal. 1977)

(Neotoma -nest flea)

(Eads and Menzies 1948)

(Eads 1950)

(Neotoma -nest flea)

(Graves et al. 1974)

(Barnes et al. 1977)

(Small rodents esp. Peromyscus, Microtus, and Clcthrionomys)

(Lewis 1976)'

(Holland 1985)

(Thomomys)
'

(Beck and Allred 1965)

(Thomomys)
(Beck 1955)

(Geomys)
(Prince and Stark 1951)

(probablv Geomys)
(Smit'l983)

(Cratogeomys and Thomomys)
(Eads and Menzies 1949)

(Eads 1950)

(Spermophihis)

(Stark 1970)

(Birds, rodents, large insectivores and carnivores)

(Wifliams and Hoff' 1951)

(Traub and Hoff' 1951)

(Miles etal. 1952)

(Graves etal. 1974)

(primarily Peromysciis

)

(Augustson 1955)

(Morlan 1955)

(Stark 1958)

(University of Utah 1969)

(primarilv Peromyscus

)

' (CDC 1985)

(Geomys and Thomomys)
(Eads and Menzies 1949)

(Parker and Howell 1959)

(Hansen 1964)

(Allred 1968)

(CDC 1981)

(CDC 1983)

(Geomys and Thomomys)
(Prince 1945)

(Larson et al. 1985)

(Geomys and Thomomys)
(Prince 1945)

(Geomys and Thomomys)
(Smit 1983)

'

(Geomys and Thomomys)
(Hubbard 1941)

(Hubbard 1941)

(Hubbard 1941)

(Wiseman 1955)

(Geomys and Thomomys)
(Prince 1945)

(Woodbury 1964)

(Lepus and Sylvilagiis)

(Eads and Menzies 1949)

(Eads 1950)

(Ground squirrels and hares)

(Hubbard 1947)
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Alamo, Lincoln, Nevada
Searchlight, Clark, Nevada

,
Utah

, , Utah

, San Juan, Utah

[Tooele], Utah

Great Salt Lake Desert, Utah

, Coconino, Arizona

Malaraeus sinomus

Palm Springs, Riverside, California

, Riverside, California

Denio, [Humboldt], Nevada*

, Santa Fe, New Mexico

Mercury, Nye, Nevada

M. telchinus

,
[Tooele], Utah

, Harney, Oregon
Great Salt Lake Desert, Utah

Dugway Proving Ground, Utah

Natl. Reactor Testing Sta., Idaho

, Colfax, New Mexico

Mega rth roglossus hisetis

Roswell, Chaves, New Mexico

Roswell, Chaves, New Mexico

, , New Mexico or Texas

M. divisus

, Colfax, New Mexico

Meringis altipecten

Columbus, [Luna], New Mexico

, Socorro, New Mexico

M. (irnchis

Hidalgo, New Mexico

CJoliunbus, [Luna], New Mexico

, Dona Ana, New Mexico

, Hidalgo, New Mexico

M. hilsingi

, [several], Texas

,
[several], Texas

Roswell, Chaves, New Mexico

Roswell, Chaves, New Mexico

, , Texas

, , New Mexico

Portales, Roosevelt, New Mexico

Lea, New Mexico

, Dona Ana, New Mexico

, Sandoval, New Mexico

M. californiciis

, Kern, C^alilornia

, Nye, Nevada'

M. (liiHxhimijs

Palm Springs, Ri\erside, California

, Riverside, Cialifornia

St. George, Washington, Utah

, Washington, Utah"
Mercury, Nye, Nevada
Roswell, (Shaves, New Mexico
Dugway Proving (wound, Utah

Dugway Proving (wound, Utah

Roswell, Chaves, New Mexico

, Mohave, Arizona

, Pima, Arizona

, Nye, Nevada*

M. disparalis

, Dona Ana, New Mexico

(Hubbard 1949)

(Hubbard 1949)

(Allred 1952)

(Beck 1955)

(Stark 19.58)

(Parker and Howell 19.59)

(Woodbury 1964)

(CDC 19S3)

(Peroimj.scus)

(Augustson 1943)

(Hubbard 1947)

(Hubbard 1947)

(Morlan 1955)

(Beck and Allred 1965)

(Peroinyscus: also Microtiis, Clcthnonomijs, and Rcithrudontomtjs)

(Parkerand Howell 1959)

(Hansen 1964)

(Woodburv 1964)

(University of Utah 1968)

(Allred 1968)

(CDC 1982)

(Peroinyscus and Neotoma-nest flea, Eads and Campos 1977)

(Rail et al. 1969)

(Graves et al. 1974)

(Tipton et al. 1979)

(Tamiasciurus)

(CDC 1982)

(Dipodomys)

(TraubandHoin951)
(Eads et al. 1987)

(Dipodomys)

"(Hul)bard 1947)

(Traub and Hoff 1951)

(Eads et al. 1987)

(Eads et al. 1987)

(Dipodomys and Onychomys)
(Eads and Menzies 1949)

(Eads 1950)

(Railetal. 1969)

(Graves etal. 1974)

(Lewis 1974a)

(Lewis 1974a)

(Pfattenbcrger and de Bruin 198(i)

(Eads et al. 1987)

(Eads etal, 1987)

(Eads etal. 1987)

(Diixxlouiys)

(Eads et al. 1987)

(Eads etal. 1987)

(Dipodomys and man\' other small rodent genera^

(.\ngustson 1943)

(Hubbard 1947)

(Stark 1958)

(Tipton and Allred 1951)

(Beck and Allred 1965)

(Rail et al. 1969)

(University of Utah 1969)

(University of Utah 197()a)

(Graves et al. 1974)

(Eads etal. 1987)

(Eads etal, 1987)

(i'.ads.tal. 1987)

(Dipodomys '

(Eads 1978)
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, Luna, New Mexico

, Dona Ana, New Mexico

M. fdcilis

, Bernalillo, New Mexico

, Chaves, New Mexico

, \alencia. New Mexico

, Chaves, New Mexico

, Bernalillo, New Mexico

M. huhhardi

Crane, [Harney], Oregon

Denio, [Humboldt], Nevada

,
Harney, Oregon

Natl. Reactor Testing Sta., Idaho

, , Utah

White Horse Ranch, Malheur, Oregon

Idaho Falls, [Bonneville], Idaho

M . jamesoni

, Santa Fe, New Mexico

, , North Dakota

M. nidi

Santa Fe, New Mexico

Roswell, Chaves, New Mexico

Roswell, Chaves, New Mexico

, Coconino, Arizona

M. parked

Crane, [Harney], Oregon

Narrows, , Oregon

Meade, Kansas

,
[several], Texas

, , Utah

,
[several], Texas

Albuquerque, Bernalillo, New Mexico

, Santa Fe, New Mexico

Dugway, Tooele, Utah

Kanab, Kane, Utah

, Harney, Oregon
Great Salt Lake Desert, Utah

Mercury, Nye, Nevada
Dugway Proving Ground, Utah

Natl. Reactor Testing Sta. , Idaho

Dugway Proving Ground, Utah

Dugway Proving Ground, Utah

, Bighorn, Montana

, Custer, Montana
San Juan, New Mexico

, Coconino, Arizona

, Albany, Wyoming
, Wichita, Kansas

M. rectus

, Santa Fe, New Mexico

, Santa Fe, New Mexico

Roswell, Chaves, New Mexico

Roswell, Chaves, New Mexico

M. shannoiii

Crane, [Harney], Oregon
Mabton, [Yakima], Washington

A.L.E. Reserve, Benton, Washington

, Grant, Washington

Monopsijllus exilis

, Meade, Kansas

, Yavapai, Arizona

Roggen {sic Rugger), Colorado

, Meade, Kansas

Powderville, Powder River, Montana

(Fads 1978)

(Eadsetal. 19S7)

(Dipodomiis)

(Fads 1978)

(Eads 1978)

(Fads 1978)

(Fadsetal. 1987)

(Eads et al. 1987)

(Peromijscus, Pcronnathus, and On\ichom\is)

(Hubbard 1947)

(Hubbard 1947)

(Hansen 1964)

(Allred 1968)

(Lewis 1974a)

(Lewis 1975)

(Eads et al. 1987)

(Perognathus and Dipodomifs)

(Morlan 1955)

(Genoways and Jones 1972)

{Dipodomiis)

"(Morlan 1955)

(Rail et al. 1969)

(Graves et al. 1974)

(Fads et al. 1987)

(Dipodomiis: also Oniicliomys and Pero^mithiis)

(Hubbard 1947)

'

(Hubbard 1947)

(Hubbard 1947)

(Fads and Menzies 1949)

(Tipton 1950)

(Eads 1950)

(Williams and Hofn951)
(Morlan 1955)

(Howell 1957)

(Stark 1958)

(Hansen 1964)

(Woodburv 1964)

(Beck and Allred 1965)

(Universitv of Utah 1967)

(Allred 1968)

(University of Utah 1969)

(Ecodynamics 1971)

(Jellison and Senger 1973)

(Jellison and Senger 1973)

(CDC 1981)

(CDC 1982)

(Eads et al. 1987)

(Eads et al. 1987)

(Dipodomiis)

(Morlan 1953)

(Morlan 1955)

(Railetal. 1969)

(Graves et al. 1974)

(Oniichomijs, Pero^nathus and Peromijscus)

(Hubtiard 1947)

(Hubbard 1947)

(O'Farrell 1975)

(Fads et al. 1987)

(Oniichomiis)

(Hubbard 1943)

(Hubbard 1947)

(Hubbard 1947)

(Hubbard 1947)

(Hubbard 1947)
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Crane, [Harney], Oregon

,
[several], Texas

, , Utah

, , Texas

, Santa Fe, New Mexico

, Nebraska

, Santa Fe, New Mexico

Kanab, Kane, Utah

St. George, Washington, Utah

,
[Tooele], Utah

, Finney, Kansas

Great Salt Lake Desert, Utah

Winnett, Petrolenm, Montana
Natl. Reactor Testing Sta., Idaho

, , North Dakota

, Navajo, Arizona

, San Juan, New Mexico

, Colfax, New Mexico

, Jones, South Dakota

, Weld, Colorado

, Yavapai, Arizona

Alpine, Brewster, Texas

Brigsdale, Weld, Colorado

Brigsdale, Weld, Colorado

Portales, Roosevelt, New Mexico

M. wa^neri

,
[several], Texas

, Harney, Oregon
Natl. Reactor Testing Sta., Idaho

, Colfax, New Mexico

, Bowman, North Dakota

, Mercer, North Dakota

M. If, ophidius

, Lamb, Texas

M. IV. systaltiis

Ceylon, Saskatchewan, Canada

M. w. wagneri

Boardman, [Morrow], Oregon
Two Rivers, , Washington

Crane, [Harney], Oregon

Denio, [Huniboldt(, Nevada

Mabton, [Yakima], Washington

Steen Mountain Pass, [Harnev], Oregon

, , Utah

, Santa Fe, New Mexico

Utah

, , Utah

[Tooele [, Utah

Great Salt Lake Desert, I'tah

Mercury, Nye, Nevada
Dugway Proving Ground, I'tah

Natl. Reactor Testing Sta., Idaho

Dugway Proving (Ground, Utah

Opisocrostis liir.siitiis

, [several I, Texas

,
[.several], Texas

, Navajo, Arizona

O. lahis

Narrows, Oregon
Natl. Reactor Testing Sta., Idaho

O. washingtoncnsis

Opisodasys keeni

Dugway Proving (Ground, Utah

(Hubbard 1947)

(Eads and Menzies 1949)

(Tipton 19.50)

(Miles etal. 1952)

(Morlan 1955)

(Kartnian and Prince 19.56)

(Holdenreid and Morlan 19.56)

(Stark 19.58)

(Stark 19.58)

(Parker and Howell 19,59)

(Poorbaugh and Gier 1961)

(WoodinuA- 1964)

(Senger 1966)

(Allred 1968)

(Genowavs and Jones 1972)

(CDC 1981)

(CDC 1981)

(CDC 1982)

(Easton 1982)

(CDC 198.3)

(CDC 1984)

(CDC 1984)

(CDC 1984)

(CDC 1985)

(Pfafifenberger and de Bruin 1986)

(Peromiiscus)

(Eads and Menzies 1949)

(Hansen 1964)

(Allred 1968)

(CDC 1982)

(Larson et al. 1985)

(Larson et al. 1985)

(Peromiiscus)

(Eads 19.50)

{PeromijscHs)

(Holland 1985)

(Peromijscus)

(Hubbard 1941)

(Hul)bard 1941)

(Hul)i)arcl 1947)

(Hubl)ard 1947)

(Hubbard 1947)

(Hubbard 1947)

(Allred 1952)

(Morlan 1955)

(Beck 19.55)

(Stark 19.58)

(Parker and Howell 19.59)

(Woodbiuv 1964)

(Beck and Allred 1965)

(UniversitvofUtah 1967)

(Allred 1968)

(Uuiversitvoi'Ulah 1969)

(Ciiuoiniis)

(Lads and Menzies 1949)

(Eads 19,50)

(CDC 1981)

{Spmu(>})}iilu\ I

(Hubbard 1947)

(Allred 1968)

(S))cnit(>pliilus}

(Smit 198,3)

(Peromijscus

)

(UniversitvofUtah !970b)
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Orcho))cas caedeiis

Dii^way Proving Ground, Utah

(). Icucopus

, , Utah

, Santa Fe, New Mexico

Moab, Grand, Utah

Alpine, Brewster, Texas

Portales, Roosevelt, New Mexico

O. sexdentatiis

,
[several], Texas

O. s. agilis

_, , Utah

, Santa Fe, New Mexico

Kanab, Kane, Utah

Oropsi/lla iclahocnsis

Peromtjscop.sylla draco

Roswell, Chaves, New Mexico

P. hesperomtjs

, Dawson, Texas

, Howard, Texas

, Coconino, Arizona

Portales, Roosevelt, New Mexico

P. h. adelpha

, Rosebud, Utah

, San Juan, Utah

, [Tooele], Utah

Mercury, Nye, Nevada
PhalacropsyUa alios

Natl. Reactor Testing Sta., Idaho

Pidex irritans

, , Texas

Rhadinopsylla (Acthenophthalmiis) sp.

, Cochran, Texas

, Yoakum, Texas

, Cochran, Texas

, Yoakimi, Texas

R. fraterna

Natl. Reactor Testing Sta. , Idaho

Rock Glen, Saskatchewan, Canada

R. heiseri

, [Tooele], Utah

Great Salt Lake Desert, Utah

Mercury, Nye, Nevada
R. multidenticulata

, Santa Fe, New Mexico

Dugway Proving Ground, Utah

Roswell, Chaves, New Mexico

, , Arizona

, , New Mexico

, , Texas

R. (Micropsylla) sectilis

Crane, [Harney], Oregon
R. s. sectilis

Mercury, Nye, Nevada
Natl. Reactor Testing Sta. , Idaho

Thrassis aridis

Portales, Roosevelt, New Mexico

Th. aridis campestris

, Mojave, Arizona

, Hooker, Nebraska

, Cherry, Nebraska

, Hidalgo, New Mexico

,
[several], Texas

(Tamiasciiirus and Glaucomys)

(University of Utah 1969)

(Pcromt/scus)

(Tipton 1950)

(Morlan 1955)

(Stark 1958)

(CDC 1984)

(Pfaffenberger and de Bruin 1986)

(Neotoma )

(Eads and Menzies 1949)

(Neutonia

)

(Beck 1955)

(Morlan 1955)

(Stark 1958)

(Spermophihis and other small rodents)

(Stark 1970)

(Peromyscus)

(Graves et al. 1974)

(Peromyscus)

(Eads and Menzies 1949)

(Eads and Menzies 1949)

(CDC 1982)

(Pfaffenberger and de Bruin 1986)

(Peromyscus)

(Johnson and Traub 1954)

(Stark 1958)

(Parker and Howell 1959)

(Beck and Allred 1965)

(Neotoma)

(Allred 1968)

(Man and large carnivores)

(Eads 1950)

(Eads and Menzies 1949)

(Eads and Menzies 1949)

(Eads 1950)

(Eads 1950)

(Spermophihis)

(Allred 1968)

(Holland 1985)

(Ammospermopliilus lecurus)

(Parker and Howell 1959)

(Woodburv 1964)

(Beck and Allred 1965)

(Onychomys leuco^aster)

(Morlan and Prince 1954)

(University of Utah 1970b)

(Graves etal. 1974)

(Lewis 1974a)

(Lewis 1974a)

(Lewis 1974a)

(mainlv Peromyscus)

(Hubbard 1941)

(mainlv Peromyscus)

(Beck and Allred 1965)

(Allred 1968)

(Dipodomys)

(Pfaffenberger and de Bruin 1986)

(Dipodomys)

(Hubbard 1947)

(Hubbard 1947)

(Hubbard 1947)

(Hubbard 1947)

(Eads and Menzies 1949)
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, Cochran, Texas

, Terry, Texas

, , Texas

, Santa Fe, New Mexico

Camel, Black Mountain, Utah

,
[Tooele], Utah

Roswell, Chaves, New Mexico

Roswell, Chaves, New Mexico

Th. a. hoffmani

St. Georf^e, Washinjjton, Utah
*

Mercury, Nye, Nevada

Th. ahzonetisis

Palm Springs, Riverside, California

Santa Rosa Mountains, California

, Riverside, California

Th. b. bcicchi

Dugway, Tooele, Utah

, Morton, North Dakota

Cheyenne, Laramie, Wyoming
Th. h. caducus

, Emery, L'tah

Th. h. consimilis

Holbrook, Navajo, Arizona

Winslow, Navajo, Arizona

Th. h. ghidiohis

Searchlight, Clark, Nevada

, , Utah

Dugway Valley, Tooele, L'tah

, Washington, Utah
*

, [Tooele], Utah

, Harney, Oregon
Great Salt Lake Desert, Utah

Mercury, Nye, Nevada*

Dugway Proving Groimd, Utah

Th. h. johnsoni

Juarez, Mexico

Til. h. pan.su.'i

, Brewster, Texas

, Brewster, Texas

Albuquerque, Bernalillo, New Mexico

, Santa Fe, New Mexico

Bloomfield, San Juan, New Mexico

Th. h. setosis

Th. fotti.s

,
Brewster, Texas

, [several], Texas

,
[several], Texas

, , Texas

, , Nebraska

Roswell, (-haves. New Mexico

(Juyman, Texas, Oklahoma
Eunice, Lea, New Mexico

Loco Hills, Eddy, New Mexico

Maljamar, Lea, New Mexico

Roswell, ('haves. New Mexico

Wellington, Larimer, Colorado

Brigsdale, Weld, (Colorado

Portales, Roosevelt, New Mexico

Th. francisi rockwoodi

Blitzen, [Harney], Oregon
Ontario, Malheur, Oregon
Alamo, Lincoln, Ne\ada

(Eads 1950)

(Eads 19.50)

(Miles et al. 1952)

(Morlan 1955)

(Stark 19.58)

(Parker and Howell 1959)

(Rail et al. 1969)

(Graves et al. 1974)

(Dipodomys)

(Tipton and Allred 1951)

(Beck and Allred 1965)

(Neotoma. Spermo))hilu.s. Dip()(h>inijs, Ami)iosi)enn<)))l}ihi.s.

and Ontjchomy.s)

(Augustson 1943)

(Augustson 194,3)

(Hubbard 1947)

(Spennophihi.s)

(Howell 19.57)

(Larson etal. 1985)

(CDC 1985)

(AnunospennopJiihis and SpciDiophihis )

(Stark 1958)

(Ammospennopliihis, Spcnnuphilii.s. and Ontichuniys)

(Stark 19.57)

(Stark 19.57)

(Ammospennophihi.'i}

(Hubbard 1949)

(Tipton 19.50)

(Stark 19.58)

(Stark 19.58)

(Parker and Howell 19.59)

(Hansen 1964)

(Woodbur\' 1964)

(Beck and Allred 1965)

(University of Utah 1970a)

(Lci^unis)

(Trauband Holf 1951)

(SfX'rmophilu.s. Amm(>spcrni()i)hihi.s. and iri'(|uentl\ OiiychoDiiis)

(Eads and Menzies 1949)

(Eads 1950)

(Williams and Hot! 1951)

(Morlan 19.55)

(Stark 1970)

(Atnmospennophihts and fr((|utiitl\ Oiu/choiiiti.s)

(Stark 1970)

(Spcnfiophihi.s)

(Prince 1944)

(Eads and Menzies 1949)

(Eads 19.50)

(Miles etal. 19.52)

(Kartmanand Prince 19.56)

(Rail etal. 1969)

(Stark 1970)

(Stark 1970)

(Stark 1970)

(Graves et al. 1974)

(Stark 1970)

(CDC 1984)

(CDC 1984. 1985)

(Pfaffenberger and dc Bruin 1986)

(Spc'rm(>i)hihis)

(Hubbard 1947)

Uiubbard 1947)

(Hubbard 1949)
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Th. p. pandorae

Denio, [Humboldt], Nevada

Steen Mountain Pass, [Harney], Oregon

Natl. Reactor Testing Sta., Idaho

Th. petiolatus

Boardman, [Morrow], Oregon

Denio, [Humboldt], Nevada

Two Rivers, , Washington

{S))cnnopliilus)

(Hubbard 1947)

(Hubbard 1947)

(Allred 1968)

(Spcrma))hihi.s)

(Hubbard 1941)

(Hul)bard 1941)

(Hubl)ard 1941)

'References to normal hosts are after Lewis (1972, 1974a. 19741), 197.51 except wlu-ic otlu-r-wist

*Collected from Onijchomtjs torridus.

**Probably collected from Onychomys torridus.

^Personal collection data—no reference cited.

Countv records in brackets [ ] were either not in the original record and ha\ e been added in thi^

record listed more than one countv of collection and is noted by [several].

i.ted.

I iew, were interred from the original record, or the original

indicate that gras.shopper mice frecjuently in-

vestigate or utilize burrows previously con-

structed by other rodents. This observation is

supported by the number of fleas commonly
associated with Dipodomys, SpcnnopJiilus,

and geomyids collected from grasshopper

mice. IVlembers of these rodent genera are

comparatively large and aggressive enough to

be unlikely victims of O. leiico^aster except as

juveniles. By preying on these animals as ju-

veniles, the grasshopper mouse would still be

likely to enter a burrow of the prey species,

which makes burrow investigation an avenue

to interspecific parasitism.

Some species of fleas considered to have

principal hosts other than O. leiicogaster have

developed what appear to be primary associa-

tions with grasshopper mice from secondary

associations. This was observed by Graves et

al. (1974) for Meringis nidi, M. bilsingi, and

M. dipodomijs in Roswell County, New IVIex-

ico, and by Morlan and Prince (1954) for

RhodinopsyUa midtidenticuhita. Several of

the flea species reported here irom O. leiico-

gaster are drawn from a single published ref-

erence. These may be interpreted as acciden-

tal or "trivial collections that do not represent

a flea/host association of any natural impor-

tance at present, but they may also represent

rarely documented normal associations.

Onychomys, Their Fleas and Plague

Twenty-six of the 57 nominate species of

fleas collected from O. leiicogaster dre known
to be potential or capable vectors of plague

(Table 2). Beck (1955) defines a potential vec-

tor as one that demonstrates the presence of

the etiologic agent in its body but has not been
found to transmit the disease organisms either

Table 2. Plague vectoring capacities of 25 nominate

species and six additional subspecies of fleas collected

from Ontjchumij.s leiicogaster.

Capable vectors Potential vectors

Diamanus montanus

Echidnophaiia gaUinacea

Hoph)i).siilliis anomalus

Malaraeus telchinus

Opi.socro.stis lur.siitu.s

O. lahi.s^

OrupsijUa idahocnfiis

Thrassis a. arizonensis

Pidex irritans^

Thra.ssis hacchijohn.wni

Th. francisi rockwoodi
'

Th. p. pandorae^ \

O. sexdentatii.s

O. .V. aqili.s^

Peromysco)).syUa Jie.spcroniy.s adelpha^

Thra.ssi.s h. hacchi

Th. h. caducus
'

Th. h. gladiohis^

Th. h. pansus"

Th.fotus''

Th. petiohitufi^

AnoiniopsijUus (imphd)ohis^

Cafalla<iki decipiens
'

Epitcdia ueumanni
Euhoplop.sylhi.s ghicialis

(iffinis

Eo.xeUa ignuta
'

Meringis .shannoni
"*

MonopsyUns exilis

MonupsyUii.s wagneri
'

M. w. W(igneri~

Opisodasys keeni

Orchopeas leucopus^

'Beck 19.^5.5

"Egoscue 1960

Kartman and Prince 19.56

^Pollitzer and Meyer 1961

'stark 1970

'Thorpe 1962

naturally or experimentally. He defined a ca-

pable vector as able to transmit the disease

either naturally or experimentally. However,
the experimental success or failure of a flea

species tested for vector competency does not

necessarily reflect its natural ability to trans-

mit the disease. Jordan (1943) proposed that a

priori every flea is a "potential" vector of

plague.

Individual grasshopper mice vary widely in

the number of fleas that they carry. The aver-

age number of fleas per Onychomys (flea in-

dex) is often fairly low, and many are found to
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Table 3. Flea index records from Onychomiis leucofiaster collections.

Number of"
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omnivory and habit of secondary burrow use,

appear to be likely participants in the mainte-

nance of wild rodent plague. As hospitable

temporary hosts, they are responsible for dis-

persing a variety of fleas ofknown importance

in the epizoology of plague. The range of O.

leucogaster extends into all of the foci of

plague in the western United States described

by Barnes (1982) (compare Fig. 1). In areas

where populations of grasshopper mice have

been associated with plague for a period of

time, the selection pressures leading to a pop-

ulation resistance increase the ability of these

mice to effectively maintain both the local flea

populations and the enzootic character of this

disease in nature.

Taxonomic Treatment

The purpose of this review is to report pub-

lished flea collection records from members of

the genus Omjchomijs and discuss the impor-

tance of their associations in the epizoology of

plague. It is not my intent to address the

validity of the ciurent taxonomy of North

American Siphonaptera. Smit (1983) has re-

vised the superspecific taxonomy of fleas of

the family Ceratophyllidae. Due to the nature

of this article, I have adopted Holland's (1985)

use of the conservative taxonomy in order to

retain the generic names reported in the origi-

nal literature. For determination of generic

classification according to Smit, the reader is

referred to Appendix 5 of Traub, Rothschild,

and Haddow (1983). Johnson (1961) reduced

the subspecific status of the geographic races

of MonopsyUus ivafineri. Again, in order to

retain the original taxonomy reported in the

collection records, I follow Holland (1985) in

the use of the subspecific epithets.
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CHECKLIST OF THE ODONATA OF COLORADO

Man' Alice Evans

Abstract.—One hundred and one species ofOdonata are recorded for Colorado, including 58 species of Anisoptera

(ofwhich 4 are new state records) and 43 Zygoptera (9 new state records). County records are indicated for each. Three

major elements are recognized; predominantly eastern species occurring in the plains and mountain valleys east of the

Rocky Mountains, Canadian Zone elements occurring principally above 2,440 m (8,000 ft) in the mountains, and Great

Basin and western species occurring chiefly west of tlie mountains. The list is based primarily on the collections at

Colorado State University and the University of Colorado, with additional records from the literature and from other

collections.

Although variou.s papers have been pub-

hshed hsting Odonata fioin Colorado, no com-

prehensive checklist has been compiled. Col-

orado contains many different habitats,

ranging from cold, wet alpine meadows to hot,

dry areas that approach desert conditions, es-

pecially in late summer. In addition, altitudes

range from a little over 915 m (3,000 ft) to well

above 4,270 m (14,000 ft). On the accompany-

ing map of Colorado (with the counties indi-

cated), I have added the Continental Divide

and the approximate 1,525-m (5,000-ft) con-

tour lines on each side of it. Colorado's fauna is

enriched by the movement of eastern species

into its eastern plains, Great Basin species

into the western counties, and northern spe-

cies down the crest of the Rocky Mountains

from Canada.

Of particular interest are the Canadian

Zone representatives, i.e., those found be-

tween approximated 2,440 m (8,000 ft) and

3,355 m (11,000 ft). Of the 101 species here

reported from Colorado, 18 Anisoptera and 13

Zygoptera were found at 2,440 m (8,000 ft) or

above. Of those found above 2,745 m (9,000

ft), 8 were dragonflies and 5 damselflies, and

above 3,050 m (10,000 ft), there were 5 of

each. Of the dragonfly genera, two contain

most of the high-altitude species, namely, So-

matochlora and Leucorrliinia. In the genus

Sympetrum, several species occur above

2,440 m (8,000 ft), but the genus is also well

represented at lower altitudes. The highest

altitude I have recorded is for Lihclhtla pul-

chella at 3,263 m (10,700 ft). This spc^cies also

has the widest range altitudinally of any odo-

nate that I have observed in the state, over

2,135 m (7,000 ft). Of the damselflies, all ma-
jor genera, except members of the family

Calopterygidae, seem to have at least one spe-

cies in the Canadian Zone; the highest flier I

observed is Coenagrion resohitum at 3,141 m
(10,300 ft).

Anisoptera, which occur throughout Colo-

rado, except perhaps for the highest altitudes,

are: Ophiugoniphus sevcrus, LibeUula pul-

chella and L. quadhmaculata, Sympetrum
corruptum and S. occidentalc- and Zygoptera

are: Lestes disjunctus, Ainpliiagrion abbre-

viatum, Enallagma cyathigerum, and Is-

chnura perparva.

Western species that barely enter the state

are: Cordidegaster dorsalis and GompJius in-

thcatus; others penetrating further east but

not to the eastern border of the state are:

Aeshna interrupta, A. pobnata, and A. um-
brosa, Sympetrum dmiae and S. pallipes,

Lestes congener and L. dryas, Coenagrion

resohitum, Enallagma boreide and E. cy-

athigerum.

Eastern species barely entering the state

are: Celithemis eponina. Pachydiplax longi-

pennis, Calopteryx maculata, Lestes rectan-

gularis, Argia alberta and A. apicalis, Enal-

lagma hageni and E. vesperum; others

reaching tlu^ foothills (more or less) are:

Progoiiiphus obseurus, LibeUula luetuosa and

L. lydia, Sy)n})etrum rubicundulum, Argia vi-

olaeea, and Enallagma praevarum.

Southern species that barely enter the

soutluMii border are: Gom})hus militaris, Ep-

itheca eynosura and E. peteehialis, Perithemis

'Department c)IKntoiiii)log\, Colorado .State I'liiversity, Fort Collins. Colorado .SO.52.3.

96



January 1988 EvANS; Colorado Odonata 97

Fig. 1. Map of Colorado with the counties indicated. The approximate locations of" the Continental Divide and the

1,525-ni (5,000-ft) contour lines on each side are superimposed.

tenera. Lihclhda nodisticta, Arfi^ia lumens, A.

nahuana, and A. plana; others reaching far-

ther into the state are: LibeUiila saturata and

L. siihoniato, Tramea lacerata and T. onusta,

and Pantala hijmenea. Some of these can be

found further north in areas of hot springs.

In the following list I have given the litera-

ture citations first and then the specimen

records (by county when possible). These

records are based primarily on specimens in

collections of the Department of Entomology

at Colorado State University in Fort Collins

and of the University of Colorado Museum at

Boulder. Most of this material was identified

by the author. Additional records have been

taken from the following institutions (cited by

abbreviations).

Florida State Collection of Arthropods

(FSCA), Gainesville, Florida.

Museum of Comparative Zoology (MCZ),

Harvard University, Cambridge, Massachu-

setts.

Museum of Zoology (UMMZ), University

of Michigan, Ann Arbor, Michigan.

United States National Museum (USNM),
Smithsonian Institution, Washington, D.C.

University of Nebraska State Museum
(UNSM), Lincoln, Nebraska.

Also, indicated by one asterisk (*) are the

thirteen new state records, and the few doubt-

ful records, by two (**).

Anisoptera

Cordulegastridae

*Cordiileg,aster dorsalis Hagen. Moffat.

**Cordulegaster erronea Hagen. Recorded as doubtful

from Colorado t)\ Montgomery (1968). Colorado is far to

the west of the established range.

Gomphidae

Progomphiis borealis McLachlan. (Byers 1939).

Progomphus obscurits (Rambur). El Paso (Hess 1940),

Bent(C;. H. Bick 1987, personal communication).

Ophiogomphus severus Hagen. Costilla (Hagen 1874),

"Buffalo, Platte Canyon" (Tucker 1907), Jefferson

(Williamson 191.3), El Paso (Hess 1940). Boulder, Delta,

Denver (UMMZ), Elbert, Fremont (USNM), Huerfano,

Jackson, Jefferson (UMMZ), Larimer, Las Animas, Mesa,

Moffat, Montezuma, Montrose, Park (USNM), Rio

Blanco, Rio Grande (UMMZ), Routt, Weld, Yuma.

**Gomphus cornutus Tough. Recorded from Colorado

by Needham and Westfall (1955), but its occurrence there

is doubted by Montgomery (1968).

Goinphus externus Hagen. (Montgomery 1968).
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Gomphus intricatus Hagen. Mesa (Kormondy 1960).

Mesa.

Gomphus militaris Hagen. Bent (Bick and Hornuff

1974). Baca, Lincoln.

Aeshnidae

Anax Junius (Drury). El Paso and Pueblo (Hess 1940),

Bent (G. H. Bick 1987, personal communication). Baca,

Boulder (USNM), Larimer, Prowers, Rio Blanco, Weld.

Aeshna constricta Say. Archuleta (Hagen 187.5).

Grand.

Aeshna eremita Scudder. Boulder (Kormondy 1960).

Boulder, Larimer.

Aeshna interrupta Walker. Gunnison (Bird and Rulon

1933), El Paso and Pueblo (Hess 1940), Routt (G. H. Bick

1987, personal communication). Archuleta, Boulder,

Huerfano (UMMZ), Jackson (USNM), Larimer, Me.sa.

Aeshna juncea Linnaeus. "Southeastern part, "Corfi

(Walker 1912), El Paso (Hess 1940). Boulder, Moffat.

Aeshna multicolor Hagen. Denver (Calvert 190.5), El

Paso (Tucker 1907), Weld (Walker 1912), Pueblo (Hess

1940). Arapahoe, Baca, Bent, Boulder, Fremont, Las

Animas, Moffat, Prowers, Weld.

Aeshna palmata Hagen. Lake (Walker 1912), Gunnison

(Bird and Rulon 1933), El Paso and Pueblo (Hess 1940),

Moffat (G. H. Bick 1987, personal communication).

Archuleta, Boulder, Chaffee, Grand, Jackson, Jefferson

(UMMZ), Larimer, Las Animas, Mesa.

Aeshna umbrosa Walker. El Paso (Hess 1940).

Archuleta, Boulder, Delta, Fremont, Garfield, Grand,

Gunnison, La Plata, Larimer, Las Animas.

Corduliidae

Epitheca cynosura (Say). El Paso (Hess 1940). Baca,

Bent.

Epitheca petechialis (Muttkowski). Lincoln (Bick and

Hornuff 1974). Baca.

Somatochlora ensigera Martin. Jefferson (Williamson

1907), El Paso (Hess 1940).

Somatochlora hudsonica (Selys). Boulder, Teller, and

"El Dora Lakes ' (Walker 1925). Boulder.

*Somatochlora minor Calvert. Larimer.

Somatochlora semicircularis (Selys). Lake (Hagen

1874), Boulder, "Sulphide Flats," and "Arcad River"

(Walker 1925), Gunnison (Bird and Rulon 19.33), Mesa (G.

H. Bick 1987, personal communication). Boulder, Routt,

Svunmit.

Cordulia shurtleffi Scudder. (Needham and Westfall

19.55). Boulder.

Libellulidae

*Perithemis tenera (Say). Baca.

Celithemis eponina (Drury). El Paso (Hess 1940).

Yuma.

JJhellula Comanche Calvert. (Montgomery 1968).

Lihellulaforensis Hagen. Boulder ((]ockerell 1927), El

Paso and Pueblo (Hess 1940), Moffat (G. H. Bick 1987,

personal communication). Archuleta, Boulder, Denxcr
(UMMZ), Larimer, Mesa, Weld (USNM).

Lihellula luctuosa Burmeister. El Paso and Pueblo

(Hess 1940), Prowers (Kormondy 1960), Morgan and

Washington (G. H. Bick 1987, personal communication).

Baca, Bent, Boulder, Jefferson (UMMZ), Kiowa,

Larimer, Las Animas, Prowers, Sedgwick, Weld, Yuma.
Lihellula lydia Drury. Denver (Williamson 1906),

Boulder (Cockerell 1927), El Paso (Hess 1940). Arapahoe,

Archuleta, Bent, Boulder, Denver (UMMZ), Larimer,

Lincoln, Weld, Yuma.

Lihellula nodisticta Hagen. (Hagen 1874). Saguache.

Lihellula pulchella Drury. Jefferson (Williamson

1913), Park (Cockerell 1927), El Paso and Pueblo (Hess

1940), Rio Blanco (G. H. Bick 1987, personal communica-
tion). Arapahoe, Archuleta, Baca, Bent, Boulder,

Cheyenne, Denver (UMMZ), Grand, Kiowa, Larimer,

Las Animas, Mesa, Moflat, Montezuma, Morgan,

Saguache, Weld, Yuma.

Lihellula quadrimaculata Linnaeus. El Paso (Hess

1940), Mesa and Rio Blanco (G. H. Bick 1987, personal

communication). Archuleta, Boulder, Delta, Dolores,

Fremont (USNM), La Plata, Larimer, Mesa, Mon-
tezuma, Park, Rio Blanco, Routt, Saguache, Weld, Yuma.

Lihellula saturata (Uhler). Larimer (Calvert 1905),

Pueblo (Cockerell 1927), El Paso (Hess 1940), Mesa (G.

H. Bick 1987, personal communication). Baca, Bent, Las

Animas.

Lihellula subornata (Hagen). Denver and Larimer

(Calvert 1905), Archuleta (Williamson 1906), El Paso and

Pueblo (Hess 1940). Archuleta (UMMZ), Bent, Denver
(UMMZ), Weld, Yuma.

Leucorrhinia horealis Hagen. Mesa (Bick and Hornuff

1974). Larimer.

*Leucorrhinia hudsonica (Selys). Boulder, Eagle,

Grand, Larimer, Mesa.

Leucorrhinia intacta Hagen. El Paso (Hess 1940), Mof-

fat (G. H. Bick 1987, personal communication).

Archuleta, Boulder, Denver (UMMZ), Dolores, La Plata,

Larimer, Morgan, Yuma.

Leucorrhinia proxima Calvert. Boulder (Cahert

1923), Moffat (G. H. Bick 1987, personal conuiiunica-

tion). Boulder, La Plata, Larimer.

Sympetrum atripes (Hagen). (Needham and Westfall

19.55). Larimer.

Sympetrum corruplum (Hagen). El Paso and Denver
(Tucker 1907), Jefferson (Williamson 1913), Arapahoe

(Cockerell 1927), Pueblo (Hess 1940), Larimer and Prow-

ers (Tai 1967), Garfield, Morgan, Rio Blanco, and Weld
(G. H. Bick 1987, personal commimication). Alamosa,

Arapahoe, Archuleta, Baca, Bent, Boulder, Cheyenne,

Crowley, Denver (UMMZ), Huerfano, La' Plata

(UMMZ), Larimer, Las Animas, Mesa, Moffit, Park

(UMMZ), Prowers, Weld, Yuma.

Sympetrum costiferum (Hagen). Larimer (Tai 1967).

Arapahoe, Larimer (USNM).
Sympetrum danae (Sulzer). Bovilder (CA)ckerell 1927),

El Paso (Hess 1940), Larimer (Tai 1967). Alamo.sa, Boul-

der, Chaffee (USNM. UMMZ), Denver (UMMZ),
Grand, (kmnison (USNM), La Plata, Larimer, Park

(UMMZ), Rio Blanco, Rio Grande (UMMZ), Routt,

Saguache, San Juan (UMMZ).
Sijmpetrum internum Montgomery. Boulder, ('ostilla,

(irand, Jefferson, Laki', Laiimer, Rio Grande, and'C'atal

Spring" (Tai 1967). Alamosa, .\rapahoe, Archuleta, Boul-

der, Chaffee (UMMZ), Eagle, Grand, Gunnison, Jack-

son, Jefferson (UMMZ), La Plata, Larimer, Moffat, Mon-
tezuma, Morgan, Ouray, Rio Blanco, \\\o (Jrande

(UMMZ), Routt, Saguache, Weld.

Sympetrum madidum Hagen. (Muttkowski 1910).

Ciiuuiison (FS(;.\).

Sympetrum ohtrusum (Hagen). Larimer and Weld
(Tai"l967), Moffat and Washington (G. H. Bick 1987, per-

sonal communication). Archuleta, Boulder, Gumiison,
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Huerfano, Jefferson, Larimer, Mesa, Montrose, Sedg-

wick, Weld, Yuma.

Sijmpetrtim occidentale Bartenev. Arapahoe, Denver,

Hueifano, Jefferson, Mesa, Prowers, and Rio Grande

(Walker 1951): Boulder, Larimer, Montezuma, and Weld

(Tai 1967); Baca (G. H. Biek 1987, personal communica-

tion). Arapahoe, Bent, Boulder, Delta, Denver (MCZ,

UMMZ), El Paso (MCZ), Fremont (USNM), Huerfano

(UMMZ), Jefferson (UMMZ), Kiowa, La Plata, Larimer,

Las Animas, Lincoln, Mesa, Montezuma, Montrose,

Prowers (USNM), Pueblo, Weld, Yuma.

Sympetrum pallipes (Hagen). El Paso and Pueblo

(Hess 1940), Jefferson, Larimer, and Platte Canyon (Tai

1967), Mesa(G. H. Bick 1987, personal communication).

Archuleta, Boulder, Denver (UMMZ), Fremont

(USNM), Huerfano, Jefferson (UMMZ), La Plata,

Larimer, Las Animas, Weld.

Sympetrittn rubicundulum (Say). El Paso (Hess 1940).

Alamosa (USNM), Arapahoe, Boulder, Huerfano,

Larimer, Weld, Yuma.

**Sijmpetrum semicinctum (Sav). El Paso (Tucker

1907), Jeff"erson (Williamson 191.3),' Pueblo (Hess 1940).

These records are almost certainly in error. This is a

northeastern species whose presence west of Minnesota

has not been verified (Walker 1951, Tai 1967). Colorado

records probably refer to Syt)ipetrum occidentale fascia-

turn WdWer (G. H. Bick 1987, personal communication).

Sympetrum vicinum (Hagen). Gunnison (Bird and Ru-

lon 19.33). Larimer.

Erythemis coUocata (Hagen). Bent and Mesa (Bick and

Hornuff 1974). Baca, Kiowa, Las Animas, Yuma.

Erythemis simplicicoIUs (Say). El Paso and Pueblo

(Hess 1940). Baca, Larimer, Mesa, Yuma.

Pachydiplax longipennis (Burmeister). Pueblo (Hess

1940), Morgan (G. H. Bick 1987, personal communica-

tion). Baca, Prowers, Yiuiia.

Tramea lacerata Hagen. Pueblo (Hess 1940), Mesa,

Morgan, and Washington (G. H. Bick 1987, personal

commimication). Baca, Boulder.

Tramea onusta Hagen. Denver (Cockerell 1927), El

Paso (Hess 1940), Prowers (Kormondy 1960). Baca, Bent,

Crowley, Prowers.

Fantala flavescens (Fabricius). Morgan (Bick and Hor-

nuff 1974). Bent, Larimer, Las Animas, Weld.

Pantala hymenea (Say). Bent (Bick and Hornuff 1974).

Weld.

Zygoptera

Calopterygidae

Calopteryx aequabilis Say. Boulder (Cockerell 1913),

Larimer (Kennedy 1918b).

*Calopteryx maculata (Beauvois). Yuma.

Hetaerina americana (Fabricius). Jefferson

(Williamson 1913), Pueblo (Cockerell 1927), Bent (G. H.

Bick 1987, personal communication). Arapahoe, Baca,

Boulder, Denver (UMMZ), Huerfano, Kit Carson,

Larimer, Las Animas, Logan, Mesa, Moffat (USNM), Rio

Blanco, Yuma.

Lestidae

*Archilestes grandis (Rambur). Boulder, Fremont
(USNM). Larimer, Mesa.

Lestes congener Hagen. (Hagen 1874). Alamosa, Ara-

pahoe, Archuleta, Boulder, Denver (UMMZ), Jackson,

Larimer, Mesa, Rio Grande (UMMZ), Weld.

Lestes disjunctus Selys. Gunnison (Bird and Rulon

1933), Boulder (Walker 1952), Rio Blanco and Routt (G.

H. Bick 1987, personal communication). Arapahoe,

Archuleta, Baca, Boulder, Conejos, Eagle, Huerfano,

Jackson, La Plata, Larimer, Las Animas, Mesa, Moffat,

Montezuma, Park (USNM), Prowers, Teller, Weld,

Yuma.
Lestes dryas Kirby. Gunnison (Bird and Rulon 1933),

Mesa and Rio Blanco (G. H. Bick 1987, personal commu-
nication). Alamosa, Archuleta, Boulder, Gunnison, Jack-

son, La Plata, Lake, Larimer, Las Animas, Mofflit, Mon-

tezuma, Montrose, Morgan, Routt, Saguache, Weld.

Lestes forcipatus Rambur. (Hagen 1874). Weld.

*Lestes rectangularis Say. Baca, Lincoln, Yuma.

Lestes ungiiicidatus Hagen. Routt, Wash-ington and

Weld (Bick and Hornuff" 1974). Alamosa, Boulder, Routt,

Sedgwick, Yuma.

Coenagrionidae

**Argia agrioides Calvert. Tucker (1907) recorded this

species from El Paso County, but Gloyd (1958) states that

it is limited to Baja California.

Argia alberta Kennedy. El Paso (Kennedy 1918a),

Bent (G. H. Bick 1987, personal communication). Bent

(UMMZ), Prowers (UMMZ).
*Argia apicalis (Say). Baca, Bent, Lincoln, Yuma.

*Argia emma Kennedy. Boulder, Douglas, Huerfano

(FSCA, UMMZ), Moff"at (FSCA, UMMZ), Sedgwick,

Yvuna.

Argia lugens (Hagen). Baca (Bick 1978). Huerfano

(UMMZ, USNM).
Argia moesta (Hagen). (Walker 1953). Baca, Bent, Las

Animas, Lincoln, Mesa, Prowers, Routt (USNM).

Argia nahuana Calvert. Baca and Bent (Bick 1978).

Prowers (UMMZ).
Argia plana Calvert. Baca (Bick and Hornuff 1974).

*Argia sedula (Hagen). Boulder, Moffat, Weld.

Argia violacea (Hagen). Baca (Bick and Hornuff" 1974).

Huerfano (UMMZ), Weld.

Argia vivida Hagen. Archuleta (Calvert 1902), Jeffer-

son (Williamson 1913). Arapahoe, Archuleta, Baca, Bent,

Boulder, Delta, Dolores, La Plata, Larimer, Las Animas,

Lincoln, Mesa, Moffat, Montezuma, Montrose, Routt,

Weld, Yuma.

Amphiagrion abbreviatum (Selys). El Paso (Tucker

1907); Jeff"ers()n (Williamson 1913 as A. saucium). Bent,

Mesa, and Rio Blanco (G. H. Bick 1987, personal commu-
nication). Alamosa, Arapahoe, Archuleta, Boulder, Cos-

tilla, Delta, Denver, Dolores, Douglas, Fremont

(USNM), Garfield, Grand, Gunnison, Huerfano, Kiowa,

La Plata, Larimer, Las Animas, Lincoln, Mesa, Moffat,

Montezuma, Montrose, Pueblo, Rio Blanco, Routt,

Saguache, Weld, Yuma.

**Amphiagrion saucium (Burmeister). El Paso (Tucker

1907), Jeff"erson (Williamson 1913). The range of this spe-

cies is distinctly eastern, extending no further west than

Minnesota and Wisconsin, whereas A. abbreviatum is

distinctly western (Walker 1953); disregarding the possi-

bility of an undescribed species for central U.S., it seems

best for the present to refer all Colorado records of A.

saucium to A. abbreviatum (G. H. Bick 1987, personal

commimication).

Coenagrion resolutum (Hagen). Gunnison (Bird and

Rulon 1933), Garfield and Mesa (G. H. Bick 1987, per-

sonal communication). Boulder, Delta, Dolores, Jackson,
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La Plata, Larimer, Mesa(USNM), Montezuma, Routt.

Enallagma anna Williamson. (Garrison 1984), Costilla

(Garrison 19(S5, personal communieation). Boulder.

Enallagma antennattim (Say). Bent and Larimer (Bick

and Hornnff 1974). Larimer (USNM).
Enallagma basidens Calvert. Larimer (Biek and Hor-

nnff 1974), Boulder.

Enallagma horeale Selvs. Jefierson (Williamson 1913),

Gunnison (Bird and Rulon 1933), Garfield, Mesa and Rio

Blanco (G. H. Biek 1987, personal communieation). Boul-

der, Gilpin, Grand, Jackson, Jefferson (UMMZ),
Larimer, Moffat, Montezuma, Montrose, Routt, Teller,

Weld.

Enallagma carunculatum Morse. Jefierson

(Williamson 1913), Gunnison, Larimer, Mesa, Mofiat,

and Weld (Garrison 1984), Garfield (G. H. Bick 1987,

personal connnimication). Alamosa, Archuleta, Baca,

Boulder, Chaffee, Cheyenne, Costilla, Delta, Denver

(UMMZ), Dolores, Eagle, Grand, Huerfano (UMMZ),
Larimer, Montrose, Weld.

Enallagma civile (Hagen). El Paso (Calvert 1902), Jef-

ferson (Williamson 1913), Huerfiino, Larimer, Logan,

Mesa, Morgan, Prowers, and Weld (Garrison 1984),

Washington (G. H. Bick 1987, personal conimimication).

Alamosa, Arapahoe, Baca, Bent, Boulder, Cheyenne,

Crowley, Delta, Huerfano, La Plata, Larimer, Las Ani-

mas, Morgan, Prowers, Puehlo, Sedgwick, Weld.

Enallagma clausum Morse. El Paso (Tucker 1907),

Jefferson (Williamson 1913), Gunnison (Bird and Ridon

1933). Alamosa, Boulder, Costilla, Eagle, Larimer,

Yuma.

Enallagma cyathigerum (Charpentier). Garfield, Mof-

fat, Rio Blanco and Routt (Bick 1978), Lake (Garrison

1984). Alamosa, Archuleta, Boulder, Chaffee, Conejos,

Costilla, Crowley, Delta, Eagle, Gilpin, Grand, Gun-
nison, Huerfano, Jackson, La Plata, Lake (USNM),
Larimer, Mineral, Moffat, Montezuma, Montrose, Park,

Pueiilo, Routt, Saguaclie, Weld.

Enallagma hageni (Walsh). Washington (Bick and Hor-

nuffl974).

Enallagma praeiarum (Hagen). El Paso (Tucker 1907),

Weld (Kumar et al. 1976), Baca and Larimer (Bick 1978).

Baca, Boulder, Huerfano (UMMZ), Larimer, Las Ani-

mas, Prowers (UMMZ).
*Enallagma vesperum Calvert. Yuma.

Ischniira harheri Cur rie. (Muttkouski 1910).

Ischnura cervula Selys. Moffat, Rio Blanco, antl Routt

(Bick and Hornuff 1974). Arapahoe, Archuleta, Baca,

Boulder, Conejos, Dolores, Eagle, Larimer, Mesa,

Puehlo, Weld.

Ischnura damula Calvert. Denver (Calvert 1902), Jef-

ferson (Williamson 1913), Mesa and Washington (G. H.

Bick 1987, personal communication). Alamosa, Arapa-

hoe, Baca, Bent, Boulder, (Costilla, Crowley, Huerfano,

La Plata, Larimer, Las Animas, Morgan, Prowers,

Saguache, Weld, Yuma.

Ischnura demorsa (Hagen). i)en\ti ((ialNcrt 1903).

Larimer (USNM), Prowers (UMMZ).
Ischnura perparva Selys. El Paso (Tucker 1907), Bent,

Moffat, and Rio Blanco (G. H. Bick 1987, personal coni-

mimication). Ala-mosa, Archuleta, lioulder. Delta, Do-
lores, Eagle, El Pa.so (UMMZ), (;arfield, Huerfano, La
Plata, Larimer, Las Animas, Lincoln, Mesa. Moffat,

Montezuma, Montrose, Morgan, i'ucl)l(>, Routt,

Saguache, Weld, Yuma.
Ischnura verticalis (Say). Morgaii and Washington

(Bick and Hornnff 1974). Lari-mer, Yuma.

*Hesperagrion heterodoxum (Selys). Boulder,

Larimer.

*Anomalagrion hastatum (Sav). La Plata.
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A CHECKLIST OF THE VASCULAR PLANTS OF THE HOUSE RANGE, UTAH

Ronald J. Kass'

Abstract.—A checklist ot the vascular plants of the House Ran,sj;e, Juab and Millard comities, Utah, is presented. A
flora of 373 species and infraspecific taxa in 231 genera and 60 families are reported. The geology, physiography,

climate, and plant commimitics are briefly discussed. Several endemics occur in the study area and a new ta.\on has

been described.

Plant checklists are useful to natural re-

source managers, amateur and professional

botanists, and plant ecologists. In the absence

of completed floristic treatments, localized

checklists are often the main source of infor-

mation available on a local flora. They reduce

the number ofpossible choices when compar-

ing numerous choices available from regional

floras (Goodrich 1984). Local checklists are

also a source of information for ecological

studies ranging from pollination ecology to

phytogeography.

The primary objective of this study was to

provide a checklist of the vascidar plants

found in the House Range, Utah. This infor-

mation has been included in the Utah Flora by

Welsh et al. (1987). The secondary objective

was to provide specimens for future ta.xo-

nomic and phytogeographic works.

Approximately 600 collections were made
and deposited as voucher specimens in the

Brigham Young University Herbarium (BRY),

the New York Botanical Garden (NY), and the

Garrett Herbarium, University of Utah (UT).

Methods and M.-xtehials

A statewide herbaria search was conducted

prior to the 1981 field season. Collecting sta-

tions were established throughout the stud\

area and visited several times during the held

seasons (April-September) of 1981 and 1982.

Additional areas were also searched that were
topographically, geologically, or floristicalK

interesting. Frecjuency of collected species is

based on the following scale from Thorne

(1967): rare, 1-2 stations; infrecjuent, 3-5 sta-

tions; frecjuent, 6—8 stations; and counnoii,

more than 8 stations.

'Lif<- Sck-mc Mus.-MMi and Dcp.iitiTicnt ulTicilaiu arul Ham;c Siici Himli.

A collection number is cited for each spe-

cies. Ta.xa with no collection number were
observed and not collected. All collections are

by the author unless otherwise indicated.

Study Area

The House Range, situated in western Mil-

lard and Juab counties, Utah, is located be-

tween 39° 37' and 38° 50' N latitude and 113°

25' and 113° 16' W longitude. The House
Range is bounded on the west by Tule \'alley,

on the east by Whirlwind \'alley and Sevier

Dry Lake, on the north by Sand Pass and the

Fish Springs Range, and on the south bv U.S.

Highway 6-50 at Skull Rock Pass. An addi-

tional area called the Black Hills was included

in the study area (Fig. 1).

The House Range is 90 km (56 mi) long and

averages 10 km (6 mi) wide; it occupies an area

of 900 scjuare km (336 square mi). The eleva-

tion ranges from 1,312 m (4,305 ft) on the

valley floor to 2,948 m (9,669 ft) at the summit
of Swasey Peak, the highest point in the

range.

The House Range is a narrow, steep, fault-

block range. Drainages plunge steeply on the

western flanks, while gentle relief is charac-

teristic on the eastern flanks. The west face of

the range is an eroded fault scarp visible as

one \iews Notch Peak while drixing east on

U.S. Highway 6-50.

The House Range is composed mostly of

(vaml)riau and Ordovician limestone. The
Wheeler Shale and Marjmn Formations in the

area yield the most continuous Cambrian fos-

sil succession in I'tah (Hint/.e 1973). Igneous

acli\it\ dining the Tertiary caused doming
and fracturing of the strata, thus producing a

ini Iciiiiii; lrincrsit\, I'nnci, I t.ili M(i()2.
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MAP OF SURVEY
AREA

Fig. 1. Map of the survey area, with study areas indieated.

series of steep, shaded canyons that are visible

at Painter Spring (Fig. 1). Quaternary sedi-

ments, deposited as alluvial fans and valley

fill, have been reworked and covered during

the existence of Lake Bonneville (Hanks

1962).

The climate is typical of the Great Basin

with cold, moist winters and warm, dry sum-

mers. The city of Delta, located 80 km (50 mi)

to the east of the House Range, has average

January temperatures of -4.4 C (24 F) and

average July air temperatures of 22 C (72 F).

During winter, when high atmospheric pres-

sure exists, low-level temperature inversions

develop, causing the lower valleys to become
colder than slopes at higher elevations.
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{Artemisia nova) is characteristic of the up-

land desert shrub community. It is codomi-

nant with shadscale and occurs in pure stands

within and above the pinyon-juniper commu-
nity. Low sagebrush {Artemisia arhuscula)

occurs on shallow, rocky, alkaline soils. It is

found on limestone gravels and cobbles, often

growing in pure stands and forming associa-

tions with xeric grasses and forbs on

windswept ridges in and above the pinyon-

juniper community.

Basin big sagebrush {Artemisia tridentata

ssp. tridentata) occurs on dry, deep alluvial

soils in valleys and washes at middle eleva-

tions. Its elevational limits are approximately

2,135 m (7,000 ft). Above this elevation,

mountain big sagebrush {Artemisia tridentata

ssp. vaseijana) occurs in well-drained soils

where concave topography exists. Species

richness is greater here than in other sage-

brush communities. Species commonly asso-

ciated with mountain big sagebrush include

serviceberry {Amelanchier utahensis), lupine

{Lupinus caiidatus), snowberry {Symphori-

carpos oreophilus), arrowleaf balsamroot

{Balsamorrhiza sagittata), curlleaf mountain

mahogany {Cercocarpus ledifoliiis), slender

wheatgrass {Agropyron tracJiycauhim), and

letterman needlegrass {Stipa lettennanii).

Vasey sagebrush is limited to small areas

within and above the pinyon-juniper commu-
nity.

Occasionally, Wyoming big sagebrush

{Artemisia tridentata ssp. ivyomingensis) oc-

curs in the higher valleys at elevations above

2,134 m (7,000 ft) but is usually found on

gentle slopes of alluvial fans and valley bot-

toms. Soils characteristic of these communi-
ties are often associated with a calcic layer

20-50 cm (8-20 in) below the surface.

Pinyon-juniper

Single-leaf pinyon {Finns monophylla) and

juniper {Juniperus osteosperma) are codomi-

nant in the intermediate elevations ranging

from 1,983 to 2,288 m (6,500-7,500 ft). The
composition of this woodland changes altitu-

dinally, with juniper dominating in the lower

elevations 1,690 m (5,545 ft) and pinyon domi-

nating at higher elevations 2,438 m (8,000 ft).

Pinyon can often be found at 2,590 m (8,498 ft)

on south exposures, and juniper is occasion-

ally found below 1,690 m in drainages. West
et al. (1978) report the wide variation in Basin-

wide elevational limits of this community.

This woodland develops in areas where an-

nual precipitation is usually in excess oi 30 cm
(12 in) (Cronquist et al. 1972).

Stands of curlleaf mountain mahogany are

common within this community where cob-

bles and boulders are at or near the soil sur-

face. Needleleaf mountain mahogany {Cerco-

carpns intricatus) is also common within this

community and often found on steeper slopes

where soils are shallower. Herbaceous spe-

cies commonly occurring in the community
include dwarf lousewart {Pedicidaris cen-

tranthera ), low phlox {Pldox anstromontana ),

ball gilia {Gilia congesta), rock goldenrod

{Petradoria pnmila), heartleaf twistflower

{Streptonthns cordatus), bladderpod {Phy-

saria chambersii), and penstemon {Penste-

mon conftisus).

Two major riparian areas (Painter Spring

and Swasey Spring) occur in this pinyon-

juniper zone and are characterized by the

following species: narrowleaf cottonwood

{Popnhts angustifolia), sandbar willow {Salix

exigua). Wood rose {Rosa woodsii), choke-

cherry {Pruniis virginiana var. melanocarpa),

and Great Basin wildrye {Elymiis cinereus).

Mountain Brush

The mountain brush community is not well

defined in the House Range. It generally bor-

ders the upper edge of the pinyon-juniper

community and extends into portions of the

subalpine community on steep, rocky expo-

sures. It also follows canyons and drainages

well down into the pinyon-juniper zone. Av-

erage annual precipitation is estimated at 38

cm (15 in) (Holmgren, personal communica-

tion 1983). Curlleaf mountain mahogany and

needleleaf mountain mahogany are the domi-

nant shrubs and often form pure stands on

shallow, rocky soils. Black sagebrush, low

sagebrush. Mormon tea, and pinyon are also

common within this community.

Aspen {Populus tremuloides), white fir

{Abies concolor), and Douglas-fir {Pseudo-

tsuga menziesii) are limited in the House

Range and are confined to moist depressions,

canyons, and cool exposures on north- and

east-facing slopes.

Rocky Mountain juniper {Juniperus scopu-

lorum) is limited to shaded canyons and along

higher-elevation drainages. Apparently, it is

less drought tolerant than Utah juniper and is
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less abundant (Cronquist et al. 1972).

Subalpine

Cronquist et al. (1972) describes this com-
munity as the limber-bristlecone pine zone. It

is the open subalpine forest of the Basin

ranges and is best developed between 2,865

m (9,400 ft) and 3,200 m (10,500 ft). Precipita-

tion in this community is estimated at 46 cm
(18 in) a year (Holmgren, personal communi-
cation 1983).

The highest point on the House Range is

2,947 m (9,669 ft); this elevation represents

only the lower limits of subalpine habitat. As a

consequence of this elevation and other limit-

ing factors such as steep, rocky exposures,

lack of persistent snowdrifts, and poor soil

development, well-developed subalpine

forest communities are not present in the

House Range.

Mixed stands of needleleaf mountain ma-

hogany, black sagebrush, low sagebrush, and

Mormon tea occupy the steep, exposed slopes

of Notch Peak. Occasionally, small, scattered

clumps of bristlecone pine are foimd growing

below the summit. Swasey Peak located 24

km (15 mi) north of Notch Peak, supports

more well-developed bristlecone pine forests

because of its gentle relief, better soil devel-

opment, and a more northern exposure.

Limber pine {Pinits flexilis) is apparently

absent from the House Range but occurs in

the Deep Creek Mountains, located 48 km (30

mi) northwest of the range (McMillian 1948).

Critchfield and Allenbaugh (1969) describe

the sporadic distribution of the Pinaceae in

the Great Basin. These observed patterns

seem explainable in terms of random coloniza-

tion and/or Pleistocene extinction (Harper et

al. 1978).

Understory species commonly occurring in

this communitv' include buckbrush {Cean-

othus 77iartinii), fleai)ane {Eri<i,cron tener),

rock mat {Petrophijtum caespitosum), golden-

weed (Haplopappus acauli.s), goldenweed
{Haplopappus ccrvinus), SpJiaeromcrki di-

versifolia, buckwlieat {Eri()<i,()tiiini ovalifoiuiti

var. nivale), and desert parsley (Lomatiuni

scabrum).

Plants of Specializkd Haritats

tological and geological processes. These pro-

cesses modify the substrate and create a

unique set of environmental conditions for

plant growth and development. These spe-

cialized habitats are often occupied by species

with distinctive life forms and life history

characteristics.

Aeolian Sands

Sand is transported by the prevailing west-

erly winds and deposited as sand dunes in

Whirlwind Valley and at Sand Pass (Fig. 1).

Most species growing on the dunes are spring

annuals, and their abundance and composi-

tion vary on a yearly basis. The following

plants are restricted to or common to wind-

deposited sands: Ahronia cUiptica, Ambrosia
acanthicarpa, Astragahis callitJirix, Chnj-

sotliamnus nauseosus ssp. tiirbinatus, Crijp-

tJiantha circumscissa, Cnjptantha conferti-

flora, CnjptantJia kcheyana, Cymoptcrus

fcndlcri, Cyinopterus neicberryi, Erio<i,onum

kearney, Eriogonum nummulare var. am-
mophihim, Gilia polycladon, Lupintis ptisil-

his, Eygodcsmia dianthopsis, Mcdacothhx
soncJuoides, Mentzelia albicaulis, Nama de-

missum, Oenothera pallida, Phacelia

ivesiana, Polygala acanthoclada, RJiiis trilo-

bata, Sporol)oh{s flexuosus, and Stipa co-

mata.

Rocky Substrates

Much of the middle and upper elevations of

the House Range is composed of massive

limestone and dolomite outcrops and steep

clifiF faces. These geomorphic structures

provide habitat for se\eral specialized plant

species that include Cystoperis fragilis,

Cryptantlia compacta, EcJiinocereits tri-

glochidatus, Erigeron nauseosus, Haplopap-

pus cervinus, Haplopappus nanus, Heuchera
rubescens, Holodisctis dinnosus, Eeptodacty-

lon caespitosa, Lewisia rediiia, Periiyle stans-

buryii, Petrophytum caespitosum. Primula

dotnensis, Seduni lanccolatum. and Sphac-

rotneria diversijolia

.

Range Extensions

The following species reach their distribu-

tional limits in the House Range.

Thereareavariety of specialized habitats in Allium parvum: pre\iousl\ known from

the House Range resulting from certain clima- Tooele Count) and northward into Idaho.
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Astragalus platytropis: a Nevada species

known in Utah from the Deep Creek Moun-
tains and the Mountain Home Range.

Castilleja scahrida ssp. harneyana: a Ne-

vada species reaching its easternmost distri-

bution in the House Range.

Cymopterus fendleri: reaches its northern

distribution on the sand dunes in the Black

Hills.

Cymopterus newberryi: reaches its south-

ern distribution on the sand dunes in the

Black Hills.

Penstemon leonardii: a range extension ot

approximately 112 km (67 mi) east from the

Canyon Mountains.

Penstemon patricus: previously known
from the Deep Creek Mountains and Kern

Mountains of White Pine County, Nevada.

New and Rare Taxa

Primula domensis has been described as a

new taxon from collections taken in the House
Range (Kass and Welsh 1985). This dwarf

primrose prefers cool, shady exposures and

moist substrates particularly where long-

standing snows persist.

Astragalus callithrix, an obscure and rare

species in Utah, and Eriogonum nummulare
var. atnmophihim occur on sandv soils in Tule

Valley.

Cryptantha compacta inhabits rock out-

crops and ridges near Notch Peak.

Eriogonum spathulatum var. natum grows

on ancient marly playa remnants on the Tule

Valley floor.

The Flora

A total of 60 families, 231 genera, and 373

species and infraspecific taxa are reported for

the House Range. The most abundant families

are represented by Asteraceae 19%, Poaceae

13%, Brassicaceae 8%, Fabaceae 5%, Cheno-
podiaceae 4%, Scrophulariaceae 4%, Boragi-

naceae 3.5%, and Polygonaceae 3% of the

taxa. Onagraceae, Polemoniaceae, and
Rosaceae combined contain 8% of the taxa.

The largest genera are represented by Astra-

galus, Eriogonmn, Artemisia, and Cryptan-
tha, containing 12, 10, 9, and 7 species and
infraspecific taxa, respectively.

The House Range occupies 0.41% of Utah's

212,939 sq km (82,100 sq mi) of land area. It

contains 12.4% (320) ofthe state's 2,575 native

species. A total of 47 species are adventive,

representing 12.6% of the House Range flora.
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The Checklist

The checklist is arranged alphabetically by

family, genus, and species without regard for

phylogenetic order. Nomenclature generally

follows that of Welsh et al. (1987).

Aceraceae

Acer glahrum Torr. Tree in shaded canyons and along

streams at medium elevations. Sawtooth Canyon, 483.

Anacardiaceae

Rhus trilobata Nutt. in T. & G. F'recinent in shaded

canyons and locally abundant in sandy areas in and below

the pinyon-juniper zone. Marjum Canyon, 540.

Apiaceae

Berula erecta (Hiids.) ('olville. (^ollecti'd otiK once

submerged in water at Antelope Spring Reservoir, 1074.

Cicuta nuiculata L. var. ung,ustifoUu Hook. Rare but

locally conunon in cattle ponds. Antelope Spring Reser-

voir, .560.

Cymopterus fendleri Ciray. Reported by Sherel

Goodrich in the Black Hills on sandy soil, desert shrub

zone.

Cymopterus glohosus S. Wats. Rart'. desert sluul)

zone. 725.

Cymopterus neicberryi (S. Wats.) Jones. Raic Iml lo-

cally common in sandv areas, desert shrub zone. Black

Hills, 701.

Cymopterus purpurascens (Gray) Jones. Infrecjuent at

medium elevations. Wildhorse Canyon, 176; Sawtooth

Canyon, 886.

Lomatium grayii Coult. & Rose. Common on lime-

stone cliffs from low to high ele\ations. Swasev Mountain,

173.

Lomatium kingii (Wats.) Cronq. var. alpina S. Wats.

Rare, pin>'on-jimiper zone. Swasey Peak, 570.

Lomatium scabrum (Coult. & Rose) Mathias. Common
on limestone slopes, pinyon-jimiper zone. Antelope

Spring, 186, 188; Swasey Spring, 2.57: Notch Peak, 292;

Water Canyon, 497; Miller Canyon, 791.

Asclepiadaceae

Asclepias asperula (Dene.) Woodson. Rare in washes,

desert shrub zone. Marjum Canyon, .546.

Asclepias speciosa Torr. Infrecjuent in washes, desert

shrub zone. Whirlwind Valley, 525.

Asteraceae

Achillea millefolium L. Infreciuent in canyons and

grassy slopes in and ab(>\ e the pinyon-juniper zone. Saw-

tooth Canyon, 5.59.

Agoseris glauca (Pursh) Raf. var. lanciniata. Infre-

ciuent in the pinNon-juniper zone and vasey sagebrush

zone. Water Canyon, 364; Swasey Peak, 571.

Ambrosia acanthicarpa Hook. Common in sandy areas

and on disturbed sites, desert shrub zone. Skull Rock

l^ass, 629.

Antennaria microphylla Rydb. Infreciuent at medium
elevations. Water Canyon, .362; Notch Peak, 476.

Arctium minus (Hill) Bernh. Infrecjuent on moist, dis-

turbed sites, desert shrub zone. Painter Sjjring, 547.

Artemisia arbuscula Nutt. Dominant on rocky, shallow

and sometimes alkaline soils from mediiun to high eleva-

tions. Sand Pass, 1062.

Artemisia biennis Willd. Rare but localK common at

Sinbad and .Anteloiie Sjiring, 591.

Artemisia drancunctilus L. Rare but locally common in

gra\c'lK soil, piuNoii-junijier zone. Miller ('auNon, 1075.

Artemisia ludoviciana Nutt. var. ludoviciana. Fre-

(juent, j)in\c)n-juniper zone. Swase\ Si)ring, 511; Painter

Spring, 1021.

Artemisia nova A. Nels. Dominant in the desert shrub

zone and in and abo\e the jiinyon-junijjer zone. Occa-

sionalK in the liigher ele\'ations. Swasey Peak, 1066,

1068, 1069.

Artemisia spinescens D.C.. Eaton. Fretjuent in the

desert shrub zone. Whirlw ind \ ;illc\ , 174.

Artemisia tridentata Nutt. ssp. vaseyana (Rydb.)

Beetle. Inlreciuent but !oc;ill\ common on deep, well-

dr;um'(l soils ;it medium to liigli clcxations. Sw;ise\ Peak,

1067.

Artemisia tridentata Nutt. ssp. iryomingensis Bettle &
Young. I'recjuent on ailuxial soils in and below the

liin\<)n-junii)er zone. .Xntelojx' Si)ring, 1071-107.3.

Aster chilensis Nees. iTiirecjuent along sjirings and dis-

turix'd sites ;it low to mediuin cleN ;itioTis. l';iinter Spring,

.584.

Brickellia californica (T. & C) Gray. Infrecjuent in

shaded c;in\()ns in the |)in\oii-juTiij^er zone. Painter

S|)ring, 622.

Brickellia microphylla (Nutt.) Cray var. uatsonii

(Robins) Welsh. Frecjuent on gravelly soils and in washes

in the desert shrub zone. Painter Spring, 623.
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Brickellia oblongifolia Nutt. Infrequent on gravelly

soils and in washes in the desert shrub zone. Sawtooth

Canyon, 487; Skull Rock Pass, 878.

Centaurea repens L. Found only on gravelly roadside

at Skull Rock Pass, 987.

Chaenactis douglasii (Hook.) H. & A. F'reciuent in the

desert shrub zone. Svvasey Bottom. 271.

Chaenactis macrantha D.C. Eaton. Common in the

desert shrub zone. Black Hills, 303; Whirlwind Valley,

716.

Chaenactis stevioides H. & A. Inhe(juent in the desert

shrub zone. Whirlwind Valley, 812.

Chrysothamnus greenei (Gray) Greene. Common in

pure stands in the desert shrub zone. Painter Spring, 623,

1024; Miller Canyon, 1084.

Chrysothamnus nauseostis (Pallas) Britt. ssp. hololeu-

cus (Gray) H. & A. Frequent in the pinyon-juniper zone

and around drainages and washes. Antelope Spring, 620,

1065.

Chrysothamnus nauseosus (Pallas) Britt. ssp. graveo-

lens (Nutt.) Piper. Frequent in washes ironi low to

medium elevations. Antelope Spring, 619, 1072: Skull

Rock Pass, 992, 1082.

Chrysothamnus viscidiflorus(Y{oo]i..)^uii. ssp. viscid-

iflorus. Frecjuent on gravelly soils in overgrazed or dis-

turbed areas in and below the pinyon-juniper zone.

Swasey Peak, 588; Antelope Spring, 621; Miller Canyon,

1077; Painter Spring, 1022.

Cirsium neomexicanum Gray. Infreciuent in sagebrush

and the pinyon-jimiper zone. Peabody et al. 372.

Cirsium c.f. ownbeyi Welsh. Collected at Painter

Spring; more material is needed to positively identify this

taxon. 1019.

Cirsium undulatum (Nutt.) Spreng. Frequent on dry,

open slopes at low to medium elevations, 442a; Marjum
Canyon, 539.

Conyza canadensis (L.) Cronq. Infrequent along

streams at medium elevations. Painter Spring, 552.

Crepis intermedia Gray. Infrequent but locally com-

mon in the vasey sage zone. Swasey Spring, 265; Swasey

Peak, 572; Water Canyon, 983.

Enceliopsis nudicauUs (Gray) A. Nels. Infrequent on

limestone in the pinyon-juniper zone. Swasey Mountain,

224.

Erigeron argentatus Greene. Infrecjuent on limestone

and clay soils at low to medium elevation. North Canvon,

320.

Erigeron nauseosus (Jones) Cronq. Rare but locally

common on granite in the pinyon-juniper zone. Water

Canyon, 356, 973.

Erigeron pumilus (Hook.) ssp. concinnoides Cronq.

Common on gravelly slopes and alluvial flats at medium
elevations. Sawtooth Canvon, 298; Skull Rock Pass, 794,

877.

Erigeron tener Gray. Common in the subalpine zone.

Notch Peak, 474, 616.

Grindelia squarrosa (Pursh) Dunal. Locally common
along main roads in the desert shrub zone. .526.

Happlopapus acaulis (Nutt.) Gray. Locally common on

open, rockv slopes from low to medium elevations.

Swasey Mountain, 225; Skull Rock Pass, 882, 892; Water
Canyon, 982.

Haplopappus cervinus Wats. Frequent on limestone

cliffs in the pinvon-juniper zone and subalpine zone.

Swasey Peak, 592, 615.

Haplopappus natius (Nutt.) D.C. Eaton. Rare on lime-

stone outcrops in the desert shrub zone. Sand Pass, 1061.

Helianthus annus L. Common in washes and along

roadsides in the desert shrub zone. Marjum Canyon, 545.

Heterotheca villosa (Pursh) Shinners. Locally common
on granite substrates in dr\ , open areas in the pinyon-ju-

niper zone. Painter Spring, 554, 625.

Hymenopappus filifoHus Hook. Infrequent on open

slopes in the pinvon-juniper zone. Swasey Mountain,

227.

Htjmenoxys acatdis (Pursh) Parker. Frequent on open

slopes at mediimi to high elevations. Miller Canyon, 786.

Iva axillaris Pursh. Infreciuent near springs and dis-

turbed areas in the desert shrub zone. Antelope Spring,

400; Swasey Spring, 447.

Lactuca serriola L. Infrequent in washes and disturbed

areas within the desert shrub zone. Marjum Canyon, 543.

Leucelene ericoides (Torr.) Greene. Collected only at

Swasey Spring on gravelly soils in the pinyon-juniper

zone. 437.

Lygodesmia grandiflora \ar. dianthopsis {D.C. Eaton)

Welsh. Infreciuent but locally common on sandy soils in

the desert shrub zone. Sand Pass, 418.

Machacranthera canescens (Pursh) Gray. Common at

all elevations. Notch Peak, 494; Swasey Mountain, 508;

Skull Rock Pass, 800.

Machacranthera grindelioides (Nutt.) Shinners var.

grindelioides. Collected only on gravelly alluviimi at

Skull Rock Pass, 876.

Malacothrix sonchoides (Nutt.) T. & G. Rare but lo-

callv common in sandy areas in the desert shrub zone.

Black Hills, 709.

Malacothrix torreyi Gray. Infreciuent in sandy area in

the desert shrub zone. Black Hills, 799.

Onopardum acanthium L. Seen on V.S. Hwy. 6-50

outside the study area. No collection.

Perityle stansburyii (Gray) Macbr. Frequent on cliff

faces and rock outcrops in the pinyon-juniper zone.

Swasey Mountain, 384.

Petradoria pumila (Nutt.) Greene. Frequent in the

pinN'on-juniper zone. .561.

Prenanthella exigua (Gray) Rydb. Infrequent on grav-

ellv and sandy soils in the desert shrub zone. Tule Valley,

994.

Psathyrotes atinua (Nutt.) Gray. Frequent on alluvial

soils and washes in the desert shrub zone. Whirlwind

Valley, 520; U.S. Hwy. 6-50, 557, 599.

Ratibida columnifera (Nutt.) Woot. & Standi. Col-

lected on roadside at Skull Rock Pass, 991.

Senecio multilobatus T. & G. ex Gray. Common in

washes and slopes at low to medium elevations. Swasey

Mountain, 226.

Solidago sparsiflora Gray. Infrequent on open, rocky

slopes in the pinyon-juniper zone. Painter Spring, 582;

Sinbad Spring, 590.

Sphaeromeria diversifolia (D.C. Eaton) Rydb. Fre-

quent on rock outcrops at medium to high elevations.

Swasey Peak, 614; Miller Canyon, 1012.

Stephanomeria pauciflora (Torr.) A. Nels. Common
along roadsides in the desert shrub zone. 552.

Taraxacum officinale Weber in Wiggers. Infrequent

around springs at medium elevations. Swasey Spring,

264.

Tetradymia canescens D.C. Infrequent in chained and

seeded areas in the pinyon-juniper zone. Stove Spring,

507.
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Tetradytnia glabrata Gray. Coinmon in tlie desert

shrub zone. Often the dominant shrub in overgrazed

areas. Whirlwind Valley, 328.

Tetradymia mtttallii T. & G. Infrecjuent in the desert

shrub zone. No collection.

Tetradymia spinosa H. & A. Rare in the desert slirub

zone. No collection.

Townsendia florifer (Hook.) Gray. Common in the

desert shrub zone. Svvasey Bottom, 274.

Tragopogon dtdjiiis Scop. Rare in disturbed areas in

the pin\'on-jimiper zone. Water Canyon, 978.

Xanthium strumarittm L. Infrequent near cattle

troughs and developed springs in the desert shrub zone.

584.

Xanthocephahim microcephala (D.C.) Gra\ . Collected

only in chained pinyon-juniper area below Swasey Peak,

589.

Xanthocephahim sarothrae (Pursh) Shinners. Com-
mon on dry, open slopes at low to medium elevations. No
collection.

Berlieridaceae

Mahonia repens (Lindl.) G. Don. Intretjuent but lo-

cally common imderstory shrub in shaded canxons at

medium elevations. Antelope Spring, 192.

Boraginaceae

Cryptantha circumscissa (H. & A.) Johnston. Col-

lected on sandv soils in the desert shrub zone. Maguire

and Becraft, 2768 (UTC).

Cryptantha compacta Higgins. Rare on limestone

slopes and rock outcrops at medium to high elevations. C.

Fullmer, 11, Notch Peak.

Cryptantha confertiflora (Greene) Payson. Freciuent

in sandv areas in the desert shrub zone. Black Hills, 707,

708, 796; Whirlwind Valley, 315.

Cryptantha flavoculata (A. Nels.) Payson. Fretjuent

on open slopes in the piinon-juniper zone. Water
Canyon, 360; Sawtooth C^anyon, 489; Miller C'anyon, 784.

Cryptantha humilis (Gray) Payson var. comtnixta

(Macbr.) Higgins. Inlre(}nent on open slo]X's from low to

medium elevations. No collection.

Cryptantha htimilis (Gray) Payson var. ovina (Payson)

Higgins. Common on open slopes in the desert shrub and

pinyon-jmiiper zones. Swasev Moimtain, 230, 231, 389;

Black Hills, 715, 792, 793; Miller Canyon, 783; Notch

Peak, 468.

Cryptantha kelseyana Greene. ColK'cted only from

sand) area in the iilack Hills, 702.

Cynoglossum officinale L. Infreciuent in disturbed ar-

eas in the pinyon-juniper zoni'. Water Canyon, 381.

Hackelia patens (Nutt.) Johnst. Frecjuent on dry, open

slopes at nu'dinm elevations. Swasey Spring, 263.

Heliotropium ctirassaricum L. var. ohovatum D.C.

Rare in the desert shrub zone on hea\y clay soils. 600.

Lappula occidentalis (Wats) Greene. Conunon in the

desert shrul) and pinvon-jimi]ier zones. Aiit<l()pc Spriiig,

190; Whirlwind X'alley, 304.

Lithospermtim incisiim Lehm. Inlreciuent on open
slopt'S in the pinyon-juniper zone. Swasey Spring, 255;

Antelope Spring, 182.

Tequilia nuttallii (Benth.) Richardson. Rare but loc alK

common in sandv areas in the Black Hills. 989.

Brassicaceae

Alysstim desertortim Stapf. Infreciuent on dr\', open

slopes in the pin\on-juniper zone.

Arabis hirsuta var. pycnocarpa (Hopkins) Rollins.

Rare in the piinon-juniper zone. Water C'an\ on, 373.

Arabis holboeUii Hornem var. secunda (Howell) Jep-

son. Infrecjuent on dry, open slopes in the desert shrub

and pinyon-juniper zones.

Arabis pendulina Greene. Rare on limestone slopes in

the subalpine zone. Svvasey Peak, 564.

Arabis perennans Wats. Infrequent in shaded canyons

in the pinvon-juniper zone. Water Canyon, 370.

Camelina microcarpa Andrz. Infrequent in the

pinv on-juniper zone. No collection.

Cardaria draba (L.) Desv. Collected from an exclosure

in the pinvon-juniper zone. Svvasey Spring, 446.

CaspeUa bursa-pastoris (L.) Medic. Infrecjuent in the

pinvon-jimiper zone. No collection.

Catdanthus crassicaidis (Torr. ) Wats. Infreciuent on

open limestone slopes in the pinyon-juniper zone. No
collection.

Catdanthus pilosus Wats. C'ommon spring annual in

the desert shrub zone. Whirlvv ind N'alley, 303.

Chorispora tenella (Pallas) D.C. Infrequent in dis-

turbed areas in the desert shrub zone. No collection.

Descnrainia pinnata (Walt.) Britt. Frecjuent in the

pinvon-juniper zone. North Canyon, 307.

Descnrainia sophia (L.) Webb, in Engler & Prantl.

Frecjuent on distuibed areas within the desert shrub

zone. Sand Pass, 416; Whirlwnid \alley. 808.

Draba cuneifolia Nutt. ex T. & G. Infrecjuent on oj^en,

drv slojies in the pinvon-junijier zone. Miller Canvon,

378.

Erysimum asperum (Nutt. ) D.C. Frecjuent on elav soils

in the desert sinub zone. 19.3.

Euclidium syriacum (L). R. Br. Rare aroimd sjirings in

the desert shrub zone. Whirlwind N'alley, 4.56.

Halimolobos virgata Nutt. Rare in the v asev sagebrush

zone. Water (Canvon, 974.

Isatis tinctoria L. Rare along the roadside into Swasey

Spring. 273.

Lepidium Uisiocarpum Nutt. in T. & G. var. lasio-

carpum. Infi'ecjuent on s;mds and giavcls in the desert

shrub zone. Black Hills, 702.

Lepidium montanum Nutt. var. montanum. Conunon
in the desert sin uli /one. Swasev Bottom, 270.

Lepidium perjoliatum L. Frecjuent on U.S. Hwy. 6-50

;uul dislurbed iucas in the desert shrub zone. 194.

lA'squcreUa kingii Wats. Infrecjuent on limestone in

the higher elevations. Notch Peak, 493.

LesquereUa occidentalis Wats. Rare on ojien, rockv,

limestone slojies in the subaljiine zone. Sawtooth
( 'anvon, 887.

Mahomia africana R. Br. in Ait. Infrecjuent but locally

conunon in disturbed areas in the desert shrub zone.

\\ ildhorse (>'anyon, 178; Swasev Bottom, 276.

S'asturtium officinale R. Br. Inirecjuent in jionds ;ind

sjirings in the desert shrub /one AnlelojK' Sjiring Reser-

voir, .591.

I'hysaria chambersii Rollins. C^onuuon on drv sIojks in

the i)invon-jnnii)er zone. Antelojie Spring, 192.

Sisymbrium altissimum L. Infrec|uent along roadsides

and in disturbed areas in the desert shrub zone, .\ntelope

Mountiiins, 576; Black Hills, 874.
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Stanletja pinnata (Pursh) Britt. Infiecjiient on heavy

clav soils in tlu" desert shruli zone. Sand Pass, 417.

Sfreptanthelhi lotigirostris (Wats.) Rydb. Common in

sancK areas in tlie desert shrub zone. Sand Pass, 238;

Blaek Hills, 724.

Streptanthus cordatus Nutt. ex. T. & G. Common on

drv slopes in the pin\'on-juniper zone. Swasev Spring,

281.

Thelypodium sagittutuin (Nutt.) Endl. var. lermicu-

laris Welsh & Reveal. Hare hut loealK' eommon in heavy

clay soils in the desert shrub zone. Swasey Bottom,

195-275.

Cactaceae

Coryphantha vivipara (Nutt.) Britt & Rose. Rare on

gravellv alluvium in the desert shrub zone. Skull Rock

Pass, 883.

Echinocereus engelmannii (Parry) Rumpler. Infie-

quent on rocky, exposed slopes in the desert shrub zone.

Swasey Mountain, 414.

Echinocereus trighlochidatus Engelm. Infrecjuent but

locally common on granite boulders in the pinyon-juniper

zone. Contact Canyon, 412.

Opuntia pohjcantha Haw. Common from the valley

floor to the pin\'on-juniper zone on drv, open slopes.

MillerCanyon, 305.

"

Pediocactus simpsonii (Engelm.) Britt & Rose. Rare on

dry, gravelly slopes in the pin\()n-juniper zone. Water

Canyon, 383a.

Sclerocacttis piibispinus (Engelm.) Benson. Rare on

Quaternary alluxiuni in the desert shrub zone. Whirl-

wind Valley, 349.

Capparaceae

Cleome serrulata Pursh var. serrulata. Frequent on

disturbed areas in the desert shrub zone. Marjum
Canyon, 539.

Caprifoliaceae

Sambucus caeridea Raf. Infrecjuent on dry, open
slopes in the vasey sagebrush zone. Swasey Spring, 438.

Sytnphoricarpos longiflorus Gray. Rare on limestone

slopes in the pinvon-juniper zone. Sawtooth Canvon,
488.

Sytnphoricarpos oreophihts Gray. Rare in the vasey

sagebrush zone. Water Canyon, 186.

Caryophyllaceae

Arenaria/cmgit (Wats.) Jones. Fretjuent onopen, grav-

elly slopes in the desert shrub and pinyon-juniper zones.

Water Canyon, 383.

Stellaria jamesiana Torr. Frequent as an understory

species in the subalpine zone. Swasey Peak, 568; Water
Canyon, 986.

Celastraceae

Forsellesia nevadensis (Gray) Greene. Frecjuent on

open slopes in the desert shrub and pinyon-juniper

zones. Wildhorse Canyon, 180.

Pachystima myrsinites (Pursh) Raf. Infrequent in

conifer understory and in shaded canyons in the pinyon-

juniper and subalpine zones. Water Canyon, 968.

Chenopodiaceae

Allenrolfea occidentalis (Wats.) Kuntze. Infrequent on
heavy clay and saline soils in the desert shrub zone. No
collection.

Atriplex canescens (Pursh) Nutt. Frequent on sandy

soils and on open slopes in the desert shrub zone. 499.

Atriplex confertifoUa (Torr. & Frem.) Wats. Common
dominant in the desert shrub zone. 505.

Atriplex rosea L. Frecjuent around springs in the

desert shrub and pinvon-juniper zones. Antelope Spring,

514, 596, 1057.

Atriplex gardneri var. falcata (Jones) Welsh. Infre-

quent but locally common on alluvial deposits in the

desert shrub zone. No collection.

Atriplex gardneri var. tridentata (Kuntze) Macbr. In-

frecpient but localK common on plavas. Swasev Bottom,

316, 1063, 1064.

Chenopodium album L. Infrequent around springs in

the desert shrub and pinvon-juniper zone. Painter

Spring, 1025.

Chenopodium fremontii Wats. Rare on open slopes in

the pinyon-juniper zone. Antelope Spring, 1074a.

Grayia spinosa (Hook. ) Moq. in D. & C. Infrequent on

sands in the desert shrub zone. Sand Pass, 236.

Halogeton glomeratus Meyer. Common annual on dis-

tiubed sites within the desert shrub zone. Antelope

Spring, 458.

Kochia americana Wats. Frecjuent on saline and clay

soils in the desert shrub zone. Swasey Mountain, 384a.

Salsola iberica Sennen & Pay. Locally eommon on

distiubed areas in the desert shrub zone. Sand Pass, 519.

Sarcobatus vermiculatus (Hook.) Torr. Infrecjuent but

locally common on saline soils in the desert shrub zone.

No collection.

Suadea torreyana Wats. Infrecjuent on jilayas and clay

soils in the desert shrub zone. 521.

Convolvidaceae

Convolulus arvensis L. Infrecjuent but locally common
in distint)ed areas in the desert shrub and pinyon-juniper

zones. MillerCanyon, 377.

Crassulaceae

Sedum debile Wats. Infrecjuent on open slopes in the

pinvon-juniper zone. Notch Peak, 495; Water Canvon,

969.

Sedum lanceolatum Torr. Infrequent on rocky areas in

the jDinvon-junijier and subalpine zones. Water Canvon,

363.

Cupressaceae

Juniperus communis L. Infrequent in the subaljiine

zone. Notch Peak, 491.

Juniperus osteosperma (Torr.) Little. Common domi-

nant in the jiinyon-junij^er zone. No collection.

Juniperus scopulortim Sarg. Infrecjuent in shaded

canyons and in drainages in the pinyon-juniper and sub-

aljiine zones. Swasey Peak, 569.

Cyperaceae

Carex aurea Nutt. Infrecjuent around springs in the

desert shrub zone. Swasey Spring, 261.
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Carex douglasii F. Boott. in Hook. Rare around springs

in the pinyon-juniper zone. Swasey Spring, 283.

Carex microptera Mack. Rare around springs at

medium elevations. Water Canyon, 369.

Carex nebrascensis Dewey. Rare around springs in the

upper pinyon-juniper zone. Sinbad Spring, 409.

Carex praegracilis W. Boott. Rare aroiuid springs

within the pinyon-juniper zone. Painter Spring, 1015.

Eleocharis palustris (L.) R. & S. Intrecjuent aroiuid

springs in the desert shrul) zone. Antelope Spring Reser-

voir, 460.

Eleocharis parishii Britt. Rare aroiuid springs in the

pinyon-jiuiiper zone. Antelope Spring, 597.

Eleocharis pauciflora (Lightf.) Link. Rare aroiuid

springs in the pinvon-juniper zone. Sinhad Spring, 407.

Scirpiis acutus Muni. Rare around springs in the

pinyon-juniper zone. Painter Spring, 1016.

Elaeagnaceae

Elaeagnus angustifolia L. Rare in the desert shrub

zone. Painter Spring, 1020.

Ephedraceae

Ephedra nevadensis Wats. Common in the desert

shrub zone. No eolleetion.

Ephedra viridis Colville. Common shrub in the

pinyon-juniper and subalpine zones. Notch Peak, 480;

Swasey Mountain, 386.)

Ecjuisetaceae

Equisetum laevigatum A. Br. Infrecjuent along streams

at low elevations. Antelope Spring, 398; Painter Spring,

1023.

Euphorbiaceae

Euphorbia glyptosperma Engelm. InfVeciuent in grav-

elly washes and open slopes in the desert shrub and

pinyon-juniper zones. Painter Spring, 626.

Fabaceae

Astragalus argophtjllus Nutt. var. marfinii Jones. Fre-

quent on dry, open slopes in the pinyon-juniper zone.

Water Canyon, 358, 382; Swasey Spring, 269.

Astragalus beckwithii T. & G. var. purpureus Jones.

Infrecjuent on gravelly soils in the pinyon-juniper zone.

North C;anyon, 805.

Astragalus callithrix Barneby. Rare on sandy areas and

alluvial dej^osits in the desert shrub zone. Black Hills,

710, 718.

Astragalus caltjcosus Torr. Fre<|u<'nt and localK com-
mon on dry, gravelly slopes in the di-scrt siuiib /one.

Sand Pass, 240.

Astragalus cibarius Sheldon. Ran' oti o|)cn slopes in

the pinyon-juniper zone. Swasey Spring, 268.

Astragalus lentiginosus Doug. var. araneosus (Shel-

don) Barneby. Intretiuent but locally common on gravelly

soils in the desert shrub and pinyon-juniper zone. Swasey

Mountain, 277.

Astragalus lentiginosus Doug. var. scorpionis Jones.

Rare on limestone gravels in the lower edge ol the pin\on-

juniper zone. Miller (Canyon, 788.

Astragalus tnarianus (Rydb.) Barneby. Rare in the

pinyon-juniper zone. Sawtooth C^anyon, 888.

Astragalus newberryi Gray. Common on dr\, open
slopes in sagebrush and in the pinyon-juniper zone.

Notch Peak, 480a, 482; Miller Canyon^ 787, 803.

Astragalus platytropis Gray. Rare on open, rocky

slopes in the subalpine zone. Notch Peak, 466.

Astragalus uncialis Barneby. ("oUected approximately

25 km outside the stncK area on saline sands and lime-

stone gra\ els in tin- desert shrub zone. Long's Ridge, 801.

Astragalus utahensis (Torr.) T. & G. Infrequent in the

pinvon-juniper zone. Antelope Spring, B.F. Harrison,

6321;]. Guidinger, 225.

iMthijrus brachycalijx Rydb. var. brachycalyx. Fre-

(juent on open slopes and in washes in the pinNon-jimiper

zone. Wildhorse C^ainon, 177.

Lupinus caudatus Kellog. Infrequent but localK' com-

mon in the vasev sagebrush zone. Water Canvon, 357,

975.

Lupinus pusillus Pursh. Rare but locally common on

sands in the desert shrub zone. Black Hills, 699, 873.

Medicago sativa L. Infrecjuent on disturbed areas in

the desert shrub zone. Sawtooth Canyon, 490.

Melilotus alba Medicus. Freciuent around springs and

occasionalK on roadsides in the desert shrub and pin\on-

juniper zone. Painter Spring, 550.

Melilotus officinalis (L.) Lam. Frequent around

springs and disturbed areas in the desert shrub and

pinyon-juniper zones. Swasey Spring, 509.

Trifolium gymnocarpon Nutt. Rare on limestone in the

upper pinyon-juniper zone. Sawtooth Canyon, 492.

Geraniaceae

Erodium cicutarium (L. ) L'Her. Common annual in

disturlied areas. No collection.

Crossulariaceae

Ribes cereum Dougl. Infrequent in shaded canyons in

the pin\()n-juniper zone. Sawtooth Canyon, 485, 891.

Ribes velutinum Greene. Infreciuent in cauNons in the

pin\on-juniper zone. No collection.

Ihdroiiln llaceae

Nama demissum C»ray. Infreciuent in sancK areas in the

desert shrub zone. Black Hills, 722.

Phacelia ivesiana Torr. Infreciuent but localK common
in sand in the desert shrub zone. Black Hills, 705.

Phacelia crenulata var. corrugata A. Nels. Freciuent

and localK conunon on disturbed and sandy areas in the

desert shrul) zone. 301.

jnncaceae

Juncus articus Willd. Rare around springs at medium
cle\;itions. \\ atci' Caiuon, 37L
Juncus bujonius L. Infreciuent around springs and

moist ;ilkaline areas in the desert shrub zone. 454.

Juncus ensifolius Willd. Locallx common around

springs in the desert shrub and pinvon-juniper zones.

.•\ntelope Spring, 395, 598; Swase\' Spring, 445; Siniiad

Spring, .501.

Juncus longistylis Torr. Rare along springs in the

pinyon-juniper zone. Piiinter Spring, l()15a.

Lamiaceae

Ih'deoma drummondii Bentli. Wmc in clr\ , open places
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at lower to middle elevations. No collection.

Marnthittm vulgare L. Infre<iucnt in disturhed areas in

the desert shrub zone. 455.

Mentha arvensis L. InfVe(iuent around springs in the

pinyon-juniper zone. Antelope Spring, 595.

Salvia dorrii (Kellogg) Abrams. Infrecjuent on dry,

open slopes at medium elevations. Sawtooth Canyon,

299a.

Liliaceae

Allium acuminatum Hook. Infrequent in niesic, shaded

canyons in the pin\c)n-Juniper zone. Water Canyon, 971.

Allium nevadense Wats. Common in the desert shrub

zone. Sinbad Spring, 405; Black Hills, 700.

Allium parvum Kellogg. Rare but locally hecjuent on

open, rock\' slopes where moisture accumulates in the

sulialpine zone. Notch Peak, 291; Sawtooth Canyon, 886.

Calochortus aureus Wats. Infrequent but locally com-

mon in the vasey sagebrush zt)ne. Water Canyon, 972.

Fritillaria atropurpurea Nutt. Infrecjuent in moist,

shaded areas in the pinyon-juniper zone. Wildhorse

Canyon, 181; Sawtooth Canyon, 889; Sinbad Spring, 402.

Smilacina stellata (L.) Desf. Rare in aspen understory

in upper Water Canyon, 977.

Yucca harrimaniae Trel. Infiequent on dry, open

slopes in the desert shrub zone. No collection.

Zigadenus paniculatus (Nutt.) Wats. Infrequent in

sagebrush and pinyon-juniper. Swasey Spring, 255.

Linaceae

Linum perenne L. Infrecjuent but locally common in

the vase\- sagebrush zone. Swasey Spring, 253.

Linum suhteres (Trelease) Engelm. Rare on conglom-

erate in the desert shrub zone. Skidl Rock Pass, 990.

Loasaceae

Mentzelia albicaulis Dougl. Infiequent in sandy areas

in the desert shrub zone. Sand Pass, 235.

Mentzelia laevicaulis (Dougl.) T. & G. Infrecjuent in

gravellv washes in the desert shrub zone. Whirlwind

Valley,' 528a.

Malvaceae

Malvella leprosa (Dougl.) Terr. Common along road-

sides, especially U.S. Hw\' 6-50. 556.

Sphaeralcea grossulariifolia (H. & A.) Rydb. Common
in the desert shrub zone. Swasey Bottom, 272.

Nyctaginaceae

Abronia elliptica A. Nels. Frequent in sandy areas in

the desert shrub zone. Black Hills, 697.

Mirabilis linearis (Pursh) Heimerl. Rare in the desert

shrub zone. Painter Spring, 577.

Onagraceae

Calylophus lavandulifolius (T. & G.) Raven. Infre-

quent on dry, open slopes in the pinyon-juniper zone.

Swasey Bottom, 321.

Camissonia boothii (Dougl.) Raven ssp. alyssoides (H.

& A.) Raven. Infrequent in gravelly washes in the desert

shrub zone. Whirlwind Valley, 524.

Camissonia scapoidea (T. & G.) Raven. Frecjuent in

gravelly washes in the desert shrub zone. Antelope

Spring,' 394; Whirlwind Valley, 524.

Epilobium ciliatum Raf. Infrecjuent aroimd springs in

the desert shrub and pin\'on-juniper zones. Painter

Spring, 581.

Gaura parviflora Dougl. Infretjuent but locally com-

mon on gravels near roadsides and in washes in the desert

shrub zone.

Gayophytum racemosum T. & G. Infrecjuent on moist

soils and on disturbed areas in various communities. Wa-
ter C^anvon, 976a.

Gayophytum ramosissimum Nutt. Rare in and around

aspen communities. Water Canyon, 976.

Oenothera brachycarpa (Gray) Britt. Rare on open

slopes in the pinyon-jimiper zone. Swasey Spring, 512.

Oenothera caespitosa Nutt. Frequent in gravelly

washes in the desert shrub zone. Antelope Spring, 394;

Whirlwind Valley, 524.

Oenothera pallida Lindi. Locally common on sandy

soils in the desert shrub zone. Sand Pass, 237.

Orchidaceae

Epipactis gigantea Dougl. Rare around Painter Spring

on shaded, moist soils. 1017.

Orobanchaceae

Orobanche midtiflora Nutt. Parasitic on Tetradijmia

and a \ariety of host plants. Black Hills, 706.

Orobanche fasciculata Nutt. Parasitic on Artemisia in

the desert shrub zone. Water Canyon, 354a.

Paperveraceae

Argemone munita Dur. & Hilg. Infrequent in dis-

turbed areas in the pinvon-juniper zone. Miller Canyon,

380.

Pinaceae

Abies concolor (Gord. & Glend.) Lindl. Rare along

streams and mesic slopes at medium elevations. Water

Canyon, 966.

Pinus longaeva D.K. Bailey. Dominant species in the

subalpine zone and infrequent in the drainages in the

pinyon-juniper zone. Antelope Spring, 187.

Pinus monophylla Torr. & Frem. Common species of

the pinyon-juniper zone. No collection.

Pinus ponderosa Laws. Rare and restricted to several

individuals at Sinbad Spring. Probably planted near

springs. 502.

Pseudotsuga menziesii (Mirb.) Franco. Frequent in

the subalpine zone and on north-facing slopes in the

pinyon-juniper zone. Sinbad Spring, 401.

Poaceae

Agropyron cristatum (L.) Gaertn. Locally common in

range improved areas within the pinyon-juniper zone.

Swasey Peak, 330.

Agropyron intermedium (Host) Beauv. Infrequent

along roadsides in sagebrush and pinyon-juniper zones.

Sand Pass, 420.

Agropyron smithii Rydb. Infrequent in range im-

proved areas within the pinyon-juniper zone. Sinbad

Spring, 558, 587.
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Agropyron spicatum (Pursh) Scribn. & Smith. Fre-

quent on open slopes and often in pure stands in the

desert shrub and pinyon-juniper zones. Marjuni Pass,

462; North Canyon, 8()6.

Agropyron trachycnulum (Link) Malte var. trachycau-

lutn. Frequent in the pinyon-juniper zone on mesic

slopes. Marjum Pass, 461; Water Canyon, 970; Stove

Sprinji, 504.

Agrostis stolonifera L. var. stolonifera. Common
around springs and other moist places at low to medium
elevations. Painter Spring, .549, 580.

Artistida purpurea Nutt. Common along roadsides in

the desert shrub zone. Svvase\ Mountain, .386.

Blepharidachne kingii (Wats.) Hack. Intre([uent but

locally conuuon in tiu- desert shrub zone. Skull Kock Pass,

789, 880.

Bromtis inermis Leyss. Infiequent in the vasey sage-

brush zone. No collection.

Bromus rubens L. Collected at north end of stud\ area.

E. M. Christensen, 115.

Bromus tectorum L. Common in overgrazed areas and

in sandy areas in the desert shrub and pin\()n-juniper

zones. Sand Pass, 2.34.

Dactylis glomerata L. Rare along roadside to North

Canyon in the desert shrub zone. 811.

Deschampsia caespitosa (L.) Beauv. Infretjuent in

moist areas in the upper pin\i)n-jimiper zone. Antelope

Spring, .396.

Distichlis spicata (L.) Greene var. stricta (Torr.)

Scribn. Common in alkaline soils in the desert shrub

zone. Painter Spring, 612.

Echinochola crus-gaUi (L.) Beauv. C^ollected near cat-

tle trough in the desert shrub zone. Whirlwind V'allev,

10.58,

Elymus ambiguus Vasey & Scribn. LocalK connnon on

open slopes and often occvnring in pure stands at low to

medium elevations. Black Hills, 711; Miller Canyon, 789.

Elymus canadensis L. Infrecjuent around springs and

occasionalK scattered along roadsides in the desert shrub

and pinyon-jiuiiper zones. .5.56.

Elymus cinereus Scribn. & Merr. Infre(iuent but lo-

cally common aroimd springs and occasionally occurring

in the pinyon-juniper zone. Sinliad Spring, 57.3.

Elymus junceus Fisch. Rare on roadsides in the desert

shrub zone. Whirlwind Valley, 809.

Erioneuron pilosus (Buckley) Nash. Infre(iuent init

loeallv connnon on cla\ soils in the desert shrub /.owr.

SknllRock Pass, 795, 875.

Erioneuron pulchellum (H.B.K.) Tateoka. Collected

only once on clay soil in the desert shrub zone ;it tlu' south

end of study area. 602.

Glyceria elata (Nash) Jones. Rare around s])rings in tlu'

upper pinyon-juniper zone. Sinbad Spring, 410.

Glyceria striata (Lam.) A.S. Hitchc. Locally connnon

aroimd springs and other moist places in the piuNon-

jimiperzone. Swase\ Spring, 282; Sinbad Spring, 500.

Hilaria jamesii (Torr.) Benth. ('onuuon in the desert

shrub zone. Swasey Moimtain, 280.

Hordeum jubatum L. LocalK' connnon iuoiuul springs

and moist, disturl)ed places within the desert shrub zone.

457.

Hordeum pusillum Nutt. Rare near springs and dis-

turbed areas in the desert shrub zone. Whirlwind \'alley,

399; Antelope Si)ring, 10.59.

Muhlenbergia asperifolia (Nees & Meyen) Faiodi. In-

frequent but locally common in and around springs .it low

to medium ele\ations. Painter Spring, 579.

Oryzopsis hymenoides (Rcem. & Schult.) Bicker.

Common on sand\ soils in the desert shrub zone. 464.

Oryzopsis micrantha (Trin. & Rupr.) Thurb. Infre-

cjuent on rock\ areas in the pin\()n-juniper zone. Water

Can\()n, 370; Sawtooth (^auNon, 478.

Phragmites australis (Cav.) Trin. C^ollected onh at

Painter Spring, 625.

Poa fendleriana (Steud.) Vasey. Connnon in the vasey

sagebrush and pinyon-juniper zones. Sinbad Spring, 403;

Sawtooth Can\on, 479.

Poa pratensis L. Infrecjuent but localK common in

moist areas and around springs. Antelope Spring, 399;

Sinbad Spring, 408; Water Canyon, 980.

Poa secundu Presi. Common on a variety of soils at low

to medium elevations. Swasey Mountain, 174; Swasey

Bottom, 324; Sawtooth Canvon, 496; Skull Rock Pass,

804.

Polypogon tnotispeliensis (L.) Desf. Infrecjuent around

springs and other moist alkaline areas at low to medium
elevations. Whirlwind Valley, 451.

Puccinellia distans (L.) Pari. Infrecjuent in moist alka-

line areas in the desert shrub zone. Whirlwind \'alley,

4.52.

Puccinellia nuttalliana (J. A. Schultes) Hitchc. Infre-

cjuent in moist alkaline areas in the desert shrub zone.

Sinbad Spring, 406.

Secale cereale L. Collected onh once on a roadside in

the desert shrub zone. Whirlw ind \alley, 4.50.

Sphenopholis obtusata (Michx.) Scribn. Rare around

sj^rings in the desert sluub zone. Painter Spring, .578.

Sporobolus airoides Torr. Frecjuent in alkaline soils in

the desert shrub zone. 574.

Sporobolus contractus .^.S. Hitchc. Collected only

once in the .\ntelojie Mountains on dr\ , oj^en slopes. .57.5.

Sporobolus cyrptandrus Torr. Frecjuent in the desert

shrub zone. Anteloj)!' Sjuing Reser\c)ir, 393; Whirlwind

Valley, 449.

Sporobolus flexuosus (Thurber) B)db. Rare on sand\

areas in the desert shrub zone. Black Hills, 996.

Stipa arida M.E. Jones. Infrecjuent on dr\, open

slopes in the deseit shrnb zone. Swase\ Moimtain, 388.

Stipa comata Trin. & Rupr. CA)nnnon on \aric)us soils,

especialK on sands in the desert shrnb zone. Swasey

Spring, 280.

Stipa U'ttermanii Xascy. Infrecjnent in the \asey sage-

binsh zone. Water (Canyon, 967.

Stipa coronata Crhiirb.) var. depauperata (Jones)

Hitchc. Frecjuent on ojien. rc)ck\ slojies ;it low to medium
ele\ations. Swase\- Mc)nnt;iin, .387. Notch Peak, 469, 474;

Whirlwind \'alley, 810.

I'risctum spicatum (L) Richt. Rare in sliaclecl iucas in

the snl);ili')iTie zone. 61.5a.

Vulpia octoflora (Walter) Rydb. Infrecjuent amuial on

ch\ , oj^en slojies in the desert shrub zone. Black Hills,

712.

Polemoniiiceae

Gilia aggregata (Pursh) Spreng. Infrecjuent on dry to

mesic slojies ;it medium elexations. Water (>anyon, .3.59.

Cilia congesta Hook. Connnon on dry, open slopes in

the desert shrnb and jiinvon-jmiiper zones, .\ntelope

Spring, 185; Swasey Bottom, 318; Sand Pass, 239.

Cilia inconspicua (Smith) Sweet. Frecjuent on gravelly

soils in \\;ishes and on clr\ slojies in the desert shrub and
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piinon-jiiniper zones. Water ('ainon, 3(il: Black Hills,

704; Miller Canyon, 790.

Cilia htitchinsifolia Rydb. Frecjuent on gravelly soils in

washes in the desert shrub zone. Tule Valley Road,

515-993.

Cilia polycladon Torr. Inlre(|uent lint loeally eomnion

in sandv areas in the desert shrub zone. Hlaek Hills, 714,

797.

Leptodachjlon caespitosum Nutt. Rare on limestone

eliffs in the pin\()n-juniper zone. Swasey Momitain, 229.

Leptodactylon pungens (Torr.) Nutt. Fretjiient on

sancK' soils within the desi'rt shrub zone. No eolleetion.

Phlox austromontana Colville. Common on open, dry

slopes in the pin\<)n-juniper zone. Swasev Mountain,

230; Noteh Peak, 295'; Skull Hoek Pass, 802; Sawtooth

Canyon, 890.

Phlox longifolia Nutt. (>ominon in sagebrush and in the

pinyon-juniper zone. Sawtooth C'anyon, 299.

Polygalaceae

Polygala acanthoclada Gray. Infrecjuent on sandy ar-

eas in the desert shrub zone. Sand Pass, 415.

Polygonaceae

Eriogonum cerntium Nutt. var. cernuuin. Intrecjuent

on gravelly soils in the desert shrub zone. Blaek Hills,

995.

Eriogonum hookeri Wats. Frequent on roadsides and

in gravelly washes in the desert shrub zone, 527; Painter

Spring, 630.

Eriogonum howellianum Reveal. Rare in gra\ ell\ soils

and washes in the desert shrub zone. Whirlwind \'alle\

,

523.

Eriogonum kearneyiT'iAestr. Loeally eommon in sand\

areas in the desert shrub zone. Sand Pass, 518.

Eriogonum microthecum Nutt. var. laxiflorum Hook.

Frecjuent on dry, roeky areas at low to medium eleva-

tions. Swasey Peak, 463, 594.

Eriogonum nummulare var. ammophilum (Reveal)

Welsh. Rare on sands in the desert shrub zone. Blaek

Hills, 997.

Eriogonum ovalifolium Nutt. var. nivale (Canby)

Jones. Infrec}uent on open slopes in the subalpine zone.

Noteh Peak, 470; Miller Canyon, 1014.

Eriogonum ovalifolium Nutt. var. ovalifolium. Fre-

cjuent on a variety of soils in the desert shrub zone.

Swasey Mountain, 278; Sawtooth Canyon, 498.

Eriogonum shockleyi Wats. var. shockleyi. Common
on a varietv of soils in the desert shrub zone. Sand Pass,

419.

Eriogonum spathulatum var. natum (Reveal) Welsh.

Rare on marly jilaya remnant in the desert shrub zone. J.

Reveal, 3999^ 4000; S.L. Welsh, 18,200, 18,202.

Polygonum aviculare L. Infrecjiient around moist, dis-

tiubed areas in the desert shrub zone. Whirlwind Vallev,

452.

Polygonum sawatchense Small. Infrecjuent on dis-

turbed areas in various zones. No eolleetion.

Ruitiex cripus L. Infrecjuent around springs and moist

disturbed areas in the desert shrub zone. No eolleetion.

Polyjiodiaeeae

Cijstoperis fragilis (L.) Bernh. in Schrader. Rare un-

der shaded rock outcrops. S. Flowers; Swasev Gulch,

3034.

Woodsia oregana D.C. Eaton. Rare in shaded canyons

aTid mesic substrates at medium elevations. Water
(]an\on, .306.

Portulaeeae

Lewisia redivia Pursh. Rare on exposed, rocky ridges

in the pinyon-juniper zone. Sinbad Spring, 404.

Primulaceae

Dodecatheon pulchellum (Raf.) Merr. Infrecjuent

around springs and mesic areas in the jiinyon-junijier

zone. Water Canyon, 374.

Primula domensis Kass & Welsh. Rare on shaded lime-

stone clift faces in the pinyon-junijier and subaljiine zone.

Notch Peak, 473; Sawtooth Canyon, 884.

Ranunculaceae

Aquilegia formosa Fisch. Infrecjuent around springs

and in wet areas at medium elevations. Water Canvon,
.367.

Clematis ligustisifolia Nutt. Rare but locally common
in mesic, shaded canyons in the pinyon-juniper zone.

Painter Sj)ring, 550.

Delphinium andersonii Gray. Common on dry, open
slopes in the desert shrub zone. Swasey Mountain, 172;

Swasey Sjiring, 254; Swasey Bottom, 325, 326.

Ranuncidus cymhalaria Pursh. Common around

sj:)rings in the desert shrub and pinyon-junij^er zones.

Swase\' Sj)ring, 259.

Ranunculus juniperinus Jones. Frecjuent in early

sjjring on oj)en slopes in the jiinyon-jimiper zone. Wild-

horse Canyon, 175.

Ranunculus testiculatus Crantz. Infrecjuent in the

pinvon-jimijicr zone. No collection.

Rhamnaceae

Ceanothus martinii Jones. Infrecjuent on open slopes

in the subaljiine zone. Swasev Spring, 443; Swasev Peak,

567.

Rosaceae

Amelanchier utahensis Koehn. Infrecjuent in the vasey

sagebrush zone and on ojien slojies at medium elevations.

Swasey Sjiring, 513.

Cercocarpus intricatus Wats. Common dominant on

rocky slopes at medium to high elevations. Wildhorse

Canyon, 179.

Cercocarpus ledifolius Nutt. Frequent on dry, open
sloj)es and often in j)ure stands at medium elevations.

Swasey Sjiring, 444.

Chamaebatiaria millefolium (Torr.) Maxim. Infre-

cjuent in shaded canvons in the pinvon-juniper zone.

Sinbad Spring, 503, 627.

Cotvania mexicana D. Don. var. stansburiana (Torr.)

Jepson. Frecjuent on dry, gravelly slopes in the desert

shrub and jiinyon-juniijer zones. Swasey Bottom, 317.

Holodiscus dttmosus (Nutt.) Heller. Infrecjuent in

crevices of limestone cliffs in the jDinyon-junijjer zone.

Sawtooth Canyon, 486.

Petrophytum caespitosum (Nutt.) Rydb. Common on

limestone cliff faces at all elevations. 593.

Potentilla biennis Greene. Rare around springs in the

pinyon-juniper zone. Miller Canyon, 797.
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Rosa woodsii Lindl. Infrequent in shaded canyons and

around springs at medium elevations. Water Canyon,

351, 357, 984.

Prunus virginiania L. var. melanocarpa (Nels.) Sarg.

Infrecjuent but locally common in shaded canyons and

around springs at medium elevations. Water C^anyon,

309a.

Ruhiaceae

Galium multiflorttm Kell. Infrequent on drv, rocky

slopes at low to medium elevations. Swa.sey Spring, 448.

Salicaceae

Popiilus angiistifolia James x Populus trichocarpa T. &
G. Rare in Water Canyon, 1018.

Populus angustifolia James. Dominant tree at Painter

Spring. No collection.

Populus tremuloides Michx. Infre(juent in moist de-

pressions and around springs in the upper pinyon-juniper

zone. No collection.

Salix exigua Nutt. Infrequent around springs in the

pinyon-jimiper zone. Water Canyon, 353; Painter

Spring, .584.

Santalaceae

Comandra umbellata (L.). Infrequent on sandy areas in

the desert shrub zone. No collection.

Saxifragaceae

Fendlerella utahensis (S. Wats.) Heller. Rare in shaded

canyons at medium ele\ations. Sawtooth Canyon, 475.

Heuchera parvifolia Nutt. Rare on moist, shaded cliff

faces at medium to high elevations. Water Canyon, 368.

Heuchera rubescens Torn. Infrecjuent on moist,

shaded cliff faces at medium to high ele\ations. Swasev

Peak, 613.

Jamesia americana T. & G. Rare in shaded canyons at

medium elevations. Sawtooth Canyon, 484.

Philadelphus microphyllus Gray. Rare in shaded

canyons and on rocky substrates at medium elevations.

Miller Canyon, 1013.

Scrophulariaceae

Castilleja angustifolia Nutt. (G. Don.) var. flavescens

(Pennell ex Edwin) N. Holmgren. Rare in sagebrush at

medium elevations. F. Pcai)od\ et al., .361.

Castilleja scabrida var. harneyhyana (Eastw.) N.

Holmgren. Infre(|uent on limestone ledges and outcrops

in the ])inyon-juniper zone. Notcii Peak, 290; Miller

Canyon, 785.

Castilleja chromosa A. Nels. (.'ommon in sagebrush at

low to medium elevations. Antelope Spring, 183; Hiaik

Hills, 719.

Castilleja exilis Cray . Infre(juent around springs at low

to medium elevations. Painter Spring, 548.

Castilleja linariifolia Benth. in D.C;. Rare on open
slopes in the pin\()n-junii)er zone. Swasey Spring, 442.

Collinsia parviflora Dougl. ex Lindl. I"'re((uent and
localK conunon around springs in the desert shrub and

pinyon-jimiper zone. Water ('anyon, 354; .Kiitclopc

Spring, 392.

Mimulus guttatus Fisch. Infrecjuent but locally com-
mon in springs and moist soils in the pinyon-juniper zone.

Water Canyon, 354.

Pedicularis centranthera Gray. Common in the

pinNon-juniper zoni'. ,\ntelope Spring, 184; Swasey
Spring, 262.

Penstemon confusus Jones. Common on dry, open
slopes in the pinyon-juniper zone. Swasey Mountain,

228: Swasey Bottom, 327.

Penstemon eatonii Gray. Fre(}uent in shaded canyons

in the pinyon-juniper zone. Swasey Spring, 441; Water
Canyon, 352.

Penstemon humilis Nutt. Common on dr\', open slopes

in the pinyon-juniper zone. Swasey Bottom, 267, 323;

Water Canvon", ,355; Notch Peak, 294, 467; Skull Rock
Pass, 881.

Penstemon leonardii Rydb. Infrequent in the vasey

sagebrush zone and on gravelly soils in the pinyon-

juniper zone. Swasey Spring, 4.39.

Penstetnon patricus N. Holmgren. Rare on open lime-

stone slopes in the pin\'on-juniper zone. Sawtooth

Canyon, 479.

Verbascum thapsus L. LocalK common on gravelly

soils and disturbed areas in the desert shrub zone. 517.

Solanaceae

Lycium andersonii Gray. Infre(}uent on open, dry

slopes in the desert shrub zone. Black Hills, 721.

Nicotiana attenuata Torr. ex Wats. Frequent on dis-

turbed sites in the pin\'on-juniper zone. Stove Spring,

505.

Solanum triflorum Nutt. Infreciuent on disturbed sites

in the pinyon-juniper zone. Miller Canyon, 1076.

Tamaricaceae

Tamarix ramosissima Ledeb. Collected only from

Painter Spiing, 554.

I'lmaceae

Celtis reticulata Torr. Rare in the desert shrub zone.

Black Hills, 988.

V rticaceae

Vrtica dioica L. ssp. gracilis (.\it.) Scland. (Collected

from Water CJan) on, 98

L

\Crl)iMiai-eae

Verbena bracteata Lag. & Rodr. Conunon in dis-

turbed areas in the desert shrub and ])in\oii-juiiiper

zones. Antelope Spring Reservoir, 390, 459.

\ iohiceae

\'i<)la ncpliropliylla Crcvnv. Rare on moist soils and

around shaded s|)rings. Swasi-x Spring, 258.

V'iscaceae

Arceuthobium campylopodium Engelm. Parasitic on

pinvon pine. No colU'ction.



POTENTIAL SOIL COMPACTION FORTY YEARS AFTER LOGGING
IN NORTHEASTERN CALIFORNIA

Hohin S. V'ora

Abstract.—Surface-bearing pressure in newer logging skid trails compared to the 40 + -year-old trails was approxi-

mately 60% greater as measured by a cone penetrometer. Sin-face soil compaction from tractor skidding may last 40

years or more, as evidenced by the fact that skid trails of that age were 20% more resistant to the penetrometer than

areas adjacent to trails. No relationship was found between dry-bulk density (measured with a balloon apparatus) and

surface-bearing pressure.

The resistance of the soil surface to root

penetration will affect the ability of a newly

germinated seedling to survive. Root-

penetration resistance is a hniction of soil den-

sity. Soil-bearing pressure can be correlated

to root-penetration resistance because bear-

ing pressure is also a function of soil density,

as well as other factors, including moisture

content, soil type, and strength parameters of

friction and cohesion (Avers and Perimipral

1981).

Alexander (1985) stated that soil com-

paction is an increase in the density of a soil as

the result of applied loads or pressure. A po-

tential consequence of soil compaction could

be reduced site productivity. Increases in soil

bulk density can result in physical barriers to

root penetration, reduced gaseous transfer

(soil aeration), and reduced availability of wa-

ter and nutrients to the roots. Soil compaction

can also produce hydrologic impacts such as

reduced infiltration capacity, decreased hy-

draulic conductivity (subsurface permeabil-

ity), and reduced soil moisture retention.

Peak surface water flows can increase, thus

increasing surface erosion and topsoil loss.

In a study on the Tahoe National Forest

(200 km S of Blacks Mountain), Froehlich et

al. (1980) found that soil densities increased

rapidly during the first few passes of any

loaded logging equipment, with 60% of the

compaction occurring after 6 trips. The in-

crease in soil density after 20 trips was accom-
panied by a 43% reduction in soil macroporos-

ity, an 80% reduction in saturated hydraulic

conductivity, and a 67-78% reduction in

water infiltration capacity. Air permeability of

the surface soil decreased rapidly dining the

first few passes of the machines. Soil com-
paction, or change in bulk density, in that

experiment was described by a regression

ec^uation that included an exponential expres-

sion for number of trips and a second term for

soil-penetration resistance; these two vari-

ables defined 54% of the variance in the den-

sity data.

There is a negative correlation between

seedling height growth and soil density for

several conifer species (Froehlich and Mc-
Nabb 1984). In a later study also on the Tahoe
National Forest, Helms and Hipkin (1986)

foimd that soil bulk density increased by 43,

30, and 18% on a landing, a skid trail, and

areas adjacent to skid trails, and mean tree

volume and initial survival volume per unit

area were reduced by 69, 55, and 13%, re-

spectively. Trees in areas of highest bulk den-

sity grew 43% less at age 1 and 13% less at age

15 than those in areas of lowest bulk density.

The eastside pine type ofnortheastern Cali-

fornia contains numerous stands of timber

that have been logged over the past 40 years.

Skid trails are prominent in both the older and

the more recent cuts; often relatively few

conifers are growing in the skid trails. Reasons

for this may include soil compaction from log-

ging activity, seed periodicity and timing in

relation to ground disturbance associated with

that activity, climatic factors, biotic factors

(seed-eating rodents), ground cover, and

competition by other vegetation. An ex-

ploratory study was conducted to see if soil

'us, Fisli .i.id Wikllile Service, Room 3.34, Fedenil Biiiklinn, Bniii.swick, Georgia 31520.
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compaction could be a reason for slow recov-

ery of logging skid trails in the eastside pine

type of northeastern California.

Study Area

The Blacks Mountain Experimental Forest,

located in the eastside pine txpe of northeast-

ern California (Fig. 1), contains experimental

units harvested under various cutting meth-

ods. Some units were cut about 40 years ago

(Hallin 1959), and others were cut and

thinned during the past 5-10 years. Four of

these units were studied, and these are here-

after designated by year of cutting and an

identifying number. Timber harvest on two of

them was undertaken in 1939 and 1942, with

80% of all trees larger than 30 cm diameter-

breast-height (dbh) removed; there has been
no use of the skid trails in those units since

that time. In the other two units, all trees

larger than 46 cm dbh were removed in

1979-80. Elevations ranged between 1,750

and 1,875 m. Slopes were 0-15%, with north-

west aspects. Mean annual precipitation

varied from 23 to 74 cm and averaged 46 cm
during the period 1935-53 (HalUn 1959).

Soils in the four units were similar. Storie et

al. (1940) described the soils as being a red-

dish brown loam with a granular siulace struc-

ture and neutral in reaction. The subsoil was

clay loam. The textine was stony loam, with

most of the soils being shallow—15-45 cm to

lava bedrock, and possibly up to 90 cm deep in

parts of one unit (39-6).

Methods

A 30° cone penetrometer was used to esti-

mate bearing pressure. The cone had a diame-

ter of 2.715 cm and a height of 5.067 cm. The
penetrometer was pushed into the ground to

the base oi the cone and pressiue on the scale

was recorded. The scale reading was corre-

lated with known weights on a cement floor in

a laboratory and the lollowing ecjuation was

developed:

Bearing pressure (kg/cm") = -0.14 + 1.29

X (scale reading) (R' = .997, MSE = 2.03, n -

16).

In-place soil bulk densit\ was measuicd
with a rubber-balloon apparatus (AASHTO
1978 Test Method T-20.5—density of soil in-

place by rubber-balloon method). Soil was

Socramema ^

Fit^. 1. Location of Blacks Mountain Experimental

Forest and the eastside Sierra suhregion in northern

Calilornia (Hallin 1959). (4)pied with pi'rniission ol the

U.S. Forest Service.

scooped out of a hole 12-16 cm deep and

weighed. It was later dried in the lab at 105 C
for 24 hrs. The difference in weights was di-

\ ided b\' the dry weight to calculate moisture

content. The volume of the hole was esti-

mated using a balloon filled with water. The
volume ofwater needed to fill the balloon was

recorded. Wet and dry in-place densities of

the soil were calculated.

( lone penetrometer readings were taken on

and off the skid trails in each of the four units

b\ random wandering throughout the units.

Between 30 and 53 points were measmed in

each unit on skid trails, and the same mnnber
\\('i-e taken in undisturbed areas.

liiilk densitx and soil moisture were mea-

sured at sample points in two of the old imits

and in the 1980 logging site (39-6, 42-2, and

80T-1). Three points were located in skid

trails and three in adjacent, undisturbed areas

in each unit. Thesc^ plots were located

120- 150 m troin the landing (about one-third

of the axerage maximum skidding distance).

Moisture content was estimated at these 18
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points and in a similar manner at 6 additional

points in the fourth unit (79T-1). Penetrome-

ter readings were taken at each of these bulk

density points. Average soil moisture content

was 20% (range 11-26%) in August 1984 when
the field work was done. Correlations be-

tween penetrometer readings and bulk den-

sity estimates were analyzed with regression

analysis. Potential impacts of tractor skidding

and time since skidding on bearing pressure,

bulk density, and soil moisture content were

examined bv an exploratory two-wav Analysis

of Variance (ANOVA) (SAS 1982). The inde-

pendent yariables were bearing pressure,

bulk density, and soil moisture; and the de-

pendent yariables were tractor skidding (on

and off skid trail), time since skidding activity

(40 or 5 yrs), and interaction between these

two yariables. The residuals were tested for

the null hypothesis that they were a random
sample from a normal population, using the

Shapiro-Wilk statistic, W. The probability <
W ranged between 0.62 and 1.0 for the de-

pendent yariables (i.e., they were normally

distributed). The interaction between tractor

skidding and time since skidding was insig-

nificant for the three variables (P = .07-. 82).

Results and Discussion

No relationship was found between dry-

bulk density (measured with a balloon appara-

tus) and surface-bearing pressure (measured

with a cone penetrometer); the coefficient of

determination (R") was calculated at 0.015 (P

= .63). The sample size of 17 was too small to

make any definite conclusions. The pen-

etrometer was not measuring bulk density to

the same depth as the balloon apparatus; thus

it is likely that surface compaction, measured

by the penetrometer, may differ from that

measured when a portion of the subsurface is

included (balloon apparatus).

Mean bulk density on skid trails was 0.98

g/cm' (0.88-1.20 g/cm\ and 0.81 g/cm'

(0.77-0.85 g/cm') off skid trails. ANOVA did

not show these differences to be significant

(P = .25) for this small sample.

Froehlich et al. (1980) suggest that com-
paction should be measured as the average

change in density in the surface 20 cm when
the concern is for planted seedlings. That vol-

ume of soil serves as their root environment

Tabi.K 1. Effect of tractor skickliim on hfarinj; pres-

sure.

Analysis of variance (SAS 1982)

Sointc- cH F value P>F
Skid trail 1 7.3.5 0.04 (significant)

Age of cut 1 3.02 0.14

for several years and provides the principal

nutrient stores for feeder roots of older trees

as well. The balloon apparatus is better than

the penetrometer for estimating bulk density

to 20 cm depth, and it is actually measuring

in-place bulk density. The penetrometer

gives an approximate measure of soil-bearing

pressure, which is only partially a function of

soil density. Measurement of penetrometer

resistance to a depth of 15-20 cm may have

provided a basis for comparing bearing pres-

sure (soil strength) with bulk density (H. A.

Froehlich, Oregon State University, personal

communication 21 November 1985).

There was no planting done in the experi-

mental units. Surface compaction would im-

pact natural establishment of plants from

seed, and this is perhaps better measured
with the penetrometer. Penetrometer resis-

tance in the newer trails compared to the

40+ -year-old trails was approximately 60%
greater (5.01 vs. 3.06 kg/cm"). However, an

ANOVA test did not show this difference (age

of cut) to be significant (P =
. 14), a result of

having performed only two replications of

each main effect (Table 1).

ANOVA test results were significant only

for the effect of tractor skidding on bearing

pressure (P = .04, Table 1). Again, sample

sizes were not large enough for this to be a

confirmatory test. The 95% confidence limits

for bearing pressure (kg/cm") overlapped

(Table 2):

On skid trail: 4.03 kg/cm' ± 2.04 kg/cm"

(1.99-6.07)

Off skid trail: 2.52 kg/cnr ± 0.22 kg/cnr

(2.30-2.74)

It also remains to be shown whether an

increase in surface-bearing pressure from 2.5

kg/cm" to 4.0 kg/cm" is significant from the

standpoint of natural plant establishment.

Even after 40 years the older trails were ap-

proximately 20% more resistant to the pen-

etrometer than areas adjacent to trails (Table

2, units 39-6 and 42-2).
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Table 2. Bearing pressures based on penetrometer readings.

Vol. 48, No. 1



NOTICE TO CONTRIBUTORS

Manuscripts intended for publication in the Great Basin Naturalist or Great Basin Natural-

ist Memoirs must meet the criteria outhned in paragraph one on the inside front cover. The
manuscripts should be sent to Stephen L. Wood, Editor, Great Basin Naturalist, 290 Life

Science Museum, Brigham Young University, Provo, Utah 84602. Three copies of the

manuscript are required. They should be typewritten, double-spaced throughout on one side

ofthe paper, with margins of at least one inch on all sides. Use a recent issue ofeither journal as

a format, and the Council of Biology Editors Style Manual, Fifth Edition (AIBS 1983) in

preparing the manuscript. An abstract, about 3 percent as long as the text, but not exceeding

200 words, written in accordance with Biological Abstracts guidelines, should precede the

introductory paragraph of each article.

Authors may reduce their typesetting costs substantially by sending a copy of their article on

a 5.25-inch floppy disk prepared with WordPerfect software in addition to three copies of the

manuscript.

Illustrations and Tables. All illustrations and tables should be made with a view toward

having them appear within the limits of the printed page. Glossy photoprints of illustrations

should accompany the manuscript. Illustrations should be prepared for reduction by the

printer to either single-column (28 inches) or double-column (5| inches) width, with the length

not exceeding 7^ inches.

Costs Borne by Contributor. Contributors to the Great Basin Naturalist should be prepared

to donate $40 per printed page toward publication of their article. No reprints are furnished

free ofcharge. Excessive or complex tables requiring typesetting may be charged to the author

at cost. Great Basin Naturalist Memoirs costs must be borne in full by the author.

Reprint Schedule for the Great Basin Naturalist

100 copies, minimum cost for 2 pages, $26.

Each additional 2 pages, $6.

Each additional 100 copies, $4 for each 2 pages.

Examples: 300 copies of 10 pages = $82; 200 copies of 13 pages ^ $86.

Great Basin Naturalist Memoirs

No. 1 The birds of Utah. By C. L. Hayward, C. Cottam, A. M. Woodbury, H. H. Frost. $10.

No. 2 Intermountain biogeography: a symposium. By K. T. Harper, J. L. Reveal et al. $15.

No. 3 The endangered species: a symposium. $6.

No. 4 Soil-plant-animal relationships bearing on revegetation and land reclamation in Ne-
vada deserts. $6.

No. 5 Utah Lake monograph. $8.

No. 6 The bark and ambrosia beetles of North and Central America (Coleoptera: Scolytidae),

a taxonomic monograph. $60.

No. 7 Biology of desert rodents. $8.

No. 8 The black-footed ferret. $10.

No. 9 A Utah flora. By Stanley L. Welsh $40.

No. 10 A reclassification of the genera of Scolytidae (Coleoptera). By Stephen L. Wood. $10.

No. 11 A catalog of Scolytidae and Platypodidae (Coleoptera), part 1: bibliography. By
Stephen L. Wood. $30.



TABLE OF CONTENTS

Seasonal changes of selected secondary plant products in Chrijsothamnus nauseosus

ssp. turhinatus. D. F. Hegerhorst, R. B. Bhat, D. J. Weber, and E. D.

McArthur 1

Utah botanical explorer Charles Christopher Parry (28 August 1823-20 February

1890). Stanley L. Welsh 9

Agonistic behavior of the California ground squirrel, Spermophihis beecheyi, at an

artificial food source. Pedro Durant, Jim W. Dole, and George F. Fisler 19

Migrating Mormon crickets, Anahrus simplex (Orthoptera: Tettigoniidae), as food for

stream fishes. Harold M. Tyus and W. L. Minckley 25

Nomenclatural changes and new species of Scolytidae (Coleoptera). Stephen L.

Wood 31

Comparison of regression methods for predicting singleleafpinyon phytomass. Robin

J. Tausch and Paul T. Tueller 39

Reproductive characteristics of two kokanee stocks in tributaries to Flaming Gorge

Reservoir, Utah and Wyoming. Bradford G. Parsons and Wayne A. Hubert. . . 46

SEM analysis of Utah Equisetum stems (Equisetaceae). Robert B. Warrick 51

Fire history of the Paunsaugunt Plateau in southern Utah. Steven J. Stein 58

Use of interstate highway overpasses and billboards for nesting by the common raven

{Corvus corax). Clayton M. White and Merle Tanner-White 64

Field observations of Irhisia pacifica (Hemiptera: Miridae): feeding behavior and

efiiects on host plant growth. James D. Hansen 68

A case ofleucism in the western bluebird (Sialia mexicana). Kevin L. Ellis and Jimmie

R. Parrish 75

Influence of ponderosa pine overstory on forage quality in the Black Hills, South

Dakota. Kieth E. Severson and Daniel W. Uresk 78

A review of flea collection records from Omjchomxjs leucogaster with observations on

the role of grasshopper mice in the epizoology of wild rodent plague. Rex E.

Thomas 83

Checklist of the Odonata of Colorado. Mary Alice Evans 96

A checklist of the vascular plants of the House Range, Utah. Ronald J. Kass 102

Potential soil compaction forty years after logging in northeastern California. Robin S.

Vora 117



HE GREAT BASIN NATURALIST
30April1988 Brigham Young University

^

DtU

HARVARD
Ur^4iVERbiTY



GREAT BASIN NATURALIST

Editor. Stephen L. Wood, Department ofZoology, 290 Life Science Museum, Brigham Young
University, Provo, Utah 84602.

Editorial Board. Kimball T. Harper, Chairman, Botany and Range Science; Ferron L. An-

dersen, Zoology; James R. Barnes, Zoology; Hal L. Black, Zoology; Jerran T. Flinders,

Botany and Range Science; Stanley L. Welsh, Botany and Range Science. All are at

Brigham Young University.

Ex Officio Editorial Board Members include Bruce N. Smith, Dean, College of Biological and
Agricultural Sciences; Norman A. Darais, University Editor, University Publications;

Stephen L. Wood, Editor, Great Basin Naturalist.

The Great Basin Naturalist was founded in 1939. The journal is a publication of Brigham
Young University. Previously unpublished manuscripts in English pertaining to the biological

natural history of western North America are accepted. The Great Basin Naturalist Memoirs
series was established in 1976 for scholarly works in biological natural history longer than can be
accommodated in the parent publication. The Memoirs appears irregularly and bears no

geographical restriction in subject matter. Manuscripts for both the Great Basin Naturalist and
the Memoirs series will be accepted for publication only after exposure to peer review and
approval of the editor.

Subscriptions. Annual subscriptions to the Great Basin Naturalist are $25 for private

individuals and $40 for institutions (outside the United States, $30 and $45, respectively), and

$15 for student subscriptions. The price of single issues is $12. All back issues are in print and
are available for sale. All matters pertaining to subscriptions, back issues, or other business

should be directed to the Editor, Great Basin Naturalist, Brigham Young University, 290 Life

Science Museum, Provo, Utah 84602. The Great Basin Naturalist Memoirs may be purchased

from the same office at the rate indicated on the inside of the back cover of either journal.

Scholarly Exchanges. Libraries or other organizations interested in obtaining either journal

through a continuing exchange of scholarly publications should contact the Brigham Young
University Exchange Librarian, Harold B. Lee Library, Provo, Utah 84602.

Manuscripts. See Notice to Contributors on the inside back cover.

5-88 650 35514

ISSN 017-3614



The Great Basin Naturalist
Published AT Provo, Utah, by

Brigham Yol'nc; University

ISSN 0017-3614

Volume 48 30 April 1988 No. 2

A FOURTH NEW SAUROPOD DINOSAUR FROM THE UPPER JURASSIC
OF THE COLORADO PLATEAU AND SAUROPOD BIPEDALISM

James A. Jensen

Abstiuct—The new sauropod, Cathctosaurus lewisi , is named and assigned to the Camarasauridae; it was collected

from the Upper Jurassic Morrison Formation in western Colorado in 1967. Novel structural features of the skeleton in

this genus, particularly in the axial skeleton, enabled it to assume and function to an unknown degree in a bipedal

posture. Comparisons are made between C. lewisi and previously described saiuopods. The following problems of

sainopod locomotion are discussed; (1) sauropods lack two elements, sesamoids and patella, present in titanotheres; (2)

sauropod limb and foot musculature, lacking leverage, is ver\' inferior to that of titanotheres; (3) no previously described

sauropod displays adecjiiatc structural specializations for \-oluntar\ bipedalism comparable to that of the new genus

Cathi'tosaurus- (4) great weight and cartilaginous limb and foot joint structure restricted sauropods to a slow tempo of

locomotion, suggesting a moderate to low rate of catabolic metabolism. Mammal and sauropod foot lioncs and their

fimction are compared, and comparisons are made between the weight and structure of modern mobile machines and

the locomotion and movement of large sauropods. Occinrence and taphononn of C'. lewisi are discussed.

Three sauropod dinosaurs, Ultrasaurus

niacintoshi, a brachiosaurid, Supersaiirus vi-

vianae, a (?)diplodocid, and Dystylosaurus

edivini, family indeterminate, were recently

described (Jensen 1985) from the Uncompah-
gre fauna (Jensen 1985) of the Jurassic Mor-
rison Formation on the Southwestern Colo-

rado Plateau in western Colorado. Diagnostic

elements of these sauropods were collected

from Dry Mesa Quarry, above the mouth of

Middle Fork of Escalante Creek, on the east-

ern Uncompahgre monocline. The articulated

skeleton of a fourth new. North American

Jurassic saiuopod, also from the Uncompah-
gre fauna, is described here as Cathetosaurns

lewisi, new genus, new species. It was col-

lected in 1967 from Dominguez/Jones Quarry
on the eastern monocline of the Uncompah-
gre Upwarp, near the confluence of Big and
Little Dominguez creeks.

The basic novelty of this fourth new
sauropod is seen in the structiual specializa-

tions of its skeleton, which enabled it to ele-

vate its preacetabular body and maintain a

bipedal postiue. No sauropod genus has been
previously described with comparable struc-

tural features. I do not suggest that this new
sauropod was capable of significant bipedal

locomotion, as if reverting to the supposedly

bipedal behaxior of an ancestral prosauropod,

but only that it could stand bipedally and pos-

sibly engage in limited activities, one ofwhich

may have been arboreal foraging.

Systematic Paleontology
Order Saurischia

Suborder Sauropodomorpha
I nfraorde r Sanropoda

Family Camarasauridae

Cathctosaurus lewisi n. gen., n. sp.

Etymolo(;y.—Greek: kathetos, perpen-

dicular, referring to an al^ility to stand erect

on its rear legs; sauros, lizard. Specific name
lewisi, honoring Mr. Arnold D. Lewis, stout

Earth Sciences Museum. Brigham Yduuh L'niversit\ , Present address; 2f>21 N. 700 E., Provo, Utah 84(104.
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companion of the trail, who patiently trained

me in laboratory and field work.

HoLOT^PE—BYU 9740, an articnlated

sauropod skeleton inclnding: atlas/axis plus 12

cervical vertebrae with ribs; right hmnerus,

radius, ulna, and partial manus; 12 dorsal ver-

tebrae, 1 dorsosacral vertebra; 20 dorsal ribs;

4 sacral vertebrae, and ribs co-ossitied with 1

ilium; 1 pubis; both ischia; 43 anterior caudal

vertebrae with many articulated chevrons.

Type locality'.—Dominguez-Jones Quarry,

Pit 1, above confluence of Big and Little

Dominguez creeks; T14S, R98W, New Mex-
ico Principal Meridian, Mesa County, Colo-

rado.

Horizon.—Approximately 10 m above the

base of the Brushy Basin Member, Morrison

Formation, Upper Jurassic Period.

Collector.—James A. Jensen, 1967.

Diagnosis.—All cervical neural spines

bifid except atlas/axis; prominent pre-epipo-

physeal ridges, not reported in any other

sauropod, present on superior surfaces of all

cervical postzygapophyses; suprapostzygapo-

physeal laminae on cervical vertebrae not

aligned nor confluent with epipophyses, as in

all other sauropods; all dorsal spines bifid ex-

cept last dorsal; pelvis with anterior iliac pro-

cesses rotated ventrally around transverse ac-

etabular axis, lowering anterior point of iliac

blade 18 to 20 degrees below axis of vertebral

column, in contrast to 4 degrees in Diplodo-

cus, a bifid-spined genus, and 7 degrees in the

single-spined genus, HaplocantJwsaunis:

metapophyseal spurs directed laterox entralK

on all dorsal and sacral neural spines; predia-

pophyseal spurs projecting from anterior face

of diapophyses on dorsal transx erse processes;

diagonal bone-struts connecting metapopln-
seal spurs on second and third sacral neural

spines with subhorizontal supracostal plates

on dorsal edge of third and fourth sacral ribs.

All other North American Jurassic sauropods,

including Apatosaurus, Diplodocus, (Uinia-

rasauru.s, and the single-spined Uaplocan-

thosaurus, lack such plates, spurs, and bone-

struts; chexrons on anterior third of tail

one-third longer than thosi' ol (^-(iDKirasaiinis

supremus Cope, as arbitrariK arranged b\Os-
born and Mook (1921).

Description.—Cathctosaunis is assigned

to Camarasauridae (^ope ( 1877) on the basis ol

its general structural affinities to that famil\

,

particularly in its axial and appendicular

skeletons, including; bifid cervical and tho-

racic neural spines; strongly opisthocoelous

presacral vertebrae; heavy thoracic ribs; is-

chium with long, slender shaft not distally

expanded as in the Apatosauridae and Diplo-

docidae; pubis thick and massively con-

structed, distally flattened but not rounded
as in the Apatosauridae, Diplodocidae, and

Haplocanthosaurus.

At least seven specialized skeletal struc-

tiues in C. lewisi, not seen in any other cama-

rasaurid genus nor in any other sauropod fam-

iK', ({ualify the specimen as a new genus and

species. These unicjue features include, but

are not restricted to: (1) neural spine bifurca-

tion (Fig. 6B) beginning directly behind the

atlas/axis on spine number three, instead of at

the fifth or sixth spine, as in almost all other

sauropods. Bifurcation continues from the

third cervical spine to the last dorsal, or first

presacral, spine, in which the apex of the

spinal crest is compressed anteroposteriorly

and slightly indented but not bifid. The depth

of bifurcation is greatest through the cervi-

codorsal transition, diminishing to the in-

dented crest in the first presacral spine. The
cervicodorsal transition was well preserved in

the skeleton as found, but badly damaged dur-

ing collection, obscuring the precise verte-

brae involved.

(2) Pre-epipophyseal ridges (Fig. 8a [per])

extending anteriorly from the epipophyses,

lateral to the suprapostz\gapoph\ seal lami-

nae, on the superior surface of the cervical

postz\gapoph\ses. These ridges pass the base

of the neural spine laterally (Fig. 8A) and ex-

tend to, or near, the anterior margin of the

transxerse process and are fimctionalK co-

ecjual with prediapoplnseal spurs on the dor-

sal transverse processes, inserting spinal liga-

ments originating on tlu' metapoplu ses of the

preceding ncMual spine.

(3) Prediapopluseal spurs (Figs. 3B, .oB,-

Bo) project from the anterior diapoph>\seal

faces of the transvcMse processes on all dorsal

vertebrae (Fig. 9A-B).

(4) Metapoplu seal spuis (Figs. 3B-(>, 4B,,

5A-C, OB, 9.\-B) on lattMal borders of the

spinal metai^oplu ses. ApparentK strong liga-

ture originated on these spurs, passing diago-

nalK , posteroventralK , to insert on the pri'di-

ajioplnseal spurs located anteriorly on the

diapopln ses of the transv erse process of the

succeeding vertebrae (Fig. 9A).
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Fig. 1. Discovery and working at Doniinguez/Jones Quarry; A, exposed right side of sacral vertebrae at discovery

point; B, road building from top of Dakota Sandstone down to Morrison Formation; figures left to right, D. E. and
Vivian Jones, discoverers of locality, Mike Heinz, excavator; C, beginning of excavations; D, forelimb and partial

manus oi Cathetosaurus lewisi; E, skeleton of C. lewisi; F, ischia and caudal section of C. lewisi partially excavated.

Abbreviations; h-humerus; is-ischia; Jm-Jurassic Morrison Formation; Kcm-Cretaceous Cedar Mountain Formation;
m-manns; r-radius; u-iilna; X-discovery point.

(5) Subcircular supracostal plates, disposed

in a near-horizontal plane on the dorsal edge
of the sacral ribs (Fig 4C [sp]) with ligature

and bone-struts from metapophyseal spurs

(Figs. 4Bi, Ci) inserting their anterior bor-

ders. These plates originated sacrocaudal

musculature passing caudad to insert serially

on caudal neural arches.

(6) Sacral bone-struts connecting metapo-

physeal spurs with supracostal plates. These
struts may have ossified from diagonal liga-

ments between sacral metapophyseal spurs
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and supracostal plates (Fig. 4C, [ds, sp]).

(7) Ilia rotated around a transverse aeetabu-

lar a.xis, lowering the anterior iliac processes

approximately 0-20 degrees, ventralK , below

the axis ofthe vertebral column (see definition

of in Fig. 2A), compared to 4 degrees in

Diplodocus sp. (Fig. 2B), and 7 degrees in

HapIocanthos(lurus^'). (Fig. 2C). Orientation

of the ilia to the sacral vertebrae in the com-

posite pelvis of Camarasaiirus, restored by

Osborn and Mook (1921, Fig. 2D) may be

incorrect, being modeled with its anterior il-

iac points located above instead of below the

sacral vertebral axis.

Discussion.—Discussed below are some of

the most significant structural features identi-

fying C. leivisi as novel and the only North

American Jurassic sauropod identified to date

capable of voluntary bipedalism. C. lewisi

possessed an interspinal channel carrying the

ligamentum nuchae-ligamentum apicum dor-

salis complex from skull to pelvis. This chan-

nel is formed of bifid neural spines, involving

the majority of neural arches between the

skull and pelvis. The length of this channel

contrasts with much shorter intraspinal chan-

nels in all other sauropods, such as Apatosaii-

riis (Gilmore 1936), in which bifurcation be-

gins in the fifth to sixth cervical neural arch

and ends in the fifth to sixth dorsal neural

arch. Being shorter than the interspinal chan-

nel in C. lewisi, the same channel in bifid-

spined sauropods provided a ligamentaceous,

long-muscle group of limited length, restrict-

ing its effectiveness to elevating the neck,

whereas extension of the interspinal channel

from skull to pelvis in C. leicisi provided an

elongate muscle complex capable of elevating

the entire preacetabular body from skvdl to

pelvis. This previously undescribed inter-

spinal channel length is here deemed prima
facie evidence of an ability to assume and
sustain a bipedal posture. Tlie continuum of

massive soft-tissue flexors filling an intra-

spinous channel from skull to pelvis demon-
strates a complete involvement of the preac-

etabular lK)dy, including the skull, neck,

forelimbs, and thorax, as the anterior body
rotated around a transverse acetabular axis

allowing the genus to attain a balanced,

bipedal stance. Supporting this claim, the

long chevrons (Fig. 7D), compared with other

genera in the Camarasauridae, increased the

anterior sagittal plane and, conseciuenth

,

weight of the tail, providing a more effective

counterbalance to preacetabular weight.

A remarkably strong diagonal interverte-

bral reinforcement system of ligaments be-

tween neural spines and transverse processes

in all presacral neural arches is demonstrated

in C. lewisi by the presence of pre-epipophy-

seal ridges on cervical neural arches (de-

scribed below); matching intervertebral, pre-

diapophyseal, and metapophyseal spurs on
dorsal neural arches; and b\' diagonal inter-

vertebral bone-struts or ligaments in the

sacrum, the four or five sacral spines being

thus diagonally connected to supracostal

plates on the dorsal edge of the sacral ribs.

The principal function of prediapophyseal

spurs is adduced to be the insertion of strong

muscles and ligature from metapophyseal

spurs on neural spines (Figs. 9A—B) of the

preceding vertebra. This method of interver-

tebral cross-, or diagonal, bracing and re-

inforcement may have been present to some
degree in all sauropods, but the importance of

such a system in C. lewisi is evident by the

prominence of the rugose, spurlike processes

at the points of origin and insertion of the

diagonal ligaments (Figs. 5B-C). The pre-

epipophyscal ridges extending forward from

the cer\ ical epipoplnses (Fig. (SA [per]) were
independent from, and parallel to, the supra-

postzygapophyseal laminae (Fig. 8A [spozl]),

providing for intervertebral cross-bracing in

the cervical series of C. leicisi. These epipo-

physeal ridges originate on the superior sur-

face of the postzygapophyses, bxpassing the

base of the neural spine to reach the anterior

margin of the trans\erse processes. Fpipo-

physeal ridges and metapoplu seal and predi-

apophyseal spurs (Figs. 3B-B,) are evidence

of a stronger ligamental connection between
dorsal neural sjiines and trans\erse processes

than is claimed or inferred in the anaKsis of

any previously described sauropod. For clar-

it\ , interspinal cross-bracing in (-. lewisi is

further described as strong tendons attaching

each neural spine to the tlistal cud ot the

diapophysis on the succeeding transverse pro-

cess. This diagonal reinforcement was ef-

fected by ligaments in cervical and dorsal ver-

tebrae, and with ligaments on three sacral

neural arches and bone-struts on two others

(Figs. 9A-B). These bone-struts connect the

second sacral metapoplnses to subhorizontal

supracostal plates (Fig. 3CJ) on the dorsal
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0=9''- 10°
ans

Fig. 2. Four sauropod pelves; A, Cathetosaunts lewisi; B, Diplodocus carnef^ie; C. Haplocanthosaiinis priscus; D,

Camarasaurxis siipremus. Abbreviations; aii5—anterior iliac process; 0-angle between vertebral axis (spx) and apices of

neural spines (ans); rajxlegrees of rotation of anterior iliac process counterclockwise below vertebral axis. Drawings

not to scale.

edges of the third sacral ribs; bone-struts con-

nect the third sacral metapophyses to supra-

costal plates on the dorsal edges of the fourth

sacral ribs (Fig. 4Ci). The presence of such a

well-developed system of intervertebral diag-

onal bracing is seen here as an advantage in

elevating the preacetabular body to a bi-

pedal stance by providing highly integrated,
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relatively inelastic, connective tissue be-

tween skull and pelvis, and once in a bipedal-

tripodal position a reinforced vertebral

column may have been an ad\antage in suc-

cessful bipedal activities. Rudimentary meta-

pophyseal spurs occur on the sacral neural

spines of other mature sauropods, includintz;

Diplodocus (Holland 1901), Camarasaurits

(Osborn and Mook 1921), and Haplocan-

thosauru.s (Hatcher 1903), but in those genera

no diagonal bone-struts are present connect-

ing their rudimentary spurs to sacral ribs.

These three genera also lack prominent predi-

apophyseal and dorsal metapophyseal spurs

and independent cervical epipophyseal

ridges. Hatcher (1901) notes that in Diplodo-

cus

the inferior blades of the diapophyseal laminae are

broadK' expanded in the anterior caudals and terminate

externally and superiorly in broad rugosities, providing

great surface for the attachment of the powerful dorsocau-

dal musculature, which in life may have aided in the

alteration of anterior bod\' position from the usual hori-

zontal or quadrupedal position to a more erect bipedal or

tripodal position . . . [which] was perhaps less frequentK

assumed during the life of the individual.

Diplodocus lacked the more basic structural

reinforcements and morphological adapta-

tions supporting bipedalism, which are

present in the skeleton of C. lewisi (this pa-

per).

Subcircular supracostal plates provided an

anchoring jimction for ligaments and bone-

struts extending from the sacral spines to sta-

bilize the supracostal plates against the poste-

rior pull generated by contraction of strong

sacrocaudal musculature. These supracostal

plates (Figs. 3C, 4C-Ci), with their distal bor-

ders depressed 10 to 15 degrees, rest subhori-

zontally on the dorsal edge of the sacral ribs.

The superior surfaces of the plates are stri-

ated, with the striae overriding anterior and

posterior margins of the plate, parallel to the

axis ofthe vertebral column and to the antero-

posterior line of stress generated b\ powerful

sacrocaudal musculatine dining bii)cdal acti\-

ities.

Ventral rotation of the anterior end of the

iliiun to a comparatively extreme degree
around the acetabidar axes maintained a cen-

ter of gravity, or locus of force, within the

strongest cross-section of the acetabulum
when the anterior bod\ was elevated to a

bipedal posture. This 20-degree rotation of

the ilia, relative to the sacral \ertebrae, in C.

lewisi (Fig. 2A), \erified b\- co-ossification of

all pelvic elements, is interpreted here as

strong evidence for persistent, voluntary

bipedalism. \\ hen the anterior body was ele-

\ated to a bipedal stance, the most heavily

buttressed sections of the acetabulae were ro-

tated to an optimimi weight-bearing position

abo\'e the femoral axes, whereas in other

sauropods, except the brachiosaurs (discussed

later), elexation of the anterior body with the

concomitant rotation of the pel\ is around a

transverse acetabular axis would have posi-

tioned a major portion of body weight on the

weakest midshaft, unbuttressed cross-section

of the pubic pedimcle. An additional advan-

tage achiex ed In the 20-degree \entral rota-

tion of the anterior iliac processes in C. lewisi

may have been that of increased support to

the ventral sinface of the \isceral mass during

bipedal posture. This support could have

been provided in a manner similar to, but to a

lesser degree than, that seen in the large

edentates such as Megatherium amehconum
Cu\ier and Me^alonyxjeffersoiii, which were

habitual bipedal arboreal feeders (Scott 1937).

The anterior iliac processes of these edentates

flare out on a subhorizontal plane, adding sup-

port to their \ isceral mass during bipedal ac-

tivity. Compared with C. lewisi, the position

of the anterior iliac processes in most other

saiuopods could ha\ e offered little support to

the \entral surface of the \ isceral mass, were

those sauropods capable of raising their ante-

rior body to an erect, bipedal stance.

Orientation of the ilia to the axis of the

sacral xertebrae in apparently obligate

({uadrupeds, such as the Diplodocidae and

Titanosauridae, when xerified by co-ossifica-

tion of all pelvic elements, was generally less

than 10 degrees (Fig. 2). However, the bra-

chiosains with single neural spines through-

out their spinal cohunn—and for which, as tar

as I am able to learn, no \\x>ll-preserved pelvis

exists to be measured—may have e\ol\ed

anteroventralK rotated ilia similar to the ilio-

sacral relationship seen in C. lewisi.

The thorax in the Brachiosauridae was sig-

nificantly elevated by front limbs equal to, or

longer than, reanHiggs 1921, Janensch 1936).

Because of their great size ((SO tons calculated,

(>olbert 1983), members of this family were

probably obligate (juadrupeds. Elevation of

their thorax on long front limbs would have
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Fig. 3. Cervical, sacral, and dorsal vertebrae oi Cathetosaiiru.s lewi.si: A, 1-8, cervical series from atlas/axis to

number eight (partially prepared). B-Bj, nietapophyseal (Its) and prediapophyseal (pds) spurs on C. leivisi presacral

vertebrae. B, two metapophyseal spurs (Its), one prediapophyseal spin- (pds). B,, four transverse processes (1-4), four

metapophyses (1|-4|): 1, 1, are on same neural arch, posterodorsal view. C, C. lewisi sacrum with supracostal plates

(Ipcsi), neural spines (ds-cs), left lateral view. Abbreviations; c-centrum; cl-center line; cs-caudosacral;

csi-caudosacral supracostal plate; dn.s-bifid neural spines; ds-dorsosacral spine; dst-diagonal metapophyseal bone
struts to svipracostal plates (3i, 4,); il-iliuni; prz-prezygapophysis; Its-metapophyseal spurs; pds-prediapophyseal spur;

pz-postzygapophysis; tm-teeth marks.
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rotated their ilia around a transverse aeetabu-

lar axis, locating the weakest, unbuttressed

cross-section of the pubic peduncular shaft

above the femoral axis—if the anterior ilium

was in fact ventrally rotated less than 10 de-

grees below the spinal axis, as it is in other

sauropod families including the Apatosauri-

dae and Diplodocidae. I collected a Bra-

chiosaurus ilium (described elsewhere) from

the Uncompahgre fauna in 1975 and verify the

shaft of the pubic peduncle as being thin and

fragile, suggesting the anterior ilium was ro-

tated ventrally, below the spinal axis, in a

manner similar to the 20-degree ventral rota-

tion of the anterior iliac processes ol C. leivisi

(Fig. 2A). The only complete brachiosaur

pelvis I am aware of is moimted as part of a

restored display skeleton standing in the Mu-
seum fur Naturkunde, Berlin (Janensch

1936). In this mount the anterior iliac pro-

cesses appear to be ventrally rotated approxi-

mately 15 degrees below the spinal axis; how-

ever, I have been unable to find a report on

the accuracy of the restoration.

The pubic and ischiadic peduncles of C
leivisi are missing from the only ilium present

with the skeleton (Figs, 4C-C,), and so their

relative strength and morphology are incom-

pletely known except that, as previously

noted, the 20-degree ventral rotation of the

anterior end of the ilium, relative to the spinal

axis, is verified by co-ossification of all pelvic

elements present (Fig. 2A).

Jurassic sauropods such as Barosaurus.

Dipludocus, and Apatosaurus, none of which

had anterior iliac processes ventrally rotated

more than a few degrees below the spinal axis,

nor which displayed significant evidence of

structural reinforcement of the spine and

pelvis, were recently illustrated (Bakker 1980)

as habitual, bipedal, arboreal feeders, al-

though no convincing structural evidence to

support such a claim is provided, except to

note the possible value of tall sacral spines.

The incompletely known sauropod Barosau-

rus was also illustrated by Bakker (1980) in an

erect, bipedal pose, foraging high in trees,

despite a considerable lack of important infor-

mation on its skeleton. Lull (1919) illustrates

Barosaunis, known from only one partial,

badly eroded skeleton. This material consists

of 4 incomplete posterior cervical vertebrae,

10 dorsal and 19 caudal vertebrae, a massive

chunk of sacrum, and fragments of a badl\'

eroded appendicular skeleton. Lull s restora-

tion (1919: Pi. VII), overlaid on a partial skele-

ton o{ Diplodocus for comparison, interprets

the basal cervical and anterior dorsal verte-

brae of Barosaunis as indicating a distinct

upward flexure at the base of the neck, a fea-

ture not reported in other Jurassic sauropods.

This upturn flexure at the base of an appar-

ently long neck would have allowed Barosau-

nis to feed arboreally as a quadruped, provid-

ing a convincing alternative to Bakker's (1986)

representation. Marsh (1890) placed Barosau-

rus in the Atlantosauridae, together with At-

lantosaurus and Apatosaurus, while describ-

ing it as "being very much like Diplodocus."

In addition to Bakker (1986), other authors

(McLoughlin 1979), ignoring the empirical

demands ofbiomechanics, have painted fanci-

ful scenarios depicting various sauropods as

being capable of voluntary bipedalism.

McLoughlin (1979:60) even suggests a pre-

hensile tail on Diplodocus, wrapped around a

tree "to steady itself on its hind legs." None of

these imaginative claims is supported by veri-

fiable evidence from structural morphology

published in legitimate scientific descrip-

tions. The present paper is the first to defini-

tively describe a sauropod capable of

sustained, voluntary bipedalism, with incon-

troxertible evidence reco\ered from existing

skeletal elements.

The hypothetical postural transition from a

bipedal prosauropod to a heavy (juadrupedal

sauropod (liomer 1956) may have occurred as

an evolutionary response to en\ironmental

and other factors; but, prior to this paper, the

notion that after becoming hea\'ily

(luadrupedal, optional bipedalism was still

possible, was without any substantiating

ph\ sical evidence. Some sauropods ma\ have

been able to rise up momentarily to a

seniibipedal, or tripodal posture, but none,

prior to the disco\ cry of C-\ Icicisi, display any

convincing structinal, or morphological, evi-

dence of a caii;ibilit\ for a sustained, bipedal

posture.

N'arious i-ele\ant factors appK to this pa-

pers claim that bipedalism in sauropotls is

presently restricted to one species, and these

factors need further discussion.

Sai'Ropoi) Biphdalism

The relexant laws of physics cannot be ig-

nored in calculating the probable stresses
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Fig. 4. Cathetosaurus letvisi presacral vertebrae and sacrum: A, second presacral vertebra, left lateral view; B,

second presacral vertebra, posterolateral view; B,, second presacral vertebra, posterior view; C, sacrum, oblique

posterior view; C,, sacrum, left lateral view. Abbreviations; cs-caudosacral vertebra; dp-diapophysis; dsl-dorsosacral

vertebra; ds-diagonal bone strut; il-ilium; ms-metapophyseal spur; mp-metapophysis; pi^-parapophysis;

s{:)—supracostal plate; tm-teeth marks.
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Fig. 5. Cathctosaurus lewisi sacrum and cU-tails of presacral spines and transverse processes: A, leJt lati-ral \ie\v of

sacrum with teetli marks (tm); A,, posterior view of sacrocaudal \ertel)ra; B, posterolateral view of presacral metapo-

phvses (2-5) and transverse processes (2,-4,); B,, prediapopliyseal spurs (pds) and metapophyseal spurs (ms); B.,

dorsomedial view of left diapophy.ses (dp. 2,, 3,, 4,) and metapophyses (3-5) (arrows indicate liiianiental connection

between prediapopliyseal spurs [pds] and metapophyses | mpl); C, detail ofdiapophyses and metapophyses (white lines

indicate same neural arch; black arrows |c| indicate lij^amental connection between adjacent neural arches b\- spurs).

Abbreviations; cl-center line; di>-di;ipophysis; It.s-metapophyseal spur; m-matrix; mi>-iiutaii()iih\ sea! s|mu-;

pd.s-prediapojihyseal spur; p/.-postz\ ii;ip()i)h\ sis; si>-supr;icostal plate; rh-rib head; sr-sacral rib.

developing in a large sauropods skeleton if, as weight, ealenlated from 80 to 100 tons (C:ol-

an obligate (luadrnped, it made an attempt to bert 1983, llalsted and Haisted 1981), were

rise to a bipedal postnre and its many tons of transferred from four legs to two. Not only
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Fig. 6. Six Cathetosatinis leivisi presacral vertebrae: A, ventral view (centrum width ecjual to length); A,, lateral view

(centrum length greater than height); B, dorsosacral, or first presacral, vertebra, anterior view. Abbreviations:

bmp-bifid metapophyses; cl-center line; dixliapophyses; hpm-hypantrum (closed by crushing); mp-metapophyseal
spur; m,s-metapophyseal spur; p{>-parapophysis.

would its skeletal structure be inadequate for

such a massive weight shift, but its muscula-

ture would lack the necessary adaptation and
strength to support the surge of such an over-

load.

Physical laws pertaining to the design and
operation of heavy, modern, self-propelled

machines, such as cranes and caterpillar trac-

tors, would no doubt have applied equally to

the behavior of 80-ton animals in the Meso-

zoic Era. One modern bipedal, earth-moving

machine with a weight comparable to that of a

medium-sized sauropod is the D-8 Caterpil-

lar tractor. With a blade it weighs approxi-

mately 34 tons, or considerably less than half

the 80 tons estimated for a large sauropod
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Fig. 7. A, Catnanisaunis sp. left rear foot in concretion; B, same as A, prepared: C. detail ofpes with four unsjals; D,

anterior section of C. lewisi caudal vertebrae with first seven che\ rons (nnich longer than lunual spines).

(Colbert 1983:45). Bipedal support.s dis- would ha\(> been .supported on a totallbotpad

tribute tbe traetors weigbt over an area of area of approxiniateU 12 s(juare leet, if tbat

more than 50 square feet by means of two footpad area is generously caleulated as si.x

endless jointed tracks, while the weight of a s(|uare feet for each rear foot, based on

large sauropod, standing on its rear legs, Gihnore's (1936) calculations of27 X 31 inches
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as the approximate size of the Apatosaiirus

louisae pes. This is approximately one-fourth

the area supporting the much smaller 34-t()n

tractor.

A vertebrate skeleton is like a machine: a

structural arrangement of rigid parts and the

functional range of motion in both systems is

governed by the mechanical design of those

rigid parts. The capability for motion and ac-

celeration in both systems is strongly affected

by interacting factors: inertia and balance; the

influence of gravity over mass during motion

and acceleration; mechanical sophistication in

the weight-support and locomotion systems,

and the requirement of a suitable substrate on

which to fmiction; an energy supply, and the

unit's efficiency in transforming that energy

into motion. Most of these factors would affect

a sauropod's mobility and speed, but the pri-

mary concern here is simply the matter of the

structural and muscular adaptations necessary

to elevate and support a large quadruped,

particularly a sauropod dinosaur, in an up-

right posture with its rear legs and tail in

tripodal contact with the ground.

In raising a heavy beam to a vertical posi-

tion the greatest structural stress and the max-

imum energy demand are imposed by gravity

at the beginning of elevation, when the mass

is horizontal and furthest from a vertical line

above the fulcrum, and the angle between the

rising structure and the horizon is smallest,

such as the angle of applied stress occurring

when a construction crane begins elevating a

long boom from the ground.

Physical laws affecting the successful eleva-

tion and operation of modern crane booms no

doubt applied as well to a saiuopod attempt-

ing to elevate its anterior body and function

bipedally. The acetabulum is the basic pivotal

point in all bipedal and (juadrupedal verte-

brates. Thus, in any sauropod adapted to

bipedalism, pelvic design surrounding that

pivot could be expected to display some
recognizable structural specializations, such

as bony reinforcements and processes, to ac-

commodate the additional weight shift from

front legs to rear. Cothetosaurus lewisi dis-

plays bony strengthening and novel processes

(Fig. 3C) to a degree significantly greater than

that seen in any other described North Ameri-
can Jurassic sauropod.

The prime force elevating the anterior body
of C. lewisi was generated by several long-

muscle groups combined in an extended se-

ries with the M. ligamentimi nuchae-M. liga-

menta apiciun dorsalis complex, supported in

an interspinal channel of bifid neural spines

(Figs. 6Ai, 9B) from skull to pelvis. These

muscles, anterior to the acetabular fulcrum,

were counterbalanced and augmented l)y cau-

dal long-muscle groups originating in the

sacrum and inserting serially on caudal verte-

brae. The contraction of these presacral and

postsacral muscle groups involved most of the

spinal column in shifting body weight back

toward the rear limbs and tail as the neck and

thorax were elevated toward a vertical line

above the fulcrum. Tail weight, acting as a

counterbalance, aided the shift. Very long

chevrons (Fig. 7D), nearly twice the length of

those in Camarasaurus (Osborn and Mook
1921), increased the area in the sagittal plane

of the tail, with a concomitant increase in

weight, providing greater postsacral muscu-

larity and improving the strength of the tail for

use in bipedal activities.

An equitable distribution of weight in a

50-ton sauropod standing with tail raised, as

depicted in various modern illustrations

(McLoughlin 1979, Bakker 1986), would have

placed a load of25,000 lbs on the joints ofeach

limb and foot. If the thorax were elevated to a

bipedal position, lowering the tail and shifting

body weight caudally, 100,000 lbs would be

imposed on the pelvis, minus a generous 10

tons for postacetabidar weight to be sup-

ported by the tail. The remainder would be

transmitted through the acetabular area to the

rear legs, requiring each rear ankle to support

a static load of probably more than 20 tons.

Each time the sauropod shifted body position,

a temporary surge of increased pressure, and

resultant stress, would be imposed on the

limb and foot nearest the center of gravity.

A degree of structural sophistication similar

to that seen in the feet of proboscidians was

present (Figs. 12A-B) in the extinct, gravipor-

tal, long-limbed digitigrade feet of the titan-

otheres (Osborn 1929). In both, the manual

pisiform, and radial processes on other carpal

bones, provided muscular leverage to the

front foot, whereas no pisiform or other com-
parable bones were present in the sauropod

locomotor apparatus. Sauropods also lacked

the pedal calcaneum, which in mammals
(Figs. 12B-Ci) is an important lever provid-

ing increased mechanical advantage to the
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per

Fig. 8. Line drawing of two sauropod cervical vertebrae with very long cervical rihs: A, A,, Cathetosaiinis Icwisi: B,

B|, Uintasaurus (Camarasaurus) donnUissi. Abbreviations: cr-cervical rib; ei>-epipoplnses; ini-j-nietapophyses;

per-pree]:)ipoplnscal ridge; poc-posterior c()nca\'it\'; po/.-post/xgaiioiilnses; prz-pre/.\ga]i()plnses; spozl-

supraposlzygapopliyseal laminae; ti)-transverse process.

various mu.scles, including the M. gastrocnc-

mius-M. planturi.s-M. solcu.s conipk>\, (>.\-

tt'ucling the pes.

Pedal extensors in sauropods (if there

were nuiscles large enough to be identified as

such) finictioned without a calcaneuni and
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consequently with very little leverage to ex-

tend the pes, basically because the area of

insertion on the proxinioventral borders ofthe

metatarsals was too near the fulcral area on the

ventral surface of the astragalus (Figs. 7B,

13A). It cannot be demonstrated, therefore,

that sauropods had any significant muscle-

leverage system for extending or otheiAvise

manipulating the pes. It probably served in

locomotion with little more flexure than the

rubber extension on the distal end of a crutch.

The lower front limb extensor in the large

mammal Palaeosyops (Osborn 1929), the M.
caput laterale (Fig. 13C [c. la]), enjoys a favor-

able ratio of leverage to ulnar length of ap-

proximately 1 to 2.5, with the olecranon pro-

cess rising approximately 40 degrees above

the center of the humeral joint radius (Fig. 13

[cjr]). The M. caput laterale inserts the olecra-

non process and rocks the ulna across a fulcral

surface on the distal end of the humerus to

extend the lower limb. No olecranon process

is present on the sauropod ulna (Figs. 13A-B)

to provide equivalent, advantageous lever-

age.

I mounted a large, free-standing mammoth
skeleton from the LaBrea Tar Pits in the Page

Museum in Los Angeles, California (1977), for

the opportunity to study and compare limb

and foot joint structure in a heavy mammal
with the design and function of similar joints

in sauropods. The study confirmed that limb

and foot joints in the most agile dinosaur,

large or small, are structurally and function-

ally inferior to those of probosidians and, in

large measure, to all mammals.
When the elephant does a single, front-

limb "handstand" (Asian elephant. Circus of

the Stars, CBS-T\^ December 1986), the

weight of its entire body is transferred to one
foreleg. The joints in its scapula, elbow, and
wrist withstand the abnormally high pressure

in this radical posture because of compact,

bone-to-bone joint geometry that includes

ball-and-socket joints and curvilinear flanged

joints mating perfectly with matching incur-

vate forms (Figs. IOB-B4, IIB-EJ in an artic-

ulated system of solid bone, glazed with a thin

layer ofdense cartilage and encapsulated with

lubricating fluid. No equivalent bone-to-bone

joint structure is present in sauropods.

Foot structure.—Sauropod feet were of

simple construction (Fig. 12E) in contrast to

the number of bones and geometric complex-

ity of those in heavy mammals such as titan-

otheres (Figs. 12A-B). A significant feature of

titanothere limb and foot construction is the

very close articulation and almost complete

communication of apposing surfaces in the

multifaceted bones of the carpus and tarsus

(Figs. 12A-B). Another important feature is

bones with processes, radial to limb axes,

functioning as levers, such as in the pisiform,

cuboid, calcaneum, and the ulnar olecranon

process. Sauropod limb and foot bones have

no ecjuivalent comparable "levers," or com-
pact joint structure, and, therefore, have less

comparative potential for strength and agility.

This leaves them mechanically inferior to

mammals—empirical evidence that various

present-day speculators (Bakker 1986,

McLoughlin 1979) on sauropod locomotion

and physical behavior ignore.

Sauropod foot bones are reduced and sim-

ply arranged (Figs. 7C, 12E), lacking the

structural sophistication of "lever" bones and

large areas of articulating communication

present in the compact mass of subrectangular

bones in the mammalian carpus and tarsus, in

which the bones are conformably shaped and

lubricated to move together, pushing as they

do so against each other, as the entire group

responds to a flow of energy originating in

limb muscles during locomotion. By contrast,

the number of bones in the sauropod carpus

and tarsus was extremely reduced (Fig. 12E),

being reported as one bone in the carpus of

Apatosaurus louisae Holland (Gilmore 1936),

which Hatcher (1902) described as the

scapho-lunar, and one bone in the tarsus of

Diplodocus and Apatosaurus, reported as the

astragalus (Gilmore 1936). Sauropod carpi and

tarsi are very poorly known because of the

small number of sauropod feet described.

However, mobile wrists and ankles were ob-

viously of small importance in sauropod loco-

motion; otherwise they would have been

more sophisticated. In any three-dimensional

arrangement of mechanical joints, complex-

motion capability decreases in direct propor-

tion to a decrease in the number of participat-

ing elements. The result was that sauropod

feet had very little circular mobility in their

distad spheres on the lower limbs; simply put,

sauropods had little wrist and ankle move-
ment.

My study of the LaBrea Tar Pit mammoth
revealed that rotary motion of the pes can



136 Great Basin Naturalist Vol. 48, No. 2

Fig. 9. A, lateral and B, superior \ icws. Scheme ofcliauoiial lit;ainent (dl) hraeinji in dorsal \ ertehrae oi'Cdtlwtosau-
rus lewisi : diaj^onal ligaments from metapopliyses (ni) to diapopln ses (d) eomieet all adjaeent vertebrae throiiglioiit the
scries. Abbreviations: el-eenter line; d-<liapophysis; dl-tliauonal ligament; <Is-diapoph\ seal sjiur; ni-meta]i()ph\ses;

ms-metapophyseal spurs; prz-prezygapophyses.
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Fig, 10. A-Ai, sauropod dinosaur, Cainarasauridae: B-E, mammal, Brontotheridae. Camarasaurus: A, left femur,
anterior view; Aj, proximal view; A., distal view. Brontops: A, left lemur, anterior view; B,, posterior view; B,, medial
view; B3, proximal view; B4, distal view; C, left patella, posterior view; C,, lateral view; C., medial view; C3,"anterior
view; D, left scaphoid, ulnar view; E, trapezoid, medial view. Abbreviations: pc-patellar channel. Not to scale.

occur as a blend of simultaneous movement in mediolateral arc on the proximal joint plane at

separate carpal joint planes, similar to the the articulation of the radius-ulna and
arrangement seen in titanotheres (Fig. 12A). scaphoid-lunar-cuneiform and then through a
In this system the manus can swing in a second arc, at a right angle to the first.
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Fiji. 11- Sauropod dinosaur, Cainarasaiiritlac, A-A^; mainiiial, Uroiitotlirriilae, B-l'",. CUiiiiarasaurus: A. k'ft

humerus, anterior view; A,, pro.xinial view; Ao, distal view. Brontops: A, left Innnenis: H,. proximal view; B., distal

view; C, fifth, left metaearpal, posterior view; C,, pro.xinial view; C., dist;il \ iew; 1). left, inuiform. latenil \ iew; D,,

proximal view; E, left iniijinum, medial \ iew; E,, jiroximiil \ iew ; l'"-F,, left numual sesamoids; C. left s(;i|)lioid, distal

view. Not to scale.

tliroiit^h tlic joint plain- of the scaplioid-hinar- planes. It may he attained byablcnclinuofthe
ctnieiforni and trapezoid-niagniun-inKiiorni/ two and ina\' oeenr a.s the mann.s rotates one
pisiform articuhition. Rotary motion of the waxor the other aronnd the lower-hmb axis,

manus does not depend strietly on a ch\ ision The sauroj^od earpns and its fnnetion are

of movement into these two right-angle poorly known, hnt the nnmher of hones
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involved is a small fraction of the number
found in titanothere and elephant carpi, sup-

porting a long-held conviction (Hatcher 1901)

that sauropod locomotion was little more than

slow and ponderous and cannot realistically

be modeled on the physical activities of mod-
ern, large mammals.

Joint surfaces.—Bone ends forming

sauropod limb and foot joints are of simple

geometric form, compared with the geometri-

cally sophisticated joint design in mammals,
in which all apposing spherical and curvate

surfaces are precisely matched as male and

female systems (Figs'. lOB-C, IIB-F4, 12B-
D). The irregular, spongy, rugose surfaces

(Figs. lOAi, Ao) forming sauropod joint areas

attached cartilaginous articulating structures

of unknown form, none of which have been
found as ossified elements. These thick, carti-

laginous pads (Hatcher 1901) were probably

composed of varying tissue densities and cer-

tainly lacked the rigidity and structural resis-

tance to deformation of the close-fitting, com-
pact joints seen in the integrated geometrical

shapes of mammalian joints (Figs. 10-12).

This inherent joint weakness in sauropods was

a limiting factor and is a reality that must be

included in all qualitative comparisons of

sauropod and mammal locomotion and other

physical behaviors. Such studies will reveal

the comparative ineffectiveness of the

sauropod joint system, and all speculations

regarding the comparative physical abilities of

mammals and sauropods must be tempered
by this biomechanical reality. Furthermore,

because of the high-energy demands of run-

ning, speculations about sauropod metabolic

tempo and the vulgar term "hot-bloodedness"

might also be examined from a strictly me-
chanical point of view inasmuch as the

sauropod skeleton, being a mechanical ar-

rangement, was not designed to move rapidly;

its great weight, simple limb and foot joint

structure, and particularly the nonrigid, carti-

laginous composition ofthe joints in its appen-
dicular skeleton all argue strongly against its

being able to run, or move about bipedally,

even if it possessed a high metabolic rate.

The geometric shape ofany joint controls its

mechanical function, and, though the force of

gravity is mitigated when a body floats in wa-

ter, a joint's movement and excursional limits

are constant despite the presence or absence
of gravity. Although sauropod limb joints

were constructed of nonossified cartilaginous

tissue, they were nevertheless restricted by
their form to certain limits of excursion, while

being required to support far greater weight

per unit area ofjoint surface than that carried

by equivalent joints in the elephant and titan-

othere. A sauropods cartilaginous joint struc-

ture was obviously adequate for walking gaits,

during which there was an alternate shifting of

many tons of body weight from the joints of

one leg to those ofanother. But if the gait were

to be accelerated from walking to running, the

joints would probably be subjected to a dis-

proportionate increase in impact stress, creat-

ing a danger of joint failure and pathological

bone fracture.

Ten years of work experience as a long-

shoreman on the waterfront, operating cranes

and lifts handling more than 50-ton loads, has

convinced me that the notion of a single, carti-

laginous sauropod ankle joint capable of

momentarily carrying a 40-ton, or even sup-

porting a 20-ton, static load is structurally im-

possible. However, C lewisi appears to have

successfully functioned bipedally because of

its various structural specializations; but,

judging from its body size and the mature

condition of fused epiphyseal unions present

in the articulated skeleton of the type-speci-

men, it was a small sauropod of probably no

more than 10 to 15 tons.

An elephant's weight is but a fraction of that

of a large sauropod, and yet, despite its ball-

and-socket acetabular joints, the elephant

moves ponderously in bipedal activity. Any
departure from quadrupedal locomotion by
sauropods weighing more than 10 times as

much as an elephant would have been very

difficult and vastly more ponderous, if not

impossible. No sauropod could raise its multi-

ton body to a vertical position without the

mechanical and muscular adaptations neces-

sary to pay the weight tax imposed by gravity.

The stresses of weight, friction, pressure, and

inertia, imposed by gravity today, applied

equally to Jurassic animals on a planet of es-

sentially the same diameter and density.

Triad bones.—Two different elements,

sesamoids (Fig. lOF) and patellae (Fig. IOC),

are present in the locomotor apparatus of

mammals, and each type functioned in a triad

joint. These two elements were absent from

sauropod limbs and feet, which had no triad

joints.
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Fig. 12. Mammal, Brontotheridae, A-D,, G; .saurop()ddino.saurs, Camara.sauridae, E-F. Mammal, Brontops: A, left

manus; B, left pes; C, left calcancum, external view; C,, anterosuperior view; D, left a.stragalus, anterior view; D,,

lateral view. Dinosaurs; Apatosaurus, E, right pes and iistragahis; CaiiKinisdiinis, F. left iistragalns. .-^hhreviations:

a.s-astragalus; ea—caleaneum. Not to seale.

I .submit that the hmction and importance

of these two bone types in the mannnaHan
locomotor apparatus indicate a sipiificant dil-

ference between the mammalian physiologi-

cal system and that of a sauropod by implyinjf;

a discrepancy between two levels of physical

activity, and that a discussion of the nature

and importance of that ditlcrcMice is rele\ant

to a consideration ol the well-known proposi-

tion that saiirojxxis acre capablv oflittle more

tluin sloic. ponderous loeoiiiotion (Colbert

1961).

Sesamoid i«)NES.—Sesamoid bones are

imbedded in the plantar surface of all four feet
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in mammals, each sesamoid forming a triadal

union with two apposing phalangeal elements

by articulating with the ventral surface of their

joints. The distal, ventral surfaces of the

metatarsal and metacarpal bones, and the

ventral surface of the digital joints move in

conjunction with the superior articular sur-

faces of the sesamoids, the entire triad joint

system being encapsulated with lubricating

fluid. Sauropod feet lacked sesamoid bones

and triadal joints.

Sesamoid articular surface area was no

doubt greatly enlarged by dense cartilage

formed around the bone, similar to the carti-

laginous enlargement of the articular surface

in the avian patella (Numididae, Meleagridi-

dae, personal experience). This cartilaginous

enlargement of sesamoid bone would have

increased ventral support from the sesamoid

bone to the triad joint, probably by 100%. The
majority of phalangeal joints in mammalian
feet are triadal.

Variable pressure from body weight, fluctu-

ating according to the intensity offoot activity,

is exerted on the phalanges by various mus-

cles, such as the M. flexor profundus digito-

rum and surrounding adductive tissues. This

pressure is transmitted through the lubri-

cated triadal joint and into the substrate by

the inferior position of the sesamoid bone,

mitigating (to an unknown degree) the effects

of friction from flexure within the massive

footpad tissues. Sesamoid bones also protect

the ventral surfaces of phalangeal joints from

damage during the radical flexure of vigorous

activity. If the footpad were peeled away from

the plantar, or ventral surface of the pha-

langes, the superior surface of the footpad

would display the lubricated joint surfaces of

the sesamoid bones remaining imbedded in

footpad tissue. Sauropod metatarsi and
metacarpi had no such intermediate bony
structures supporting their ventral surfaces

and transmitting weight to the substrate on
which the foot rested.

It has been suggested, based on an incom-

plete, partially disarticulated sauropod pes

(Gilmore 1923), that sesamoid bones may
occur in sauropod feet; however, in more re-

cent years I collected an articulated lower leg

and complete pes of a Jurassic camarasaiuid

(Figs. 7A-C) that clearly revealed the few
small "sesamoid " bones of Gilmore to be very

compressed distal phalanges, which, with

greatly shortened axes, resemble mammalian
sesamoid bones.

Sesamoid bones in mammalian feet aid in

the distribution of weight and pressure and

the reduction of intraphalangeal friction, by

presenting a lubricated surface, imbedded in

plantar cartilage, over which the ventral sur-

faces of the phalanges move, enabling large

mammals to engage in accelerated activities

and lighter ones, such as the cheetah, to move
at high speeds.

Patella.—In the titanothere Paloeosyops

(Osborn 1929) the patella is involved in both

flexing and extending the rear limb. The M.
rectus femoris, one of the major femoral flex-

ors, inserts the proximal end of the patella.

The principal extensor muscles, the M. biceps

3 complex, insert in serial fashion down along

the broad aponeurosis of insertion, anchoring

the patella to the proximal end of the tibia.

This complex, together with the M. semi

tendinosis-1 and M. semi membranosus,

constitutes a powerful muscular force at the

knee, extending the titanothere rear limb (Os-

born 1929). During fast locomotion the

patella, as a muscular junction across the knee

joint, provides a continuously effective distri-

bution of muscular force against both ends of

the apposing limb bones involved, the femur

and tibia. No evidence exists for equivalent

muscular energy, applied simultaneously to

femur and tibia, to extend the sauropod rear

limb. Muscles extending its rear limbs were

comparatively weak, having a much smaller

ratio of muscular leverage to total limb length

than the ratio seen in titanotheres. Sauropod

femoral extensors inserted on the fourth

trochanter, generally located scarcely halfway

down the femoral shaft, whereas in titanoth-

eres (Osborn 1929) rear limb extensors origi-

nated high on the neural spines and pelvis and

insert at, and below, the total length of the

femur.

The patella remains near the head of the

tibia during locomotion, being attached there

by the broad aponeurosis of insertion carrying

various rear limb extensors. These muscles,

including the M. biceps 3 complex, contact

the aponeurosis of insertion in an extended

dorsoventral area spanning the femorotibial

joint. When the knee is flexed, the postero-

proximal surface of the patella moves in

a radial path over the anterodistal joint

surface of the femur, regardless of the varying
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Fig. 13. Dinosaur and mammal foiflimhs: A, the .sauropod CanKinisminis lori'liml); B, camara.saur ulna; C,

titanothere lorelimh; D, titanotherc ulna. Al)t)rcviati()n.s; C-coracoid; ll-liumi-rus; F-pisirorni; H-radiu.s; S-scapula;

U-ulna; a-a,\e.s; cjr-c'cntc'r of joint radius; c.la-M. caput latcraU'; cl-M. cajMit longum; dr-M. dorso-t-pitrochlearis;

Fsd-M. flexor suhlimis digitorum; ha-hun\<Mal articulation; Id-M. latissimus dorsi; oa-olocranon area; o{>-olecranon

process; s.s-M. supra spinatus; 40 degrees iieiglit of olecranon process above center of joint radius; 10 =-^ leverage

factor of olecranon process on humeral articulation and against ulnar shaft length; 20 ratio oi 2; I. Not to scale.

angularity developed between the axes of fe-

mur and tibia, transmittiniz; rectilinear force

across the working joint.

The siiperiorit) ol titanothere rear limb

function and power o\er that of sauropods is

demonstrated by the length of the M. biceps 3
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group and the participating M. gluteus max-

imus, M. semi membranosus, and M. semi

tendinosus-l, all of which extend from ele-

vated origins on the sacral spines, caudal ver-

tebrae, and posterior pelvis to the aponeiuo-

sis of insertion attaching the patella to the

tibia. As noted, these muscles exert a power-

ful extending force at the middle of the rear

limb, whereas sauropod rear limb extensors

have comparatively weak muscular leverage,

inserting as they do on the fourth trochanter

approximately halfway down the femoral

shaft. This comparison demonstrates the su-

perior ability for fast locomotion in mammals.
Patellar function appears to be essentially the

same in all mammals. The posterior surface of

the patella, with a rounded dorsoventral, me-
dian ridge (Fig. IOC), is almost entirely occu-

pied with knee joint function in a lubricated

environment.

Judging from rear limb attitudes seen on

various mounted sauropod skeletons in North

American museums (some mounts appearing

more realistic than others), the femorotibial

angle of flexure in a sauropod's lower leg was

small, with the angle rarely exceeding 45 de-

grees.

Because of their great weight and unsophis-

ticated limb and foot joint structure (Figs.

7B—C), I am convinced that sauropods were
slow-moving creatures with a moderate to low

rate of catabolic metabolism; that is, they

were homeothermic but not endothermic. As

slow-moving animals, the sauropods were
able to function without the complex joint

geometry of mammals; but their great weight

and cartilaginous joint structure, lacking

patellae and sesamoid bones, made it diflPicult,

if not impossible, for them to run, which
would have recjuired an accelerated metabolic

rate.

I believe, in view of its structural and appar-

ent soft-tissue development, that C. leivisi

habitually assumed a bipedal posture and did

so without patellae and sesamoids but, except

for localized shifts in feeding positions, that its

general locomotion probably remained a

quadrupedal event.

Occurrence and Taphonomy

Dominguez/Jones Quarry is located on the

eastern monocline of the Uncompahgre Up-
warp in Mesa County, Colorado, and consists

of two pits 300 m apart on approximately the

same horizon, 10 m above the base of the

Brushy Basin Member of the Morrison For-

mation. Each pit produced remains of a single

sauropod, the nearly complete skeleton of C.

lewisi coming from Pit 1 and the pelvis, some
rear limb material, and most of the caudal

vertebrae of a second unknown sauropod (to

be described elsewhere) being collected from

Pit 2. Both occurrences were autochthonous.

The skeletons were buried near their death

site in well-graded (now), pale green sedi-

ments in a relatively quiet depositional envi-

ronment an unknown distance from intermit-

tent levee overwash during burial.

When C. lewisi was discovered, the axis of

its vertebral column was crescentically dis-

torted (Fig. IE), with the tail and neck dor-

sally curved toward each other, the two

curves oriented downstream toward each

other, confluent with an apparent NE stream

flow. This direction of hydraulic pressure was

later verified by the position of disarticulated

front limb elements (Figs. ID, F) transported

beyond the carcass before final burial.

No lenticular sandstones or other high-

energy structures were present adjacent to

the skeleton, or nearby on the same horizon,

although some postmortem disturbance was

evident in the displacement of front limb ele-

ments several meters downstream from the

carcass (Figs. ID-F). Deep teeth marks in the

left ilium (Figs. 3C, 4C-Ci) and the final dis-

position of the skeleton (Figs. ID-F) suggest

that a large carnivore, equal in size to Tor-

vosaurus tanneri Galton & Jensen (1979),

killed and fed on the sauropod. Apparently

the body was turned over later and dismem-
bered during a second feeding by the killer or

another predator of equal size, providing one

explanation for the absence of rear limb and

foot elements. The neck and rib cage were

preserved intact, indicating predator prefer-

ence for the more heavily muscled pelvic-rear

limb area as the best food source. Between the

large carnosaur(s) feeding periods, small scav-

enging carnosaurs intruded and fed, imposing

their teeth marks across the much larger tooth

marks in the ilium.

An unknown period of time after the kill

and initial feeding invasion, during which the

killer fed only in the rear limb and pelvic area,

an overbank flood may have floated the

bloated carcass an unknown distance from the
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death site and initial feeding episode, further

explaining the absence of rear limb elements

near the skeleton. Small, eroded, organic de-

tritus, common in allochthonous deposits,

was entirely absent from matrix surrounding

the skeleton.

When the skeleton of C. lewisi was col-

lected in 1967, the existence in the Uncom-
pahgre fauna (Jensen 1985) of a sauropod killer

more powerful than Allosanni.s was deduced
from the size and spacing of teeth marks in the

ilium (Fig. 5A), but the first elements ofsuch a

carnosaur, later described as Torvosaurus

tanneri, were not discovered until five years

later in Dry Mesa Quarry. The many ele-

ments known from this new carnosaurian

genus (Jensen 1985) indicate an animal large

enough to easily catch, kill, and dismember a

sauropod the size of the C leitisi skeleton;

however, various elements of an unusually

large allosaurid (to be described elsewhere)

were subsequently found in Dry Mesa Quarry
and represent an individual also capable of

easily killing medium-sized sauropods.
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Memoriae

A tribute is paid to the late Daniel Iv

"Eddie Jones, of Delta, Colorado, on behall

ol the discipline of Vertebrate Paleontology

and in particular all workers and students in-

terested in dinosaurs. All will be forever in-

debted to his many years of successhil clforls

to find dinosaurs in (Colorado.

"Eddie," with his wife, Vivian, as his con-

stant companion, over a period of more than

20 years made the greatest single contribution

to the renewal ofdinosaur studies occurring in

the last half century. Because of the produc-

tive localities they discovered and revealed to

science, an important new group of fossil ver-

tebrates was uncovered, including the

"world s largest dinosaurs and a new flying

reptile. These discoveries receixed wide in-

ternational media exposure, catapulting many
eager, young minds into the beginning ilush

of a great "dinosaur renaissance. Elementary

school children, excited over new dinosaurs

from the Jones s discoveries in the 6()s, are

now professional vertebrate paleontologists,

judging from my 25-year accumulation of

thousands of letters.

"Eddie and Vivians persistent toil oxer

many rough mountain ridges and exhausting,

hot, dry badlands will continue to pay scien-

tiiic dividends for many years of dinosaiu" re-

search in the lutine, while thousands of bones

in localities they discovered still remain to be

collected and studied. In 1985 two new
sauropod dinosaurs were named in their

honor: Dystylosaiirus cdivini, and Siipcrsaii-

nis viviaiuie. Thank you, "Eddie.
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EFFECTS OF LIVESTOCK GRAZING EXCLOSURE ON AQUATIC
MACROINVERTEBRATES IN A MONTANE STREAM, NEW MEXICO

John N. Riniif

Abstract—Acjiiatic inacroinvertelirate populations iiihaliitine; ifaclu-s of a stream within areas exehided from

livestock grazing for a decade were markedly different from those in grazed areas when density, hiomass, hiotic

condition indices, and mean chi scjuare indices of the two popnlations were compared. Increased densities and

hiomasses of more tolerant forms of macroinvertebrates were observed in grazed reaches. Because pretreatment data

were not available, differences in macroinvertebrate populations and relative tolerances of ta.va in grazed and ungrazed

areas could be as easily attributed to linear changes in stream habitat as to removal of domestic livestock. Results of this

study have implications for the design of futiue research on the effects of livestock grazing on stream environments and

biota: (1) baseline/pretreatmi'ut information is prereciuisite, and (2) the study should take a watershed (ecosxstem)

approach.

National forests, in their miiltiple-iise role,

are managed to serve and meet the needs ot

water, timber, wildlife, recreation, and graz-

ing interests. The potential for conilict be-

tween respective uses is ever present. In re-

cent years grazing has been implicated in

having contributed significantly to wide-

spread deterioration of habitat and decline of

biota inhabiting riparian-stream areas (Platts

1982, Kauffman and Krueger 1984, Skovlin

1984). Thus, both managers and researchers

recognize the need to better understand the

impact of grazing on riparian ecosystems.

The Rio de las Vacas in northwestern New
Mexico provides excellent trout sport fishing

(Rinne 1988), and its valley provides camping
opportunities and high-quality forage for li\ e-

stock grazing. Because of concern over con-

flicts of use, this montane stream was partially

fenced by the USDA Forest Service to ex-

clude domestic livestock and thereby improve
in-stream and near-stream habitat. Effects of

grazing on in-stream and near-stream habitat

and extant biota were examined a decade

later. Results of several years of study indi-

cated that apparent changes in habitat and
biota had occurred (Rinne 1985, Rinne 1988,

Szaroetal. 1985, Szaro and Rinne 1988).

Studies on how grazing impacts a(}uatic

macroinvertebrates are nonexistent in the lit-

erature. This is largely attributable to the in-

herent difficulty of dc\ ising reliable sampling

techni(iues recjuired to adccjuatcK define

temporal and spatial \ariability in stream

macroinxertebrate populations (Resh 1979).

Nevertheless, Buikema and Cairns (1980) and

Munther (1985) have suggested that insects

are very sensitive to environmental perturba-

tions and therefore \aluable in early detection

of habitat changes resulting from particular

management activities. A study was initiated

in 1982 on the effects of grazing removal on

stream habitat and biota (Rinne 1985, Rinne,

in press). This paper reports the effects of

exclusion of livestock grazing on atjuatic

macroinv ertebrates in this particular montane
stream.

Study Ai^EA

The Rio de las N'acas (hereafter called the

\'acas) is a third-order (Hynes 1975) montane
stream draining the San Pedro Parks

Wilderness Area, Santa Fe National Forest.

The studv' area is at an elevation of 2,600 m,

MSL, about 17 km southeast of the town of

C^uba, Sandoxal ('ounty, New Mexico. Two
cxclosiucs, each about 1 km in length and 50

m in width (ca 10 hectares), were established

in 1972 and 1975 (Fig. 1). These exclosvues

were separated by pri\ ali' land holdings from

a downstream grazed area (Fig. 1). The e.xclo-

sures are within the Cuba Communit\ Graz-

ing Allotment, which comprises about 1 1,000

ha. .Khuost hallOf this allotment is classified as

"no-allow abli' capacitx lor grazing because of

'l'SD.\ Fon^t St-r

8.5287-1304.

Rinks Mount.nil I'linst ,iiid Raii^i^' ExpciimcMt Station, roicstry Sciimri'v I,.iI>i Tcnipc, .\rizona
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^A

ALB.

1 km

Fig. 1. Location and dt'tailed map of study area indicat-

ing upstream ungrazed (A), grazed (B), and lower grazed

(C) reaches. Sample site on private lands in 1984 is indi-

cated bv solid circle.

terrain and lack of forage. Near-equal per-

centages of lands (10% each of total allotment)

are private holdings and riparian. Historically

(1949-1980), the grazing strategy has been

season-long (1 June to 31 October), at the

average annual rate of 2,688 animal unit

months (AUM). For further description and

photos of the area, see Rinne (1985) and Szaro

et al. (1985).

Methods

Aquatic macroinvertebrates were sampled

w^ith a standard Surber sampler (1024-micron

mesh size) during summer low flow conditions

in reaches of stream in ungrazed (fenced) and

grazed areas. Samples were preserved with

10% formalin in 1982 and with a glycerin-

formalin-ethyl alcohol solution in 1983 and
1984. In 1982, samples were randomly taken

in riffle habitats of the stream (Table 1) within

the upstream exclosures and the downstream
grazed area (Fig. 1). Because of variability in

1982 data (see Results), which has been sug-

gested to be the norm (Resh 1979), an attempt

was made on ensuing (1983-84) samples to

stratify within substrate composition cate-

gories to aid in reducing variability among
samples (Table 1). In addition to sampling

more for pebble-cobble substrate (17-256

mm), uniformity of water depth and velocity

were likewise selected (Table 1). In 1984, be-

cause of suspected linear change in stream

habitat, samples also were taken at stream

sites within an upstream, contiguous area of

private, grazed lands (Fig. 1).

In the laboratory invertebrate samples

were sorted in gridded petri dishes with the

aid of a compound dissecting microscope and

identified to the lowest practicable taxon; tax-

onomic keys in Usinger (1956) and Merritt

and Cummins (1984) were primary sources to

aid in organism identification. Biomass of

samples was estimated in 1982 and 1983 by

using the length-dry weight equations of

Smock (1980). Length was separated into

seven size classes (0-6 mm); the largest indi-

viduals in the last class were measured di-

rectly because of the lack of an upper limit for

this class. Because biomass values were not

significant once stratified sampling was ini-

tiated in 1983, values were not estimated in

1984.

Tolerance quotients (TQ) were used to cal-

culate biotic condition indices (BCI) following

methods outlined in Winget and Mangum
(1979) and discussed in Platts et al. (1983). The
use ofTQ reflects the tolerance of an inverte-

brate to alkalinity and sulfate content of the

water in addition to its selectivity for or

against fine substrate materials and stream

gradient. Winget and Mangum (1979) have

calculated TQ for a number of families and

genera based on field data. Basically, if lower

alkalinity and sulfate and greater gradients

and larger substrate particle size are selected

by an organism, its TQ will be lower. In turn,

the BCI incorporates stream habitat, water

quality, and TQ. The index is a function of a

predicted community (TQ,,) divided by an ac-

tual community (TQj.

Chi-square indices (CSI) (Parrish and

Wagner 1983) also were utilized to aid in com-

paring and quantifying community composi-

tion of stream macroinvertebrate populations

in the grazed and ungrazed areas. Nonpara-

metric Kolmogorov-Smirnov (KS) tests and

standard t-tests (Statgraphics) were employed
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Table 1. Characteri.stics of strt-ain sainplt' sitfs in j^razed and imtira/cd artMS in tlu' Hio di- las V'aca.s, New Mexico,

1982-84. Ranges are in parentheses. Substrate classes are niodilied ironi Ihiies (1975): (1) sand (< 2 mm); (2) gravel

(3-16 mm); (3) pebble (17-64 mm); and (4) cobble (65-256 mm).
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Tablk 2. TiixDiioniic listiiii^ aiul tlt-nsitifs otatjiiatic iiiacroiintTtehrates per Surher sample collected in grazed (G)
and ungrazed (U) reaches of the Rio de las \acas, 1983-84. Chironomids were combined in 1984 because taxa were
identified onl\ to generic le\ el in 1983.

1983 1984

Taxa

134

1

Ephemeroptera
Ephenwri'llci invrDiis 85 55 S4 wq
Paralcptoplilchia sp. 32 29 11 34
Amclctus sp. 14 47 30 67
Bactissp. 68 86 172 553
Cimjpmila sp. 32 258
TricorytJiodcs minuttis 40 396 4 45
Epeom.s Ionp.inianu.s 19 11 256 85
Siphlciiuinis sp.

1

Ephenwrclla druiu'lla ^randis 2
Rluthro^,ena sp.

1

Diptera

Cidicoidcs sp. 11 H
Pidpoimjia sp. 22 38
Htjdrophonis sp. 11

Hemerodromia sp. 110
Prosimtdium sp.

Simuliitm sp. 17 11 69
Tabantis sp. 14 11 2
Calopscctra sp.

Cardiocladius sp.

Conjnoiu'ura sp.

C n/ptochironomtis sp.

Hydn)haci}u.<i sp.

Microtcndipcs sp.

Paratcndipcs sp.

Pcntancura sp.

Polypcdilttm sp.

Prodiamcsa sp.

Taiujtarsu.s sp.

Tendipcs sp.

Hexatoma sp.

Ormo.sia sp.

Tipida sp.

Chironomidae

Hexatoma sp.

Maruitia lanccolata

Picranota sp.

Ceratopogenidae

Dcutcrophchia sp.

A/o/()/;/n7(/.y sp.

Ulomorpha sp.

Trichoptera

Brachycent ni.s sp. 11

Agapcttt.s sp. 11

Glo.s.sosoma sp. 15
Helicop.syche sp. 200 109
Hydrop.sychc sp. 47 7y
Stactobiclla sp. 11

Lepidostoma sp. 46
Nectop.syclie sp. 18
Opcc^i.s sp. 11 11
A.s(/nflrc/ii<.s' sp. H H
Grarumotatdi.s sp. 11

Hcspcrophylax sp. 15
Polycentropu.s sp. Q 22
Amphico.smovcu.'i sp. 2 9

11
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Table 2 coiitimied.

Great Basin Natl r.\list Vol. 48, No. 2
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Table 3. Biomass (mg/m"" wet weight) of tlic major groups of a(|uatic macroiinertehrates in ungrazed and grazed

reaches of the Rio de las Vacas, 1982-83.
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1982

GRAZED

UNGRAZED

1983

GRAZED

UNGRAZED
1984

GRAZED

UNGRAZED

UPPER GRAZED

o:

-01-

200 300 400 500

INDIVIDUALS PER SAMPLE

Fig. 2. Estimated numlicr of acjuatic macroinverte-

brates per surber in grazed and ungrazed areas. Esti-

mates for the upper (B, Fig. 1) and lower (C, Fig. 1)

grazed samples taken in 1984 are also provided. Medians

(large verticals), upper and lower (juartiles (small verti-

cals), ranges (single horizontals), and outlying values

(dots) are indicated in plots.

stream reaches (Table 4, Figs. 2, 3), these

communities were comprised of the more-

tolerant taxa. There was greater silt content in

the substrate of the downstream reaches of

the stream than in the upstream imgrazed

area (Rinne 1988), which might, in part, ex-

plain the absence of some less-tolerant taxa.

Further, the extremely high CSls strongly

suggest a difference in the structure of the

aquatic macroinvertcbrate community in tlie

grazed compared to the ungrazed area of the

Vacas. This difference, however, might as eas-

ily be attributed to naturally greater alkalini-

ties, temperatures, and dissolved solids in the

water column in the lower, disjunct grazed

reaches of the stream, as to the effects of cattle

grazing. Ward (1976) similarly reported that

warmer water temperatme and higher dis-

solved solid content of water paralleled in-

creased macroinvertcbrate populations in a

Colorado mountain river.

In light of the stream continuum concept

(Vannote et al. 1980) and watershed principles

(Hynes 1975, Likens 1984) operating as dis-

cussed by Rinne (1988), it is perhaps surpris-

ing that there was any detectable difference

between acjuatic macroinvertcbrate popula-

tions in stream reaches in the grazed and un-

grazed areas of the Vacas. It is possible that

the areas sampled were naturally different

both in structure and in macroinvertcbrate

fauna prior to fencing. There was definitelv a

marked difference in streambank stability and
vegetation between the two areas (Rinne

1985). Lack of any baseline, pretreatment

1982

GRAZED

UNGRAZED

1983

GRAZED -CL

-1

100 200 300 400 500

BIOMASS(MG/METER SQUARE)

Fig. .3. Estimated biomass (mg/m") of acjuatic macroin-

vertebrates in the Rio de las Vacas in grazed and ungrazed

areas, 1982-83. Plots contain the same statistics as de-

scribed for Fig. 2.

data, however, precludes unecjuivocably stat-

ing that exclusion of grazing enhanced acjuatic

macroinvertcbrate populations in the \'acas.

Based on limited literature and this study,

we can state that acjuatic macroinvertebrates

are useful biological indicators of grazing im-

pacts on stream ecosystems. However, case

history studies ofgrazing effects on this group,

on stream habitat, and on fishes (Rinne 1988)

emphasize the importance of baseline, pre-

treatment definition of variability of factors

within study areas prior to implementing

treatments and ensuing research (Szaro and

Rinne 1988).

CONCLLSIONS

Both cjualitative and cjuantitative differ-

ences in habitat and biota were found in the

\'acas, but lack of pretreatment (prefencing)

data precludes making uneciuivocable state-

ments regarding livestock grazing effects on

the habitat and biota of this stream. Many
factors create difficulties in a studv of this

problem (Rinne 1985). Future research on

grazing effects on stream habitat and biota

nnist be carehillv designed (Rinne 1988) if

V iablc, delcMulable information is to rc\sult.

LllKlxMl KK (;irKi)
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.5:731-740.
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COMPREHENSIVE LIST BY HABITAT OF THE ALGAE OF UTAH, USA

Saimu'l H. Hushtorth and (AVt-n Shirley Mi'ikk-v'

Abstract—A list of the algal .species that have been reported troiii tlie state ol L'tah is presented. Also listed are the

habitats from which these algae were collected. A total ot nearly 1,900 ta.xa have been identified to the species level or

below. Diatoms comprise tiie largest group, with nearly 1,000 ta.xa, followed by the green algae with over 550 ta.xa.

The state of Utah encompasses a large geo-

graphical region with diverse geology and

habitats. Elevational and habitat variabilities

range between hot desert environments at

about 750 m and high mountain tundra as high

as 3,600 m. A wide range of specific habitat

types are present. Salt marshes and lakes are

common, as are freshwater lakes and reser-

voirs. Streams of a wide variety, from rela-

tively warm, intermittent desert streams to

high mountain, cold water rivers, are com-

mon. Marshes, acidic and basic bogs, wet

meadows, wet walls, and thermal and cold

springs are all present in LUah, some in abun-

dance.

We have examined the algal floras ol many
of these habitats in western North America

over the past several years, and during the

process of our work, we began to keep a list of

the algal taxa recorded from the state of Utah.

We searched several hundred articles dealing

with the algae of Utah and recorded the ta.xa

listed by those authors who had done tloristic,

taxonomic, or ecological work. This amoimted
to 125 papers of primary importance in devel-

oping the Utah algal sj^ecies list. These papers

are listed in the bibliography at the end of this

paper. Although our search of nearly all the

papers dealing with the algae of Utah con-

tributed to oiu" understanding of select taxa or

groups, we found that many papers did not

add to the total tloristic list (see (^hristensen

1956, 1962 for a list of most of the papers

published on Utah algae prior to 1962).

It is ot interest to note when these works

were published. Only three pai)ers we are

aware of dealing with the algal taxa of the state

were published during the nineteenth cen-

tury. During the 30-year period troin (he turn

ofthe century to the end ofthe 1920s, a total of

6 additional papers were published. The
decade of the 1930s saw 10 papers published,

while only 3 papers were published during

the 1940s. Around 30 papers in each of the

decades of the 1960s, 197()s, and to date in the

1980s have been published.

The algal tlora of Utah is large and diverse.

Nearly 1,900 algal taxa with complete specific,

varietal, or forma epithets have been reported

in the literature as having been collected in

the state. Many additional taxa are reported as

unknown species. We have not been able to

verify most of these taxa since specimens are

not available, and this is somewhat beyond

the scope of this introductor> list. Main' ot the

diatoms are available for fiu'ther stud\\ and we
hope to examine these algae in more detail in

the future.

There also exist many problems with taxon-

omy and nomenclature. We have not made
nomenclatiual changes except in instances

where authors themselves have made or men-
tioned such changes. However, it is clear that

many of the names used by authors dealing

with Utah algae are inxalid and should be

placed in s\'n()n\'m\ . Umaxcling these prob-

lems awaits the writing of a comprehensive

algal tlora for the state. In the jiresent paper it

is merely our intent to present a list ot the

algal taxa reported as occurring in the state. It

has bt-en ditVicult to determine the authors ot

all taxa listed in the Utah algal flora. In man\'

cases, the original researchers did not record

species authors, and wc lune attempted to

add them. We have also made changes in

authorships whcM'e it was clear that a mistake

was madi'. in a lew cases, we were not able to

(let eiinine the author ol a taxon, and these \\ ill

' Di-partiiK'Ml of Bot.mv .111(1 Haiiur Sii.-mc. Hrii;li,.iM Vimm liiu.isils. l',,,'
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be evident in the speeies list (Table 1).

It should also be mentioned that we have

followed a very traditional scheme of classifi-

cation above the generic level. The reassess-

ment of orders, classes, and divisions of algae

(particularly in the Chlorophyta) is currently

receiving a good deal of attention from many
researchers. We have been conservative in

this matter since it is not particularly impor-

tant to the aim of this paper, and it is certain

that further changes are ahead in the near

future. We felt that most algologists would be

familiar with the traditional scheme we have

followed.

The largest group of Utah algae is the di-

atoms, which contains 977 taxa in 63 genera.

The Chlorophyta is represented by a total of

568 taxa in 119 genera. Cyanophyta are repre-

sented in Utah by a total of 254 taxa in 53

genera. The Chrysophyceae is represented by

15 taxa in 7 genera, and the Xanthophyceae by

28 taxa in 7 genera. Euglenophyta in the state

are represented by 26 taxa in 6 genera. Di-

noflagellates (Pyrrhophyta) have been re-

ported in Utah as 7 species in 5 genera. Two
genera of Cryptophyta containing 2 species

have been reported, as have 2 genera of

Rhodophyta containing 2 species.

Table i List of algal taxa reportt-d from the state of

Utah from the earliest recorded collections to the

present. The taxa are listed alphabetically according to

taxonomic category (except for Bacillariophyceae, which

are listed strictly alphabetically). An attempt has been
made to categorize all taxa according to the habitat of their

occurrence. The letter at the end of the species name
refers to the specific habitat type from which the alga was

collected: Habitat A is lakes and reservoirs, B is rivers and

streams, C is the Great Salt Lake, D is soils, E is wet

walls, F is wet meadows, G is thermal springs, H is salt

marshes, I is fossils, J is cold springs, and K is undesig-

nated or miscellaneous.

Division Cyanophyta

Class Cyanophyceae

Order Chroococcales

Table 1 continued.

Anacystls ctjanea (Kiitz.) Dro. & Dai.

Anacystis mcirginata Meneg.
Anacystis rupestris (Lyngb.) Dro. &

Dai.

Anacystis sp.

Aphanocapsa elachista West & West
Aphanocapsa elachista var. conferta

West & West
Aphanocapsa endophytica G.M.Sm.
Aphanocapsa grevillei (Hass.) Rabh.

A
B

A
A

A,B

A
B
A,B,K

Aphanocapsa halophytica Fremy C
Aphanocapsa pulchra (Kiitz.) Rabh. A,B,J

Aphanocapsa riviilaris (Carm.) Rabh. A,B,J

Aphanocapsa virescens (Hass.) Rabh. A,F,J

Aphanocapsa sp. A

A)>hanofhcce castag.nei (Breb.) Rabh. D
Aphanothccc clathrata G.S.West A,B,H,J

Aphanothccc <iclatinosa (Henn.) Lemm. A,E
Aphanothccc nichilans Rich A,B,H
Aphanothccc packardii (Farl.) Setch.

(see CoccochUnis clabens)

Aphanothccc prasina A. Br. B,E,K
Aphanothccc saxicola Naeg. A,B,K
Aphanothccc stagnina (Spreng.) A.Br. A,B,J,K

Aphanothccc utahensis Tild.

(see Coccochloris clahens)

Aphanothccc sp. A

Chroococciis cohacrens (Breb.) Naeg. A,B,G,K
Chroococcus hansgiri Schmidle D
Chroococctis limncticus Lemm. A,B,K
Chroococcus limncticus var. distans

G.M.Sm, A
Chroococcus macrococcus Rabh. B
Chroococcus minor (Kiitz.) Naeg. D
Chroococcus minutus (Kiitz.) Naeg. A,B,E

Chroococcus midticoloratus Wood BJ,K
Chroococcus pallidas Naeg. D,E
Chroococcus prescottii Dro. & Dai. A
Chroococcus rufescens (Kiitz.) Naeg. D
Chroococcus schizodermaticus West A
Chroococcus turgidus (Kiitz.) Naeg. A,B,D,E,F,

G,J

Chroococcus varius A. Br. E
Chroococcus sp. A,C,D

Chroothcce cryptarum Farl. A

Coccochloris clahens (Breb.) Dro.

& Dai. C
(= Polycystis packardii Farl.)

(= Microcystis packardii [Farl.] Setch.)

(= Aphanothccc utahcnsisTiXA.)

(= Aphanothccc packardii)

Coelosphacriopsis halophila Lemm.
(see Coclosphacrium halophilum

)

Coelosphacrium dubium Grun. A,B
Coclosphacrium halophilum (Lemm.)

Geitl. A
( = Coelosphacriopsis halophila)

Coelosphacrium kuetzingiantim Naeg. A,B,J

Coclosphacrium nacgclianum Unger A
Coclosphacrium sp. A

Dactylococcopsis acicularis Lemm. A
Dactylococcopsis rhaphidiodes Hansg. J,K

Dactylococcopsis rupestris Hansg. A
Dactylococcopsis sp. A

Eucapsis alpina Clem. & Shantz. A

Gloeocapsa aeruginosa (Carm. ) Kiitz. B, D,E
Gloeocapsa arenaria (Hass.) Rabh. B,E,K
Gloeocapsa calcareaT'\\A. A,B
Gloeocapsa dccorticans (A. Br. ) P. Richt. A
Gloeocapsa nigrescens Naeg. E
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Table 1 continued. Tal)le 1 eoiitiiiued.

Gloeocapsa punctata Naeg. A,D
Gloeocapsa nipestris Kiitz. B,D,E
Gloeocapsa violacea (Corda) RalDh. B,K
Gloeocapsa sp. A,B,C

Gloeothece confluens Naeg. A
Gloeothece fuscoltttea Naeg. A,B
Gloeothece linearis Naeg. A
Gloeothece liitearis var. composita

G. M.Sm. D
Gloeothece palea (Kiitz. ) Ralih. E
Gloeothece rupestris (Lyngb.) Born. E
Gloeothece sp. C

Gomphospheria aponina Kiitz. A.B.E
Gomphospheria aponina var. delicatula

Vir. A
Gomphospheria lacustris Ghod. A
Gomphospheria sp. A

Heterohonnogonium schizodicholotniim

J. Cope. A

Holopedium irregulare Lager. A

Marssoniella elegans Lemm. A

Merismopedia aeruginosa Breb. A,B
Merismopedia hrebisson Lemm. A,B
Merismopedia elegans A. Br. A, B
Merismopedia glauca (Ehr. ) Naeg. A, B, F
Merismopedia nova Wood A
Merismopedia punctata Meyen. DJ
Merismopedia tenuissima Lemm. .'\,B,E

Merismopedia sp. A,B

Microcystis aeruginosa Kiitz. em.

Elenk. A,J,K

Microcystis aeruginosa var. major Witt. A
Microcystis aeruginosa f. minor Elenk. J

Microcystisflos-aquac (Wittr. ) Kirch. \, B.J

Microcystis incerta Lemm. A
Microcystis packardii (Farl. ) Setch.

(see Coccochloris elahens)

Microcystis protocystis Crow A
Microcystis pulverea (Wood) Migula A,B
Microcystis sp. A,G

Polycystis packardii Farl.

(see Coccochloris elabens)

Rhahdoderma irregulare (Naum. ) Geit. A
Rhahdoderma lineare Schm. & Laut. A

Sytu'chococcus aeruginosa Naeg. A, D,G,

K

Syiwehococcus sp. A,G

Synechocystis lupiatilis Saiiv. J

Synechocystis sj). A

Order Chamaesiphonales

Chumaesiphon incrustans Griin. A, B, E,

K

Chamaesiphon s]). B

Entophysalis lemaniae (Ag.) Dro. & Dai. B
Ento)>ltysalis rivularis (Kilt?,.) Dro. B,C
Kntoplujsalis rivularis i. papillosa

(Kiitz.) Dro. & Dai. B
Pleurocapsa cf. entophysaloides Setch.

& (iard.

"

C

Xenococcus schoushoei Thur. .\,J

Xenococcus sp. A

Order Oscillatoriales

At)iphithrix janthiita (Mont.) Bourn.

&Flah. B

Anahaena affinis Lemm. B
Anahaena azollae Stras. .A, B,

K

Anahaena catenula (Kiitz.) Bourn. B

Anahaena circinalis Rabh. B,K
Anahaena cylindrica Lemm. A,K
Anahaena flos-aquac (Lyngb. ) Breb. A,B
Anahaena inaequalis (Kiitz.) Bourn. &

F'la, A,B,K
Anahaena oscillarioides Bor\ A,B,G
Anahaena sphaerica Bourn. 6c Flah. A,B
Anahaena spiroides Kleb. .\

Anahaena spiroides \a.r. crassa Lemm. .\

Anahaena torulosa (Garm.) Lager. A,K
Anahaena variabilis Kiitz. A,B,D,K
Anabaena sp. A,B,D,H,K

Anabaenopsis sp. A

Aphanizomenon flos-aquae (Lemm.)
Rails A,B

Arthrospira gomontiana Setch. B,G,K

Aulosira sp. A

Calothrix clavata West E
Calothrix parietina (Naeg. ) Thur. B, D. E,J,

K

Calothri.x stagnalis Com. B

Calothrix stcllaris Bourn. & Fla. B
Calothrix sp. A.B.D

Cylindrospermtim catenatum Ralfs K
Cylindrospermum catenatum \'ar.

ellii)ticum Flow. B

Cylindros))ermiim catenatum \ar.

elongatum Flow

.

K
Cylindrospermum catenatum \ar.

ovatum Flow. .\,E

Cyliiulrospermu)n conialum Wood K
('ylindrosinrnnim lichcnijornw

(Bor\) Kiitz. K
Cylindrospermum nuiscicola Kiitz. A,K
(U/lindros))ennum s|). J,K

Dasygloca amorpha Berkclc)' B,K

Desmoiwma pachydrrma i'low. B
Desmonenui sp. A

Dichothrix nwneghiniana Kiitz. B

Dichothrix orsiniana (Kiitz.) Bourn.

^• Flah. B.K
Dichothrix ut(du-nsis G
nichothrix sp. K

llapalosiphon sp. \

Lynghya acniginco-cacrulca i Kiitz. i

Com A,B,G,H,K
Ijpighya aesluarii (Mvil.) Li-ibm. A,B,D,G
Ijpighya hirgei G.M.Sm. A
Lynghya circtinureta G.S.West A
Lynghya contorta Lemm. A
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Tahle 1 contimied. Table 1 contimu'd.

Lijn^htia (liquet ii Com.
Lyn^hi/a cpiphytko Hier. ex Eng.

& Plant.

Lyngbya kuetzingii Schniidle

Lynghya limnctica Lemin.

Lyngbya major Meneg.
Lyngbya majusculla (Dill.) Harv.

Lyngbya martcnsiana Meneg.

Lyngbya martcnsiana var. calcarca

Tiki

Lyngbya inartcnsiana var. capifata

Flow.

Lyngbya martcnsiaita var. trniiivaginata

Gom.
Lyngbya nana Tiki.

Lyngbya nordgaardii Wille

Lyngbya ochracca (Kiitz.) Thuret.

Lyngbya sordida (Zanard.) Gom.
Lyngbya versicolor (Wart.) Gom.
Lyngbya .sp.

Microchacte robusta Setch. & Gard.

Microcolctis hpigbyaccus (Kiitz.) Cronan
Microcolcus pahidosus (Kiitz.) Gom.
Microcoleus vaginafus (Vauch.) Gom.
Microcolcus sp.

Nodtdaria amorica Thiiret

Nodidaria harvcyana (Thvv.) Thnret

Nodtilaria paludosa Wolle

Nodulaha sphacrocarpa Bourn.

Nodtilaria spumigcna Mert.

Nodidaria sp.

Nostoc cacridcum Lyngb.

Nostoc commune Vauch.

Nostoc cllipsosporum (Desmaz. ) Rabh.

Nostoc linckia (Roth) Bourn. & Thur.

Nostoc microsco))icum C>arm.

Nostoc muscorum C. A. Ag.

Nostoc paludosum Kiitz.

Nostoc pannelioidcs Kiitz.

Nostoc piscinalc Kiitz.

Nostoc pruniforme (L. ) C. A. Ag.

Nostoc putictiforme (Kuetz.) Hariot

Nostoc sphacricum (L.) Vauch.

Nostoc sphacroides Kiitz.

Nostoc spongiacforme C. A. Ag.

Nostoc verrucosum Vauch.

Nostoc sp.

Nostochopsis sp.

Oscillatoria agardhii Gom.
Oscillatoria amocna (Kiitz.) Gom.
Oscillatoria amphd)ia C. A.Ag.

Oscillatoria anguina (Bory) Gom.
Oscillatoria angusta Koppe
Oscillatoria angustissima West & West
Oscillatoria animalis Ag.

Oscillatoria articulata Gard.

Oscillatoria boryana Bory.

Oscillatoria brevis Kiitz.

Oscillatoria brevis var. neopolitana

(Kiitz.) Gom.
Oscillatoria chalybea Mert.

A
GJ
D,E
A,BJ,K
A,K
A,B,U,G,H

B

G
A,B,K
E
K
A,K
B

A,B,G,K

B

C
A,B
B,D,K
A

AJ
A.B.K
K
A.K
A,CJ
A

A
A,D,E,K
E,K
A,B
E
A,

A,

B
A,B,K
A,H,K
B,D
B,C,K
B,F,K
A,B
A,B
A.B.D.H

,D,E,

,B,D,

A,B,E,J,K
A,B,G,H,K
A,B,D,G,H,K
B

A,B,D,EJ
A,B,D,G,H,K
A,B,D,G,H,K
A
D
B,G,H,K

G
B,G,H,K

Oscillatoria chalybea var. genuina

(Coll.) Hold. & Setch.

Oscillatoria chlorina Kiitz.

Oscillatoria cortiana Menegh.
Oscillatoria crucnta Grun.

Oscillatoria curviceps G.A. Ag.

Oscillatoria formosa Bory

Oscillatoria geminata Meneg.
Oscillatoria janthophora Gom.
Oscillatoria laetevirens Crouan
Oscillatoria Icmmermanni Kiitz.

Oscillatoria limnctica Lemm.
Oscdlatoria limosa (Roth) Ag.

Oscdlatoria lutea Ag.

Oscdlatoria minnesotcnsis Tiki.

Oscdlatoria nigro-viridis Thw.

Oscdlatoria oheni Ag.

Oscdlatoria princc))s Vauch.

Oscdlatoria prolifica (Grev.) Gom.
Oscdlatoria rubsccns DeCand.
Oscdlatoria sancta (Kiitz.) Gom.
Oscillatoria sancta var. aequinoctialis

Gom.
Oscillatoria simplicissima Gom.
Oscillatoria splendida Grev.

Oscdlatoria subbrevis Schniidle

Oscdlatoria subbrevis f. mirwr Desik.

Oscdlatoria subtdlissima Kiitz.

Oscillatoria tenuis C. A.Ag.

Oscdlatoria tentiis var. nutans (Kiitz.)

Rah.

Oscillatoria tenuis vay. turgcstina

(Kiitz.) Rab.

Oscdlatoria terebriformis C. A. Ag.

Oscdlatoria sp.

Phonnidium ambiguum Gom.
Phonnidium angustissimum West &
West

Phonnidium autumnale (Ag.) Gom.
Phonnidium favosum (Bory) Gom.
Phormidiumfoveolarum (Mont.) Gom.
Phonnidium fragilis Menegh.
Phormidium incrustatum (Naeg.) Gom.
Phonnidium inundatum Kiitz.

Phormidium minnesotcnsc (Tiki.) Druet

Phormidium ramosum Boye

Phormidium subfuscum Kiitz.

Phormidium subfuscum var.

joannianum (Kiitz.) Gom.
Phormidium tenue (Meneg.) Gom.
Phormidium uncinatiim (C.A.Ag.) Gom.
Phormidium sp.

Plectonema boryanum Gom.
Plcctonema nostocorum Bornet

Plectonema tenue Thuret

Plectonema tomasinianum (Kiitz.)

Bornet

Rivularia echinulata

Rivularia sp.

Sacconema rupestre Borzi

A

J

GJ,K
A,B,D,E,F,

GJ
B
A,B,F,G,K
A,B,D,E,G,K
G,H
G,K
A,B,F,G,K
A,E
A,B,D,G,J,K
B,D
B,G,K
A,B,G,H,K
G
A,B,C,G,K
A,K
B,E

A,B,D,G,K

A,I

K
BJ.K
A,E
E
A,G,H,K
A,B,D,G,K

C.H.K

C,G,H.K
G
A,B,C,H,K

A,B

A,GJI,K
A,B,G,K

BJ.K
B,G,H,K
H,K
A,B
A,GJ,K
D
G,H,K
A,B.G

B
A,B,D,G
BJ,K
A,B,K

A
K
K

K
AJ
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Table 1 continued. Table 1 coiitimied.

Schizothrix calcicola (Ag.) Com.
Schizothrix fasiculata (Naeg. ) Gom.
Schizothrix fragilis (Kiitz.) Gom.
Schizothrix hictistris A.Br, ex Kiitz.

Schizothrix sp.

Scytonema alatum (Carm.) Borzi

Scytonema hofmannii Ag.

Scytonema niyochroti.s (DilKv.) C.A.Ag.

Scytonema tohj))othricoide.s Kiitz.

Scytonema .sp.

Spirulina calderia Tild.

Spirulina laxa G.M.Sm.
Spirulina major Kiitz.

Spirulina nordstedtii Gom.
Spindina princeps (West & West)

G.W.West
Spirulina suhsaha Oersted

Spirulina subtilissima Kiitz.

Spirulina sp.

Stigonema hormoides (Kiitz.) Bourn. &
Fla.

Stigonema mamillosum (Lvngb.)

C.A.Ag.

Stigonema turfaceum (Berk.) Cooke
Stigonema sp.

Tolypothrix houteillei (Breb. ik Desm.)
Forti

Tolypothrix distorta Kiitz.

Tolypothrix lanata Wartm.
Tolypothrix limhata Thuret

Tolypothrix penicillata Ag.

Tolypothrix tenuis Kiitz.

Tolypothrix sp.

Trichode.smitim erythraeum Ehr.

Trichodesmium sp.

D
B
B,E

A,E
A

E
D
D.E.K
A,B,E
K

B,G,K
A,E
A,B,C,G,K
B

A,B

E.J.K

G
A,B

D

E
A,B
A,B

D
A
A,B,E
A,F
A,B,K
A,D,E,G,H,

J.K

A.D.K

A.B
A

Class Chlorobacteriaceae

Pelogloea hacillifcra Lauterb. A

DlMSION ClII.OROI'iniA

Class ( 'lil()r()i)liyceae

Order Volvocales

Carteria cordiformis (Cart.) Dill. A
Carteria klehsii (Dang.) France em.

Troitz. A,B
Carteria stellifera Nyg. A
Carteria sy). A,C,H

Chlamydomonas altera Skuja .'\

Chlamydomona.s angido.sa Dili. B
Chlamydomonas glohosa Snow A
Chlamydomonas gloeoeystiformis Dillw K
Chlamydomonas nivalis (Ban. ) Wille K
Chlamydomonas polypyrenoidettm

Pres. A
Chlamydomonas sp. .'^.B.Cl.D.M

Chloromonas brevis})ina (Fritz.) Iloh.

,

Roem. & Miill. K

Chlorom(>nas nivalis (Cliod. ) Hoh. &:

Miill K

Cryocystis granulosa Kol. K

Dunaliella salina Teod. C,H
Dunaliella i !;((/i.sTeod. C
Dunaliella sp. A

Eudorina elegans Ehr. A.B
Eudorina sp. A

Gonium pcctorale Miill. A
Gonium sp. A

Pandorina nioruni (Miill.) Bory A,B,K
Pandorina sp. A

Pedinomonas sp. A

Platymonas elliptica G. M . Sm. A

Pleodorina illinoisensis Kofoid A
Pleodorina sp. A,B

Pteromonas cordiformis Lcinm. em Fott A
Pteromonas cruciata Pla\ 1. A
Pteromonas sp. A

Spermatozopsis cxultans Korsch C

Sphaerellopsis atdata ( Pasch. ) Gerl. A
Sphaerellopsis gloeoeystiformis

(Kor,scli)Gerloff C

Volvox aureus Ehr. K
Volvox glohatorh. A,K
Volvox tei-tius \. Meyer B
Vo/ro.Ysp. A,B

Wislouehiella piankfoniea Sk\'. A

Order Tetrasporales

Asterococcus limnetieus CI.M.Sin. .\.B,J

A.sterocoecus sp. .\

Chlorosarcina hrevispinosa (!hant. (^'

Bold D

Etakatothrix gehilinosa Wille A
Elakatothrix viridis Printz. A

Gloeocystis am})la (Kiitz.) l.,ager. A
Gloeocystis gigas ( Kiitz. ) Lager. A, B
Gloeocystis major GiMiieck .\

Gloeocystis planetonica (West \ West)

Lemm. B

Gloeocystis vesieulo.sa Naeg. .A.B

(Uoeocystis sp. A,B,C

Palmella miniata Ecil)!. D,E
Palmella iintcosa Kiitz. A,B,F
Palmilld sp. A,

J

Sphacrocystis sehroetcri ( lliod. .\, B, D.F
Sphaerocystis sp. .\

Tetraspora cylindrica (W'ahl. 1 .\g. A
Tetraspora gelatinosa (X'auch. ) Des\ au\ .\, B

Tetraspora taeustris Lemin. .\

Tetraspora luhriea (Roth) .Ag. .A, B, F

Tetraspora luhriea var. lacunosa

Chauv. C
Tetraspora sp. A,B
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Table 1 continued. Table 1 coiitiiiueil.

Order Ulotrichales

Binuclearia tairana Wittr.

Binuclearia sp.

Chlorotyliitm cataractuni Kiitz.

Cylindrocapsa conferta W.West
Cylindrocapsa geminella Wolle

Geminella interrtipta Turpin

Geminella minor Naep;.

Geminella scalanformis G.S.West

Hormidium sp.

Microspora ainoena (Kiitz.) Rabb.

Microspora crfl.s,sior (Hansg.) Haz.

Microspora floccosa (Vaucb.) Tbur.

Microspora loefgrennii (Nord.st.) Lager.

Microspora quadrata Haz.

Microspora stagnortim (Kiitz.) Lager.

Microspora tumiditia Haz.

Microspora ivilleana Lager.

Microspora wittrockii (Wille) Lager.

Microspora sp.

Microthamnion sp.

Palmodicttjon f«n«/i.s- (Naeg.) Lemni.

Stichococcus bacillaris Naeg.

Stichococcus scopidintis Haz.

Stichococcus subtilis (Kiitz.) Klercker

Stichococcus sp.

Ulothrix aequalis Kiitz.

Ulothrix calderia (Kiitz.) Collins

Ulothrix ctilindricum Pres.

Ulotlirix oscillarina Kiitz.

Ulothrix scalariformis G. S.West

Ulothrix subtillissima Rabb.

Ulothrix tenerrima Kiitz.

Ulothrix tet^uissinm Kiitz.

Ulothrix variabilis Kiitz.

Ulothrix zonata (Web. & Mobr.) Kiitz

Ulothrix sp.

Order Sphaeropleales

Sphaeroplea ar^nulina (Rotb) Ag.

Sphaeroplea sp.

Order Chaetophorales

Aphanochaete repens A. Br.

Chaetophora elegans (Roth) Ag.

Chaetophora incrassata (Hds.) Haz.

Chaetophora sp.

Chaetosphocridium sp.

Coleochaete irregularis Pringsbeim

Dicranochaete reniformis Iliero.

Draparnaldia acuta (C.A.Ag.) Kiitz.

Draparnaldia glomerata (Vaucb.)

C.A.Ag.

Draparnaldia plumosa (Vaucb.) Ag.

Draparnaldia sp.

Gongrosira sp.

A,B
A,B,K

B
B

A,K

G
A,G
A
A,B
B
A
A.K
A,B
K
A

A,B

A,K
K
B.K
A

A,B
G
A,E

J

A
B
A,B,D,K
A,B
A
A,B,E,F,H,K
A,B,H

A,B,K

A,B,G,K
A,B
A,B,F,G,K

A

A

F

A,B
A,B
A,B

Microthamnion kiivtzingianum Naeg. J

Myxonema i>rotensum Dill. A
Myxoncma stagnatile Haz.

(see Stigeocloniuni stagnatile)

Mijxonema sp.

(see Stigeoclonium sp.)

Protococcus viridis Ag. A, D, K

Protoderma viride Kiitz. B

Stigeoclonium aestiiale Haz. A
Stigeoclonium attenuatum (Haz.)

Collins A,B
Stigeoclonium lubricum (Dillw.) Kiitz. B,K

Stigeoclonium stagnatile (Haz.) Coll. A,BJ
( = Myxonema stagnatile

)

Stigeoclonium std)secundum Kiitz. A
Stigeoclonium subuligerum Kiitz. J

Stigeoclonium tenue (Ag.) Kiitz. A,K
Stigeoclonium sp. A,B,E

{
= Myxonema sp.)

Order Trentepohliales

Trentepohlia aurea (L.) Martius E

Order Schizogoniales

Prasiola mexicana J.G.Ag. A

Order Oedogoniales

Bulbochaete sp. A

Oedogonium capilliforme Kiitz. A, K
Oedogonium capilliforme var.

debaryanum (Cbin.) Hirn. A,K
Oedogonium fonticola Wolle B

Oedogonium grande Kiitz. J

Oedogonium vaucherii LeClere B

Oedogonium sp. A,B,D,E,F
H,K

Order Ulvales

Enteromorpha aconthophora Kiitz. A,B,K
Enteromorpha crinita (Rotb) C.A.Ag. A,K
Enteromorpha intestinalis (L.) Grev. A,B,C,H,K

Enteromorpha marginata].G.Ag. C
Enteromorpha micrococca Kiitz. A,B,K

Enteromorpha plumosa Kiitz. B,H
Enteromorpha prolifera (Dan.) J.G.Ag. A,B,H
Enteromorpha salina A,B,K

Enteromorpha tubulosa C
Enteromorpha sp. A, B, F, H

Monostroma quaternarium Kiitz. C
Monostroma sp. A

Uha marginata Ag. C

Order Cladophorales

Cladophora callicoma Kiitz. A,B

Cladophora canalicularis Rotb B

Cladophora crispata (Rotb) Kiitz. A,B

Cladophora fracta (Dillw.) Kiitz. A,B,C,H,K
Cladophora glomerata (Lemm.) Kiitz. A,B,E,HJ
Cladophora insignis (Ag.) Kiitz. A,K
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Table 1 continued. Tal)k- 1 continued.

Cladophora ktietzingiana Gnm. A,B

Cladophora sp. .A.B.F.H.K

Rhizoclonhim crossipcUitiini West

& West H
Rhizuclonium crisptnn Kiitz. A,C,H
Rhizoclonitiiit t!,i<:.antcuni Silva G
Rhizoclonitiin fiicn)f:,h)phicum (A^.)

Kutz. A.B.C.H,K
Rhizocloniiim ixichydcnmun Kjcll B

Rhizocloniiim salimim C
Rhizoclonitivi sp. A,B

Order Schizogoniales

Prasiola mcxicana j.G.Ag. B

Schizoiionium sp. B

Order Chlorococcales

Actinustnim oracilimtim G. M . Sm. A
Actinastrum hcintzschii Lap;er. A
Actiriastnim hantzschii \ar. cloii^dtuDi

G.M.Sm. A
Actinastruvi hantzschii \ ar. flm idtiU'

Schr. A

Ankistrodesmus couvohttus Gorda A
Ankistrodesmusfalcatu.s (Gorda) Ralfs A,B

Ankisfrodesmus falcatits var. mir(d)ilis

(West ik West) G . S . West A
Ankistrodi'simisfalcatus var.

.s))irillif()nnis West A
Ankistrodesmus falcattis var. sti})it(itus

(Ghod.) Lemni. A
Ankistrodcsiyius spiralis (Tinn. ) Lemni. A
Ankistrodesmus sp. A,B

Ankyra Judayi (G.M.Sm.) Fott. A

Botryococcus braunii Kiitz. A,B-E
Botryucoccus sudeticus Lemni. A,B,J

Characium acuta K
Characium and)i^uum Hermann A,B

Characium eUipsoidea B

Characium longipes A. Br. K
Characium nacgelii (A.Br.) Lemm. B

Characium ohttisum A. Br. B
Characium />n/ig.s7iri»iii' A,K
Characitim sp. A

ChlorcUa vul<iaris Bcijer. A,K
ChloreUa sp. A

Cidorococcum humicohi (Naei^. ) Rah. A, D, K
Chlorococctim infttsionum (Sclir.)

Meneg. A
Chlorocoecum sp. A,D

Closteriopsis longi.ssima var. tropica

West & West A,B
Closteriopsis sp. A

Coelastrum microporum Naeg. A
Coelastrum reticulatum Dang. J

Coelastrum sp. A,B

Crucifienia (fuadrata Morr. A
Crucigenia rectangularis (A. Br.) Gay A

Cruciiicnia tetrapedia (Kirch.) West
^' West A

Dictyosphacrium chrcnhergianum

Naeg. A
Dictyos))h(urium ])idchcllum Wood A
Dictyospliacrium sp. A

Eremosphaera viridis DeBar\' A

Franceia droescheri (Lemm.) G. NLSm. A

Gloeocystopsis limneticus G.NLSm.
(see Nephrocytium limneticum

)

Ghu'otaenium loitelshcrfierianuni Hans. B

Golcnkiiiin ixmcispiiui West & West A

Hydrodictyon rctictdafum (L.) Lager. A,K
Hydrodictyon sp. K

Kirchitcriclld contorta Schm. J

Kirch)U'riclla elouiiata Sm. BJ
Kirclmeriella lunaris (Kirch.) Moeh. A,

J

KirclmerieUa ohesa West A,B
KirchnerieUa ohesa \ar. major

(Bernard) G.M.Sm. B
KirchnerieUa we.stii K
KirchnerieUa sp. A

Lagerheimia cicihata (Lag. ) Ghod. K
Lagerheimia ciciliafa \ar. minor

G.M.Sm. A
Lagerheimia longiseta \ar. major

G.M.Sm. A
Lagerheimia suhsalsa Lemm. A
Lagerheimia icratislawiensis Schr. A
Lagerheimia sp. A

Micractinittm ))usiUum Fres. A

Nephrocytium agardhianum Naeg. A.H.J

Neplirocytium limni'ticum ((J.NLSm.)

G.M.Sm. B,H
( = Gloeocystopsis limneticus)

Nephrocytitim hinata W.West B
Nephrocytium ohesum W.West A
Nephrocytium sp. A

Oocystis horgei S now A, E
Ooeystis cras.se \\ ittr. A
Ooey.stiselliptica W.West A,B
Oocystis ere)nosi)haeria Sm. B
Oocystis gigas .\reh. A, B

Oocystis gh)eocystiformis Borge A
Oocystis hicustris Gliod. A
Ooeystis marssonii Lemm. A
Oocystis nageUi \. Br. B

Oocystis novae-sendiae Willi' A
Oocystis parta West 6c West A,CJ
Oocystis pusiUa Hans. A
Oocystis rotunda Schm. B
Oocystis solitaria Wittr. A,B
Oocystis suhmarina laager. A
Oocystis up. A,B,D,E

PahneUococcus sp. B, D. K

Pechastrum angidosum B

Pcdiaslrum hidcniuhiin A.Br. A
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Table 1 contimiccl. Table 1 eoiitinuecl.

Pediastntm hxradiatum Meyen
PecHastnim horyaiuim (Tiirp.) Meneg.
Pediastrum honjanum var. ni^ulusum

West

Pediastrum duplex Meyen
Pediastrum duplex var. hrachiilohuni

A.Br.

Pediastrum duplex var. coniutuin Racib.

Pediastrum duplex vm. clathratum

(A.Br.) Lager.

Pediastrum duplex var. ^racilinuuu

West & West
Pediastrum ^ranulatum Kiitz.

Pediastrum integrum Naeg.

Pediastntm integrum var. scutum Racib.

Pediastrum intep,rum f. glabra Racib.

Pediastrum muticum var. hrevicorne

Racib.

Pediastrum pertusum Kiitz.

Pediastrum sculptatum Sni.

Pediastrum simplex (Meyen) Lemm.
Pediastrum simplex \'ar. duodenarium

(Bail.)Rabh.

Pediastrum tetras (Ehr.) Ralfs.

Pediastntm tetras var. tetraodon

(Chorda) Rabh.

Pediastrum sp.

Planktosphaeria ^elatinosa G.M.Sm.
Planktosphaeria sp.

Quadri^ula chodatii (Tanner- F'nll.) Sni.

Quadrifiula closteriodes (Bohlin) Printz

Quadri^ula lacustria (Chod.) CM. Sni.

Scenedesmus ahundans var. brevicauda

G.M.Sm.
Scenedesmus actiminatus (Lager.) Chod.
Scenedesmus arcuatus var. plati/disca

G.M.Sm.
Scenedesmus armatus (Chod.) G.M.Sm.
Scenedesmus biju^a (Turp.) Lager.

Scenedesmus biju^a var. alterans (Rein.)

Hansg.

Scenedesmus bijuf:,a var. Jlexuosus

Lemm.
Scenedesmus denticulatus Lager.

Scenedes7nus denticulatus var. linearis

Hansg.

Scenedesmus dimorphus (Turp.) Kiitz.

Scenedesmu s eco rn is

Scenedesmus long,us var. naeg,elii

(Breb.) G.M.Sm.
Scenedesmus obliquus (Turp.) Kiitz.

Scenedesmus opoliensis P.Richter

Scenedesmus perforatus Lemm.
Scenedesmus quadricauda (Turp.)

Breb.

Scenedesmus quadricauda var.

longispina (Chod.) G.M.Sm.
Scenedesmus quadricauda var. parvus

G.M Sm.
Scenedesmus quadricauda var.

maximus West & West
Scenedesmus quadricauda var.

quadrispina (Chod.) G.M.Sm.

B
A,B

Scenedesmus quadricauda v ar.

westii G.M.Sm.
Scenedesmus quadrispina (Chod.) Sm.

Scenedesmus sp.

A
A
A
A

A
A,B,D

A
A,B

A
A

A
A
A

A
A

A
A
A,B,J

A
A,BJ

J

A
A

A
A
A
A

A,B,J

A

A

A

A

Schroederia setigera (Schr.) Lemm.
Schroederia sp.

Selenastrum bibraianum Reinseh

Selenastrum uracile Reinseh

Selenastrum minutum (Naeg.) Collins

Selenastrum westii G.M.Sm.
Selenastrum sp.

Sorastrum aniericanum (Bohlin)

Sellm idle

Tetraedron catidatum (Corda) Hansg.

Tetraedron minimum (A.Br.) Hansg.

Tetraedron pentaedricum West
& West

Tetraedron sp.

Treubaria setigcrum (Archer) G.M.Sm.
Treubaria triappendiculata Bern.

Trochiscia granulata (Reinseh) Hansg.

Trochiscia reticularis (Reinseh) Hansg.

Westella botnjoides (West) deWild.

Westella linearis Sm.

Order Zygnematales

Arthrodesmus bulnheimii var.

subincus W. West
Arthrodesmus convergens Ehr.

A rth rodesm us fragilis Wolle

Arthrodesmus incus (Breb.) Hass.

Arthrodesmus ))himus Turn.

Arthrodesmus ralfsii W. West
Arthrodesmus suhulatus Kiitz.

Arthrodesnuis subtdatus var.

subaequalis West & West
Arthrodesmus triangularis Lager.

Arthrodesnuis triangularis var. inflatus

West & West

Calacylindrus minutus (Rails) Kirch.

Closterium abruptum W. West
Closterium accrosum (Schr.) Ehr.

Closterium aerolatum Wood
Closterium angustatum Kiitz.

Closterium archeranianum CI.

Closterium ealosfwrutn Wittr.

Closterium costatum Corda
Closterium ctjnthia DeNot.

Closterium decussatum Kiitz.

Closterium delpontei Klebs.

Closterium dianae Ehr.

Closterium dianae var. acutum
Closterium didymotocum Corda
Closterium ehrcnbergii Meneg.
Closterium ensis Delp.

Closterium intermedium Rails

Closterium juncidum Ralfs

Closteriumjuncidum var. elongatum

Rov & Biss.

A
A,B,F
A

A
A

A
A
A
A,F,J

A

A
A

A
A

A
A,C

K
GJ

A
AJ

B

A,B,F
A,B

J

A
A
A
A
A
B
F
A
A
A
A,B

B

A
A,B,F

B.FJ
B
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Table 1 continued. Table 1 eoiitimied.

Closterium kuetzin^ii Breb. A,F
Closfcritim lanceolatum Kiitz. A,B
Clostcriiiui Uiti-ralc Nords. A
Closterium liiwatum Elir. A,B
Closterittui litoralc C,i\\ B
Closterium lunula Hein.seh A
Closterium maeilentuni Breb. A,B
Closterium mouiliferum (Boia) Ebr. A,B

Closterium panulum Naet^. A,F
Closterium preh)ii^,ui>t (Breb.) Delpb. J

Closterium pseudodiane R()\ A
Closterium pusillum Haiitz. A
Closterium ndfsii var. Injbridum Ralili. .\

Closterium rostrattiDi Ebr. A,B,F

ClosteriuDi striolatttm Flhr. A,B,F

Closterium venus Kiitz. A
Closterium sp. A,B,F

Cosmarium amoenum Breb. A
CosJJKirium (iup.ulosum Breb. A
Cosimiriuvi an^ulosum \ar. conciniium

West & West A
Cosmariutn hioeulatum Breb. A
Cosmarium hoeekii Wille A
Cosmarium I)otnjtis Menegh. A,B
Cosmarium hroomii Tbw. A
Cosmarium eaiid)ricum Arch. B
Cosmarium eirculare Reiiisch A
Cosmarium eonnatum Breb. A
Cosuuirium eonstrictum Delponte B,E
Cosmarium eoiitractttm f. jacohsenii

Roy A
Cosmarium eostatum Nords. A
Cosmarium cremitum Ralls A,F
Cosmariuvi cucumis ((>orda) Rails A
Cosmarium dentieulatum 1. hor^ei A
Cosmarium depressum (Breb.) Ralls A
Cosmarium diffieile Lutkein A
Cosmarium elefiantissimum 1. minor

West A
Cosmarium eloisiaitum \ ar. depressum

West & West A
Cosmarium excavatum Rails A
Cosmarium fttrcatospermum West &
West A

Cosmarium hammeri \ ar. protuhenntee

West & West A
Cosmarium intermedium Di'lp. B

Cosmaritim isthmoelumdnim Nordst. .\

Cosmarium mar<iaritatum (Lund) Ro\

&Biss. A.B
Cosmarium mariiaritiferum Meneti. .\,B

Cosmarium melanosporum Arcli. .A

Cosmarium menefihinii Breb. A.B
Cosnuirium meneis.hinii \ ar. coneinnum

Rabb. E
('osmarium moniliforme (Ikny) Ebr. A.B
(h)smarium moniliforme 1. punetata

Laj^er. A
Cosmarium nitididum DeNot. A
Cosmarium nori e<i,ieum Strom. \
Cosmarium ohtusattim Scbniitlle .\

Cosmarium oelithodes Nord. B
Cosmarium oeulifenim Eagb. .\.K

(\)s)n(iriutn orhiculatum Ralls

Cosnmrium ornatum Ralls

Cosnmrium ortlu)stiehum Lund
Cosmarium orthosti( hum \ ar.

pumilum Linid

Cosmarium ovale Ralls

Cosmarium ))haseolus Breb.

Cosmarium phaseolus \ ar, clevatum

Nords.

Costnarium ))ortianum Arcb.

Cosmaritim protaetum (Naeg. ) D.By.

Cosmarium psettdamoenum Wille

Cosmarium pseudamoenum \ar.

hasilare Nords.

Cosmarium ))seudoeonnatum \ords.

Cosnmrium pseudopipamidatum Lund
Cosmarium punctulatum Breb.

Cosmaritim punetulatuni \ar.

suhpunctiilatum (Nords.) Borg.

Cosmarium pycnoehondrum Nord.

Cosmariutn pijramidatum Breb.

Cosmarium (ptadratulum (Gay) DeT.

Cosmarium tpiadrifarittm 1. hexasticha
' (Lund) Nords.

Cosmarium (piiiiariiim Lund
Cosnmrium (piiiiarium I. irre<:,ul(iris

Nords.

Cosmarium ralfsii Breb.

Cosmarium refrinf^ens \ ar. minor

Cosnmrium reniforme (Ralls) .\rcb.

Cosmarium retusum (Pert\) Rabb.

Cosnmrium speeiosttm Lund
Cosmarium sportella Brel).

Cosmarium suherenatum Hantz.

Cosmarium suhereiiatum \ar.

isthmoehondrum

Cosmarium suheueumis Scbniidle

Cosmarium suhexeatatum \ar.

ordinatum West \- West

Cosnuirium suhsjteeiosuni \ ar. lalidius

Nords.

Cosmarium supraspeeiosum Wolle

Cosmarium l(inioplilh<ilmum ( Kiitz. ^

Breb.

Cosmarium tinclum Ralls

Cosnuirium Iniclnipleurum \dv. minus

Racib.

Cosmarium tumiduin Lund
Cosnuirium turjiinii Breb.

Cosnmrium turjtinii \ ar exmium
West c\ West

Cosnuirium iindulalum ('orda

Cosmarium uiululatum \ar. erenulatum

Cosmarium venustum (Breb.) .\rcb.

Cosnuirium viride (("orda) Josb.

Cosnuirium iiride\nv. glabra ijosb.)

West \- West

Cosnmriuni sp.

I^esmidiinu codrelalum NOrtls.

Desmidiitm eoaretatum \ar.

eandirietim West
Desmidium eyiindrieum drew
Desmidium ipiadratum Nords.

A
A
A

A
A,B
A

A
A
A
A

A
A
.\

A

A
A
A
A

A
B

A
A.K
A
A
A.B
A
B

A

A
A

A
A

A.B.F.K
Aii

A
A
A

A
A.B
V.

A
A

A
A.B.E.F.
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Table 1 continued. Table 1 continued.

Dcsmklium swai-tzii Au;. A,B

Dcsmidiutn swartzii \ ar. unthlyodoii

(Itz.)Rabb. A
Desmiiliuin sp. A,B

Docidium nohile Rich. B

Docidium sp. A

Euastrum (d)ocnse Elfv. A
Euastnim affinc Ralls A
Euastrum americcmuiti Ehr. A
Euastrum ansatuiii Ralfs A,B

Euastrum bidcntattim Naeg. A
Euastrum binalc (Turp.) Ralfs A
Euastrum hmale 1'. <i,utwinskii Schniidle A
Euastrum crassum (Breb.) Kiitz. A,B

Euastrum dcnticulatum (Kirch.) Gay A
Euastrum didelta (Turp. ) Ralfs A, B

Euastrum dedans (Breb. ) Kiitz. A,

B

Euastrum elegans var. novae semliae

Wille

Euastrum cvcrettcusc Wolle

Euastrum i^emmatum Breb.

Euastrtim hunwrosum Rails

Euastrum insulare (Wittr.) Roy

Euastrum ohesum Josh.

Euastrum pinnatum Ralls

Euastrum i)tdchcllum Breb.

Euastrum spinosum Ralfs

Euastrum verrucossum Ehr.

Euastrum verrucossum var.

rhombideum Lund
Euastrum sp.

Geuicularia sp.

Gonatozij^on brebissonii DeBary

Gomitoztj^on sp.

Gymm)zijga brebissonii

Gijmnozyga moniUformis Ehr.

Gymnozy^a sp.

Hyalothcca dissdicns (Sni.) Bret).

Hyalotheca mucosa (Dillw.) Ehr.

Hyalothcca undulata Nords.

Hyalothcca sp.

Mesotacnium sp.

Micrasterias amcricana (Ehr.) Ralfs

Micrastcrias apiculata (Ehr.) Menegh.

Micrasterias apiculata var. brachyptcra

(Lund) Nob.

Micrasterias confcrta Linid

Micrasterias denticulata Breb.

Micrasterias depaupcrata var. woUei

Gush.

Micrastcrias fimbriata Ralfs

Micrastcrias furcata (Ag.) Ralfs

Micrasterias muricata (Bail.) Ralls

Micrasterias oscitans Ralfs

Micrastcrias papiUifera Breb.

Micrasterias papiUifera f major

Micrasterias pinnatifida (Kiitz.) Ralfs

Micrasterias radiata Hass.

Micrasterias rotata (Grev.) Ralfs

Micrasterias sol (Ehr.) Kiitz.

A
A,B,

A
A
A
A
A,B
A,B
A
A

A
A,B

A
A

A,B,F

A
A

A,B,F

A,B
A
B

A
A

A
A,B,F

A

A
A
A,B
A
A
A
A
A
A
A,

A
B,F

Micrasterias sol var. ornata Nords.

Micrastcrias truncata (Gorda) Breb.

Micrastcrias sp.

Moufieotia capucina (Bory) Ag.

Moufieotia crass Wolle

Mou^cotia gcnuflcxa (Dellw.) Ag.

Mou^eotia <ienuflexa var. <iracilis

Reinsch

Mougeotia laetcvirens (Br.) Wittr.

Mougeotia parvula Hass.

Mougeotia sp.

Netrium digitus (Ehr.) Itz. & Rothe

Netrium digitus \ar. constrictum West

Netrium intcrruptuni (Breb.) Luetk.

Netrium nagclli (Breb.) Nob.

Netrium oblongum (DeBary) Lutkeni.

Netrium sp.

Onyclioncum filifonnc [Ehr.) Roy &
Biss.

Pcnium closterioidcs Ralfs

Penium intcrruptum Breb.

Pcnium margaritacem (Ehr.) Breb.

Pcnium navicula Breb.

Pcnium spirostriolarum Barker

Penium sp.

Pleurotaenium coronatum (Breb.) Rabh.

Pleurotacnium coronatum var.

nodilosum (Breb.) West

Pleurotaenium ehrcnbergii Ralfs

Pleurotaenium cJirenbcrgii var.

undulatum Schaarschm.

Pleurotaenium maximum (Reinsch)

Lund
Pleurotaenium no(U)sum (Bail.) Lund

Pleurotaenium trabccula (Ehr.) Naeg.

Pleurotaenium trabccula var. rectum

Delp.

Pleurotaenium truncatum (Breb.)

Naeg.

Pleurotaenium sp.

Sirogonium sticticum Kiitz.

Sphaerozosma filifonnc (Ehr.) Ralfs

Sphaerozosma granulatum Roy & Biss.

Sphaerozosma ))ulchrum Bail.

Sphaerozosma wallichii \'cir. anglicum

West & West
Sphaerozosma sp.

Spirogyra bellis (Hassal) Gl.

Spirogyra catenoformis Hass.

Spirogyra communis (Hass.) Kiitz.

Spirogyra crassa Kiitz.

Spirogyra decimina (Miill.) Kiitz.

Spirogyra dubia Kiitz.

Spirogyra cllipsospora Trans.

Spirogyra fluviatdis Hilse ex Rabh.

Spirogyra formosa (Trans.) Gzur.

Spirogyra grevilleana (Hass.) Kiitz.

Spirogyra inflata (Vauch.) Kiitz.

Spirogyra insignis (Hass.) Kiitz.

Spirogyra jugalis (Fl. Dan. ) Kiitz.

A
A
A,B

A,B,F

A
A,B

A
B
A,B,F
A,B,E.F,H,K

A
A
A
A
A
A

A,B
B
A
A
A
A

A
A,B

A
A,B
A

A,B
A,B

B

A,B
A
A

A
A

B
B
A,

A,

A,

A,

J

E.

A
A,

A,

B
A

B,F

B
B
B,G,K

BJ
B,F
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Table 1 continued. Tal)le 1 continiK'd.

Spirogyra lutetiana Petit

Spirogijra ncglccta (Hass.) Kiitz.

Spirogyra purvula (Trans.) Czurda

Spirogyra porticalis (Miill.) CI.

Spirogyra varians (Has.s.) Kiitz.

Spirogyra varians vat. minor Tvodor.

Spirogyra weheri Kiitz.

Spirogyra sp.

Spiroteanium sp.

Staurastrum aculeatum (Ehr.) Mene^.

Staurastrum altcrnans Brel).

Staurastrum anatinum Cooke & Wills

Staurastrum anatinum var. lagerhcimii

(Schni.) West & West

Staurastrum anatinum \ar. truncatum

West
Staurastru77i arctiscon (Ehr.) Lund
Staurastrum brasiliense var . lundellii

West & West

Staurastrum cerastes Lund
Staurastrum concinnum

Staurastrum cornutum Arch.

Staurastrum coronulatum WoUe
Staurastrutn crenulatum (Naeg.) Delp.

Staurastrum cuspidatum Breb.

Staurastrum cuspidatum var. divergens

Nords.

Staurastrum dilatatum Ehr.

Staurastrum echinatum Breb.

Staurastrum eustcphanum (Ehr. ) Ralfs

Staurastrum furcatum (Ehr.) Breb.

Staurastrum gladiosum Turn.

Staurastrum gracile Ralls

Staurastrum gracile var. coronulatum

Boldt

Staurastrtim grallatorium Nord.

Staurastrum grande Bidnh.

Staurastrum hexacerum (Ehr.) Wittr.

Staurastrum limrwticum var. cornutum

C.M.Sm.
Staurastrum mucrocerum Wolle

Staurastrtim margaritacetim (Ehr.)

Mene^;.

Staurastrum muticuni Breb.

Staurastrum natator West

Staurastrum natator var. crassum

West & West

Staurastrunt ophiura Lund
Staurastrum orhicularc Ralls

Staurastrum orhictdarc var. ralfsii

West & West

Staurastrum paradoxum Meyen
Staurastrum i>olymorplium Breb.

Staurastrtim polymorphnm \ar.

pusilltim West

Staurastrtim polytrichtim Vvviy

Staurastrum pseiidoftircigerum Reinseh

Staurastrtim puncttdattim l^reb.

Statirastrum pygmacctim lireb.

Staurastrtim (ptaternitim Wolle

Staurastrtim rotttia Nords.

Staurastrum sehaldi Reinseh

Statirastrum setigerum CI.

A,B
A,B
A
A,B

A,B,J

J

A.B.F.J.K

A.B.EJLJ,

A
A.B

A
A
A
A
A
A
A

A
A
A
B
A
A
A, B

A
A,B
A
A

A
A,B

B,F

A
A.B
li

A
A
A

A
A
A
A
A.B
A
B

B
A

Staurastrtim spongiosum Breb. A
Staurastrum tetracertim Ralfs A
Staurastrum vestitum A
Statirastrum sp. A,B

Triploccras gracile Bail. A,B
Triploceras verticillatum Bail. A,B
Tri))loccras sp. A

Xanthidium aittilo))acum (Breb.) Kiitz. A
Xanthidium antiloi^acum var.

hchridarum West & West A
Xantliiditim antilopactim var. laeve

Sehmidle A
Xanthidium antilopactim \ ar.

polymazttm Nords. A
Xanthidium armaftim \ar. fissum

Nords. A
Xanthidium coltimhiantan Wolle \
Xanthidium cristatum (Breb.) Ralfs A.F

Xantliiditim cristattim \ar. uncinattim

Breli. A
Xanthidium stthhastifcrtnti West A

Zygnema chaltjhcospcrmum Hansg. J

Zygnema cruciatum \'auch. A.B

Zygnema ericctorum Kiitz. .\

Zygnema insigne (Hass.) Kiitz. .\, B.F.J

Zygnema laetcvirens Klebs. A
Zygnema pcctinatum (Vaueh.) Ag. A,B

Zygnema sterile Trans. E
Zygnema sp. A,B,E,H,J

Zygogonium sp. A

Class Charophyceae

Chara contraria .A.Br. C
Chara foetida L. H
Chara ef fragilis Des\aux H
Chara vulgaris L. B

Chara sp. A.B.F.J.K

Nitella stihglomerata A

DiMSlON ClIHYS()PII>T.\

(Hass (!hr\ sopliNceae

Order C'hroniuiinales

Chromtdina chionophila .Stein K

Ihjdrurus i\)cti(lus i\ill.) Trev. A,B

Order Ochroinonadales

Chrysos))hacrclla longis))ina Lauter. A

Dinohryon havaricttm Iinhoi A
Dinohryon cylindricum huhol B

Dinohryon divergens Inihol A
Dinohryon serlularia Ehr. A,B

Dinohryon sociale l'"hr. A
Dinol>ryon sociale \ ar. (imiricantim

(Bnuui.) Bach. A
Dinohryon sp. .A.B.K

Mallontotias acaroiih's I'erty A
Mallomonas caudata Iwan. A



April 1988 RusiiFOHTH, Mehkley: Alcakof Utah 165

Table 1 continiit'd. Table 1 continued.

Mallomonas pseiulucoroiiata Pies. A
Mallomonas tonsurata Teil. A

Sijnura ttvclla Ebr. A
Synurd .sp. A

Uro^lcnopsis american (Calkins) Leinni. A

Class Xanthophyceae

Order Mischococcales

Characiopsis acuta (A. Br. ) Boizi B

Characiopsis ctjlindrica (Lamli.) Leinni. A
Characiopsis lunfiipe.^ (Yidhh.) Borzi B
Charciopsis nagcli A. Br. A

Chlorohotnjs renularis (W.West) Bohl. A

Chlorocloster sp. A

Gloeobotnjs sp. A

Ophiocijtium capitatum Wolle A,B
Ophiocytium cochleare (Eicb.) A.Br. A,B,F,K

Ophiocytium ctispidaftim (Bail.) Rabb. A,K
0)>hiocytiitin (i.racilii)cs (Br.) Rabb. A
Ophiocytium inajus Naeg. A,K
Ophiocytiuiti parvuhtm (Perty) A. Br. A, K
Ophiocytium sp. B

Order Tribonematales

Trihonema homhycinum (Ag.) Derb.

&Sol. A.B.FJ.K
Tribonema homhycinum var. tcnuc

Haz. A,B,C,J

Tribonejna minor (Wille) Haz. A, J

Trihonema minus Haz. A, B, K
Trihonema utriculosum Haz. A,B,J,K

Thlwnema sp. A,B,F

Order Vaucheriales

Vaucheria horeahs Hirn. A,B
Vaucheria fi,eminata (Vauch. ) DeCand. A, B, D, J, K
Vaucheria p,eminata var. racemosa K
Vaucheria Iiamata Vaiieb. A,B
Vaucheria orthocarpa Reinseb G
Vaucheria sessiUs Vauch. A, B, K
Vaucheria sessihs var. clavata (Vaucb.)

DeCand. A,B,K
Vaucheria terrestris Lyn^b. B
Vaucheria uncinata Kiitz. B
Vaucheria woroniniana Hur. B
Vaucheria sp. A,B,F,J

Class Bacillariophyceae

Achnanthes affinis Grun. A, E
Achnanthes cf. atomus var. con<^^oh'nsis

Hust. G
Achnanthes austriaca Hust. B
Achnanthes austriaca var. helvetica

Hust. A
Aclinanthes hiasoh'ttiana (Kiitz. ) Grun. A
Achnanthes bottnica (CI.) CI. F,G
Achnanthes chilensis var. subaequalis

Reim. A,E

Achnanthes ch-vei Grun.

Achnanthes clevei var. rostrata Hust.

Achnanthes coarctata (Breb.) Grun.

Aclinanthes conspicua A.May.

Achnanthes cottoriensis Foged
Achnanthes crenulata Grun.

Achnanthes deflexa Reim.

Achnanthes delicatula (Kiitz.) Grun.

Achnanthes didyma Hust.

Achnanthes exigua Grun.

Achnanthes exifi,ua var. heterovahata

Krass.

Achnanthes flexella (Kiitz.) Brun.

Achnanthes i!,ibherula Grim.

Achnanthes hauckiana Grun.

Achnanthes hauckiana var. rostrata

Schultz

Achnanthes hungarica (Grun.) Grun.

Achnanthes kryophila Peters.

Achnanthes lanccolata (Breb.) Grun.

Achnanthes lanceolata var. duhia Grun.

Achnanthes lanceolata var. hynaldii

(Sch.)Cl.

Achnanthes lanceolata var. omissa

Reim.

Achnanthes laterostrata Hust.

Achnanthes levanderi Hust.

Achnanthes lewisiana Patr.

Achnanthes linearis (W.Sm.) Gnm.

Achnanthes linearis f. curta H.Sm.
Achnanthes linearis \-c\r. ptisilla Grun.

Achnanthes mar^intdata Grim.

Achnanthes microcephala (Kiitz.) Grun.

Achnanthes minutissima Kiitz.

Acluianthes minutissima var.

cryptocephala Grim.

Achnanthes ci. nodosa A. CI.

Achnanthes orientalis Petit

Achnanthes pera^alli Brun. & Herib.

Achnanthes pera<ialli var. fossilis Temp.
& Pera^.

Aclinanthes pinnata Hust.

Achnanthes saxonica Krass.

Achnanthes siniilis Hust.

Achnanthes simplex Hust.

Achnanthes ci. suhhud.sonis Hust.

Achnanthes suhlaevis Hust.

Achnanthes stddaevis var. crassa Reim.

Achnanthes ci. suhmarina Hust.

Achnanthes suchlandti Hust.

Achnantlies tropica Hust.

Achnanthes sp.

Actinocyclus cf. ing,ens Rattray

Amphicampa hemicyclus (Ehr.) Karsten

Amphicampa sp.

Amphipleura pellucida Kiitz.

Amphipleura rutilans (Trent.) CI.

A,E
A,B

E,J,K

A,H
G
H
A,B,E
A
A
A,B,C,D,E,F,

G,H

A,F,G
B,E
A,G
A,B,G

A
A,E,H
A
A,B,C,D,E,F,

G,HJ,K
A,B,E,F,G,

B

B
A
A
A,E
A,B,D.E,G,

H,K
A,B,H
A
A,B
A,E
A,B,D,E,F,G,

HJ,K

A
A
A
B

A
A
A
G
G
G
A
A,B
G
A
G
A,B,D

B
A

A,B,F,G,K
A
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Table 1 continued. Table 1 continued.

Amphiprora alata (Ehr.) Kiitz.

Amphiprora sp.

Amphora aciitiusciila Kiitz.

Amphora arciis var. sulcata (A.Schni.

)

CI.

Amphora coffeaeforrnis (A,u.) Kiitz.

Amphora coffeaeforrnis var. fossilis

(Pant.) CI.

Amphora coffeaeforrnis var. perpusiUa

Grun.

Amphora co^mita Choln.

Amphora commutata Grun.

Amphora crassa Greg.

Amphora ctjmhifera Greg.

Amphora dehcatissima Krass.

Ampiiora hyaliua Kiitz.

Amphora lihyca Ehr.

Amphora macih'nta Greg.

Amphora marina (W.Sm.) V'.H.

Amphora normani Rabli.

Amphora ovahs (Kiitz.) Kiitz.

Ami)hora ovalis var. affinis (Kiitz.)

V.H.exDeT.
Amphora ovalis var. pedicuhis

(Kiitz.) V.H.

Amphora pelhicida Greg.

Amphora perpusiUa Cirun.

Amphora proteus Greg.

Amphora proteus var. ocuUita Perag.

Amphora tenuissima Hust.

Amphora veneta Kiitz.

Amphora sp.

Anomoeoneis costata (Kiitz.) Hu.st.

Am)moeoneis exilis var. lanceolata

A.May.

Ammioeomns foUis (Ehr.) Cl.

Ammioeoneis pohj'^ramma (Ehr.) Cl.

Anomoeoneis sculpta (Ehr.) Pfitz.

Anomoeoneis serians (Breb.) Cl.

Anomoeoneis serians viir. acuta Hust.

Anomoeoneis serians \ ar. I>ra(ht)sira

(Breb.)Cl.

Anomoeoneis sphaerophora (Kiitz.)

Plitz.

Anomoeiieis sphaerophora \ ar.

Iiuentlieri O.Miill.

Anomoeoneis sphaerophora 1. costata

(Kiitz.) A.Schniid

Anomoeoneis litrea ((Jrun.) Hoss

Anomoeoneis zeUensis ((Jrun.) Cl.

Anomoeoneis zedensis {'. difficilis

(Grun.) Must.

Anomoeoneis sp.

AsterioncUa formosa ilass.

AsterioneUa sp.

Bacillaria jxiradoxa CJniel.

(.see BaciUaria paxiUifer)

A,B,E,G
A

G,H

A,B,C,E.F,G,

H.I.K

G

G
B
G
I

I

C
G,I

C
G
A
A,B,D
A,B,C,D,E,F,
G, H.I.K

A,B,D,G,K

A,B,E,F,G
I

A,B,D,E,G,
H,K
G,I

G
G
A,B,E,F,G,H
A,H

A,B,E

A
G
K
K
A
A

A.B

A, B.C. E.G.

II. J.

K

A,B,E,F,G
A,E

\

A,U

A,B,K
A,K

BaciUaria paxiUifer ((). Miill.) Hend. A.F.Ci.H

(^ BaciUaria paradoxa)

Biddulphia Uieiis Ehr. .^.CH

Brachijsira aponina Kiitz. G
Brachtjsira exdis (Kiitz. ) Round & Mann G
Brachijsira exiUsi. undulata Kisselev G

Brehissonia hocchii (Ehr. ) Grun. A

Cahincis alpcstris (Grim. ) Cl. E
Cah)ueis amphishaena (Bory) Cl. A,B,C,E,G,

H.I.K

Cahnieis haciUaris (Greg. ) Cl. G
Caloneis haciUaris var. thernialis

(Grun.)A.Cl. A,F,G
Caloneis haciUum (Grun.) Cl. A,B,D,E,F,

G,K
Caloneis fenzlii {Grun.) Patr. A
Caloneis fenzlioides Cl.-Eul. A
Caloneis formosa (Greg.) C.\. K
Caloneis hyalina Hust. A
Caloneis lamella Zakr. A
Caloneis letcisii Patr. .\,B

Caloneis lewisii \ar. inflata (Schultze)

Patr. A
Caloneis limosa (Kiitz.) Patr. A
Caloneis ore^onica (Ehr.) Patr. A
Caloneis permanna (J. W. Bail. ) Cl. .\

Caloneis schtimanniana (CJrun. ) Cl. \
Caloneis schuinaiiniaiia \ ar. fasciata

Hust. A
Caloneis schuiuaitniana \ ar. lini'uris

Hust. A
Caloneis sdicula (Ehr. ) ( M. A
Caloneis sdicula \ar. limosa i Kiitz. 1

V.Land. A
Caloneis sdicula \ ar. niinuta (CJruu. i Cl. K
Caloneis ventricosa (Ehr.) Meist. .^.B.E.G

Caloneis ventricosa \ar. alpina (('1.^

Patr, B.E

Caloneis ventricosa \ar. suhtindulata

(Grun.) Patr. A
Caloneis ventricosa \ar. truncatiila

((irun.) Meist. A.B.H.K
Caloneis westii (W. Sni. ) 1 lend. (

I

Caloneis sp. A,F

Campylofliscus alaetus Sett\ I

Campylodiscus hicostata W'.Sni. I

('ampylodiscus clyf)cus Ehr. .\,C,G

Ccnnpylodisctis ehreid>er<s.ii Halls I

Campylodiscus hihernicus Ehr. \.l

Cami)ylodiscus noricus Ehr. I

Campylodiscus sp. A

Ceratoneis arcus ( Ehr. ) Kiitz. B

Chaetoceros amanita C.\.-\'m\ G
Chaetoceros elmorei Buyer \
Chaetoceros muclleri Lemm. C,K
Chaetoceros sp. A

Cocconema ( ('ymhclla * sp. A,C

Cocconcis diminiita Pant. A,B,F,G
Cocconeis disculus (Schuni. ) Cl. A,B,D
Cocconcisfinnica Ehr. C"
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Table 1 continued. Tiit)li' 1 eoiitiniied.

Coccotu'isfluvkitilis Wall.

Coccuneis lineata Ehr.

Cocconeis itiormonoruni Ehr.

Cocconeis pedicuhis Ehr.

Cocconeis ))laccntul(i Ehr.

Cocconeis placcntula \ ar. ew^lypfa

(Ehr.) Grun.

Cocconeis i)l(ieetitul(i \ar. lineata (Ehr.

V.H.

Cocconeis rtigosa Sov.

Cocconeis scutcUtan Ehr.

Cocconeis sp.

Coscinodiscus apicttlatus Ehr.

Coscinodisciis argits Ehr.

Coscinodiscus discifonnis Setty

Coscinodiscus elegans Grev.

Coscinodiscus lacustris Grun.

Coscijiodiscus marginulatus \ar.

campeachiana Grun.

Coscinodiscus nitidulus Grun.

Coscinodiscus occidifonnis Sett\

Coscinodiscus odontodiscus Grun.

Coscinodiscus porcelaineous (Stod.)

Setty

Coscinodiscus rothii (Ehr.) (irini.

Coscinodiscus subtilis Ehr.

Coscinodiscus velatus Ehr.

Coscinodiscus sp.

Cosrniolithus discus Ehr.

Cyclotella antiqua W. Sm.

Cijclotella hodanica Eulen.

Cyclotella caspia Grun.

Cyclotella catenata (Brun.) Bach.

Cyclotella comensis Griui.

Cyclotella comta (Ehr.) Kiitz.

Cyclotella glomerata Bachmann
Cyclotella kuetzingiana Thw.

Cyclotella kuetzingiana var.

planetophora Fricke

Cyclotella meneghiniana Kiitz.

Cyclotella meneghiniana \ar. puiiiila

(Grun. e.x V.H.) Must.

Cyclotella meneghiniana i. jilana

"(Fricke) Hust.

Cyclotella miehiganiana Skvor.

Cyclotella ocellata Pant.

Cyclotella operculata (Ag.) Kiitz.

Cyclotella rotula Kiitz.

Cyclotella stelligera (CI. &Grun. ) V. H.

Cyclotella striata (Kiitz.) Grun.

Cyclotella striata var. ambigua (Grun.)

Grun.

Cyclotella striata \ ar. hipunctata Fricke

Cyclotella sp.

Cylindrotheca gracilis (Breh.) Grun.

Cymatopleura angulata Grev.

A
I,K

C
A,B,C,D,E,F,

GJ,K
A,B,C,G,H,

I,K

A,B,C,D,E,
G,K

A,B.D,E,F,

G.K
B

I

A,B

K
A
I

I

A

A,I

A,B,D
A,E
A
A
A,B,D,I

B,K
A,D

A,D
A,B,G,D,F,

G,H.I,J,K

A,G

G
A
A,D
K
I

A
A,1,K

A
B
A,B,D

A,K

A

Cymatopleura elliptiea (Breh.) W.Sni.

Cymatopleura elliptiea var. constricta

Grim.

Cyntatopletira solea (Breh.) W.Sni.

Cymatopleura solea \ar. palffyi (Pant.)

Cl.-Eul.

Cymatopleura solea \ar. regula (Ehr.)

Grun.

Cynd)ella affinis Kiitz.

Cymhella amphicephala Naeg. ex Kiitz.

Cymhella amphioxys (Kiitz.) Cl.

Cymhella angustata (W.Sni.) Cl.

Cymhella aspera (Ehr.) CI.

Cymhella hoiinevilleitsis Sett>-

Cymhella hrehmii Hust.

Cymhella cesatii (Rabh. ) Grun.

Cymhella cistula (Hemp.) Kirch.

Cymhella cistula \ar. maculata (Kiitz.)

V.H.

Cymhella cuspidata Kiitz.

Cymhella cynd>iformis Ag.

Cymhella eymhiformis var. nonpunctata

Fontell

Cymhella delicatula Kiitz.

Cymhella ehrenhergii Kiitz.

Cymhella fonticola Hust.

Cymhella gasteroides (Kiitz.) Kiitz.

Cymhella gracilis (Ehr.) Kiitz.

Cymhella hehredica (Grun.) Cl.

Cymhella heteropleura (Ehr.) Kiitz.

Cymhella heteropleura var. suhrostrata

Cl.

Cymhella hustedfii Krass.

Cymhella inaequalis (Ehr.) Rabh.

Cymhella ineerta (Grun.) Cl.

Cymhella ineerta \ar. naviculacea

(Grun.)Cl.

Cymhella laevis Nag.

Cymhella laneeolata (Ehr.) V.H.

Cymhella leptoceros (Ehr.) Kiitz.

Cymhella lunata W.Sm.
Cymhella mexieana (Ehr.) Cl.

Cymhella microcephala Grim.

Cymhella microcephala \ar. crassa

Reim.

Cymhella minuta Hilse ex Rabh.

Cymhella minuta f. latens (Krass.) Reim.

Cymhella minuta \ar. pseudograeilis

'(Choln.)Reim.

Cymhella minuta \ar. silesiaca (Bleisch

ex Rabh.) Reim.

Cymhella muellcri Hust.

Cymhella muelleriL ventricosa (Temp.

et Perag.) Reim.

Cymhella navictdiformis .\uers.

Cymhella norvegica Grun.

Cymhella parva (W.Sm.) Wolle

Cymhella perpusilla A.Cl.

Cymhella prostrata (Berk.) Grun.

Cipnhella prostrata var. aeursualdii

"(Rabh.) Reim.

A,B

A
A,B,C;,D,H,

I,K

A

A,H

A,B,D,E,F,
G,H,I
A,B,E,F,G
A
A,B,F,G
A,B,E,I,K

I

AJ
A
A,B,D,E,F,

G,K

B,G
A,B
A,B,I

E,G
A,E,F,G
A,B
G
A,B,I

A,B
A
A,B

A
H
A
E,F,G

E
A,F,G,H
A,B,I

F,G
A
A,B,E,H
A,B,E,F,G

E
A,B,C
A,B,E

A

A,B,E,K
A
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Tal)le 1 coiitiniR'd. Table 1 continued.

Cymhella protracta Ost.
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Table 1 contiiuied. Table 1 continued.

Eunotia major (W.Sm.) Rabli.
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Table 1 continued. Table 1 coTitiniud.

Gcnnphonema intricutiim Kiitz. A,B,D,E,F,C;

Gomphonema intricatutti ef . var. fos.silis

Pant. G
Gumphouciiw intricattun \ar. puinilii

Grim. A
Gomphonema intricatiim \ ar. vibrio

(Ehr.)Cl. A
Gomphonema lalithaea Setty I

Gomphonema lanceolatum Ag. A,B

Gomphonema lanceolatum \ ar. insi^nis

(Greg.) CI. F,G

Gomphonema cf. lon^^iceps Elir. A
Gomphonema lonp.iceps \a\- . stthrlavata

Grun. K

Gomphonema lon^ieeps var. suhclavata

f. gracilis Hust. F,G
Gomphonema montantim Schnm. B

Gomphonema navictilaris Setty I

Gomphonema olivaceum (Lvngb. ) Des. A, B,C, D, E, F,

G,H,K
Gomphonema olivaceum var. ealcarea

(Cl.)V.H. A,B

Gomphonema parvuhim (Kiitz.) Kiitz. A,B,D,E,F,G,

H
Gomphonema parviiltim \ar. micro))iis

(Kiitz.) CI. A,B,E,G
Gomphonenm rhomhicum Frieke B

Gomphonema se])tiim Mogh. A
Gomphonema sphaerophorum Ehr. A,E,F,G
Gomphonema suhclavatum (Grim.)

Grun. A
Gomphonema suhclavatum var.

commtitatum ((Irun. ) A. May. A, H
Gomphonema suhclavatum var.

nu'xicanum (Grim.) Patr. A
Gomphonema subtile Ehr. A
Gomphonema tenelliim Kiitz. A
Gomphonema truncatum Ehr. A,B,K
Gomphonenm truncatum \ar.

capifatum (Ehr.) Patr. A
Gomphonenm truncatum var.

turt^idum (Ehr.) Patr. A
Gomphonema ventricosum Gre%. A
Gomphonema sp. A,B,E

Grammatophora stricta Ehr. C

Gijrosiiima acuminatum (Kiitz. ) Rabh. A, B, H,

K

Gyrosi^ma attenuatum (Kiitz.) ('1. A
Ckjrosiiima fasciola (Fhr.) Griff. &

Henfr. A
G\jrosiii,ma obscurum (W.Sm.) (irill.

& Henfr. (;

Gijrosiii,ma obtusatum (SuU. & Worml.)

Boyer A.B
(.Ujrosi^nui spencerii (W. Sni. ) ( '•v\l\. ik

Henfr. A.B.F

Gyrosiiima spencerii \ ar. curvtila

(Grun.) Helm. A.G.I I

Gyrosip,nui strifi,ilis (W'.Sni.) (Jriff. &
Henfr. A

Gyrosi^ma sp. .\,B,CJ,CJ

Hannaea arcus (V.hr.) I'atr. A,B,E,K
Hannaea arcus var. amphioxi/s (Rabh.)

Patr. A.B.K

Hantzschia (iinj)hi(>xys (Ehr. ) (wun. .\,B,D,E,F,G,

l.K

Hantzschia amphioxys \ar. linearis

(O.Miill.)Cl.-Eu!.' E
Hantzschia am))hioxys \ar. maior Grun. J

Hantzschia amphioxys var. vivax Cirun. B

Hantzschia amphioxi/s f capitata

O.Miill. A.B.D
Hantzschia distinctc-puuctata (Hust. )

Hust. A
Hantzschia viraata (Roper) (irun. A
Hantzschia sp. A

Hyalodiscus valens A. Schmidt I

Hyalodiscus tchitneyi Ehr. C.G.H

Licmophora <i,racilis (Ehr. ) Grim. J

Masto^loia aquilc<iiae (Jrun. G
Masto<iloia braunii Grun. A.G
Ma,sto<s.loia elliptica (Ag. ) CI. A.G
Masto^loia elliptica var. danscii (Thvv.)

CI. A. E.G. H.I

Mastoiiloia <!,rcvillci W.Sm. E
Masto^,l(>ia pumila (CI.) Griin. A.G
Mastoiiloia smithii Thw. e.\ W.Sm. A, B,

E

Mastoiiloia smithii \ar. lacustris Grun. A.E.F.G

Melosira arenaria Moore K
Melosira crenulata (Ehr. ) Kiitz. .\, B. K

Melosira dendroteres (Ehr. ) Ross D
Melosira dickiei (Thvv. ) Kiitz. .\, B

Melosira distans (Ehr.) Kiitz. .\.B.I.K

Melosira (hstans var. alpi^cna Clrun. A
Melosira distans \ar. pfaffiana (Reinsch)

Grim. A

Melosira <iranulatti (Ehr. i Ralis A.B.D, l.K

Melosira firanulata \ ar. antiuslissiiiui

O.Miill. A.C.G
Melosira islandica ( ) Nhill A
Melosira islandica \ar. helvetica

(O.Miill.) Meist. A

Melosira italica (Ehr. ) Kiitz. A. B.I). E. H.

K

Melosira italica var. subarctica O. Miill. .\

Melosira italica \ar. lenuissiina ((iiim.)

O.Miill. A
Afelosira it(dica \ ar. valida i( ii un. i

Iliist A
Melosira lacvis (Ehr. ) Ralls C
Melosira nummuloides (DilKv.) Ag. ('

Melosira roseana Rabh. \.B.E,K

Melosira scahiris (Gnm.

)

1

Melosira soli(hi (Enlen.) F.W.Mills I

Melosira sulcata (Ehr.) Kiitz. G
Melosira undulata (I'Jir.) Kiitz. I

Melosira varians .\g. A,B.I),(;.I.K

Melosira sp. A.B.D.F

Meridion circulare (Grc-\ . ) .\g. .\. li. E.G. H
Meriditni circulare \ar. conslricluin

(Ralfsi\il A.B.E

Meridian sp. .\.B

Savicula abiskoensis Hust. A
Navicula acce})ta Hust. A
Navicida accomoda Hust, \
Navictila acrosphcria (Breb. ( Kiitz. I
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Table 1 contiiuicd. Table I eoiitinued.

Navictild (iffiiiis Ebr.

Navicula aikcncnsis Patr.

Navicula amphihola C,\.

Naviciihi «»i/)/i(^'()//i/)/i((.v Ehr.

Navicula an^lica Halls

Navicula an^lica var. suhsalsa

(Grun.)Cl.

Navicula an^ttsta Gruii.

Navicula appendiculata (Ar. ) Kiitz.

Navicula arcnaria Donk.

Navicula arven.sis Hiist.

Navicula ascllus Weigold

Navicula atoinus (Kiitz.) Giiiii.

Navicula auriculata Hust.

Navicula aurora Sov.

Navicula hacillifonni.s Grun.

Navicula bacillum Ehr.

Navicula bacillum \ar. Icpida (Greg.)

CI.

Navicula hicapitellata Hust.

Navicttla hiccphala Hust.

Navicula hiconica Patr.

Navicula bahcmica Ehr.

Navicula bombus (Ehr.) Kiitz.

Navicula bottnica Grun.

Navicula brcbis.sonii Kiitz.

(see Pinnularia brcbissonii)

Navicula brckkacnsis Peters.

Navicula brijophila J.B.Peters.

Navicula capitata Ehr.

Navicula capitata var. huti^arica

(Grun.) Ross.

Navicula capitata var. luncbur^en.sis

(Grun.) Patr.

Navicula cari Ehr.

Navicula cincta (Ehr.) Ralfs

Navicula circumtcxta Meist.

Navicula clcmcntioidcs Hust.

Navicula dementis Grun.

Navicula coarctata A. Schmidt

Navicula cocconeifonnis (Greg.) Grev.

Navicida contenta f. biceps (Arnott)

Grun.

Navicida contenta 1. parallela (Peters.)

Hust.

Navicula convergens Patr.

Navicula crabro (Ehr.) Kiitz.

Navicula crucicula (W.Sm.) Donk.
Navicula cnjptocephala Kiitz.

Navicula cnjptocephala var. exilis Grun.

Navicula criiptocepluda var. veneta

(Kutz.)Rabh.

Navicula cryptocephaloides Hust.

Navicula cuspidata (Kiitz.) Kiitz.

Navicida cuspidata var. andngua (Ehr.)

CI,

Navicula cuspidata var. heribaudi

Perag.

Navicida cuspidata var. major Meist.

Navicula dactijlus (Ehr.) Kiitz.

Navicula decussis Ost.

Navicula detenta Hust.

1

A
A
A
A,B

A
A,B
A
A
A,B,E,J

D
A,K
A
A
A
A,B,K

K
B

A,B
H,K
C,I

I

A

A,E
A
A,B

A,B,G,H.K

A
B
A,E,G,H,K
A,H,K
A
A,B
I

A,B

A,K

D
H,K
I

A
A,B,C,EJ,K
A,B,D

A,B.D,E

H.J.K
D,G
A,B,D,E

H,J,K

A
A,B,E
I

A,B
A

i,F,G,

F,G,

Navicula dicephala Ehr.

Navicida difficilliuioides Hust.

Navicula di^itoradiata (Cireg. ) Ralls

Navicula di<i,itulus Hust.

Navicula disjuiicta Hust.

Navicula ilisptitans Patr.

Navicula dulcis Patr.

Navicida elginensis (Greg. ) Ralfs

Navicula elginensis var. rostrata

(A.May.) Patr.

Navicula ellipsis Setty

Navicula exigtia (Greg.) Grun.

Navicula exigua var. capitata (Greg.

)

Grun.

Navicula exselsa Krass.

Navicida festiva Krass.

Navicula feuerborni Hust.

Navicula firma var. subundulata Gnui.

Navicula fischeri A. Schmidt

Navicula fonnosa Greg.

Navicula fragilarioides Krass.

Navicula frugalis Hust.

Navicula gallica (W.Sm.) Lagerst.

Navicula gastnim (Ehr.) Kiitz.

Navicula gd)ba Cl.

Navicula gottlandica Grun.

Navicula gracdis Ehr.

Navicula gracdoides A. May.

Navicula gregaria Donk.

Navicula grimmci Krass.

Navicula gysingensis Foged
Navicula ludophda (Grun.) Cl.

Navicula ludophila 1. tenuirostris Hust.

Navicula lieufieri Cirun.

Navicula heufleri var. leptocephala

(Breb.) Perag.

Navicula hoefleri Choln.

Navicida impressa Grun.

Navicula indifferens Hust.

Navicula inflexa (Greg.) Ralfs

Navicula insociabdis Krass.

Navicula insociabilis var. dissipatoides

Hust.

Navicula integra (W.Sm.) Ralfs

Navicula jaernfeltii Hust.

Navicula lacustris Greg.

Navicula laevissima Kiitz.

Navicula lanceolata (Ag.) Kiitz.

Navicula lapidosa Krass.

Navicida laterostrata Hust.

Navicula levanderi Hust.

Navicula longa (Greg.) Ralfs

Navicula longirostris Hust.

Navicula luzoncnsis Hust.

Navicula lijra Ehr.

Navicula maculata (J. W. Bail.) Edwards
Navicula medioconvexa Hust.

Navicula mediocris Krass.

Navicula menisculus var. upsaliensis

(Grun.) Grun.

Navicida minima Grun.

Navicula minima var. atomoides (Grun.)

Cl.

A,B,F,G
A
c;

A
A
B
A
A,B,D

A,B,D,F
I

A,B

A,B
D,E
A
G
I

I

I

A,E
A
E
A
A
A
AJ,K
A,C,H
A,B,C,F,G
A
A,B
A,B,E,F,G
A
A

A,E
A
I

A
A
A

B,E,H,K
B,C,D,E,F,

G
B,H,K

G,H
A
A
A
I

A,

A,

A
I

A
A

A,H,K
A,B,D,E,H,K



172 Great Basin Naturalist Vol. 48, No. 2

Table 1 continued. Table 1 contimied.

Navicula minttscula Grun.

Navicula molestiformis Hust.

Navicula mormononnn Grun.

Navicula muralis Grun.

Navicula munaiji West & West
Navicula mutica Kiitz.

Navicula

Navicula

Grun.

Navicula

Navicula

Grun.

Navicula

Navicula

Navicula

Navicula

Navicula

Navicula

Navicula

Navicula

Navicula

Navicula

mutica var. hinodis Hust.

mutica var. cohnii (Hilse)

mutica var. nivalis (Ebr.) Hust.

mutica var. undulata (Hilse)

nivalis Ebr.

nummularia Grev.

oblonga (Kiitz.) Kiitz.

odiosa Wall.

omissa Hust.

paramutica Bock

paramutica var. hinodis Boek

parva (Menegh.) Cl.-Eul.

pclliculosa Hilse

pcrcp.hna (Ebr.) Kiitz.

Navicula pennitis Hust.

Navicula perpusilla Grun.

Navicula placcntula (Ebr.) Kiitz.

Navicula placcntula f. rostrata (A.Mav.)

Hust.

Navicula cf. poconocnsis Patr.

Navicula praetcxta Ebr.

Navicula protomonttana CI.

Navicula protracta (Grun. ) CI.

Navicula protracta f. suhcapitata (Wisl.

et Por.) Hust.

Navicula pscudocrassirostris Hust.

Navicula pseudorcinhardtii Patr.

Navicula pseudoscutiformis Hust.

Navicula pseudosilicula Hust.

Navicula pseudotuscida Hust.

Navicida pupula Kiitz.

Navicula pupula var. capitata Sk\ . &
Meyer

Navicula pupula var. elliptica Hust.

Navicula pupula var. mutata (Krass.)

Hust.

Navicula pupula var. rcctan^ularis

(Greg.) Cl. & Grun.

Navicula pijg,maea Kiitz.

Navicula radiosa Kiitz.

Navicula radiosa var. parva Wall.

Navicula radiosa var. tcnella (Breb.) Cl.

Navicula rcinhardtii Grun.

Navicula rcinhardtii var. elliptica

Herib.

Navicula rlupuhoccphala Kiitz.

Navicula rlujncoccphala var. amphiccros

(Kiitz.) Grun.

Navicula rhtpicoccphala \ar. ncnnainii

(Wall.) Patr.

Navicula rostrata Ebr.

Navicula rotaeana (Habb.) (irun.

Navicula salinarum (irun.

A
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Table 1 continued. Table 1 continued.

Neklium duhiumf. constricta Hust.

Ncidiutn iridis (Ehr.) CI.

Neklium iridis vixr. (unphi^oiui)hus

(Ehr.) Temp. & Perag.

Neiditini iridis var. ampliatuin (Ehr. ) C\.

Neidiuni tcmperi Reini.

Neidium sp.

Nitzschia acicularis (Kiitz.) W.Sm.
Nitzschia acictilaroklcs Hiist.

Nitzschia acuminatti (W.Sm.) Grun.

Nitzschia acuta Hantz.

Nitzschia amphihia Clriui.

Nitzschia anguhiris var. affinis (Grun.)

Grun.

Nitzschia aw^ustata Grun.

Nitzschia an^ustata var. acuta Grun.

Nitzschia apiculata (Greu;.) Cirun.

Nitzschia capitcUata Hu.st.

Nitzschia circuiiisuta (J. W. Bail.) Grun.

Nitzschia chiusii Hantz.

Nitzschia communis Rabh.

Nitzschia comnuitata Grun.

Nitzschia dcnticuhi Grun.

Nitzschia dissipata (Kiitz.) Grun.

Nitzschia distans Greg.

Nitzschia duhia W.Sm.
Nitzschia cpithcmioides Grun.

Nitzschia fitiformis (W.Sm.) Hust.

Nitzschia fonticola Grun.

Nitzschia jrustuhim (Kiitz.) (irun.

Nitzschia frustuhim \ar. pcrminuta

Grun.

Nitzschia frustuhim var. pcr])usilla

(Rabh.) Grun.

Nitzscliia frustuhim var. suhsalina Hust.

Nitzschia nandcrshcimicnsis Krass.

Nitzschia 'gracilis Hantz.

Nitzschia uranuUita Grun.

Nitzschia hantzschiana Rabh.

Nitzschia hcuflcriaua Grun.

Nitzschia liolsatica Hust.

Nitzschia hunfiarica Grim.

Nitzschia inconspicua Grun.

Nitzschia intermedia Hantz.

Nitzschia kuctzin^iana Hilse

Nitzschia hicunarum Hust.

Nitzschia hinccohita W.Sm.
Nitzschia linearis (Ag.) W.Sm.

Nitzschia long,issima var. ch)sterium

(Ehr.)V.H.

Nitzschia h^renziana Grun.

Nitzschia microcephala Grun.

Nitzschia minuta Bleisch

Nitzschia minutida Grun.

Nitzschia ohtusa W.Sm.
Nitzschia obtusifida Setty

B
A,B,C,F,G

A
A
B
A

A,B,G,H,I

A
B
A
A,B.D,E,F,G,

H,K

B
A,B,E,H
A,K
A,B,E,H,K
A
A,I

A,I.J

A,B,D,E,G,

HJ
A,I

A,B,E,G,HJ
A,B,D,G,K
I

A
A,C,E,H,K
A,B
A,B,C,D,H
A,B,E,G,H,J,

K

B,G,H

B,G
A,F,G,H
A
A
A
A,B,D,E,HJ,
K
B
A
A,B,C,F,G,H,
K
A,B,D,E,HJ,
K
A,H
C
A
A
A,B,C,D,E,F,
G,K

K
E,F,G

B,D,F,G

Nitzschia ovalis Arnott

Nitzschia palea (Kiitz.) W.Sm.

Nitzschia palea \ar. cU'hiUs (Kiitz.)

Grun.

Nitzschia paleacea Grun.

Nitzschia panduriformis Greg.

Nitzschia parvula W.Sm.
Nitzschia pcrminuta (Grun.) M.Perag.

Nitzschia pseudosta^norum Hust.

NitzscJtia punctata (Grun.) Grun.

Nitzscliia punctata var. eh)n^ata Grun.

Nitzschia pusilla (Kiitz.) Grun. em.

Lange-Bert.

Nitzschia recta Hantz.

Nitzschia reversa W.Sm.
Nitzschia romana Grun.

Nitzschia sc(daris (Ehr.) W.Sm.
Nitzschia si^ma (Kiitz.) W.Sm.
Nitzschia sip.ma var. sigmatella Grun.

Nitzschia sigmatelUi Greg.

Nitzschia si<i.moi(U'a (Nitz.) W.Sm.
Nitzschia sinuata (Thwaites) Grun.

Nitzschia sinuata var. taheUaria (Grun.'

Grun.

Nitzschia sociahilis Hust.

Nitzschia socialis Greg.

Nitzscliia spectahilis (Ehr.) Ralfs

Nitzschia stagnorum (Rabh.) Grim.

Nitzschia suhacicidaris Hust.

Nitzschia suhlinearis Hust.

Nitzschia sul)tilis (Kiitz.) Grun.

Nitzschia suhtilis var. paleacea Grun.

Nitzschia thermalis (Ehr.) Auers.

Nitzschia thernudis \ ar. minor Hilse

Nitzschia tnjhlionella Hantz.

Nitzschia tnihUoneUa var. dehilis

(Arnott) Hust.

Nitzschia tn/htionella var. levidensis

(W.Sm.) Grun.

Nitzschia tryhlionelUi var. victoriae

(Grun.) (iriui.

Nitzschia valdestriata Aleem ct Hust.

Nitzschia valida (Grun.) Pelletan

Nitzschia vermicularis (Kiitz.) Hantz.

Nitzschia vitrea cf. var. scaphiformis

Wisl. & Poretz.

Nitzscliia vivax W.Sm.
Nitzschia sp.

Opephora maiiyi Herib.

Pinntdaria ahaujensis (Pant.) Ross

Pinnularia ahaujensis vdr. linearis

(Hust.)Patr.

Pinnularia ahaujensis var. rostrata

(Patr. ) Patr.

Pinnularia ahaujensis var.

suhundulata (A.May, ex Hust.) Patr.

Pinnularia acrosphaeria (Breb.) W.Sm.
Pinnularia acuminatum W.Sm.
Pinnularia aestuarii var. interrupta

(Hust.)Cl.-Eul.

Pinnularia amphistylus Ehr.

A,B,H,K
A,B,G,D,E,F,

G,H,I,J,K

A,D,E,H,K
I

K
A
G
A,I,K

K

A
A
A
A,E,H
I

A,B,C.H,K
A
A
A,B,I,K

A

B,E

G,H

I,K

B,H

A,E

A,K

A
A
I

B,C

G,H
G
A.B,E,F,G,H,

K

A

B

A

A,B

A
A
A,B

A
C
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Table 1 continued. Tal)le 1 continued.

Pinnularia appendiciilata (Ag.) CI. A,D,E,F,G
Pinnularia biceps Greg. A, B

Pinnularia biceps var. minor (Peters.)

Cl.-Eul. E
Pinnularia bogotensis (Grun. ) CI. A
Pinnularia bogotensis var. undulata

(M . Perag. ) Boyer A, G
Pinnularia borealis Ehr. A, B, D,

K

Pinnularia borealis var. rcctangularis

Carlson A
Pinnularia braunii (Grun. ) CI. A, B
Pinnularia brauniixdr. amphicephala

(A.May.) Hust. A
Pinnularia brebissonii (Kiitz. ) Rahli. A,B,D,E,H,I,

K
(= Naviciila brebissonii)

Pinnularia brebissonii var. dirnintita

(Grun.) CI.

Pinnularia brebissonii f. biunduluta

O.Miill.

Pinnularia burkii Patr.

Pinnularia cardinalis (Ehr.) VV.Sm.

Pinnularia dactylus Ehr.

Pinnularia divergens W.Sm.
Pinnularia divergens var. elliptica

(Grun.) CI.

Pinnularia divergentissima (Grun.) CI.

Pinnularia episcopalis var. siibelliptica

Cl.-Eul.

Pinnularia gentilis (Donk.) CI.

Pinnularia gibba Ehr.

Pinnularia intermedia (Lagerst.) CI.

Pinmdaria lata (Breb.) Rabh.

Pinnularia ?/iaior (Kiitz.) Rabh.

Pinnularia maiorvar. transversa

(A.Schmidt) CI.

Pinnularia mesolepta (Ehr.) W.Sm.
Pinnularia mesolepta f. angusta (CI.)

Hust.

Pinnularia inicrostauron (Ehr.) CI.

Pinnularia microstauron var. biundulala

O.MiUl.

Pinnularia inolaris ((Irun.) CI.

Pinnularia iu)bitis (Ehr.) Ehr.

Pinnularia obscura Krass.

Pinnularia plalycephalu (Ehr.) ('1.

Pinnularia nqx-stris Ilantz.

Pinnularia ruttneri Hust.

Pinnularia stauroncis Ehr.

Pinnularia subca))itata CJreg.

Pinnularia sublincaris (Grun. ) CI.

Pinmdaria subsolaris (Grun.) Cl.

Pinmdaria sttbstomatophora Hust.

Pinnularia fcrmitina (Ehr.) Frickc

Pinntilaria undulata (ireg.

Pinnularia viridis (Nil/..) Ehr.

A,D,G

B

A
K
A,B
A

A
A,B

B
D
A
A,B,E,K
A,B
a,b,i,k;

B

A,B

A
A,B,C;,F,(;

C
A
A,I

A
A
B
A
C
A
A
A
A
A,C
A
A,B,]),E.1',(,

11,

K

Pinmdaria viridis var. commutala
(Grun.)Cl.

Pinmdaria viridis var. minor il].

Pinnularia sp.

Plagiotropis (see Tropidoneis)

Pleurosigma australe (Jrun.

A
A,B,F,G
A,D,E,F,G

Plcurosignm decorum \\
'. Sni.

Pleurosigma delicatulum W.Sm.
Pletirosigma eximium (Thw.) Grun.

Pleurosigma sp.

Rhizosolenia mininui Le\an.

Rhoicosphenia curvata (Kiitz.) Grim.

Rhopalodia gibba (Ehr.) OMiiU.

Rhopalodia gibba \ar. ventricosa

(Kiitz.) Perag. & Perag.

Rliop(dodia gibbcrula (Ehr. ) (). Miill.

Rhopalodia gibbcrula \ ar. protracta

(Grun.) O.Miill.

Rhopalodia gibbcrula \ar. vanhcurckii

O.Miill.

Rhopalodia musctilus (Kiitz.) O.Miill.

Rhopalodia musculus var. constricta

(Breb.) Perag. et Perag.

Rhopalodia sp.

Scolioplcura peisonis Grun.

Semiorbis hcmicyclus (Ehr. ) Patr.

Stauroncis agrestis Peters.

Stauroncis anceps Ehr.

Stauroncis anceps i. gracdis Rabh.

Stauroncis anceps f. linearis Rabh.

Stauroncis anceps var. sibcrica Grun.

Stauroncis vi. dubitahilis Hust.

Stauroncisfluminea Patr. & Freese

Stauroncis ignorata Hust.

Stauroncis inclinatus Setty

Stauroncis kricgcri Patr.

Stauroncis leglcri Hust.

Stauroncis muriclla f. linearis Fund
Stauroncis nana Hust.

Stauroncis phocniccntcron (Nitz.) Ehr.

Stauroncis phocniccntcron \ar. brunii

(M. Perag. & Herib.) F.W.Mills

Stauroncis phocniccntcron f. gracilis

(Dipi)el) Hust.

Statironcis sidina W.Sm.
Stauroncis smithii l-Jrun.

Stauroncis smithii var. incisa Pant.

Stauroncis wislouchii Poretz. & Anis.

Stauroncis sp.

Sicnoptcrobia inl( ilia iL( \ H

Sicphanodiscus aslraca (l'',hr.) (wiin.

Stcphanodiscus astraca \ ar. minutida

(Kiitz. ) (iron.

Stcphanodiscus cdrconcnsis (V.u\.

)

(irun.

Stephanoibscus ((//"co/ic/i.si.s \ar. pusilla

(Jrun.

Stcphanodiscus dubius (Vvickv^ Hust.

Stcphanodiscus hantzschii Grun.

Stcplunuxbscus im isitatus Holm (S:

Heller.

Slcplnmodiscus mintitus ('.\. 6i Moell.

Stcphanodiscus niagarae Ehr.

I

A,B,G,H,K
K
A,I

A,B,C,D,E,F,

G.H,I,K

A,B.D,E,F,G,
K

A.H.K
A,B,D,E,F,G,

A,E

A.D
A.C,H,K

K
A

A,I,K

F,G

A
A,B,E

A,B,E
A,B
A
A
B
B

I

A.B.D
G,H
A
A
A.B

A,B
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Table 1 continued. Tahle 1 continued.

Stephanodiscus subtilis (V.Goor)

Cl.-Eul.

S tepha uodiscus .sp

.

Surirclld an<s.usta Kiitz.

Surirclld hailcyi Levvi.s

Surirclld hiscridtd Breli.

Surirclld crdticiild Ehr.

Surirclld crurnciid Brel).

Surirclld dclicdti.ssimd Lewis

Surirclld clc^diis Ehr.

Surirclld Idcvi^dtd Ehr.

Surirclld liiicdri.s W.Sin.

Surirclld lincdris var. cotistricta Grun.

Surirclld oralis Brch.

Surirclld oidlis var. hdlticd (Schiun.)

Cl.-Eul.

Surirclld uidlisvar. hri^htwcllii

(W.Sm.)Perag. & Peras-

Surirclld ovatd Kiitz.

Surirclld ovdtd var. pinimtd (W.Sni.)

Brun.

Surirclld ovatd var. utahcnsis Grun.

Surirclld patclhi Ehr.

Surirclld pscudovalis Hu.st.

Surirclld rcf^iud Janisch

Surirclld rhombus Setty

Surirclld rohurii Setty

Surirclld robustd Ehr.

Surirella robusta var. splcndida (Ehr.)

V.H
Surirclld robustd var. splcndidd f.

hustcdtiana (A.May.) Hust.

Surirella rostratd Setty

Surirclld spiralis Kiitz.

Surirclld splcndida (Ehr.) Kiitz.

Surirclld stridtuhi Turp.

Surirclld tcstudo Ehr.

Surirclld utdhcnsis (Grun.) Hanna &
Grant

Surirella sp.

Syncdrd dcus Kiitz.

Synedra affinis Kiitz.

Synedra affinis var. dcumimita Griui.

Synedra dffinis var. Idnccttuki Grun.

Syncdrd amphiccphala Kiitz.

Synedra amplnccphdla var. dustriaca

(Grun.) Hust.

Syncdrd cdpitdta Ehr.

Syncdrd cyclopum Bruts.

Syncdrd cyclopum var. robusttim

Schultz

Synedra dclicdtissima W.Sni.

Syncdrd dclicdtissima var. an^ustissima

Grun.

Synedra fdmelicd Kiitz.

Syncdrd fdsciculdtd Kiitz.

Synedra fasciculatd var. truncata

(Grcv.)Patr.

Synedra filiformis var. ('xi/i.s- Cl.-Eul.

Synedra incisa Boyer

A
A,B,D,H

A.B.IFK
B
A,B,I

K
I

A,B
I

I

A,B
A
A,B,D,E,H,F
K

B

A,B,C,F,G,H,

K

A,B
K
A
A
I

I

I

A

A,C

A
K
A
I

A,C,F,G,I,K

C

I

A,B

A,B,C,F,G,H,
K
B

K
K
A

A
A,B,F,G
A

A
A.B,G

A
A
A,B,G,H
A,B,D,F,G,

H,J,K
A
E,G

I

A
A,B
A,B,D,E
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Table 1 continued. Table 1 (.oiitinned.
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ROZELLA PEARL BEVERLY BLOOD SMITH, 1911-1987

Hohart M. Smith'

Abstr,\ct.—^The life, activities, and contrilnitions of an energetic, catholic woman scholar, Rozella B. Smith, are

reviewed. Her pioneer innovations in hihliographic data retrieval and mapping b\- use of the computer, creating a

permanent niche for her in the annals oi herpetolog\', are emphasized. .\ list of her i;)ulilications is included.

On 15 December 1987 herpetology lost one

of its most energetic, catholic women scholars

of all time. Her name in herpetologx' was

known largely from seven books and 69 arti-

cles shared with her husband, two popular

ones of which she was sole anthor, and one

booklet shared with a colleagne at the Univer-

sity of Colorado. Nnmerous other pnblica-

tions and cataloged mannscripts that were

never published brought her list of formal

writings to 95.

Those writings, however seminal in part,

were not her only qualifications as a scholar.

Her interests were extreme!)' broad, includ-

ing medieval history, Shakespeare, Heinrich

Boll, Hanseatic League, Upton Sinclair, the

history of printing, European and English his-

tory, Russian icons, English literature, James
Michener, Kenneth Roberts, Hervey Allen,

Benedict Arnold, anatomy, neurology, histol-

ogy, entomology, chemistry, languages,

Richard III, Sherlock Holmes, Nero Wolfe,

correlation indexing, computer graphics,

fixed-field data retrieval, needlework (of

prize-winning caliber), photograph) (profes-

sional quality), sewing, stamps, Indian jew-

elry, teaching, beadwork, music and art his-

tory, music itself (piano, recorder), art itself

(considerable scientific illustration was done
during undergraduate and graduate da\s),

classical literature, bibliographic methods,

cataloging techniciues, Hieronvnnis Brun-

schweig, gardening, flower cultiue, mathe-
matics, classical movies, Irish historx, cook-

ing, and no doubt other fields. Each was
tackled with total commitment and exhaustive

accumulation of reference works and materi-

als (the extent of her stockpiling foi- future

work almost surpasses belief) until its poten-

tial for stimulating disco\ ery and learning di-

minished, whereupon some other topic was

pursued with equal zeal. However, she often

returned after a time to a subject previously

abandoned, carrying it still further. She pur-

sued her interests like one possessed—a per-

fect example of Aesch\'lus proverb that "when
a man is willing and eager, the gods join in.

"

Perhaps they did, for she exhibited not only

animated enthusiasm but often also an aston-

ishing extrasensory perception and psychic/

psychokinetic abilities.

An expert in so man\ areas and extremely

articulate, she was a captivating and insup-

pressibly animated conversationalist and

raconteiu". With her extrovert personalit\',

she would neither hesitate to speak to

strangers nor shrink from extemporaneous

public speaking. Not being a conventional

thinker, but revealing an exuberant original-

ity, she was the despair of conservatives, the

joy of inno\ ators.

Certainly she exercised diplomacy to a de-

gree, but her normal wa\ was to sa\ what she

thought, be it blimtK offensi\e or not. She
could needle with the best but tended to slum

irritating topics or people, in part because

they tended to raise her always high blood

pressure. A \er\ calculating pragmatist, she

was always conscious of \\ here the pow er lay

in her environment, what course would best

ser\ e her interests, and therefore what facade

would be expedient. HighK intoltMant of in-

competence, she was \er\ astute in choosing

her friends and de\eloping beneficial con-

tacts, zeroing in on not onl\ the seat of power
but also of competence, meticulousK a\oid-

ing those she regarded as "losers and con-

centratiui: on "winners. She rareh made a

Department of Environmental, i'opniation, .ind Oriianisnni Hioloini. l'iil\<'rsit\ olClolor.ulo. BonI ,
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Fig, 1, RozellaB. Smith, 1982.

mistake in that context. An insight into her

modus operandi is provided by her detesta-

tion of Thomas Becket as an utter ass. How-
ever strongly negative she was in some con-

texts, she nevertheless could be a persuasive

team-builder, lauding and promoting good
will and cooperation, often in the face of con-

trary evidence and pressures.

These are attributes of indeed a complex
person. She disliked multiple interactions be-

cause she saw herself as a different person

with each friend or group. Indeed, she re-

garded herself as a multiple personality, and
although no psychological extreme existed,

her appraisal was probably correct. Too many
antithetical facets of behavior were revealed

to think otherwise. One would assume, for

example, that her exuberant, articulate facade

left no room for self-doubt; yet in reality she

was intensely insecure, like Queen Elizabeth

I, strongly dependent upon continual reassur-

ance of the merit and excellence of her accom-

plishments. Lacking sufficient encourage-

ment in one endeavor, she would seek an-

other outlet for her energies that might be

more rewarding of praise. To a considerable

degree her peripatetic career and catholic in-

terests were due to unfulfilled expectations of

unceasing enlivenment. Yet she was always a

commanding presence and exemplified the

liberated woman when models were rare in-

deed.

But her claim to fame in herpetology and,

more importantly, in general scientific en-

deavors came from her captivation with the

intricacies and potentials ofcomputer applica-

tions to fixed-field data manipulation and

graphics. Her interest in that field began over

25 \ears ago, as computers were coming into

being as a research tool in universities. She
took related courses at the University of Illi-

nois and helped with application of computer
methods in cataloging materials as head cata-

loger in the library of the National Center for

Atmospheric Research in Boulder, Colorado,

in 1966. That work built upon the master's

degree in library science she had obtained at

the University of Illinois in 1963 and upon her

work from 1963 to 1965 as bibliographer. Ac-

quisitions Sections, Slavic Department, Uni-

versity of Illinois Library, Urbana. Several

more months of experience in library automa-

tion were obtained in 1967 as acquisitions li-

brarian in the Clendening Medical Library at

the University of Kansas Medical Center in

Kansas City.

Moving permanently to Boulder in 1968,

she turned her creative originality to comput-

erization of the enormous (}uantity of data

accumulated over a period of nearly 30 years

by her husband on the literature pertinent to

Mexican herpetology. It was not an easy un-

dertaking because most programmers con-

sulted at that time were "number-crunchers"

who had little experience or patience with the

simplified (fixed-field) method of data re-

trieval and manipulation that she wanted. At-

tempts while at the University of Illinois got

nowhere, but shortly after arriving at the Uni-

versity of Colorado she successfully ferreted

out a brilliant programmer who could see her

goal and, while grumbling some at first, pro-

vided her with the necessary techniques and

programs. He eventually was enthusiastically

converted to her philosophy and aims, for

they were achieved with great success. She,
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Fisi. 2, An inspired representation adopted h\ Rozella Smith as her senii-lieraldie s\mbol. portra\ ing the exasperat-

ingl\ Sisxphean strugsile she (the snake^ enconntered in attempting to get an\ thing ont of some of her more important,

seeming!) smugh rehictant associates (the tnrtle). (Conrtes\ of the artist. Giiry Larson, and the copyright owner, Frank

Slavens.)

likewise, felt vindicated and took tulK jnsti-

fied pride in having done it "my way, making
Frank Sinatra s song b\' the same title her

theme.

The skills she then developed in a wide
\ariet\ of data manipnlations were responsi-

hle for the plethora of indices and anal\ ses in

\olnmes one and two. both of which she

typed, of the series she started, entitled

"Synopsis of the Herpetofanna of Mexico.

The same sort of data manipulation was in-

\ oK ed in xolumes three and four of that se-

ries, although both of those \olumes were
produced from computer output. N'olumes

fi\e and six were produced with the help of a

word processor. No other herpetological

works ha\e been so thoroughK anal> zed

and indexed as the xolumes she prepared of

the Mexican s\ nopsis. The last xolume, num-
ber six. contained probabK her crowning
achie\ement; numerous distribution maps
prepared completeK b\ computer. No othei"

major work in herpetologN has exploited thi-

potential of computer-drawn, spot-distribu-

tion maps.

Throughout this time Rozella expanded her

capabilities tremendousK , supported contin-

uousK from 1971 to 1985 b>' grants from the

National Librar\ of Medicine and \arious di-

\isions of the National Science Foundation.

Numerous impublished projects she com-
pleted demonstrated her \ersatilit\ in data

retriex al in English literature as well as biol-

og\ . buleed, her output capacit\ far exceeded

assimilabilit) . Se\eral anaKses of data on the

herpetotaunal literature of Mexico were pre-

pared but ne\ er published, and in her spare

time she produced a complete concordance of

all of the Sherlock Holmes corpus, plus se\-

eral other concordances, none e\ er published

undiM" her name.
hi the field of computerized data retrieval

and graphics, she was an innoxator consider-

abl\ ahead of her time, initiating applications

that established precedents yet to be ap-

proached b\ others. Him- basic contribution
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was to make accessible to innocent, inexperi-

enced t\ ros some ot the benefits ot computer

usage other\\ise limited to experts.

She was clearK a workaholic. Approxi-

mateh one million IBM cards were punched.

35 programs for recording and retriex ing data

were de\eloped. and numerous others uti-

lized. Much oi her work that was ne\"er pub-

lished should ha\ e been, including not onl\

computer techniques and results ot their ap-

plication, but also highly original research pa-

pers written tor graduate literature courses at

the Uni\ersity of Illinois. Had she been
blessed with better health in her final \ ears

she would no doubt ha\e continued in her

inno\ati\e ways and published more exam-

ples ot her creati\it\".

As it was. she had unknowingh" possessed

an aneur\"sm on the lett middle cerebral

artery most of her lile. It began leaking peri-

odically in 1977, causing small strokes, from

each of which she soon recovered. A CAT-
scan taken in 1977 did not re\eal the aneu-

r\"sm. unfortunateb'. which continued occa-

sionally to release blood through the brain

tissue into the ventricles, partialK occluding

the aqueduct and producing a chronic condi-

tion ot hydrocephalus. From that point on her

health slowK but steadib deteriorated as the

hydrocephalus became more pronounced
and. in late summer of 1987, acute. Two oper-

ations. 30 September and 7 \o\ ember, were
followed b\ successtul reco\er\ until 11 De-
cember, when the first e\idence, in the form

ofa nearh- fatal pulmonar\ embolus, appeared

of disseminated intraxascular coagulation, a

fatal complication of unknown origin. Al-

though its eSects were temporariK stemmed.
on 14 December the condition became totalh

systemic and death follow ed the next da\

.

Bom IS May 1911 in Wichita, Kansas, to

Charles Gillman Blood and Sarah Dorothx

r'Dollie ' Sherman i Shearman' Blood, half

English and half Irish (the Kansas Blood fam-

ily is famed in Irish circles'. Rozella was the

only child in her family. Little is knowni of the

Blood side of the family, although one ances-

tor is known to have captained a river boat on
the Mississippi. The Sherman side, however,
included five sisters and one brother, who
settled in various parts of Kansas and Colo-

rado. Rozella s parents tra\eled wideb in

western United States during ^^'orld War I.

with sta\ s in California, Oregon, Washington.

Idaho. Utah, and Colorado, imprinting an

aftinit) lor the West that persisted throughout

their daughter s life.

She graduated from ^^ ichita High School in

1929. fi-om the University of Wichita (Bache-

lor of Arts ^ in 1932 and (Master of Science.

entomolog\ * 1933, and fiom the Universit> of

Illinois 1 Master of Science, library" science) in

1963. In addition, she attended the Univer-

sit\ of Kansiis Medical School as a graduate

student and assistant instructor in anatomy,

neurolog}". and histolog) . sen ing also as staff

artist, from 1933 to 1937. At the Universit>- of

Illinois she was an unattached graduate stu-

dent from 1953 to 1961. Numerous unrelated

courses were audited or enrolled in through-

out much of her postgraduate life. German
was her fa\orite foreign language, in which

she took enough courses for a degree; other

languages studied, some intensi\ely. were

French. Spanish. Latin. Gothic. Arabic. Pol-

ish, and Czechoslovaldan. She was awarded a

teaching certificate in Kansas (teaching sci-

ence and mathematics in Altoona High

School. 1937-1938) and in Illinois (teaching

ancient histon" in Uni\ersit>" Higli School.

Urbana. 1965-1966). In conjunction with the

latter she ser\ ed also as a research associate,

editing se\ eral experimental teachins; manu-
als.

Thus, upon lea\ ing ^^ ichita for the L*ni\ er-

sity of Kansas in 1933. she moved to Altoona in

1937-1938; returned to ^^'ichita to teach in

the Department of Zoology- in the summer of

1938; married Hobart M. Smith in Chicago.

Illinois Karl P. Schmidt and Howard K.

Glo\d witnesses in a private ceremon\ >. Au-

gust 26, 1938; collected amphibians and rep-

tiles throughout much of Mexico (Over 20.000

specimens' under a \\ alter Rathbone Bacon

Scholarship 193S-1940 awarded to her hus-

band by the U.S. National Museum ot Natural

Histor> ; spent a year (1940—41) in Washing-

ton. D.C. . while the collections ofthe preced-

ing t\vo \ears were being studied; li\ed in

Rochester. New York. 1941—1945. while her

husband wiis employed at the University" of

Rochester; in LawTcnce, Kansas, for one

semester. 1945; in Bn an. Texas, for one year

1946. incidental to her husbands stint at

Texas A 6: M University; in L'rbana and St.

Joseph. Illinois, in connection with the Uni-

versitv of Illinois. 1947-1968; and in Boulder.
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Colorado, 1968-1987, with the University of

Colorado.

At the University of Colorado her serviees

ineluded guidance to undergraduates, gradu-

ates, and faculty members in her own and

other departments, and to affiliates of the

Center for Computer Research in the Hu-
manities, in techni(}ues of her special forte of

fixed-field data processing and retrieval, and

of correlation indexing.

In August 1982 she received an honorary

Doctor of Science degree from the University

of Colorado in recognition of her seemingly

infinite talents and creativity. The "Inventory

of Live Reptiles and Amphibians in Captivity

Current January 1, 1983," published in Jul\

1983, was dedicated to her by the author,

Frank Slavens. A month later the Society for

the Study of Amphibians and Reptiles dedi-

cated to her and her husband a symposium on

Mexican biogeography held during a joint

meeting with the Herpetologists League. A
forthcoming book on middle American her-

petology by Drs. Jaime Villa R., Larry David
Wilson, and Jerry D. Johnson is likewise so

dedicated.

The memory of Rozella Smith will be per-

petuated in the minds of the hundreds who
knew or were influenced by her, including

her small family: husband, Hobart M. Smith,

Boulder, Colorado; son, Bruce Dyfrig (born

1943 in Rochester, New York), living with his

family in Lakewood, Colorado; daughter-in-

law, Dorothy Lee Tanner Smith; granddaugh-

ters Rebecca Rozella June and Llizabeth

McKenzie Smith; daughter, Sally Frances

Nadvornik (born 1946 in Br\an, Texas) living

with her family in Lawrence, Kansas; son-in-

law, Ronald Joe Nadvornik; and grandsons

Patrick Joseph, Charles Ronald, and Gregory
Lee Nadvornik. Also in her memory the

Rozella Smith Research Fund has been estab-

lished in her department (Environmental,

Population and Organismic Biology) at the

University of Colorado, supporting graduate

student research of all types—a most lilting

memorial to this most v(Msatile scholar the

department and herpetology have ever

known. A personal memorial in her name has

also been established at Boulder McMuorial

Hospital, where she spent the last ten weeks
of her life among doctors, nurses, and techni-

cians who became truly treasured friends and
shared with her and her famiK the most

poignant memories of her life.

At least four nominal species-group taxa

bear the name rozeUae in perpetuity:

ThatnnopJiis rozcllac Smith, 1940 ( T. mar-

cianiis praeocularis [Bocourt, 1892]); Ce-

Icstiis rozcllae Smith, 1942; Hijla rozeUae

Taylor, 1942 (= Ptijchohijla c. euthysanota

[Kellogg, 1923]); and Tantillita lintoni rozel-

lae Perez-Higareda, 1985.

Formal Writings

Publications usually constitute the primary

achiexements of scholars. Although Rozella

Smiths publications are c()llecti\ely an im-

pressive monument, they are a mere shadow
of her enormously diverse productivities.

That they are still of major significance is re-

markable in itself Yet she was quite cynical

about the significance of publications per se,

inasmuch as she pointed out that data re-

trieval methods could produce quantities of

articles on varied facets of a limited subject,

without contributing much. She was well

aware that quantity has nothing to do with

quality in publication and scorned those who
sought (juantit) . In her disdain of (juantity she

unfortunately was not ade(iuatel\" motixated

to make available numerous high-(jualit\ writ-

ings of her own.

A. Published

1. 1935. The anat()in\ oi Piirotu inclahhna (Chew). J.

N.Y. Ent. Sue. 43; 1-17, pis. 1-3. Rozella Blood.

2. 1937. (.'\h.stract) Defective development of the cere-

helUmi in the dog. Proc. Ainer. Phvsiol. Soc. 49:18.

Rozella Blood.

3. 1937. (Ah.stract) ('liionie etlects of iiearK total abla-

tion of the cerehelhiin. Proc. Aniei". Physiol. Soe. 49:

154. O. O. Stoland, Richard Greer, and Rozella

Blood.

4. 1941. (,'ollectinti McxicaTi ampliiliiaiis and reptiles.

Expl. Field Work Snnthsonian Inst. 1940; 35-38,

Figs. ,38-41. Dr. and Mrs. ilohart M. Smith.

5. 1947. Herpetologists lioiidav. Fanna9(l): 18-22, ill.

Rozella B. Smith.

6. 1947. Tropical niounlain. Faima 9(2); .53-57, ill.

Rozella B. Smith.

7. 1959. A trit)nte to .Margaret Scott. African N'iolet

Leaves 5(2): 4-6, 1 fig. Rozella B. Smith.

8. 1965. First herpetological conference of the

I'.S.S.R. BioScience 15; 801-802 (reprinted 1966,

Bull. Philadelphia Herpetological Soc. 14[1]; 1-3).

Rozella ii. Smith, Tom Lewis, and Ilohart M. Smith.

9. 1967. Titles and selecti'd abstracts of papers pre-

sented at the First Herpi'tological (Conference of the

U.S.S.H. Merp. Rev. (1); ,3-8. Rozella B. Smith, Tom
Lewis, and Ilohart M. Smith.
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10. 1969. The hi.story of the lierpetologieal .seetion of the

Senckenberg Natural Hi.storv Miiseuni aiul Research

Institute in Frankfurt a. M. (including a list of types

in the Museum). Bull. Maryland Herp. Soc. 5(1):

1-48, Figs. 1-12. Robert Mertens, RozellaB. Smith,

and Hobart M. Smith.

11. 1969. Early foundations of Mexican herpetology: an

annotated and indexed bibliography of the herpeto-

logical publications of Alfredo Duges, 1826-1910.

Urbana, Univ. Illinois Press, x, 85 pp., 3 figs. Hobart

M. Smith and Rozella B. Smitii.

12. 1970. Xolotl, twins and monsters. Bull. Philadelphia

Herp. Soc. 17: 2-3. F'ranees M. Kranz, Hobart M.
Smith, and Rozella B. Smith.

13. 1970. Polish contributions to the study of the axolotl.

Bull. Philadelphia Herp. Soc. 17:4-16, Fig, 1. Hen-
rykSzarski, H. M. Smith, and R. B. Smith.

14. 1970. A review of the literatiue on osteolog\' of the

axolotl. Bull. Philadelphia Herp. Soc. 17:
' 17-28,

Fig. 1. Rozella B. Smith and Hobart M. Smith.

15. 1970. Sources for axolotl myology. Bull. Philadelphia

Herp. Soc. 17: 29-35, Fig. 1. Rozella B. Smith and

Hobart M. Smith.

16. 1970. An analysis ol the literature on the viscera and

lymphatic system of the Mexican axolotl. Bull.

Philadelphia Herp. Soc. 17:36-46, Fig. 1. RozellaB.

Smith and Hobart M. Smith.

17. 1970. Literatiue on the blood vascular system of the

axolotl. Bull. Philadelphia Herp. Soc' 17: 47-52,

Fig. 1. Rozella B. Smith and Hobart M. Smith.

18. 1970. J. G. Wood and the Mexican a.xolotl. J. Soc.

Biblphy. Nat. Hist. 5:362-365. H. M. Smith! G. E.

Fawcett, J. D. Fawcett, and R. B. Smith.

19. 1971. Foundations of early modern Mexican her-

petology: an indexed bibliography of the herpetologi-

cal works of Walter Mosauer, 1905-1937. Trans.

Kansas Acad. Sci. 73:302-318, Figs. 1-2. Hobart M.
Smith and Rozella B. Smith

20. 1971. An analytical survey of the literature on the

endocrinology of the axolotl (Amphibia: Caudata).

Trans. Kansas Acad. Sci. 73:319-347, Fig. 1. Rozella

B. Smith, David O. Norris, and Hobart M. Smith.

21. 1971. Interpretive essay on the eleventii book of the

history of Sahagun. Bull. Philadelphia Herp. Soc. 18:

11-24, Figs. 1-11. Frances M. Kranz, Hobart M.
Smith, and Rozella B. Smith.

22. 1971. Amphibians and reptiles of the codices and
narrations of the ancient Mexicans. Bull. Philadel-

phia Herp. Soc. 18: 25-43, Figs. 1-18. F. M. Kranz,

H. M. Smith, and R. B. Smith.

23. 1971. Synopsis of the herpetofauna of Mexico. Vol. I.

Analysis of the literature on the Mexican axolotl.

Augusta, W. Va. , Eric Lundberg. .x.xviii, 245 pp., 6

figs. H. M. Smith and R. B. Smith.

24. 1972. The principles ofclistributional correlation and
distributional specificity. Biologist 54: 8-10. H. M.
Smith, R. B. Smith, and G. C. Bryce.

25. 1971. An analysis of Colorado Christmas coimts.

Amer. Birds 25: 945-947. Carl E. Bock and Rozella

B. Smith.

26. 1972. (Abstract) Cultural influences upon herpeto-

logical research. J. Colo. Wvo. Acad. Sci. 7: 73-74.

H. M. Smith and R. B. Smith.

27. 1973. Chresonymy ex synonymy. Syst. Zool. 21: 445.

H. M. Smith and R. B. Smith.

28. 1973. Nominal taxa of recent amphibians and rep-

tiles. I. Gymnophiona. Trans. Kansas Acad. Sci. 75:

52-99, Fig. 1. R. B. Smith and H. M. Smith.

29. 1973. Synopsis of the herpetofauna of Mexico. Vol.

II. Analysis of the literature exclusive of the Mexican
axolotl. Augusta, W. Va., Eric Lundberg. x.xxiii, 367

pp., 6 figs. H. M. Smith and R. B. Smith.

30. 1973. (Al)straet) Nominal taxa of recent amphibians

and reptiles: a pilot project on caecilians. J. Colo.

Wyo. Acad. Sci. 7: 45. R.B. Smith and H. M. Smith.

31. 1973. (Abstract) Perspectives of research as revealed

by analysis of the literature on Mexican herpetologv.

J. Colo. Wyo. Acad. Sci. 7:45. H. M. Smith and R.B.

Smith.

32. 1973. (Review) Revision der Geckonidengattung

Phehuma Gray, 1825. Copeia 1973(3): 631-633. Ho-
bart M. Smith and Rozella B. Smith.

33. 1974. (Abstract) The chresonymy of Mexican snakes

and crocodilians. J. Colo. Wyo. Acad. Sci. 7(5): 79.

Rozella B. Smith, Samuel S. Coleman, Hobart M.
Smith, and H. Lewis Sawin.

34. 1975. (Abstract) Resurrection of a noincn (hihiuiu for

an Asiatic skink, formerly thought to be American. J.

Colo. Wyo. Acad. Sci. 7(6): 46. Hobart M. Smith,

Rozella B. Smith, and Jean Guibe.

35. 1975. (Abstract) Resurrection of Callopsis Gray for

American turtles formerK' designated as Geocmijda

or Rhinoclemtjs. J. Colo. Wyo. Acad. Sci. 7(6): 47.

Hobart M. Smith, Rozella B. Smith, and H. Lewis

Sawin.

.36. 1975. The authorship and date of publication oi Siren

iiitcnucdia (Amphibia: Caudata). Great Basin Nat.

35(1): 100-102. Hobart M. Smith, Rozella B. Smith,

and H. Lewis Sawin.

37. 1975. The identity of Boeourt s Eimwces capita 1879.

Great Basin Nat. .35(1); 109-112, Figs. 1-4. Hobart

M. Smith, Rozella B. Smith, and Jean Guibe.

38. 1975. An analysis of the knowledge of the turtle fauna

of Mexico. Chelonia2(3): 3-8. Hobart M. Smith and

Rozella B. Smith.

•39. 1975. Submerged-subject photography for pre-

served material. Bull. Chicago Herp. Soc. 10(1-2):

10-13, Figs. 1-4. Hobart M. Smith and Rozella B.

Smith.

40. 1976. The generic name of the neotropical semiter-

restrial emydine turtles. Trans. Kansas Acad. Sci.

77(4): 211-217. Hobart M. Smith, RozellaB. Smith,

and H. Lewis Sawin.

41. 1976. Synopsis of the herpetofaima of Mexico. Vol.

III. Source analysis and index for Mexican reptiles.

North Bennington, Vt., John Johnson. 997 pp. Ho-
bart M. Smith and Rozella B. Smith.

42. 1976. (Abstract) The higher categories in snake classi-

fication. J. Colo. Wyo. Acad. Sci. 8(1): 74. Hobart M.
Smith, Rozella B. Smith, and H. Lewis Sawin.

43. 1976. The herpetological names of Herrera, 1899,

and their status. Trans. Kansas Acad. Sci. 78(1-2):

85-87. Hobart M. Smith and Rozella B. Smith.

44. 1976. Synopsis of the herpetofaima of Mexico. Vol.

IV. Source analysis and index for Mexican amphibi-

ans. North Bennington, Vt., John Johnson. 254 pp.

Hobart M. Smith and Rozella B. Smith.

45. 1976. Reejuest for suppression and validation of

names related to the Elapidae. (Reptilia: Serpentes).

Bull. Zool. Nomencl. 33(2): 73-84. Hobart M. Smith

and Rozella B. Smith.
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46. 1976. Another perspective on the Acl\ enture ot tlie

Mazarin Stone. Baker ,St. J. (n.s.) 26(4); 213-216.

David Chiszar, Rozella B. .Smith, and Lorna Simon- 64.

sen.

47. 1977. [Computer graphics design. ] Community Free

School Catalog of Courses 9(4): 31. Rozella B. Smith.

48. 1977. (Abstract) The two-legged amphisbaenid of the

upper Balsas River Basin, Guerrero, Mexico. J. 65.

Colo. Wyo. Acad. Sci. 9(1): 44-45. Hobart M. Smith

and Rozella B. Smith.

49. 1977. (Abstract) A biouumeric coding system for ex-

tant taxa. J. Colo. Wyo. Acad. Sci. 9: 46. Ronald D. 66.

Hochnadel, Hobart M. Smith, and Rozella B. Smith.

50. 1977. Synopsis of the herpetofaima of Mexico. Vol.

V. Guide to Mexican amphisliaenians and crocodil-

ians. Bibliographic addendum II. North Bennington,

Vt., John Johnson. 191 pp., ill. Hobart M. Smith and 67.

Rozella B. Smith.

51. 1977. A summary of snake classification. J. Herpet.

11(2): 115-121. H. M. Smith, Rozella B. Smith, and

H. Lewis Sawin. 68.

52. 1977. An overlooked synonym of the giant toad Bufci

iiiarinus (Linnaeus) (Amphibia, Anura, Bufonidae).

J. Herpet. 11(4): 423-425. H. M. Smith, Thomas 69.

Schneider, and Rozella B. Smith.

53. 1977. [Computer graphics designs.] Digit 12(5): 11,

Figs. 1-2. 70.

54. 1978. Biouumeric codes for amphibians and reptiles

of the world. I. Salamanders. Trans. Kansas Acad.

Sci. 81(1): 43-56. Arden H. Branie, Jr., Ronald 71.

Hochnadel, H, M. Smith, and Rozella B. Smith.

55. 1978. Rate of accretion of taxonomic nomenclatural

errors in the postlinnaean literature on Mexican am- 72.

phibians. J. Herpet. 12(3): 337-341. H. M. Smith,

David Chiszar, and Rozella B. Smith.

56. 1979. Coluber chiamctla Shaw, 1802 (Reptilia, Ser-

pentes): revived proposal for suppression imder the 73.

plenary powers. Bull. Zool. Nomencl. 35(3):

184-185. Hobart M. Smith and Rozella B. Smith.

57. 1979. Depicting the geographic range of \arious spe-

cies of flora and fauna using computer graphics. Digit 74.

(Univ. Colorado CJomputing C^enter) 14(3): 4-5,

Figs. 1-4. Rozella B. Smith and Hobart M. Smith.

58. 1979. (Abstract) Current resources for the study of 75.

turtles of Mexico. J. Colo. Wyo. Acad. Sci. 10(1): 45.

H. M. Smith and Rozella B. Smith.

59. 1979. (Abstract) The status of an overlooked work by

Rafines(iue (1822) on turtles of the United States. J. 76.

Colo. Wyo. Acad. Sci. 11(1): 83-84. H. M. Smith,

David Chiszar, and Rozella B. Smith.

60. 1980. Synopsis of the herpetofauna of Mexico. X'ol.

VI. Guide to Mexican tiutles, bibliographic adtlen- 77.

(hun III. North Bennington, \'t., John Johnson. x\iii.

1,044])])., 46 maps, 64 hgs. (1979). II. M, Smith and

Rozella B. Smith.

61. 1980. C^onuncut on ai)i)licalion lor sui)i)rcssi()n and

validation of elapid snake names. Bull. Zool. 78.

Nomencl. 36(4); 199-200. H. M. Smith and Rozella

B. Smith.

62. 1980. Ilerreras formidae are Tiot names. Pro])()sc(l 79.

Direction suj)i)lementary to Direction .32. Bull. Zool.

Nomencl. .36(4): 246-248. Hobart M. Smith and

Rozella B. Sinith.

63. 1980. Rahnes(iue, 1822, "On the turtles ol the Unitetl

States' (Re])tilia, Testudines): i)roi)osed sui)i)ression 80.

by use of the i)lenary powers. Bull. Zool. Nomencl.

.37(1): .53-.56. Hobart M. Smith, David Chiszar, and

Rozella B. Smith.

1980. Sternothcrus Gray, 1825, correct spelling; and

Pclttsios Wagler, 1830, proposed conservation (Rep-

tilia, Testudines). Bull. Zool. Nomencl. 37(2);

124-128. Hobart M. Smith, Rozella B. Smith, and

David Chiszar.

1981. Geoennjda Gray, 1834, and Rhinoclemmijs

Fitzinger, 1835 (Reptilia, Testudines); proposed con-

servation. Bull. Zool. Nomencl. .37(4): 233-2.39. Ho-
bart M. Smith, Carl H. Ernst, and Rozella B. Smith.

1981. Tcstudo scripta Schoepff, 1792: Eimjs cataspila

CJiinther, 1885; Projiosed conservation (Re{)tilia,

Testudines). Bull. Zool. Nomencl. 37(4): 240-246.

John M. Legler, Hobart M. Smith, and Rozella B.

Smith.

1981. Another epiplntic alligator lizard {Abronia)

from Mexico. Bull. Maryland Herpet. Soc. 17(2);

51-60, Figs, 1-3. Hobart M. Smith and Rozella B.

Smith.

1982. (Review) Axolotls. Peter W. Scott. Bull.

Philadelphia Herp. Soc. 28:24-27. Hobart M. Smith

and Rozella B. Smith.

1982. Support for the i)ro])osed conser\ation of Tei-

idae Gray, 1827. Bull. Zool. Nomencl. 39(3);

157-178. Hobart M. Smith and Rozella B. Smith.

1982. Nero Wolfe: herpetologist. Gazette (J. of the

Wolfe Pack) 1(3); 1-7, Fig. 1. Hobart M. Smith and

Rozella B. Smith.

1982. [Letter to the Editor.] Kansan (juestions.

Gazette (J. of the Wolfe Pack) 1(3); 69. Rozella B.

Smith.

1982. Fifty years of herj)etology: iiuhlications of Ho-

bart M. Smith. North Bennington, \T., John John-

son. \, 78 i)p., frontis. Da\id Chiszar and Rozella B.

Smith.

1983. (.Abstract) National resi)onsil)ilit\ for matura-

tion of Mexican herjietology. .\l)str. SS.\R-IIL Mtg.,

Salt Lake City, Utah: 91. Hobart M. Snuth and

Rozella B. Smith.

Comj^arison of regional taxonomic densities, liull.

Philadelphia Herp. Soc. 29: 9-13, Fig. 1. Hobart M.

Smith, Da\ id C>hiszar, and Rozella B. Smith.

1983. The history of the concept of viviparity in the

alligator lizard genus Barisia. Herj). Re\'. 14(2):

.34-.35. Hobart M. Smith, Michael J. Preston, and

Rozella B. Smith.

1984. The si)i'cific name ol the ground skink of North

America. Bull. Maryland Herp. Soc. 19(4); 100-104.

Hobart M. Smith, Michael J. Preston, and Rozella B.

Smith.

1981. The heipetological works oi Jacob Klein, with

em])hasis on their i)ertinence to Mexican herpetol-

.)gy. Bull. Maryland Herp. Soc. 20(4): 174-189, Figs.

1-2. John Johnson, Malvin L. Skaroll. Ilob;nt M.

Smith, and Rozella B. Smith.

1984. The luMpetologN of Herman Melvilles Moby
Dick. Bull. lMnladcli)iua Herp. Soc. 30; 9-14. Ho-

bart M. Smith and Rozella B. Smith.

1984. Cliclydra osccola Stejneger, 1918 (Reptilia,

Testudines): i)r()i)osed c()nser\ation by use of the

l)lenar\ ])owers. Bull. Zool. Nomencl. 40(4): 225-

227. Hobart M Snuth. Ro/ella B. Smith, and David

(]hiszar.

1985. A brief ri'\ iew of the career and writings of

T. Paul Maslin, 1909-1984. Bull. Maryland Herp.
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Soc. 21(1): 45-56, Fig. 1. Hohmt M. Smith and

Rozella B. Smith.

81. 1985. A new species oiTantilla from Veracruz, Mex-

ico. J. Herp. 19(2); 290-292, Figs. 1-2. Gonzalo

Perez-Higareda, Hohart M. Smith, and Rozella B.

Smith.

82. 1986. The growth of primate field studies. Pages

73-91, Figs. 1-10, iiiG. Mitchell and J. Ei-win, eds..

Comparative primate biology. Vol. 2A. Behavior,

conservation and ecology. New York, Alan R. Liss.

Charles H. Sonthwick and Rozella B. Smith.

83. 1987. Concording tiutle names: an illustration of

computer-assisted analysis of scientific names. Bull.

Philadelphia Herp. Soc. 31: 2-19. Michael J. Pres-

ton, Rozella B. Smith, and Hobart M. Smidi.

B. Unpublished

(All in multiple copy form, available from

the sponsoring organization.)

1. 1965. An annotated bibliography for students. Geog-

raphy. Soc. Sci. Curr. Study Center, Univ. High

School, Urbana, 111. 5 pp.

2. 1965. Annotations. Soc. Sci. Curr. Study Center,

Univ. High School, Urbana, 111. 5 pp.

3. 1965. A brief survey of the history of Russian icons.

Soc. Sci. Curr. Study Center, Univ. High School,

Urbana, 111. 5 pp.

4. 1965. A brief list of journal articles on Peru and the

Incas. Soc. Sci. Curr. Study Center, Univ. High

School, Urbana, 111. 5 pp.

5. 1965. A selected list of books in the University of

Illinois Library on Peru and the Incas. Soc. Sci. Curr.

Study Center, Univ. High School, Urbana, 111. 5 pp.

6. 1965. Greece. Emergence. Soc. Sci. Curr. Study

Center, Univ. High School, Urbana, 111. 8 pp.

7. 1965. The history of Greece. Soc. Sci. Curr. Study

Center, Univ. High School, Urbana, 111. 127 pp.

8. 1965. Organization of the materials presently being

collected for the Social Sciences Curricuhun Study

Center, Univ. High School, University' of Illinois.

Soc. Sci. Curr. Studv Center, Univ. High School,

Urbana, 111. 11pp.
9. 1965. Selected events leading to the rise of Moscow.

Soc. Sci. Curr. Study Center, Univ. High School,

Urbana, 111. 15 pp.

10. 1966. A sorting program for processing bibliographic

data. NCAR unpubl. mss. (225): 1-4.

11. 1966. Analysis of Dewey, LC and UDC numbers in a

sample of 500 books in the NCAR Library. NCAR
unpubl. mss. (227); 1-2.

12. 1966. A graphic representation of the content of the

NCAR Library book collection. NCAR unpubl. mss.

(231); 1, graph.

13. 1966. A flowchart of procedures in relabeling the

books in the NCAR Library. NCAR unpubl. mss.

(232): 1-5.

C. In Preparation

(Several manuscripts on the Sherlock

Holmes corpus are to be completed under

joint authorship with David Chiszar but are

not now sufficiently near finalization to list

titles.)

1. Stimulus representations and imagery processes in

animals. David Chiszar and Rozella B. Smith.
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NOMENCLATURAL CHANGES AND NEW SPECIES OF
SCOLYTIDAE (COLEOPTERA), PART II

Stt'pln'ii L. Wood'

Abstract—The following new synonynn is proposed: Halystus Schedl ( Phloco^raphus Wood), Hylcsiiiopsis

Ej^f^ers (= Aridiamerus Schedl), HaUjstits naitiihiac Schedl ( Phloco^raphtis mamihiac Wood), Ips stehhinfii

Strohineyer (^ Tomicus hlandjordi Stehhing), Ol()nth(>fi,a.stcr {Hijliirpts) concinnulus (Walker) (= Olonthofi.(ister

nitidifrons Motschulsk\ ), Ol(>itthoti.(ist('r nitidicollis Motschulsky (
- Hijh'd'ms asper Sampson), Pohj^rapJms lon^ifolia

Stel)l)inp; ( Polti^raphus himdlaycnsis StebhiiiR), Pscudochramcsu.s harrin^tani Blackman ( Pscudochramcstis

multiseriatus Schedl), Psctidodiamcrus ohscunts Eggers (^ Phlocoditica ohscura Schedl, 1962, and Phlocoditica

olyscura Schedl, 1963), Xylcchiuosomtis I)r(isilk'nsis (Schedl) (= Xyh'chinosomits araucariae Schedl), Xylcchimis

iPsctiduchramesus) imperialis (Schedl), new combination (- Xylechintis ccdvus Schedl). The following species are

named as new to science: Aplianai'tJirum indicum (India), Apluinarthnim rcticidcittiin (India), Aphcin(n-thnim

royah'duinn (India), Bothinodroctonus indicus (India), Bothinodroctoims setosu.s (Andaman Islands), Carphoborus

hiuttis (India), IJpaiiliruni artocarpus (India), Liparthrum tiniancsis (Tinian Island), Poly^ruphus (ino^cissi (India and

Burma), Poly^raphus difficilis (India and Pakistan), Poly<i,raplius qticrci (Burma).

On the following pages are presented 2

cases ofnew generic synonymy, 9 cases of new
specific synonymy, 1 new combination, and

11 species new to science. Tliese items are

necessary nomenclatnral liouselvceping dis-

covered during tlie preparation ofa new world

catalog of Scolytidae and are published here to

facilitate citation for the catalog. The new syn-

onymy affects species from Africa, southeast-

ern Asia, and South America. The species new
to science represent the genera Apha-
narthrum (3), Bothinodroctonus (2), Car-

phoborus (1), Liparthrum (2), and Poh/<i,ra-

plius (3). They are from the following

countries or areas: India (8), Btunia (2), Pak-

istan (1), Tinian Island (1), Andaman Islands

(1).

Nfav Synonymy

Hahjstus Schedl

Ihdystus Schedl, 19S2, Ann. Transv. Mus. .33(15):2S:5

(Type-species: lldlyslus lumiihidc Schedl, mono-

basic)

Phhwo'^mphus Wood, 1984, Creat Basin Nat. 44(2):229

( r\pe-species: Pliloco^rapluifi mainihiac Wood
Hcdystus ii(nid>i(i(' Scliedl. original designation.

New synonymy of}i,cnns and species

Schedl had the habit ol placing manuscript

names on imdescribed species in his collec-

tion and then describing them at a subsequent

date. On several occasions such names ap-

peared repeatedly in the literature but were
never validated. When the holotype of

Halystus namihiac Schedl was found in his

collections in 1981, two years after his death,

it was assumed that this was another nomen
nudum. When no record of its publication had

been found by 1984, either by myselfor by the

Wien Museum staff, it was decided to publish

the genus and species in order to make it

available for my generic study (Wood 1986).

The validation of Schedls name was foimd

within days after the generic study was

printed. Both Hahjstus namihiac Schedl and

PJih)co<i,rap1ius mamihiac Wood were based

on the same female specimen in the Schedl

Collection at the Wien Museum; conse-

(juently, they are objective synonyms of one

another.

Hylcsiiio))sis Eggers

//(//r.sf/io/j.si.v Kggers, 1920, Knt. Blatt. 16(l-3):4() (Type-

species: Hylcsino)>sis duhins Eggers, monobasic)

.\ri(/(r/»icn<,v Schedl, 19S2, Ann. Transv. Mus. 33(I5):284

(T\pe-species: Aridiiinicnis anfiolcnsis Schedl,

monobasic). Nctr synonymy

The holotxpe of Arichatiicrtrs an<i,okmsis

Schedl was examined and found to rejjresent a

species ol //(//< .s/ho/j.s/.v. For this reason.

'l.ircSocTKc Ml .iiicl l)i|wrhii(ntc)l/.(Hil(ii;\, lii luli.iin V.Miim I iiiv.-rsilv, Piovo. It.ili S-I(S(I2

188
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Schecll s genus is placed in synonymy as indi-

cated above.

Ips stchhingi Strohmeyer

Ips stebhin'^i Strohnicyer, 1908, Ent. Rinulschau 25;69

(Syntypes, male; Kiihi, Himalaya occidentalis, Cc-

clrtis deodara- StiDhmcyer Collection)

Tomiciis hlandfordi Stehbins, 1909, Indian For. Mem.
1(2):27 (Syntypes, 3, female; Shinshar Chilgaza

forests. North Zhob, Baluchistan, Pakistan; Forest

Research Institute, DehraDun). New sijnonymt)

At the Forest Research Institute, Dehra
Dun, I found three female syntypes of Tomi-

ciis hlandfordi Stebbing and one syntype of

Ips stebbingi Strohmeyer. The comparison of

these specimens to one another and to a long

series of this species clearly indicates that only

one species is represented. For this reason,

Stebbing s name must be placed in synonymy
as indicated above.

This species should not be confused with

Ips longifolia Stebbing, which is (juite dis-

tinct.

Olonthogaster concinmdus (Walker)

Htjlur^tts concinntdus Walker, 1859, Ann. Mat^. Nat.

Hist. (3)3:261 (Holotype, male; Ceylon; British

Museum, Natural History)

Olonthogaster nitidifrons Motschulsky, 1866, Bull. Soc.

Imp. Nat. Moscow 39:402 (Holotype, male; Cey-

lon; Institute of Zoology, Academy of Science,

Moscow). New synonymtj

The male holotypes of Hyhirgus concin-

nulus Walker and Olonthogaster nitidifrons

Motschulsky were examined and compared to

a series I collected in Ceylon. There is no

doubt whatever that these specimens all rep-

resent the same species that is common in

Myristica dactijloides. The Motschulsky

name is here placed in synonymy as indicated

above.

Olonthogaster nitidicollis Motschulsky

Olonthogaster nitidicollis Motschulsky, 1866, Bull. Soc.

Imp. Nat. Moscow 39:401 (Holotype, male; Cey-
lon; Institute of Zoology, Academy of Science,

Moscow)
Hyledius asper Sampson, 1921, Ann. Mag. Nat. Hist. (9)

7:3.5 (Holotype, male; Luang Prebang, Houei Ko;

British Museum, Natiual History). New syn-

onymy

The male holotypes oiOlonthogaster nitidi-

collis Motschulsky and Hyledius asper were
examined and compared to several examples

from southeastern Asia, New Guinea, and

Ceylon. Although minor variation is present,

all are considered to represent the same spe-

cies. For this reason, Sampson's species is

here placed in synonymy as indicated above.

PolygrapJuis longifolia Stebbing

Polygrai)hus longijolia Stebbing, 1902, Departmental

notes on insects that afiect forestry, Supt. Doc,
Gov. Printing, Calcutta, p. 2.55 (Holotype, female;

labeled as Tons Valley, Tehri Carhwal, U.P., In-

dia, published as NVV Himalayas, Beshahr. St.;

Taklesh; Gaunsar Div. ; Tehri-Garhwal; Forest Re-

search Institute, Dehra Dun)
Polygraphus himalayensis Stebbing, 1908, Indian For.

Mem. 1(1):8 (Holotype, male; labeled as Ringali,

Chakrata, U.P., India, published as North-

western Himalayan Forests; Forest Research In-

stitute, DehraDun). Neiv synonymy

The female holotype of Poh/graphus longi-

folia Stebbing, the male holotype of P. hi-

malayensis Stebbing, and more than 300

other examples of this species were examined

at the Forest Research Institute. From this

material it is evident that the two holotypes

represent the two sexes of this common spe-

cies.

Pscudochranu'sus harringtoni Blackman

Psendochramesus harringtoni Blackman, 1939, Rev. de

Ent. 10(1):93 (Holotype, male; Aguio, Bolivia;

U.S. National Museum)
Psendochramesus multiseriatus Schedl, 1978, Entomol.

Abh. Mus. Tierk. Dresden 41(8):296 (Holotype,

female; Argentinicn, Tablillas Salta; Schedl Col-

lection in Wien Museum). New synonymy

The type series, including the male holo-

type, oi Psendochramesus harringtoni Black-

man were compared to my series of this spe-

cies and were found to be identical. These

specimens were then compared to the iemale

holotype of Psendochramesus multiseriatus

Schedl. Because only one species is repre-

sented by these specimens, Schedl's name is

here placed in synonymy as indicated above.

Pseudodiamerus obscurus Eggers

Pseudodian)ernsol>seurns Eggers, 1943, Entomologische

Blatt. .39:72 (Syntypes, sex?; Mozambique [La

Pery; Chimoio]; Paris Museum and 2 in Eggers

Collection, Eggers' 2 syntypes on loan to Schedl)

Phloeoditica obscura Schedh 1962, Verhandl. Naturf,

Ges. Basel 73(1):189 (Holotype, sex?; Basutoland;

Schedl Collection, preoccupied). New synonymy

Phloeoditica obscura Schedl, 1963, Entom. Abh. Ber.

Mus. Tierk. Dresden 28(6):261 (Holotype, sex?;
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Basutoland; Schfdl (collection, preoccupied).

New synonymy

For reasons not at all apparent, Schedl

(1962:189) described a preoccupied genus,

Phloeoditica, and then assigned the species

obscura to it. A year later Schedl (1963:261)

again named the same specimens Phloeoditica

obscura. These were placed in his collection

immediately behind the two Eggers cotypes

with the note that they were the same. The
genus Phloeoditica of Eggers, from southeast-

ern Asia, is entirely unrelated. Both of

Schedls names must be transferred to

Pseudodiamerus and must receive a mascu-

line spelling. This makes them both junior

homonyms as well as junior synonyms of the

Eggers species as indicated above.

Xylechinosomus brasiliensis (Schedl)

Pseiulohylcsiniis hrasilicnsis Schedl, 1951, Dusenia 2:95

(Syntypes, sex?; Brasilien, Santa Catarina, Nova
Teiitonia; Schedl and Plauniann collections)

Xylcchinosomtisaraucariae Schedl, 1963, Reichenhachia

1:210 (Holotype, male; Brasilien: Santa C>"atarina,

NovaTeutonia). New synonymy

The Schedl syntypes of Pseudohijlesinus

brasiliensis Schedl were compared directK' to

the male holotype Xrjlechinosomus araucar-

iae Schedl and were found to represent only

one species. The junior name is here placed in

synonymy as indicated above.

Xylechinus imperialis (Schedl), n. comb.

Pscuilochrtinu-sus impciialisScht'iW, 1958, ActaZool. Lil-

loana 16:39 (Lectotype, male; Argentinien:

Buenos Aires; Tigre; Wien Museum, di-signated

by Wood 1986:268)

X[//ec/itnu.vc«/ti/.s Schedl, 1978, ActaZool. Lilloana 3.3:60

(Holotype, male; publication not seen; Schctll

(Collection in Wien Museum). New synonymy

The Schedl syntypes of Psetidochrainesus

imperialis Schedl were examined and found to

represent the gemis Xyleehiuus. 'l1u'\ were
compared directly to the male holotNjie ol

Xylechinus calvus Schedl and fovmd to be
identical. It is, therefore, necessary to trans-

fer imperialis to Xylechinus and to place

calvus in synonymy under the senior name as

indicated above.

NewTaxa

Aphanarthruin indicant, n. sp.

The three species oi Aphanarthruni named

here are the iirst species ol this genus known
from this far east in Asia. The species indicum

is distinguished from the other two by the

impressed elytral declivity, by the larger,

deeper strial and interstrial punctures, and by
the more strongly, broadly elevated costa on
the anterior margin of the pronotum.

Male —Length 2.0 mm (paratypes 1.5-2.

1

mm), 2.4 times as long as wide; color light

brown with variable, yellowish brown mark-

ings on elytra, vestiture pale.

Frons transversely convex, longitudinally

almost flat from epistoma to upper level of

eyes; surface apparently smooth, shining, and
closely, rather coarsely punctured; \estiture

ol tine, rather short, inconspicuous hair.

Pronotiun 1.2 times as long as wide; widest

behind middle, sides rather weakly arcuate on
posterior half, strongly converging to nar-

rowly rounded anterior margin; median part

oi anterior margin acuteK' costate; summit in-

definite, behind middle; siuface on posterior

four-fifths smooth, shining, uniformly very

closely, rather coarseK punctured, inter-

spaces ec^ual to less than diameter of a punc-

ture, anterior fifth reticulate and with punc-

tures replaced b\' xery small granules;

vestiture of fine, short, abimdant hair.

Elytra 1.3 times as long as wide, 1.2 times

as long as pronotiun; sides almost straight and
parallel on more than basal half, very broadly

rounded behind; striae not impressed, punc-

tures distinct, rather small, not deep, in defi-

nite rows; interstriae smooth, shining, punc-

tures in rows, only slightK smaller and spaced

similar to those of striae. Declivity steep, sub-

concaxeK impressed between interstriae 3;

sculptiue similar to tliat on disc. N'estiture of

rather abimdanc, moderatcK short, fine, strial

and interstrial luiir uniformK' distributed, ex-

cept reduced on lowt^r declix il\

.

FemalIv—Similar to male except costa on

anterior margin of pronotum reduced and

hugely replaced b\ a single, median serration;

impression on decli\ it\ greatK' reduced, \ery

weak.

rvi'L MAIERIAL.—'file mak' holotype,

female allot\pe, and 13 j)aral\pes were taken

at Chikalda, Melghat, C'.P., India, 9-

XI-1936, K.H.D. 106, B.C.H. 181, Cage 660,

ex bluphorbia sp., b\ N. C. (-hatterjee. The
hol()t\pe (ui^iiermost), allotype (lowermost),

and 1 p;n;it\pe (middle) are all mounted on

(lie same pin that is in the Forest Research
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Institute, Dehra Dun. The remaining 12

paratypes are in my collection. About 200 ad-

ditional specimens are at the FRI.

Aphanarthrum reticulatum, n. sp.

This species is distinguished horn roijal-

eanwn by the dull, pseudoreticulate pronotal

and elytral surfaces, by the smaller, contused

elytral punctures, and by the subangulate

anterior margin of the pronotum.

Male.—Length 1.7 mm (paratypes 1.6-1.9

mm), 2.4 times as long as wide; color pale

yellowish brown, darker brown spots at mid-

dle of pronotum, at humeral angles (2), at

middle of elytra (4), and on lower declivity (2),

vestiture pale.

Frons about as in nnjaleanum.

Pronotum as in royaleanum except antero-

median costa obsolete, replaced by one

median, strong serration; surface reticulate

throughout; color primarily yellowish brown
with a dark, transverse mark near middle.

Elytra similar to royaleanum except surface

uniformly reticulate, punctures confused, not

in rows.

Female.—Similar to male except anterior

margin of pronotum more narrowly produced
into a slightly larger median denticle.

Type material.—The male holotype, fe-

male allotype, and 4 paratypes are from Hun-
sur, Mysore, India, lO-VII-1930, ex Euphor-
bia sp., by C.F.C. Beeson; 3 paratypes are

labeled near Hunsur, Mysore, Madras, 28-

VII-1930, R.R.D. 149, B.C.R. 203, Cage
804, ex Euphorbia sp., C.F.C. Beeson; 3

paratypes are labeled 4,000', Mussoorie,

U.P., India, 7-IV-1934, ex Euphorbia
royaleana, G. D. Bhasin. The holotype (low-

ermost), allotype (middle), and 1 paratype

(uppermost) are all mounted on the same pin

that is in the Forest Research Institute, Dehra
Dun. The remaining 9 paratypes are in my
collection. About 70 additional specimens are

at the FRI.

Aplianartlirum royaleanum, n. sp.

The species is distinguished from retieula-

titm by the shining pVonotal and elytral sur-

faces, by the strial and interstrial rows of

punctures, and by the more broadly roimded
anterior margin of the pronotum.
Male —Length 1.7 mm (paratypes 1.5-1.7

mm), 2.4 times as long as wide; color light

brown except elytra pale yellowish brown

with darker markings on costal margin, de-

clivity, and near middle of disc, vestiture

pale.

Frons resembling indicum except surface

subreticulate, punctures small to obsolete,

vestiture inconspicuous

.

Pronotum 1.2 times as long as wide; as in

indicum except granules on anterior slope

larger, more numerous; punctures on poste-

rior halfvery small, each with a rounded gran-

ule on its lateral or posterior margin; reticu-

late in anterior and lateral areas.

Elytra 1.3 times as long as wide; as in in-

dicum except outline more narrowly rounded

behind, elytral punctures slightly smaller, in

more definite rows, declivity convex (without

any impression).

Female.—As in male except sexual differ-

ences on pronotum as in indicum.

Type materl^l.—The male holotype, fe-

male allotvpe, and 1 paratvpe are from

Chikalda, Malghat, C.P., India. 14-XI-1936,

R.R.D. 106, B.C.R. 181, Cage 660, ex Eu-

phorbia sp., by N. C. Chatterjee; 9 paratypes

are labeled Sulphur Spring, Dehra Dun,
U.P., India, 11-VIII- 1930 or 6-VIII- 1930,

R.R.D. 147, B.C.R. 202, Euphorbia

royaleana, B. M. Bhatia. The holotype (low-

ermost), allotype (middle), and 1 paratype

(uppermost) are all mounted on the same pin

in the Forest Research Institute, Dehra Dun.

The remaining 9 paratypes are in my collec-

tion. About 150 additional specimens are at

the FRI.

Bothinodroctonus indicus, n. sp.

This species is distinguished from bicinctus

Schedl by the much shorter frontal vestiture

on the female, by the absence of pronotal

granules, by the more distinctly punctured

striae, by the absence of granules on discal

interstriae, and by the much stronger declivi-

tal impression, elytral scales much less abun-

dant to obsolete, erect setae more slender.

Male.—Length 2. 1 mm (paratypes 1.8-2.4

mm), 2. 1 times as long as wide; color almost

black, vestiture pale.

Frons profoundly excavated and armed as

in bicinctus except almost glabrous.

Pronotum similar to bicinctus except sur-

face smooth, shining, closely, rather coarsely

punctured, granules reduced to about 4 to 6

near middle; vestiture very sparse, slender.

Elytra resembling bicinctus except strial



192 Great Basin Naturalist Vol. 48, No. 2

punctures distinctly impressed, punctures

small, shallow, close; interstriae about lour

times as wide as striae, smooth, shining,

punctures only slightly smaller than those ol

striae, confused. Declivitx moderately steep,

broadly impressed, almost flat between inter-

striae 3 (1 not elevated as in bicinctus); striae

not evident, punctures confused; interstriae 3

each armed by three or four small granules;

lateral margin from interstriae 7 to sutural

apex strongly, acutely elevated (explanate

somewhat as in Ips), crest armed by about five

obtuse tubercles (elevation much stronger

than in bicinctus). Ground vestiture obsolete;

interstriae on and near declivity each with a

sparse row of erect, rather stout setae.

Female—Similar to male except frons

moderately concave, vertex not modified,

surface apparently closely punctured, cov-

ered by a dense tuft of long, yellow hair, hair

much longer on lateral and upper margins;

pronotum with sparse, slender hair; elytral

declivity steeper, much less strongly im-

pressed, ventrolateral margin less strongly

elevated, sparse granules also on interstriae 1

and 2, vestiture in interstrial rows attains

base, longer, much more slender.

Type material.—The male holotype, fe-

male allotype, and six paratypes are labeled

Tavargati, Belgaum Div., Bombay, 28-X-29,

Odina woclier, B. M. Bhatia, except two
paratypes bear the date 27-X-29. Specimens
from Bengal (India) and Sri Lanka have been
seen, but were not at hand.

The holotype and allotype are in the Forest

Research Institute; the paratypes are in my
collection.

Bothinodroctoniis setosHs, n. sp.

This unique species is distinguished by the

reddish brown color, by the more abundant,

shorter female frontal vestiture, by the more
narrowly impressed elytral declivity, and by
the larger spines on the posterolateral area of

the declivity.

Female.—Length 1.7 mm, 2.2 times as

long as wide; color reddish brown, \(>stiture

pale.

Frons shallowly concave on central half;

surface closely, rather finely punctured; vesti-

ture of dense, erect, rather stout setae of uni-

form length, about half as long as in itubcus.

Pronotum 1.3 times as long as wide; widest

on basal third, sides weakly arcuate, converg-

ing slightly to very broadly rounded anterior

margin; vestiture of erect scales, each about

twice as long as wide, and fine hair.

Elytra 1.6 times as long as wide; sides al-

most straight and parallel on slightly more
than basal two-thirds, rather broadly rounded
behind, posterolateral profile interrupted by
tubercles; striae not impressed, punctures

rather coarse, moderately deep, very close;

interstriae less than twice as wide as striae,

shining, each armed by a uniseriate row of

very closely set, low, rounded nodules (almost

as wide as an interstriae) except on 2, these

nodules confused on posterior half of disc.

Declivity steep, impressed between striae 2;

interstriae 1 and 2 with tubercles suppressed,

1 feebly ele\ ated, 3 much more strongK ele-

vated on lower half, this crest continuing with

7 to suture; tubercles becoming pointed on 3

to 9, those along 7 to suture moderately large.

Vestiture of rather sparse, short, strial and
interstrial hair, and rows of longer, erect

scales, each scale about four times as long as

wide and about two-thirds as long as distance

between rows.

Type material.—The female holotype is la-

beled North Andaman, 30-111-30, Canahum
euphyUiim. C.F.C. Beeson. It is in my collec-

tion.

Carphoborus latitus, n. sp.

This species is distinguished from bos-

welliae (Stebbing) by the much stouter body
form, by the small, shallow, distinct, strial

pimctures, by the presence of small tubercles

on declivital interstriae 1 and 3, and b\ the

less strongly impressed female frons that is

armed by a conspicuous, subcarinate, median
tubercle, with setae on lateral and upper mar-

gins shorter. All published citations to

I>()swelliae except those by Stebbing are to

this species. The name* Icntfiis was used by

Beeson as a nomen nudum tor this species.

Female.—Length 1.8 mm (paratypes

1.6-2.0 mm), 2.0 times as long as wide (2.2

times in boswelliac)- color rather pale brown,

vestiture pale.

Frons broadly, shallowK' impressed on

lower two-thirds, armed on upper third by a

conspicuous, subcarinate, median tubercle;

surface smooth, shining, punctures very

abundant, small; vestiture shorter in central

area, longer on lateral and upper margins,

distance from eye to lateral fringe e(}ual to
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three times diameter of a facet of eye (in

hosivcUiae frons shallowly concave, tnbercle

absent, eye separated from lateral fringe by

six diameters of a facet).

Pronotum 0.74 times as long as wide; out-

line somewhat semicircular; surfoce subretic-

ulate, punctures fine, small, close; vestiture of

small, erect scales.

Elytra 1.3 times as long as wide; sides al-

most straight and parallel on basal half,

broadly rounded behind; striae 1 feebly oth-

ers not impressed, punctures small, shallow,

distinct (largely obsolete in boswelliae); inter-

striae about six times as wide as striae,

smooth, shining, a few impressed lines, punc-

tures small, close, confused. Declivity steep,

convex; sculpture about as on disc except in-

terstriae 1 and 3 each with a row of small,

pointed tubercles, a few similar tubercles on

5, 7, and 9. Vestiture of minute, strial hair and

erect, small, interstrial scales.

Male.—Similar to female except frons

more nearly convex, median tubercle higher,

more sharply pointed, frontal vestiture incon-

spicuous.

Type material.—^The female holotype,

male allotvpe, and two paratypes were taken

at Baihar^ Balaghat, C.P., G.D., 7-VIII-

1927, ex bark Bostvellia serrata 3 paratypes

are labeled India (M.P.), Sillari Forest, Nag-

pur-Wardah Div., 24-V-1953, Bosivellia ser-

rata, M. L. Roonwal; 3 paratvpes are labeled

India, M.P., 14 mi. S. Kanker, 450 m, 31-

1-1962, E. S. Ross, D. Q. Cavegnaro. The
holotype and allotype are in the Forest Re-

search Institute, and the paratypes are in my
collection.

Liparthrurn artocarpus, n. sp.

This species is distinguished from longifo-

liae (Stebbing) by the much more coarsely

punctured striae and by the fine, regular,

rather closely spaced interstrial granules. This

is L. artocarpus, nomen nudvun, of Beeson
1941:290.

Male.—Length 0.8 mm (paratypes 0.8-0.9

mm), 2.0 times as long as wide; color brown,
vestiture pale.

Frons weakly convex from epistoma to well

above eyes, epistomal margin weakly ele-

vated; surface finely rugose-reticulate except

smooth and shining near epistoma and on me-
dian line on lower half; vestiture of fine, in-

conspicuous hair.

Pronotum 0.90 times as long as wide,

widest just behind middle, sides strongly ar-

cuate; surface shining, obscurely reticulate,

median third armed by fine, rather abundant

tubercles of uniformly small size from anterior

margin to near base; anterior margin un-

armed; vestiture of rather abundant, stout,

recumbent hair and less numerous, erect

scales, each scale rather short, wider than

long.

Elytra 1.75 times as long as wide; outline as

for most members of genus; basal margin of

each elytron armed by five crenulations; striae

not impressed, punctures rather coarse, im-

pressed; interstriae slightly narrower than

striae, smooth, shining, each armed by a row
of small, rounded, rather closely set tuber-

cles. Declivity convex, steep; sculpture as on

disc except striae more distinctly impressed.

Vestiture of semirecumbent, stout hair and

rows of erect scales, both of ecjual length;

widest scales almost as wide as long.

Female—Specimens considered to be fe-

males are as in male except frons more
strongly convex and pronotum with a few (two

to four) asperities on anterior half distinctly

larger.

Type material.—The male holotype, fe-

male allotype, and 4 paratypes were taken at

Hattikeri, S. Kanara Div., Bombay, 18-

XI-29, ex Artocarpus integrifolia, B. M.
Bhatia. The holotype and allotype are in the

forest Research Institute, Dehra Dun; the

paratypes are in my collection. There are 15

other specimens in the FRI.

Lipai'thrum tinianensis, n. sp.

This unique species is distinguished by the

stout body form, by the concave female frons,

by the total absence of hairlike setae on the

elytra, and by the rather slender, interstrial

scales.

Female.—Length 1.0 mm, 2.1 times as

long as wide; color brown, vestiture pale.

Frons shallowly concave on a triangular

area extending from epistoma to upper level

of eyes; surface in impressed area finely

rugose-reticulate, subreticulate in dorsal and

lateral areas; vestiture of fine, rather sparse,

inconspicuous hair.

Pronotum 0.83 times as long as wide;

widest on basal third, sides strongly arcuate,

converging to rather broadly rounded
anterior margin; surface shining, obscurely
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reticulate, median fourth with small, rounded

granules except near anterior and posterior

margins; vestiture abraded, apparently re-

stricted to a few erect, rather slender scales in

median area.

Elytra 1.3 times as long as wide; outline

about as for genus; striae not impressed,

pimctures impressed, rather coarse; inter-

striae slightly narrower than striae, smooth,

unarmed, punctures small, in rows. Declivity

convex, steep; scidpture similar to disc except

striae slightly impressed, interstriae with low,

rounded granules. Ground vestiture not rep-

resented; each interstriae with a row of erect,

spatulate scales, each about twice as long as

wide, spaced in a row by distances slightly

longer than a scale.

Type material.—The female holotype is

from south end of Tinian Isl., ll-\I-46, No.

628, H. K. Townes. The holotype is in my
collection.

Polyg,raphus (iui)<ieifisi, n. sp.

This species is unicjue in having the female

frons transversely impressed and armed
above by a pair of transverse tubercles as in

the males of many species of this genus. Its

comparatively small size and slender bod\

form also help to distinguish it. Beeson used

the manuscript names ano^cissi and bassiae

for this species. The label on the latter series

had been turned over by him and replaced by
the former name.

Female.—Length 1.7 mm (parat\pes

1.5-1.7 mm), 2.5 times as long as wide; color

dark brown, vestiture pale.

Frons as in male, strongly, transverseK im-

pressed on lower half, convex above and
armed just below upper level of eyes by a pair

of transversely arranged tubercles; surface

closely, deeply, rather coarseK punctured,

lower area between punctures smooth, shin-

ing, upper area subreticulate; vestiture below
tuberclesof rather sparse, fine, longhair. E\e
large, coarsely faceted, divided. Antennal fu-

nicle 5-segmented; club small, ovate.

Pronotum 0.90 times as long as wide; sides

almost straight and parallel on basal half, mod-
erately constricted before broadK rounded
anterior margin; surface smooth and shining

except reticulate on anterior third, punctures
rather small, shallow, moderately abundant,

spaced by about two diameters of a puncture;

vestiture an almost etjual mixture of fine hair

and slender scales.

Elytra 1.8 times as long as wide, 2.1 times

as long as pronotum; sides almost straight and
parallel on basal three-fourths, broadly

rounded behind; surface finely rugose, punc-

tures small, obscure, confused; most inter-

striae marked by a row of fine granules at least

near declivity. Declixity steep, convex; sculp-

ture as on disc, fine granides on at least inter-

striae 1-3. Vestiture of a groimd cover of

small, suberect, short, interstrial scales, each

scale about two to three times as long as wide,

and rows of erect, interstrial scales, each scale

about twice as long as ground cover and four

times as long as wide.

Male—Similar to female except rows of

interstrial setae usually extend to base, gran-

ules slightly larger.

Type material.—The female holotype is la-

beled Kirwatti, E. Kanara, Bombav, India,

19-1-1930, R.H.D. 42, R.C.R. 178, Cage 654,

ex Bassia latifoUa. B. M. Bhatia; the male

allotype bears the same data except it was

taken on 27-VI-193(); 3 paratypes bear the

same data except the date was 18-XII-1929

and the host was Oclina wodier, 1 parat\ pe is

labeled Okkan Res., Insein, Burma, 11-

11-1927, Aiio<ieisstis acinuinata. The holo-

type and allotype are in the Forest Research

Institute, Dehra Dun; the paratypes are in my
collection. More than 90 additional specimens

are in the FRI colk^ction.

Polyii,r(i)>hu.s (lifficilis. u. sp.

This species is allied to (ittcrci Wood in

ha\ing the e\e emarginate, init it differs in

ha\ ing the protibia as in other members oi the

genus. The elytral scales are also smaller and

less abundant than in other members of the

genus. This name was used as a nomen nudum
b\ Beeson.

Female.—Length 2.0 nun iparat\pes

2.0-2.2 mm), 2.2 times as long as wide; color

reddish brown, \ estiture pale.

Frons moderatcK concaxc on central halt

from epistoma to aboxc upper level of eyes;

surface smooth, shining, rather coarsely,

very closely punctured; vestitine of rather

abundant hair of moderate length in concaxx'

area, much longer on upper and lateral

margins, longest setae on vertex could extend

two-thirds of distance to epistoma; eye

rather large, two-thirds divided by deep
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eniargination. Antennal fiinicle 6-segmented;

club rather small, ovate, with apex acutely

acuminate.

Pronotum about as in querci. punctures

very slightly larger, vestiture very short,

sparse, fine hair (scales not evident).

Elytra 1.55 times as long as wide, outline as

in querci; striae not impressed, pimctures in

obscure rows; interstriae four times as wide as

striae, punctures slightly smaller than those of

striae, close, confused. Declivity steep, con-

vex except shallowly sulcate on interstriae 2;

striae not indicated; interstriae 1 weakly ele-

vated, 1 and 3 each armed by a row of small

tubercles. Vestiture of small, rather sparse,

interstrial scales, each scale about three to

four times as long as wide.

Male.—Similar to female except frons

transversely impressed on lower third, con-

vex above, armed by a transverse pair of

rather widely spaced tubercles at upper level

of eyes, vestiture on frons inconspicuous.

Type material.—The female holotype and

male allotype are labeled Sitoli, C. Almora
[India], VIII-1919, H. G. Champion, in plan-

tation [of Pinus roxburghii] trees killed by
Peridenniiim. Two paratypes are from Pak-

istan, N. W. Himalayas, Muiree Hills, 11-

1951, M.A.H. Qadri, Com. Inst. Ent. Coll.

No. 16222. The holotype is in the Forest Re-

search Institute, Dehra Dun; the allotype and
paratypes are in my collection.

Polygraphiis querci, n. sp.

This species is unique among northern

hemisphere members of the genus. The eye is

about half divided by an emargination (as in

difficilis ) , and the protibia is armed by only

one unsocketed spine as in thitsi (Beeson). It

is obviously very primitive in all characters.

Female.—Length 3.3 mm (paratypes

2.4-3.6 mm), 2.4 times as long as wide; color

reddish brown, vestiture pale.

Parous moderately convex, narrow, eyes

separated by width of an eye; surface smooth,

shining, punctures rather small, moderately

abundant; vestiture of fine, short, inconspicu-

ous hair; eye large, about half divided by a

broad emargination. Antennal funicle 6-seg-

mented; club ovate, rather small.

Pronotum 0.60 times as long as wide;

widest on basal third, strongly arcuate on

basal half, a strong constriction just in front of

very broadly roimded anterior margin; sur-

face smooth, shining, punctures very small,

moderately abundant, interspaces e(|ual in

width to one to four diameters of a puncture;

vestiture uniformly short, erect, of hair and

slender scales, each scale at least six times as

long as wide.

Elytra 1.8 times as long as wide, 2.5 times

as long as pronotum; sides almost straight and

parallel on basal three-fourths, broadly

rounded behind; striae feebly impressed,

punctures small, shallow, close; interstriae

three to four times as wide as striae, minute

punctures confused and each interstriae with

a uniseriate row of minute tubercles. Decliv-

ity convex, steep; sculpture about as on disc

except striae slightly more strongly im-

pressed. Vestiture of minute strial hair and

small, suberect, interatrial scales, scales aris-

ing from tubercles slightly longer, almost

twice as long as declivity.

Protibia slender, armed on outer apical an-

gle by one unsocketed denticle, a smaller den-

ticle on apical margin.

Type material.—The female holotype and

eight female paratypes were taken at

Mehalkhali (Burma?) from Quercus incana.

The holotype (uppermost) and four paratypes

on one pin are in the Forest Research Insti-

tute, Dehra Dun. The four other paratypes

are in mv collection.



NOMENCLATURAL CHANGES AND NEW SPECIES OF
SCOLYTIDAE (COLEOPTERA), PART III

Sti-pheii L. Wood

Abstract—New synonymy is proposed for Phlocosiiius (Hyh'.siuus} indchihis (Schedl) ( Phlocositiiis ci)intinH)mi

Tsai & Yin). New replacement names are proposed for junior liomonvins as follows; Cijrtoiicnius ajricus for Ciji'toge-

niiis (Metahijlastes ) afhcanus (Eggers), Ciirto^cnitts eloii'^atissimu.s for Cyiio^cnius {Ozodcndron ) t'li>n^.attts (Schedl),

Ctjii()<:,cuius elon^atulus for ('yi-folenitis (Eidophclus) elon^atus (Schedl), Cyi-to^enitis ^.racillimits for C'l/rtofjt'HM/.s

iiracilis Browne, Cyrfop.ciiius papuae for Cyrto^cnius (Pelicvrus) papuaniis (Es^gers), Cyrto'^eiiitis papucnsis for

Cyrto^enhis (Eidophclus) papttanus (Schedl), Cyrtu^enius ru^iuosus for C'yrtoficniiis (Mh)iidendndus) ni<iicoUis

(Browne). The following species are named as new to science; ludocryphahis mdchili (India), Olontho^astcrjiri (India),

Olunth(i<iiistcr rcfialis (Sri Lanka), Phlocosintis plioehc (India), Scolytominuis atiddnuincusis (Andaman Islands),

Sculytomimus mimusopis (Sri Lanka), Scolytomimus quadridens (New Guinea), and Scolytomiinus rectus (Sri Lanka).

On the following pages are presented one

case of new specific synonymy, seven cases of

new homonymy, and eight species named as

new to science. These items are necessary

nomenclatural housekeeping discovered dur-

ing preparation of a new world catalog of

Scolytidae and are published to facilitate cita-

tion for the catalog. The new synonymy affects

a species from India and China. The new
homonymy and new replacement names af-

fect species of Cyrtogenius from Africa (2),

Borneo (1), and New Guinea (4). The new
species represent the genera Indocnjphahis

(1), Olonthogaster (2), Phloeosinus (1), and
Scolytomimus (4) from the Andaman Islands

(1), India (3), New Guinea (1), and Sri Lanka

(3).

New Synonymy

Phloeosinus machilus (Schedl)

H(//rsin(/.v mflr/ii/(/.v Schedl, 1959, Indian Eor. Hec. 9; 173

(Holotype, sex?; Uttar Pradesh; Chacrafa, C>'hach-

pvir; supposedly returned by Schedl to Poorest Re-

search Institute, Dehra Dun, hut lost if it ever

existed)

Phloeosinus cinnatuovuTsM ik Yin, 1964, Acta Zootaxon.

Sin. 1:94, 96 (Holotype, male; Fukien, China;

Institute of Zoology, Academia Sinica, Beijing).

New synotiyniy

The "paratype" of Hylcsinus machilus

Schedl and a long series of this species from

which the "type" specimen came at the Eorcsl

Research Institute were examined and com-
pared to a series collected h\' me. These speci-

mens agree in all details with several

paratypes of Phloeosinus cinnamomi Tsai &
Yin in my collection, except that the size

varies in Indian material while those from

China are uniformly near the small end of the

size spectrum. It is apparent that onl\' one

species is represented and synon\ my is pro-

posed as indicated above.

New Names

Cyrtogenius (ifrieus, n. n.

MetaJiylastes africdtuis Eggers, 1922, Ent. Bliitt.

18(4); 165 (Holotype. sex?; Fliissgehiet dcs ohcren

Mewena imd Ramissi, British ()st;ifrika; Methner
Collection). Preoccupied

The holotype of Dryocoetes ajricanus

Schreiner (1882:246) was examined and was

found to be a member of the genus Cyi'toge-

nius to which it is here transferred. This action

creates a junior homouNin of Metahylastes

afhcanus Eggers (1922: Kio) that was pre\i-

ously transferred to Cyrtogenius (Wood
1986:74). The ricw name africus is proposed

as a replacement name for the Eggers species

as iiulicafcHl abox (.'.

Cyrtogenius elongdtissiinus. n. u.

()z(i(h'ntrou eloitfiutus Schedl, 1964, Reichenhachia

4(27):244 (Holotvpe, sex?; Borneo; Schedl Collec-

tion. Preoccnpicd

I and DcpartiiK-iil ot Z<)<)li)j;\ . H.li;li.ini Viniiiii I'liivii sil\ , I'nuo, I'tali 8 1()()2.

196



April 1988 WoOD; SCOLYTIDAE NoMKNCLATUHE AND Sl'ECIES 197

The type and cotypes oiPcIicerus elon^atus

Eggers (1927:85) clearly belong to the genus

Cyrtogenius to which this species was trans-

ferred long ago. The recent transfer of Ozo-
dendron dongatus Schedl (1964:244) to Cyr-

togenius by Wood (1986:74) created a junior

homonym. The new name elongatissimus is

proposed as a replacement for the Schedl

name as indicated above.

Cyrtogcniti.s elongatulus, n. n.

Eiilophelus elongatii.^ Schedt, 1979, Faun. Abh. St. Mus.

Tierk. Dresden 7(12); 101 (Holotype, female;

Papua New Guinea; Schedl Collection in Wien
Museum). Preoccupied

The holotype of EidupJiehis clongatus

Schedl (1979:101) was examined and found to

belong to the genus Cyrtogenius to which it is

here transferred. This transfer makes this spe-

cies a junior homonym of Pelicerus elongatus

Eggers (1927:85), cited above, that was previ-

ously transferred to Cyrtogenius. The new
name elongatulus is proposed as a replace-

ment for the Schedl name as indicated above.

Cyrtogenius graciUimus, n. n.

Cyrtogenius gracilis Browne, 1984, South Pacific J. Nat.

Sci. 6:9.5 (Holotype, se.x?; Papua New Guinea;

British Museum, Natural History). Preoccupied

When the genus Ozodendron Schedl was
made a synonym of Cyrtogenius (Wood 1986:

74), the species O. gracilis Schedl (1974:462)

was transferred to Cyrtogenius. Conse-
quently, the name Cyrtogenius gracilis

Browne (1984:95) was preoccupied. Because
Mr. Browne died a few months after the

homonymy was created, he coidd not act upon
it. The new name gracillimus is proposed as a

replacement for the Browne name as indi-

cated above.

Cyrtogenius papuae, n. n.

Peliceriis papuanus Eggers, 1923, Zool. Meded. H. Mus.
Nat. Hist. Leiden 7:217 (Lectotype, male;

Deutsch New Guinea [Kaiserin Aujijustafluss];

U.S. National Museum, designated by Anderson
and Anderson 1971:23). Preoccupied

Pelicerus papuanus Eggers (1923:217) was
transferred to Cyrtogenius long ago. Re-
cently, a syntype of Dryocoetes papuanus
Eggers (1923:162) was examined and found to

belong to Cyrtogenius. Due to page priority.

the later name (on p. 217) thereby became a

junior homonym. The new name papuae is

proposed as a replacement as indicated above.

Cyrtogenius paf)uensis , n. n.

Eidophelus papuanus Schedl, 1973, Papua New Guinea
Agric. J. 24(2):71 (Holotype, .sex?; Mt. Dayman,
Maneau Range, N slope, M. Bay Distr., 700 ni;

Amer. Mus. Nat. Hist.). Preoccupied

Paratypes of Eidophelus papuanus Schedl

(1973:71) in the Wien Museum were exam-
ined and foimd to belong to the genus Cyrto-

genius. For this reason the species must be
transferred to that genus. This transfer caused

this species to become a junior homonym of

Cyrtogenius papuanus Eggers (1923:162),

cited above. The new name papuensis is pro-

posed as a replacement for the Schedl name as

indicated above.

Cyrtogenius ruginosus, n. n.

Mimidendrulus rugicollis Browne, 1965, Zool. Meded.
40:194 (Holotx'pe, male; Ivory Coast; Adiopo-

doiune; Leiden Museum). Preoccupied

When the genus Mimidendrulus became a

synonym of Cyrtogenius (Wood 1986:74),

Mimidendrulus rugicollis Browne (1965:194)

became a junior homonym o( Orosiotes rugi-

collis Eggers (1940:132) that had previously

been transferred to Cyrtogenius. The new
name ruginosus is proposed as a replacement

for the Browne name as indicated above.

NewTaxa

Indocryphalus machili, n. sp.

This species is distinguished from puhipen-

nis (Blandford) by the larger, less strongly

confused elytral punctures, by the much
steeper, impressed elytral declivity, by the

declivital granules, and by other characters

described below.

Female.—Length 3.0 mm (paratypes: fe-

males 2.7-3.0 mm, males 2.5-2.7 mm), 2.4

times as long as wide; color dark brown, base

ofpronotum and elytral disc usually pale.

Frons weakly convex; surface dull, finely

rugose-reticulate, a few isolated, shining

granules on upper half; vestitiue of fine,

rather sparse, long hair; eye and antenna as in

pubipennis.
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Pronotum about as in puhipcnnis: myce-

tangiuiii longitudinal, occupying most of mid-

dle third.

Elytra similar to pubipennis except more
abruptly, more broadly rounded behind;

punctures small, distinctly impressed, those

on striae in obscure rows, scarcely distin-

guishable from confused interstrial punc-

tures. Declivity very steep, rather broadly

impressed; striae on upper two-thirds more
distinctly marked, interstriae in this area each

armed by several small, rounded tubercles.

Vestiture mostly on and near declivity, con-

sisting of rather abundant, fine, erect hair oi

variable length.

Male.—Similar to female except frons

slightly impressed, dorsolateral margin rather

abrupt; pronotal mycetangiimi absent; elytral

punctures apparently more strongly im-

pressed.

Type material.—The female holotype,

male allotype, and three male paratypes bear

the labels' Ramgarh, Naini Tal, U.P. [India],

7,000 [ft], 24-V-1930 (type) or 23-V-1930,

R.R.D. 114, B.C.R. 84, exMachihis odoratis-

sima, C.F.C. Beeson; three paratypes are la-

beled Senchal Range, Darjeeling, Bengal, 2-

IV-1930, R.R.D. 29, B.C.R. 458, Cage 630,

Cinnamomum impressinerviiini; one paratype

is labeled Debrepani, Darjeeling, Bengal, 18-

IX-1929, 6,000 ft, ex Machilus odoratissima,

J.CM. Gardner; one parat\pe is labeled Ran-

girum, Darjeeling, Bengal,' 6-IX-1929, 6,000

ft, Cinnmnomum impressinervium. J.CM.
Gardner. The holotype, allotype, and one
paratype are in the Forest Research Institute,

Dehra Dun; the remaining paratypes are in

my collection.

Olontho^astcrjiri, n. sp.

This species is distinguished from the re-

motely related nitidicoUis Motschidsky by the

very different frons and elytra as described

below. This is Phlocosimisjih Beeson, nomen
nudum.

Female.—Length 1.7 mm (parat\pes

1.5-1.8 mm), 1.8 times as long as wide; color

reddish brown when mature, \cstiture pale.

Frons modcrateK , uniforniK concave from

eye to eye from epistoma to vertex, a fine,

median carina on lower half; sinface finely,

rather closely punctured, largely obscured by
a brush of long, yellow hair, long(>r and more
abundant above, longest setae ecjual in length

to half distance between eyes; eye divided by
emargination into two parts.

Pronotum 0.85 times as long as wide; about

as in nitidicoUis except more closely punc-

tured, constriction slightly stronger.

EKtra 1.2 times as long as wide, 1.5 times

as long as pronotum; sides almost straight and
parallel on basal half, broadl\- rounded
behind; striae rather deeply, narrowly

impressed, punctures small, distinctly im-

pressed; interstriae two to three times as wide

as striae, smooth, shining, crenulations on
basal fourth of disc rounded, becoming tuber-

culate toward decli\'ity, somewhat confused

on 2 and 3, uniseriate elsewhere. Declivity

convex, steep; sculpture about as on posterior

disc except interstriae 2 and 4 feebly im-

pressed, often with one or more tubercles

obsolete. Vestiture with groimd cover of

small, pale scales restricted to posterior halfof

disc and declivity, with sparse, confused,

short, hairlike setae on basal half.

MALE.—Similar to female except frontal im-

pression weak, narrowed, restricted to lower

half, median carina on lower half strong and of

uniform height and on upper half a stronger,

median carina, its lower extremity near upper

level of eyes somewhat subdentate, frontal

vestiture sparse, inconspicuous; rounded
crenulations on disc always uniseriate, ex-

tending to near declivity; declivital tubercles

distinctK larger except obsolete on decli\ ital

interstriae 2, 4, and most of 6.

Type material—The female holotype,

male allot> pe, and six paratypes were taken at

Jiri Forest, (Jachar, Assam [India], II-

IV- 1924 (t\pe, allotype, two parat\pes) or

19-V-1924 (four parat\pes), ex Mi/hstica

longifoha, R.R.D. 226, B.C.R. 165, G.E. Jar.

11, by S. N. Chatterjet'. The holotype, allo-

type, and several other specimens are in the

Forest Research Institute, Dehni Dun; the

]iarat>]")es are in m\' collection.

OlontliDiiastcr rc^(dis, n. sp.

This uni(|ue species is distinguished b\ the

large bod\ size, b\ the elaborate declivital

armature, and b\ cliaiacters of the frons that

are described below

.

Female.—Length 5.0 nun (parat\pes

4.7-5.5 mm), 1.8 times as long as wide; color

reddish biown.

Frons ratlu>r deepK concaxc from eye

to eye from epistoma to Ncrtex, epistomal
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process with a pair of calluses laterally on

median half; surface smooth, shininii;,

densely, finely, uniformly punctured; im-

pressed area with a hrvish of moderately long,

erect hair of uniform length, not longer on

margins; a small tubercle on carina extending

into occular emargination. Eye half divided

by an emargination.

Pronotum similar to nitidicoUis Motschul-

sky except punctures very small, not close;

glabrous.

Elytra 1.15 times as long as wide; sides

almost straight and parallel on basal half, pos-

terior profile interrupted by declivital spines;

striae deeply, narrowly impressed, punctures

minute, distinct; interstriae slightly convex,

four to five times as wide as striae, punctures

obscure, minute, confused, 2 and 3 with low,

obscure, rounded elevations (derived from

nearly obsolete crenulations). Declivity

steep, subimpressed between interstriae 3;

sutural interstriae distinctly elevated, with

one or two small tubercles at base, 2 im-

pressed on median side, sloping upward later-

ally, armed at base by one moderate and about

two small tubercles; interstriae 3 forming lat-

eral summit (rather low), armed on upper

margin by about three small tubercles and on

lower two-thirds by three very large spines,

upper spine as high as basal width, its apex

sharply pointed, middle spine similar but half

again longer (curved slightly mesad), lower

spine with double base, blunt, as wide as high;

interstriae 4 to 8 each with a row of rather

small tubercles, 9 low, almost subcarinate.

Glabrous.

Male,—Similar to female except frons sub-

glabrous, impression slightly deeper, its up-

per margin armed by a pair of calluses in

lateral areas.

Type material.—The female holotype,

male allotype, and 25 paratypes were taken at

Weddagala, Rat. Distr., Sri Lanka, 19 May
1975, from bark of a Myristica dactyloidcs log,

by me. The holotype, allotype, and some
paratypes are in the U.S. National Museum,
and the remaining paratypes are in my collec-

tion.

Phloeosiniis phoebe, n. sp.

This species is distinguished from the dis-

tantly related machilus (Schedl) by the

closely, rather deeply punctured pronotum,
by the larger, uniseriate interstrial tubercles,

and by other characters described below. This

is Phlueosintis plioebe Beeson (1941:291),

nomen nudum.
Male.—Length 3.0 mm (paratypes 2.9-3.4

mm), 1.8 times as long as wide; color brown,

vestiture rather pale.

Frons similar to macliilus except less

strongly impressed, median carina reduced to

a small tubercle just above epistoma, tuber-

cles in lateral areas smaller, usually with

punctures distinct, vestiture finer, slightly

more abundant.

Pronotum 0.74 times as long as wide; out-

line similar to macJiihis; surface smooth, dull,

densely, deeply, rather finely, uniformly

punctured, interspaces mostly less than half

as wide as diameter of a puncture, without any

granules; vestiture of fine, rather short,

semirecumbent hair.

Elytra 1.3 times as long as wide, 2.1 times

as long as pronotum; humeral angles slightly

produced anteriorly in lateral areas; outline as

in iuacJidus; striae moderately, not abruptly

impressed, punctures small, distinctly im-

pressed; interstriae about twice as wide as

striae, convex, each armed to base by a unise-

riate row of moderately coarse tubercles,

those on 1, 2, and 4 obsolete by base of decliv-

ity. Declivity convex, rather steep, interstriae

2, 4, and sometimes 6 constricted to half their

basal width and unarmed; 1 and 3 weakly

elevated. Vestiture of ground cover of inter-

strial scales, longer and slender at base,

shorter on declivity, and longer, similar bris-

tlelike setae arising from posterior base of in-

terstrial tubercles, each about two to three

times as long as ground cover.

Female.—Similar to male except frons

convex and with a low, median carina on lower

half.

Type material.—The male holotype, fe-

male allotype (both callow), and four

paratvpes were taken at Nauri, Landowne
[Uttar Pradesh, India], IV-1926 (type), 19-

III- 1926 (allotvpe and two paratvpes), 31-

III-1926 (one paratype), or 4-IV-1926, 2,500

ft, R.R.D. 544, B.C.R. 44, Cage 579, ex

Phoebe lanceolate, by B. M. Bhatia. The holo-

type, allotype, and 16 other specimens are in

the Forest Research Institute, Dehra Dun;
the paratypes are in my collection.

Scolytomimus andamanensis, n. sp.

This species is distinguished from philip-
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pineiisis Eggers by the much more coarsely

punctured, more rugose frons, the epistomal

area much less strongly impressed, by the

more broadly rounded apical half of the anten-

nal club, and by the more conhised organiza-

tion of tubercles on the posterior face of the

protibia.

Male.—Length 1.9 mm (paratypes 1.9-2.

1

mm), 1.9 times as long as wide; color yellow-

ish brown.

Frons rather strongly convex, without a

transverse impression above epistoma; sur-

face densely, deeply, rather coarsely pimc-

tured, some of those on lower half of median
half with their margin subcrenulate, spaces

between punctures less than diameter of a

puncture; vestiture minute and hairlike ex-

cept longer near epistoma. Antennal club

wider than plulij)j)im'n.sis, its apex more
broadly rounded.

Pronotum and elytra essentially as in

philippinensis except punctures on sides and

base ofpronotum coarser, deeper, and rugosi-

ties behind summit larger.

Protibia with tubercles confused (a submar-

ginal row occurs in pluli})pi}u'nsis).

Female —Similar to male except frons

more broadly convex, and a distinct, trans-

verse impression present just above epistoma;

anterior margin of pronotum armed by two

denticles (these submarginal in male).

Type material.—The male holotype (mid-

dle), female allotype (top), and one paratype

(bottom) are mounted on the same pin and
labeled Andaman Islands, 19-III-1930,

R.R.D. 88, B.C.R. 37, Cage 716, Sideroxijlon

lon^epetiolatwn, C.F.C. Beeson; 12

paratypes bear identical labels except that the

dates' are 22- or 23-III-1930. The holotype,

allotype, and one paratype are in the Forest

Research Institute, Dehra Dun, and the re-

maining paratypes are in m\' collection.

Srolytoininuis niinin.s<>f)is, u. sp.

This specit>s is distinguished from assumefi-

sis Schedl by the smaller size, by the circular

strial punctures, by the normal spaces be-

tween strial punctures within a row, and b\

the different details of interstrial carinae as

described below. The name was used as a

nomen luidum by Beeson (1941:310).

Female.—Length 1.8 mm (paratypes

1.7-2.1 mm), L9 times as long as wide; yel-

lowish brown (callow?) to brown (mature?).

Frons similar to assmnensis except more
rugose, reticulation less evident, slightly

more strongly convex. Specimens with me-
dian line modified on vertex could be males.

Pronotum similar to assainensis except low

crenulations extend almost to base.

Elytra similar to assancnsis except inters-

trial carinae less acutely elevated on basal half;

strial punctines almost circular (in assamensis

(juadrate, twice as wide as long), spaced

within a row by less than half diameter of a

puncture, these partitions never tuberculate

or nodulate (as in assamensis); interstrial cari-

nae 7 and 9 unite in line with 7 and continue

almost to 3 where they unite with costal mar-

gin before joining 3 (in assamensis 7 and 9

unite before level of 6 and then continue al-

most to 2 and unite with 3 before imiting with

costal margin); 2 to suture usualK slightly

enlarged and/or produced caudad. Glabrous

except for a few minute hairlike setae in basal

area.

Type material.—The female holotype and
10 female paratypes are labeled Palugama,

Anuradhapura, Cevlon, N.C.P., 250, F.R.I.

coll. Gauri Dutt., '27-XI-1934 (type), or 29-

XI- 1934 (some paratypes), Mimiisops elen^;

one female paratvpe is labeled Baihar, Bal-

aghat, C.P., G.b., 27-VH-1927, ex Bassia

latifolia. The holotype and 21 other speci-

mens are in the Forest Research Institute,

Dehra Dim; the paratypes are in my collec-

tioiL

Scol{/t()nu)mis (puidridcns, n. sp.

This species is distinguished from all others

in the genus by the four large serrations near

the anterior margin of the pronotum. From
hal()<i,liii it is also distinguished by the smaller

size, by the strongK reticulate elytral surface,

by the small strial punctures, b\ tlie less

strongK convex interstriae, and 1)\ other char-

act(MS.

Male.—Length L(i nun. 2.0 tiuu's as long

as wide; color yellow ish brown.

Frons shallowK impressed (shrinkage of a

convex frons in a callow specimen?); surface

reticulate punctures sparse, shallow, rather

coarse.

Pronotum 0.85 times as long as wide; out-

line typical of gouis; anterior margin armed
by four serrations, middle pair conspicuously

larger; asperities large, low, anterior to sum-

mit; strongly reticulate, posterior and lateral
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areas shallowly, coarsely punctured, without

crenulation. Glabrous.

Elytral outline typical of genus; surface

strongly reticulate; striae feebly if at all im-

pressed, punctures small, shallow, close; in-

terstriae four to five times as wide as striae,

feebly convex on disc, punctures very small,

confused. Declivity weak, convex; costal mar-

gin weakly, subacutely elevated from elytral

base to apex, interstriae 9 weakly, obtusely

elevated from base of declivity to junction

with interstriae 3 and continuing to costal

margin, 3 and 5 feebly elevated but not join-

ing 9. Glabrous.

Type material.—The male holotype is la-

beled New Guinea (NE), Huon Peninsula,

Finschhafen, 180 m, 16-IV-1963, M.V. hght,

J. Sedlacek. The holotype is in my collection.

Scolytomimus rectus, n. sp.

This species is distinguished from mimti-

sopis Wood by the strongly convex but non-

costate elytral interstriae, and by a different

alignment of the declivital interstriae.

Male.—Length 1.8 mm (paratypes 1.7-2.0

mm), 2.0 times as long as wide; color grayish

brown.

Frons similar to mimusopis except

smoother, punctures smaller, margins much
less rugose; vertex with a conspicuous median

band of nonrugose-reticulate sculpture ex-

tending to base.

Pronotum similar to mitnusopis except a bit

more coarsely sculptiued.

Elytra similar to mimusopis except inter-

striae usually less acutely costate; interstriae 2

to 8 end before reaching 9, some of 3 to 8

occasionally unite or nearly so just before end-

ing; 9 and costa unite just before level of 3 and
continue to suture, this costa from junction to

suture not enlarged or abnormally protruding

as in most mimusopis. Glabrous or nearly so.

Female.—Similar to male except median
line on vertex unmodified, uniformly rugose-

reticulate; protibiae with a submarginal row of

tubercles.

Type materl\l.—The male holotype, fe-

male allotype, and 16 paratypes were taken 40

km NE Polonnaruwa, Pol. Distr., Sri Lanka,

12 June 1975, No. 168, Osbeckia aspercu by S.

L. Wood; 11 paratypes are labeled 5 km SE or

48 km N Naula, Mate. Distr., Sri Lanka, 14

June 1975, No. 212, Manikara hexandra, S.

L. Wood, 6 paratypes bear the same labels

except No. 208 from a liana; 5 paratypes are

from 30 km NE Puttalam, Put. Distr., 18 June
1975, No. 215, Manikara hexandra, S. L.

Wood. The holotype, allotype, and half of the

paratypes are in the U.S. National Museum;
the remaining paratypes are in my collection.



GRAY PARTRIDGE FORAGING EGOLOGY IN EASTERN SOUTH DAKOTA'

Jerry W. Hupp", John T. Ratti', and l.oren M. Smith'

Abstract—We examined crop contents of 217 Gray Partridge (Perdix p<?rf/i.t) collected during a two-year period in

eastern South Dakota. Row crop grains (corn, sunflowers) dominated late fall, winter, and spring diets. Small grains

(oats, barley, wheat, rye) were rarely consumed although fields of small grains were widely available. During a severe

winter when waste row crop grains were buried by snow, partridge consimied more leafy vegetation. Insects

dominated the early simimer diet, while fo.xtail (Sctaria spp.) seeds were a major late siunmer and earl\ fall food.

Previous North American studies of Gray

Partridge foraging ecology have demon-
strated the importance of agricultural crops.

Most studies have been conducted in areas

where small grains were the predominant

agricultural crop (Yocom 1943, Westerskov

1966, Hunt 1974, Kobriger 1977, 1981). Not

surprisingly, small grains comprised the ma-

jority offoods consumed. There has been little

evaluation of Gray Partridge foraging ecology

in areas with both row crop and small grain

production. Therefore, opportunities to eval-

uate relative forage preference between these

two types of domestic grains have been lim-

ited. Only Yeatter (1934) and Bishop et al.

(1977) presented food habits data from areas

where row crops were produced. Their stud-

ies were based on small samples (53 and 33

respectively) and data for all seasons were

limited.

We studied Gray Partridge foraging ecol-

ogy during a two-year period in an agricultiu-

ally diverse region of South Dakota. Our ob-

jective was to assess variation in partridge

diets in response to seasonal changes in agri-

cultural treatments and weather. Because

both small grains and row crops were available

on our study area, we were able to evaluate

dietary proportions of these domestic grains

relative to the available acres of crops.

Mkthods

We conducted the stud> in Brookings

County in eastern South Dakota. Row crops

comprised 33-42% and small grains 22-29%

of agricultiual acreage in the county in

1978-80. Both types of domestic grains were

highly interspersed with each other and

widely available throughout the region (Smith

et al. 1982, Ratti et al. 1983). Pastures, alfalfa/

grass hayfields, and idle grass cover were also

available and comprised appro.ximately 30%
of the region.

Partridge were collected from Jul\ 1978 to

June 1980. We collected most individuals

along section roads within the stud\ area.

Hunter cooperators provided additional sam-

ples from birds shot during the fall hunting

season. Grop contents of collected Gray Par-

tridge were removed and oven-dried at 80 C.

Food items were identified, segregated, and

volumetrically measmed ( ± 0.1 ml). Volumes

< 0. 1 ml were considered trace levels. Only

crops with > 0.1 ml of food were used in the

anaKsis. Data were summarized into two-

month periods to e\ aluatc seasonal \ariation.

Data are presented using aggr(>gate percent

and ptMcent occurrence methods (Martin et

al. 1946, Swanson et al. 1974). Individual

items were classified as either row crop

grains, small grains, wild seeds, leafy \egeta-

tion, or imertebrate food. We used Krsukal-

Wallis tests to ("xaluatc differences in con-

sumption of i-ach food category among
two-month periods (Gonoxcr 19S();229).

Gomplete lists of food items consumed by

Gray Partridge are in Hupp (1980) and Smith

(1980).

South Dakota Aericiiltural Exporimenl Station Project 71 16-87fi.

School ol Natural Resources, University ol Vermont. BurlinKton. Xeriiioiil

Department of Fish and Wildlife Resources. University of Idaho, Mo.scow,

"Department of RanKe and Wildlife Management, Texas Tech University, I

0.540,5.

Idaho 83843.

,uhh(Kk. Texas 79409.

202



April 1988 Hupp ETAL.: Gray Parthiix;e 203

Tablk 1. Composition of Gray Partridge diet.s in Brookings County, South Dakota, 1978-80.
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adults were collected during that period. In-

sect.s of the orders Lepidoptera and Or-

thoptera were the major early summer inver-

tebrate foods. Invertebrate foods were rarely

consumed between fall and early spring. Con-
sumption of insects increased slightly in late

spring.

Discussion

In agricultural regions domestic grains are

primarily available to ground-foraging birds

following harvest of crops but before field

tillage in preparation for planting (Balldassare

et al. 1983, Warner et al. 1985). Small grain

fields in Brookings Count}' were usually har-

vested in early August. Therefore, during late

summer waste small grains were available in

unplowed stubble. In spite of the wide distri-

bution of small grain fields and availability of

waste seeds following harvest, small grains

were a minor proportion of the late summer
diet. Gray Partridge primarily fed on wild

seeds during that period. Concurrent evalua-

tion of Gray Partridge habitat use in Brook-

ings County indicated that coveys primarily

remained in unharvested row crops during

late summer (Smith et al. 1982). Partridge

apparently preferred to forage in the more
protective cover of standing row crops rather

than the shorter, more exposed small grain

stubble. Wild seed-producing plants were
available between rows and along borders of

corn and sunflower fields. Foxtail was the

source of wild seeds usually consumed by

Gray Partridge and was the most common
wild plant in agricultural fields in eastern

South Dakota (South Dakota Cooperative Ex-

tension Service 1975:57).

Small grains remained a minor component
of the diet throughout the fall and winter peri-

ods. Consumption of row crop grains in-

creased in October and November. Increased

consumption of row crop grains likely re-

flected greater availability of waste corn and
sunflowers following harvest, (iray Partridge

coveys were more fre(}uently observed in row
crop rather than small grain stubble in late fall

and winter (Smith et al. 1982). How crop

grains may have b(>en preferred fall and win-

ter forage because they were energcticalK

superior to small grains (McDonald et al.

1971:376).

Gray Partridge consumed more leafy vege-

tation and less row crop grain in 1978-79 than

in 1979-80. Annual differences in late sum-
mer consimiption of row crop grains were
likely due to variation in timing of collections

relative to harvest of corn and sunflowers.

During late summer in 1978-79 most birds

were collected before harvest ofrow crops was

initiated. In 1979-80 a higher proportion of

Gray Partridge was collected after harvest of

row crops started, and when waste grain was

more available. Differences in winter severity

likely caused late fall and winter consumption

of row crop grain and leafy vegetation to differ

between years. Conditions during late fall and
winter 1978-79 were severe, with maximum
snow depths of54 cm. Waste grain was buried

by drifted snow during the 1978-79 winter,

and Smith et al. (1982) observed that Gray
Partridge co\ e\'s used pastine habitats more
frequently during that period. Pastures were
often blown free of snow, and birds were able

to forage on available leaf\' vegetation. Also,

forage resources in pastures are likely uni-

forniK distributed, and the energetic invest-

ment in digging through snow may be less

"risky" than in row crop stubble where re-

source distribution is likely more patchy

(Krebs 1978). The 1979-80 winter was mild,

with maximum snow depths of 4 cm. During

that period waste grains were not covered by
snow, and Gray Partridge primarily foraged

on corn and sunflower seeds available in row
crop stubble.

Juvenile Gray Partridge were primarily col-

lected in early summer when the proportion

of invertebrate foods in the diet was high.

Juvenile birds often recjuire a high percentage

of invertebrates in the diet to meet nutritional

demands of growth (Scott 1972). Survival of

Gra\ Partridg(> chicks ma\ be affected bv the

avai'labilit\ of insect foods (Potts 1970, 1980).

Invertebrate consumption declined in late

sinnmer and fall as wild seeds and domestic

grains became more available, insect abun-

dance decreased, and chicks matured.

h'orage exiijoitation b\ Cira> Partridge in

eastern South Dakota \aried seasonalK . Our
results demonstrate the importance of year-

round anal\ sis of a\ ian foraging ecology (Gul-

lion 1906). Agricuhural treatnuMits and winter

snow depth affected food resource a\ ailability

and influenced foraging beha\ ior of Gra\' Par-

tridge. Gray Partridge apparently prefer to

forage on row crops ratiier than small grains in
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an area where both types of doniestie crops

are produced.

Ackn()wleix;ments

We thank W. Balda, D. Doudna, J. Jasmer,

E. Keyser, D. Lundborg, and C. Pierson for

assistance with analysis of crop contents.

C. H. Taylor assisted with identification of

seeds.

Literature Cited

Balldassare. G a , R J VVhyte, E E Quinlan, and
E. G BoLAN 1983. Dynamics and (juality ofwaste

corn available to l)reeding wateriowl in Texas.

Wildl. Soc. Bull. 11; 25-31.

Bishop, R. A, R C NoMSEN, AND R. D Andhews 1977. A
look at lowas Hungarian Partridge. Pa^es 10-13

in G. D. Kohriger, ed., Pcrclix I: Hungarian Par-

tridge workshop. Central Mountains and Plains

Section and the North Dakota Chapter of The
Wildlife Society, Dickinson, North Dakota.

CoNOVER, W J. 1980. Practical nonparametric statistics.

John Wiley and Sons, New York, N. Y. 493 pp.

GULLION.G. W. 1966. A viewpoint concerning the signifi-

cance of studies of game bird food haljits. Condor
68: 372-376.

Hunt, H M. 1974. Habitat relations and reproductive

ecology of Hungarian Partridge in a hedgerow
complex in Saskatchewan. Sask. Dept. ofTourism

and Renewable Resour., Wildl. Rept. 3. 51 pp.

Hupp, J W 1980. Summer and fall ecology of Gray Par-

tridge in eastern South Dakota. Unpublished the-

sis. South Dakota State University, Brookings. 69

pp.

KOBRIGER, G D 1977. Foods of the Hungarian Partridge

in North Dakota. Pages 66-88 in G. D. Kobriger,

ed., Perdix I; Hungarian Partridge workshop.

Central Mountains and Plains Section and North

Dakota Chapter of The Wildlife Society, Dickin-

son, North Dakota.

1981. Foods, food availability, nutrition, and body
weights of Gray Partridge in North Dakota. Pages

70-86 in S. R. Peterson and L. Nelson, Jr., eds.,

Perdix II: Gray Partridge workshop. For. Wildl.

and Range Expt. Sta. , University of Idaho,

Moscow.

Kri;rs. J R 1978. Optimal foraging: decision rules for

predators. Pages 23-63 in J. R. Krebs and N. B.

Davies, eds.. Behavioral ecology: an evolutionary

approach. Sinauer Associates, Inc., Sunderland,

Massachusetts.

Martin. A C , R H Gensch, and C P Brown 1946.

Alternative methods in upland game bird food

analysis. J. Wildl. Manage. 10: 8-12.

McDonald, P., R A Edward.s, and J F D Green-
HALGH. 1971. Animal nutrition. Oliver and Boyd,

Edinburgh. 407 pp.

Potts, G R 1970. Recent changes in the farmland fauna

with special reference to the decline of Gray Par-

tridge. Bird Study 17: 145-166.

1980. The ettects of modern agricultiue, nest pre-

dation, and game management on popidation ecol-

ogy of partridges {Perdix perdix and Alectoris

rii'fa). Adv. Ecol. Res. 11: 1-79.

Rath, J T , L M Smith, J W Hupp, and J L Laake.

1983. Line transect estimates of density and the

winter mortality of Gray Partridge. J. Wildl. Man-
age. 47: 1088-1096.

ScoiT, M L 1972. Nutrition in reproduction—direct ef-

fects and predictive functions. Pages 46-77 in

D. S. Earner, ed.. Breeding biology of birds. Natl.

Acad. Sci., Washington, D.C.

Smith. L M 1980. Winter and spring ecology of Gray

Partridge in east central South Dakota. Unpub-
lished thesis. South Dakota State University,

Brookings. 67 pp.

Smith, L M , J W Hupp, and J. T. R.vni 1982. Habitat

use and home range of Gray Partridge in eastern

South Dakota. J. Wildl. Manage. 46: 580-587.

South Dakota Cooperative Extension Servk:e 1975.

South Dakota weeds. South Dakota State Weed
Control Comm., Pierre. 228 pp.

Swanson, G. A., G. L. Krapu, J. C. Bartonek, J. R. Serie,

and D. H Johnson 1974. Advantages in mathe-

matically weighting waterfowl food habits data. J.

Wildl. Manage. .38: 302-307.

Warner, R. E , S. P. Havera, and L. M. David 1985.

Effects ofautumn tillage systems on corn and soy-

bean harvest residues in Illinois. J. Wildl. Man-
age. 49: 185-190.

Westerskov, K. E 1966. Winter food and feeding habits

of partridge {Perdix perdix) in the Canadian

prairie. Canadian J. Zool. 44: 303-322.

Yeaiter. R E 1934. The Hungarian Partridge in the

Great Lakes region. Univ. of Michigan, School of

For. and Conserv. Bull. 5. 92 pp.

Yoc:oM, C. F. 1943. The Hungarian Partridge {Perdix

perdix Linn.) in the Palouse region, Washington.

Ecol. Monogr. 13: 167-202.



MORPHOLOGICAL CHARACTERISTICS OF DENTOSTOMELLA TRANSLUCIDA,
A NEMATODE (OXYUROIDEA) FOUND IN MONGOLIAN GERBILS

Jea Kim Yi and Richard A. lU'ckniami

Abstract—DentostomeUa translucida Schulz & Krepkorgorskaja (1932) was found in tlie small intestine of the

Mongolian gerbil, Meriones unnuiculatit.s Milne-Edwards, housed at the small animal center at Brigham Young
University, Provo, Utah. Pertinent taxonomical characteristics were studied to difierentiate D. translucida from D.

kuntzi (Myers 1961) D. ^rtindinanni (Chitwood 1963), D. le^erac (Quentin 1975), and D. karachiensi.s (Bilqees 1978).

DentostomeUa translucida is distinguished by a large, evenly proportioned body, the presence of live unecjua! teeth per

esophageal sector, and a spicule tip bifid in ventral view in males. This project included the analysis ofthe structure and

histochemistry of the adult nematode cuticle layers and egg-shell layers through the use of light and electron

microscopy. Embryonation of D. translucida eggs was attempted to recover various larval stages. Additional informa-

tion on D. translucida includes the presence of si.x cuticle layers, one exogenous with three endogenous egg-shell

layers, and an egg operculum similar to that of D. kuntzi.

DentostomeUa translucida Schulz & Krep-

korgorskaja (1932) is a parasitic nematode
found in the intestine of wild rodents includ-

ing Meriones unguiculatus Milne-Edwards

(Wightman et al. 1978, Pilitt and Wightman
1979), Meriones meridanus (Danzan 1978),

Rhombomys opinius (Schulz and Krepkor-

gorskaja 1932, Shleikher and Samsonova
1954, Danzan 1978), Dipiis sagitta (Danzan

1978), Mastomijs fumatus (Chitwood 1963),

dindMesocricetus auratus {Greve 1985). Even
though the genus DentostomeUa has not been
shown to be detrimental to the hosts, it is

highly infectious and continues to appear in

parasite surveys for rodents. DentostomeUa
was established by Schulz and Krepkor-

gorskaja in 1932 while describing D. translu-

cida in Rhombomys opimus Lichtenstein in

Kazakhstan, USSR. The genus was later

placed in the suborder Oxyurata due to the

presence of male caudal alae, genital papillae

surrounding the cloaca, spicule weakly chi-

tinized, absence of gubernaculum, and the

position of vulva in the anterior half of female

worm. Skrjabin et al. (1960) established the

new family Heteroxynematidae (superfamily

Oxyuroidea), and Fetter and Quentin (1976)

established the subfamily Ileteroxynemati-

nae, which included DentostomeUa as one of

the five known genera. The characteristics of

Heteroxynematinae include: the absence of a

cuticular shield al the cephalic end, and a

cuticular ornamentation beiore the male

cloaca consisting of curry combs and plates

with suckerlike membranes. There are four

other known species in the genus, D. kuntzi,

D. grundtnanni. D. legerae, and D.

ka rachiensis deserihed by Myers (1961), Chit-

wood (1963), Quentin (1975), and Bikjees

(1978), respectively. Compared to other pin-

worms in the same genus, D. translucida is

distinguished by a large, evenly proportioned

body, the presence of five teeth per

esophageal sector, and a spicule tip bifid in

ventral view lor the male.

Mongolian gerbils, Meriones unguicidatus,

housed at the small animal center at Brigham

Young University, were hosts for D. translu-

cida. The source or route of infection to the

host is probal)ly \'ia infective eggs in the bed-

ding and food. The probable life cxcle of the

worm would be similar to that of other pin-

worms, namely: eggs are released in large

numbers from a matine, gravid ftMuale ne-

matode at death and subsecjuently appear

sporadicalK in the fecal mass of the host. The
eggs embryonate within 1-4 days into an in-

fective stage and, following ingestion, de-

velop into larvae in the stomach of the host

i)ecause of the favorable low pH and digestive

enzymes.

The objective of this studv is to incorporate

different levels of microscopv (from light to

electron optics) and histochemistrv to prov ide
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pertinent niorphologieal and anatomical fea-

tures where!))' D. translncida can be further

described and taxonomically dehneated fioni

other species of the same genus. These tech-

niques provide the first information on the

structure of the egg-shell layers and the cuti-

cle layers of the adult D. transliicida.

Materials and Methods

Live Deniostomella transliicida were ob-

tained from the small intestine of 50 necrop-

sied Meriones unguiculatus . The nematodes

were washed in tap water and were further

prepared for various microscopic analyses as

follows.

Fecal Examination and Embryonation

Fecal samples were collected and thor-

oughly mixed with Sheather's solution,

strained through a wire sieve to remove
coarse elements, transferred to test tubes,

and allowed to stand undisturbed for 1 hr. The
tubes were filled so that a clean slide placed

over the mouth closed the tube without trap-

ping air between the suspension and the slide.

Each slide was then examined with bright

field, as well as Nomarski interference, light

microscopy to determine the presence of

helminth eggs. Gravid female nematodes,

teased from the small intestine, were put in

petri dishes with warm water and cut into

pieces to expel the eggs. The petri dishes

were kept in the dark at 37 C for 4-7 days and

observed daily; digestive enzymes were
added to attempt in vitro hatching following

embryonation.

Histochemistry

Specimens of D. translucida were placed in

10% buffered formalin and Bouins fixatives.

After dehydration with ethanol and embed-
ding in paraffin, the specimens were sec-

tioned at 4-6 fxm with a rotary microtome.

Sections were mounted on slides and stained

with haematoxylin and eosin (H & E), Masson
trichrome, pentachrome, orcein, Sudan IV,

periodic acid schiff(PAS), and azure with tolu-

idine-blue stains in order to identify the pres-

ence and the locations of various types of tis-

sues.

Scanning Electron Microscopy (SEM)

Male and female specimens of D. translii-

cida were fixed in 3% glutaraldehyde in a 0.

1

M phosphate buffer (pH 7.3). They were
rinsed in the buffer and dehydrated through a

graded series of ethanol, followed by changes

in absolute acetone, and critical-point dried

with li(|uid COo as the transitional fluid. The
specimens were mounted on aluminum stubs,

coated with gold utilizing a Polaron sputter

coater, and examined in an Amray lOOOA at 20

KV.

Transmission Electron Microscopy (TEM)

Specimens of D. translucida were rapidly

removed from the gerbils. Whole nematodes

were cut into 3-4 parts to allow fixation of

internal viscera. Sections were fixed for 2 hr in

2% glutaraldehyde-3% acrolein in 0.1 M
sodium cacodylate buffer (pH 7.3), then

rinsed with several changes in 0. 1 M sodium

cacodylate washing buffer. The specimens

were post-fixed in 1% osmium tetroxide for 2

hr, washed several times in 0.1 M sodium

cacodylate buffer, and left in 0.5% uranyl ac-

etate overnight. Following dehydration with a

graded series of ethanol, the specimens were

embedded in 100% Spurr resin (Spurr 1969).

The tissue was sectioned with glass knives on a

Sorvall MT-2 microtome and placed on form-

var-coated grids (200 mesh). Prior to viewing,

sections were stained with lead citrate and 1%
uranyl acetate. The grids were examined in a

Philips high-resolution EM 400 transmission

electron microscope.

Results

Description

The following features, determined with

light and electron optics, characterize D.

translucida specimens.

Adult.—The body is cylindrical and elon-

gated with a transparent cuticle possessing

transverse striations. There are ventral and

dorsal annulations interrupted by two lateral

longitudinal ridges extending the full length

of the body (Fig. 1). The cuticle is divisible

into the following six rudimentary layers

(Figs. 2-5): (1) layer one is 30 nm thick and

consists of a highly electron-dense, double

membranelike structure; (2) layer two is 950

nm thick, separated by a fine granular band

from layer one, and consists of an electron-

lucent matrix with granular patches; (3) layer

three is 1.3 [xm thick and is composed of two
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Figs. 6-11. Cephalic end of D. franshicida. 6. Nomarski interference micrograph showing small cephalic inflation

(CI), esophageal corpus (Co), bulb (Bu), and enlarged intestine (It) (bar = 180 jjum). 7. Presence offour cephalic papillae

(Pa) and two amphids (Am) on the outer circle (bar = 18 |xm) (SEM). 8. Mouth opening showing three esophageal

sectors, each sector with one median tooth (Md), two perimeter teeth (Pr), and two small teeth (Sm) (bar 2.8 |xm)

(SEM). 9. Toluidine-blue with azure-stained photomicrograph showing neurons that form a nerve ring (NR) (bar = 140

|xm). 10, 11. MaleD. fra»i.s/(iciV/rt caudal end. 10. Male spicule tip bifid in ventral view (arrow) (bar = 10 ^,m). 11. Male

caudal papillae on the bursa; one adanal pair (AD), one unpaired (UP), one lateral pair (La), and one postanal (Po) pair

(bar = 50 jjim).
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types of globular patches—an electron-dense

and an electron-median; and (4) layers four,

five, and six are composed of a similar ho-

mogenous matrix and measure 2.1, 1.0, and

0.4 fjim, respectively. The latter three layers

are separated by electron-dense granular

bands. Electron-dense radial channels run-

ning perpendicular to the surface extend

through layers four, five, and six. With stain-

ing for LM, the cuticle layers had an affinity

for orcein, aniline blue, and pentachrome

(yellovv' coloration), but no affinity for PAS and

acid fuchsin. Toluidine-blue showed a strong

affinity with layers two and three, but weaker

affinity with four and five. The clarity of pat-

tern and thickness of the cuticle layers varied

among specimens and probably depends on

the maturity of D. transhtcida. Due to the

constriction at the annulation of the cuticle, a

rugose pattern is expressed for this cuticular

region (Fig. 2). The measurements for the six

layers are taken at the thickest portions of the

annulae. Below the cuticle layers, hypoder-

mal cells are bound with numerous infolding

microtubules (Fig. 5). A slight lateral cervical

inflation (Fig. 6) is present, while the pharyn-

geal cavity, cephalic vesicle, lips, and alae are

absent. One pair of subventral papillae, one

pair of subdorsal papillae, and two lateral am-
phids are present at the external circle of the

cephalic end (Fig. 7). The buccal cavity is

characterized by a row of teeth arranged sym-

metrically on the margin of the triradiating

esophagus sectors, one dorsal and two sub-

ventral. One sector of the esophagus includes

a conical-shaped median tooth, which is the

largest, and projects outward. Two perimeter

teeth are situated on either side of the median
tooth. The two smallest teeth connect to the

perimeter teeth at the base located at the

outer edge of the buccal cavity (Fig. 8). The
esophagus is short (1/45 of body) and thick,

with a constriction at the posterior end at the

position of the esophago-sympathetic nerve

ring that divides the spherical bulbous part

from the cylindrical part (Fig. 9). 'fhe triradi-

ating lumen of the esophagus is continuous

with a fibrous esophago-intestinal valve. The
esophagus is covered externally by a semicu-

ticular membrane but without internal chi-

tinized armament.
Males.—The average length of the male

nematode is 10.25 mm; the width at the level

of the esophagus bulb, midbody, and anus

measures up to 0.24, 0.47, and 0.23 mm, re-

spectively. The esophagus is 0.29 mm long,

0.07 mm wide at the le\el of the esophagus

bulb, and tiie cylindrical esophageal corpus is

0.21 mm long. The nerve ring which mea-
sures 0.07 mm wide, encircles the base of the

corpus (Fig. 9). There is an excretory pore

2.29 mm from the cephalic end. A cuticular

swelling (bursa) at the ventral surface of the

tail forms caudal cords on both sides, which

range from 0.5 mm to 0.95 mm (situated 0. 11

mm from the tail tip). The bursa is widiout

supporting rays but has transverse annulation

with cuticular platelets situated on the ante-

rior surface of the cloaca. A single spicule,

weakh' chitinized, is 0.35 mm long, c\lindri-

cal, with a blimt distal end rounded in lateral

view and bifid in ventral view (Fig. 10). The
ventral caudal papillae on the flesh\ bursa are

present (Fig. 11). There is a pair of large

adanal papillae 0.32 mm from the tail tip, an

unpaired papilla between the adanal pair, and

a pair of small lateral papillae slightly poste-

rior to the protuberance. One pair of asym-

metricalK' arranged postanal papillae is foimd

0. 174 mm from the tail tip.

Females.—The average length of the fe-

male nematode is 29 mm, and the width at the

level of the esophagus bulb, midbody, and

anus is 0.52 mm, 1.15 mm, and 0.35 mm,
respectively. The esophagus is 0.4 mm long

and 0.2 mm wide at the bulb, with a c\ lindri-

cal corpus part 0.25 mm long terminating at

the encircling nerve ring. An excretory pore

situated behind the esophagus is 3.9 mm from

the cephalic end. Two bulbous seminal recep-

tacles are present, one abo\e and one below

the vulva. The vulva is characterized by a

transverse slit 12 mm from the cephalic end.

The vagina is 1. 1 nun long by 0.23 mm thick,

directed ccphalad and connected to a muscu-

lar, walled \agina \v\d. The \agina vera is

directed caudad after a reilex to an unpaired

uterine tube and widens into a common egg

chamber. The egg chamber, 1 mm long, di-

\ ides into two uteri situated posterior to the

vulvaand terminates at 0.04- 1.4 nun Iroin the

tail (Fig. 15) tip.

0\ A.

—

Dentostoniclhi tratislucidd eggs are

elongated. as\ nunetrical, llattened on one

side, and measiu'c 130 |JLm long 1)\ 44 \x.\n wide

(Fig. 12). The thickness of the shell is uneven,

and the egg-shell consists of: (1) an exoge-

nous uterine layer, (2) a vitelline layer, (3) a
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1 *k

Figs. 12-17, Dentostomella translucida eggs. 12. Azure with toluidine-hliie-stained photomierograph. Note the

position of endogenous egg-shell layers (small arrows) on the flattened side of the egg. Large arrows show dense

granules seereted bv uterine eells (bar 30 jjini). 13. Four egg-shell layers: exogenous (Ex), vitelline (Vt), chitnious

(Ch), and lipid (Lp) layers (liar - 530 ^JLm). 14, 15. Exogenous egg-shell layers showing eleetron-dense plugs and

coluninous materials. Note the fringe materials on the surfiice (arrows) (bar = 300 nm). 16. Four egg-s^iell layers

(abbreviations same as 13) showing the endogenous layers being separated from the exogenous layer (bar = 640 nm).

17. Flattened side of the egg showing the embryo (Em) adjaeent to the endogenous layers (Ed) (bar = 4 p-m).

chitinous layer, and (4) a lipid layer (Figs.

13-17). This nomenclature for the egg is

based on Wharton's description of oxyurid

eggs (Wharton 1979a, 1979b, 1979c). The
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Figs. 18-23. 18, 19. Scanning electron micrographs o( D. tratishiridd egg witii humps on tlie surface. Note the

opercular groove (arrows) with sutures (18, bar = 20 ^.m: 19, bar 10 |xm). 20-23. Larval stages oiD. tninshtcida (l)ar

^ 43 Jim). 20. A single-celled embryo. 21. A coiled (a ring and a iiall) larva. 22. A vermiform larva. 23. A hatched larva.

exogenoii.s uterine layer is 560 iiin thiek, con-

tinuous, and highly variable in niorphologx

.

This layer consists of electron-dense plni2;s or

columnous materials enihedded l)c-t\veen

coarse fibrils that are perpendicular to the

outer surface. Histochemically, the exoge-

nous uterine layer shows an intense red col-

oration with pentachrome, Masson tri-

chrome, and Sudan IV. The exogenous

uterine laxcr has an ailinit\ ior a/.ure with

tohiidine-blnc", but has no affinity for orcein

and PAS. At tlie outei" surface of the egg-shell,

there are irregular fringes of electron-dense

materials that are tightly adhered (Figs. 14,

15). The vitelline layer is membranelike, 30

nm thick, and situated adjacent to the curved

side of the egg, but this la> er is separated from

the exogenous layer on the ilattened side of
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Table 1. Comparative measurt'iiit'iits (in nun) unci strnctuiL-s ot five Dentostomella spp.

213

Species:
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D. translucida, D. firundmanni (Chitwood

1963), D. kuntzi (Ashour and Lewis 1982), D.

legerae (Quentin 1975), and D. karachiensis

(Bilqees 1978). Measurements for five Dcn-
tostomella species given in Table 1 were ob-

tained from both full-grown and juvenile ne-

matodes. The juvenile nematodes tend to

have diflferent body proportions than adult

nematodes. Thus, some of the measurements,

such as the length of the esophagus, the posi-

tion of the excretory pore and vulva from the

anterior end, and the size of the spicule in the

male, are unreliable sources for differentiat-

ing species based on current data. Pertinent

characteristics listed in Table 1 will l)e empha-
sized in this discussion.

Scanning electron micrographs on D.

kuntzi published by Ashour and Lewis (1982)

show structures similar to D. translticida,

such as four submedian papillae and two am-
phids on the external circle (Fig. 7), and the

number and arrangement of caudal papillae

for males; they also show differences in the

number of teeth when the two species are

compared. Dentostomella kuntzi has a more
conspicuous cephalic inner circle than D.

translucida , which may be why Myers (1961)

LM studies indicated that D. kuntzi has six

papillae in the inner circle. Chitwood (1963)

indicated that D. grundnianni has four

cephalic papillae on the outer circle and six

more papillae on the inner circle that are not

found in other Dentostomella species. With
additional SEM work, the presence of papil-

lae on the inner circle can be confirmed. Den-
tofitonu'lla legerae does not possess structures

that are strikingly diverse from or similar to D.

translucida. However, D. legerae shows
greater similarities with D. Kuntzi in body
measmements and conformation for female

nematodes. C'hitwood (1963) previously dis-

tinguished D. grundmanni, D. translucida,

and D. kuntzi by the body conformation ol

adult females as follows: Dentostomella

grundmanni is very stout, especially in the

post-vuK ar region, D. translucida is long and
evenly proportioned, and D. kuntzi is very

slender. Dentostomella karachiensis appears

most different from the other species in mor-
phology; the male caudal papillae do not exist,

and eight teeth are present on threi-

esophageal sectors that result in an uni-ven

distribution of teeth. Also, the presence of

modified cuticle squares near the cloaca and a

brushlike spicule tip are distinct characteris-

tics of D. karachiensis. Characters of the fe-

male D. karachiensis cannot be reviewed

since it has not been recovered from host

animals.

The cuticle of D. translucida has morpho-
logical characters that may be used to differ-

entiate it from other oxyurids. The TEM
study indicated that cuticle layers are highly

complex, with many la\ ers of difTerent chemi-

cal composition that aid in worm survival

when subjected to digestive enzymes from

the host. The histochemical study shows the

presence of reticular, elastin, and collage-

nous-type proteins that maintain the texture

and structiue of the nematode.

Dentostomella translucida Ova

The egg-shell of D. translucida exemplifies

the basic pattern for most ox\urids as de-

scribed by Wharton (1979a, 1979b, 1979c) for

Aspiculuris tetraptera, Syphacia ohvelata,

and Hammerschmidtiella diesingi. However,

the exogenous uterine layer is considerably

different in morphology for D. translucida as

compared to the other three oxyurids listed

above. The structures of the \itelline, chitin,

and lipid layers are similar. Wharton (1979b,

1979c) indicated that exogenous layers are

formed by secretions from the uterine cells;

thus, such differences betwetMi the oxyurids

he studied and D. translucida may reflect the

structural and physiological differences of the

female reproductive tiact, wherein the vari-

ability of egg-shell struc-ture for different spe-

cies can be a pertinent taxonomic featvue. The
exogenous la\ (M", being nonporous, indicates

that the embryo and the endogenous layers

are not under direct influence from the uter-

ine cells. The histochemical reactions of the

exogenous la\ers show the presence ol lipids

and fibrinoid and reticular proteins. Hie
dense granules (fig. 12) secreted b\ the uter-

ine cells that surround the egg ha\c* a similar

histochemical reaction to that of the exoge-

nous layers, thus indicating a conunon origin

lor these layers. Figures 14 and 15 show the

egg surface being laced b>' electron-dense

fringe materials that seem to provide sticki-

ness to the ox\ urid ovum. The D. translucida

egg has an adhesive nature, as do most other

oxxurids, w Inch aids in spreading infections to

other hosts. The (Mulogenous la\t'rs, the

vitelline, chitin, and lipid laxcrs, run parallel
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to the exogenous layer on the curved side of

the egg, but peel at a 90-degree angle on the

flattened side of the egg (Fig. 16). It appears

that the exogenous layer is not directly associ-

ated with nor bonded to any of the three en-

dogenous layers. Although Wharton (1979a),

in TEM studies, found that the composition of

the operculum is different from the remainder

of the egg-shell, only SEM showed the exis-

tence of an operculum for D. translucida

eggs. The presence of an operculum is in con-

trast to previous reports that the eggs of Het-

eroxnematidae do not have an operculum

(Fetter and Quentin 1976).

A limited number of larval stages were re-

covered from our attempts to cause embry-

onation. As indicated by the experimental

passages of Wightman et al. (1978), the eggs

released with the fecal mass of the host are

infectious within 1-4 days. Thus, according to

the embryonation studies, eggs with a coiled

larva and a vermiform larva are the infective

stages. It should be noticed that the size of the

larva hatched from the egg is approximately

the same as the larva inside the egg. Also, the

presence of a rather stout and large esophagus

for the larva indicates the abilities to receive a

better type of nourishment and to attach to

the mucous membranes of gastrointestinal tis-

sues.
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SELECTION OF MICROHABITAT BY THE RED-BACKED VOLE,
CLETHRIONOMYS GAPPERI

Alice P. \\'\v\ialo\\ski " and (iiaham \\ . Smith

Abstract—Clcthriouoinys ^appcri were captured iii iincr()lial)itats with t!;reater densities of overall co\er than at

noncapture or random sites within the study area. \'arial)les descrihing co\ er densit\ and distance from free water were

selected in a discriminant function analysis to differentiate between vole capture and noncapture sites. Vole capture

sites had greater amounts of cover within 4 dm ah()\e ground surface and were further from standing water than

noncapture sites. The preferential use by C. {i,appen of microhabitats with greater densities of cover is in agreement

with laboratory and field assessments of habitat use reported in the literatiue.

Capper s red-backed vole occurs in forests

of the Hudsonian and Canadian life zones. It

occurs chiefly in coniferous, deciduous, and

mixed forests but sometimes occurs in cutover

areas or blowdowns. Its presence appears to

be associated with abundant litter of stumps,

rotting logs, exposed roots, and a dense leaf

litter. Its diet consists of hypogeous fungi,

vegetation, seeds, insects, and other inverte-

brates (Merritt 1981). The abundance of red-

backed voles has frequently been reported to

be related to moist habitats (Gunderson 1959,

Cetz 1969, Kirkland and Griffin 1974, Miller

and Cetz 1977, Merritt and Merritt 1978, Mi-

hok 1981, Vickerv 1981) and dense cover

(Lovejoy 1975, Kirkland 1977, Miller and

Cetz 1972, 1973, Gunther et al. 1983). The
relationship between cover density and vole

occurrence, however, has not been well quan-

tified.

We made a statistical analysis of the rela-

tionship between the abundance of red-

backed voles and characteristics of the habitat

as part of a study to investigate the relation-

ship between habitat structure and predation

in red-backed voles and deer mice, Pcr-

omysciis manicuUitns (Wywialowski 1987). To
assess the importance of habitat attributes to

red-backed vole abimdance, we compared
capture sites with noncai)ture and random
sites (Williams 1983). Habitat variables re-

ported as important to C. ^apperi by other

studies (Johnson 1981) were selected a jMiori

for this studv.

Study Area

The study site was south of the South Sink

on the Cache National Forest in northern

Utah. The site ranged from 2,370 to 2,380 m
elevation and had a prevailing northerly as-

pect. The trapping area was dissected by nu-

merous small streams and seeps. A mixture of

habitats occurred on the site ranging from a

small, open meadow to mature forest. The site

was dominated by subalpine fir, Abies lasio-

carpa, with Engelmann spruce, Picea engel-

mannii, Douglas-fir, Pseudotsiiga yncnziesii,

lodgepole pine, Pinus contorta, and (juaking

aspen, Popuhistrcmuloidcs, also present. The
dominant "shrub was subalpine fir seedlings,

and a variety of forbs were present. See

Schimpf et al. ( 1980) for a detailed description

of the area.

Methods

Livetraps were placed in a grid pattern on

10 July 1983. The trapping grid was located in

an area where C. ^(i})))cn had been success-

fully captiued the prexious fall. Traps were
spaced approximatcK 15 m apart and were set

in what was judged to be the best potential

\ole capture micrositc^ within a 9-m' area cen-

tered on each grid node. The traps were
baited with a mixture of oatmeal and peanut

butter and set on 13 JuK 1983. Traps were

checked the following morning, evening, and

the next morning, at which time they were

closed. All \()les were remo\ed from the site

'Department of Fisheries and Wildlirc, Utah Stat.' I'niversitv, l.ouan. Utah 84322.

Present address: Missouri Department of Conser\'ation, Fish and Wildhfe Research Center. 1 1 10 CoUeKe As'enne, Cohnnbia, Missouri 6.5201.
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for use in a laboratory experiment

(Wywialowski 1987), while other rodent spe-

cies were released. The same procedures

were followed starting on 11 August and on 5

October 1983, except that during the second

session both deer mice and voles were re-

moved.

To determine the range of the habitat at-

tributes available to voles, we selected 70 ran-

dom points within the trapping area. These

points were chosen by randomly locating a

point in the northeast (juadrant of the study

area and systematically spacing the remaining

69 points across the study area.

Habitat structure, including composition of

horizontal cover, plant species composition,

and physical attributes, were recorded at each

of the 101 trap sites and 70 random points

within the trapping area (Table 1). Measures

of habitat structure were taken within a 1-m

radius of each trap site or random point.

Cover density was estimated at 10-cm inter-

vals up to 1 m by visually aggregating the

cover and estimating the percent of the total

area, similar to the methods used in habitat

typing (Steele et al. 1981). The amount of

cover was recorded as: none, trace to 5%,

5-15%, 15-25%, through 85-100%. Percent

of horizontal cover was measured by line-

intercept on two 2-m transects centered on

the trap to estimate the amount of standing

tree, downed wood, rock, evergreen or decid-

uous shrub, and herbaceous cover. Tree over-

story was measured by summing five ocular

sightings of the canopy (recorded as ^ sky or

1 = blocked by trees, with a sighting over the

trap and at both ends of the two transects).

Nearest tree, shrub, and herbaceous species

were recorded. Physical factors measured in-

cluded distance to, diameter of, and age class

of the nearest downed wood; depth of duff (to

mineral soil); and distance to nearest free wa-

ter.

Analysis of the data was done using SPSSx,

the Statistical Package for the Social Sciences

(SPSS Inc. 1983). Sites where a single juvenile

male was captured (n = 7) were not included

in the analysis because this group of voles

ranks at the bottom of the dominance hier-

archy of sex and age classes (Mihok 1981), and

the animals were most likely to occupy subop-

timal microhabitats. Therefore only 94 trap-

ping sites were used in the analysis.

Differences between random, noncapture.

Tahi.K 1. Habitat variable names and tlieir descrip-

tions.

Name Description

CDI-CDIO

CLOW

CMID

CHIGH

CSUM

SHRUB

FORB

GREEN

WOODY

TREE

CANOPY

DUFF

WATER

LOG-DIST

LOG-SIZE

LOG-CLASS

Percent of cover density within a meter

radius of the site at 0-10 to 90-100 cm
above ground, respectively.

Mean of the values from GDI through

GD3.

Mean of the values from C>D4 through

GD7.

Mean of the values from GD<S through

CDIO.

Mean of the values from GDI-CDIO.

Percent of cover composed of shrubs

within a 1-m radius of the site.

Percent ofcover composed of forbs within

a 1-ni radius of the site.

Sum ofSHRUB and FORB.

Percent of cover composed of downed
woody material within a 1-m radius of the

site.

Percent ofarea composed of standing tree

trunks within a 1-m radius of the site.

Percent of five measurements at the site

and 1 m from the site in the four cardinal

points.

Depth of organic material to mineral soil

in cm.

Distance to nearest open water in m.

Distance to nearest log greater than 1 dm
in cm.

Size of nearest log greater than 1 dm in

diameter in cm.

Age ofdowned logs rated on a scale of 1 =

freshlv fallen to 5 = mostly decayed iifter

Thomas (1979).

and capture sites were tested using t-tests for

differences between trap and random sites,

Kendall's Tan for comparisons of habitat at-

tributes between capture and noncapture

sites, and Chi-square for determining

whether plant species presence was related to

vole captine and noncapture sites (Hollander

and Wolfe 1973).

Discriminant function analysis (DFA) was

used to assess the ability to predict vole cap-

ture or noncapture sites based on the habitat

structure at the trap sites. Prior probabilities

were set at size of the groups to minimize any

sample-size bias (Titus et al. 1984).
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Table 2.

sites.

Means and standard errors of eo\er and habitat \arial)les lor randoni, \()le capture, and \()le noncapture

Site:
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Table 4. Nearest tree to sites. Actual miinher and percent of the total lor the study area given for random and trap

sites. Observed and expected numbers are given for vole capture and noncapture sites.

Tree species
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Table 6. Nearest forb to sites. Actual number and percent of the total for the stucK' area given for random and trap

sites. Observed and expected numbers are given for vole capture and noncapture sites.
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third variable chosen (Table 7). Voles were

more likely to be captured within the study

area at sites with fewer trees present. This is

consistent with vole selection of microhabitat

sites with greater amounts of cover. Many of

the trees within the study area were mature

trees with large bole diameter. These trees

had little cover to 4 dm above ground in the

areas immediately surrounding their bases.

The relationship of red-backed voles to the

presence of free water illustrates a problem
that exists with all studies, similar to ours, that

use correlation analysis to investigate rela-

tionships of habitat and animal abimdance. As

demonstrated by Price and Kramer (1984),

the location selected by researchers for their

traps can influence the conclusions drawn
about habitat affinities of a species. In our

case, (1) locating the trapping grid in an area

with a wider moisture gradient would have

resulted in a different statistical relationship

between vole density and distance to free wa-

ter, and (2) placing the traps in random loca-

tions on the trapping grid would have in-

creased the significance between vole

abundance and habitat attributes. In order to

meet objectives other than those reported

here, however, we located traps at sites we
believed most likely to catch voles. As a re-

sult, trapping sites did not encompass the full

range of values for most of the habitat at-

tributes (Table 2). Random or stratified ran-

dom placement of traps would have resulted

in relationships that were statistically more
significant for all variables (Table 3), but use of

a random design would not have changed our

conclusions as to the importance of the cur-

rently significant cover variables. It would
have made the relationships between vari-

ables more significant and perhaps woidd
have resulted in less significant (P > .05) vari-

ables becoming significant. The variables

most likely to have changed would be other

density (CD2-CD9) and the log-class vari-

ables.

Floristic composition was not important in

determining whether or not a vole was cap-

tured at a site (Tables 4, 5, 6). Similar analyses

have not been reported for Clethrionomys but

have been reported for other rodent species

(e.g., Peromysciis leucopus, M'Closkev and
Lajoie 1975).'

Researchers studying small mammals and
their habitats usually assume that capture lo-

cation is indicative of preferred or most used

habitats (Dueser and Shugart 1979). The cor-

relation of C. gapped with cover density de-

scribed here agrees with the laboratory pref-

erence of the species for more cover

(Wywialowski 1987) and use of microhabitats

with greater cover as assessed by radioteleme-

try in a forest enclosure (Nams 1981).

The habitat in which an individual occius in

a field situation is always confounded by the

presence of other animals. Dispersers and

subordinate animals are more likely to be in

suboptimal habitats. Density may be a poor

indicator of habitat (juality (Van Home 1983).

Van Home (1982) found that dominant adult

deer mice occupied forest habitats with

greater cover and had higher overwinter sur-

vival, while subordinate subadults occupied

habitats with less cover where densities were
higher but overwinter survival was less. A
similar pattern of use between adult and juve-

nile C. gapperi in a forest and tornado blow-

down, respectively, was observed by Powell

(1972), although he did not have any measure

of fitness of individuals within each habitat.

Mihok (1981) found that mature females were
dominant and occupied preferred habitats. In

this study, 8 of the 14 voles captured the first

night of the first trapping period were fe-

males, whereas only 2 of the 10 captured the

second night were female. The sex-biased

captures concur with the female-dominated

social organization of the genus Clethriono-

mifs (Mihok 1981, Bujalska 1985, Vitala and

Hoffmeyer 1985, Bondrup-Nielson 1986a,

1986b). Many territorial females were likely

removed the first night of trapping. The pat-

tern of capture of mostly adult female voles

during the first night of trapping was not as

prevalent during the second and third trap-

ping periods, when mostly young-of-the-year

voles were captured and territories and social

order were likely disrupted by the previous

removal of voles. The effect of social organiza-

tion on our conclusions is not completely

clear. It did, however, affect our ability to

correctly classify the habitat use of voles.

When only the first trapnights were used in

the analysis and trapped voles consisted

mostly of adults, 80% of the sites were

correctly classified. When the second trap-

night consisting of mostly juvenile voles was

added, only 65% of the sites were correctly

classified. The major difference between the
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tAvo analyses appears to he in the importance

of cover helow the 4-dm height. We conclude

that optimal vole habitat has high values ot

cover below 4 dm.
Population size may also affect habitat use

by a species. Bock (1972) found that C. <iJareo-

lus occupied a wider range ot habitats when
populations were larger. This may not be true

for C. gapperi, as they have been reported

not to have exhibited significant opportunistic

niche expansion in one study on an island

situation (Crowell 1983). However, micro-

habitats that were preferentially used in this

study are in agreement with the laboratory

research of VVywialowski (1987) and the field

observations of Nams (1981). Capture rates of

red-backed voles in other studies have aver-

aged 0.7-8.7 captures per 100 trapnights

(Gunderson 1959, Martell 1981, Gunther et

al. 1983, Fuller 1985), except for Martell's

(1983) study where snap-trap capture rates as

great as 37.8 per 100 trapnights were ob-

tained. The capture rate of 20.1 captures per

100 trapnights observed during our study, ex-

cluding Martell (1983), is about an order of

magnitude greater than the average capture

rate reported elsewhere for red-backed voles.

Vole captures in this study probaJjly occurred

in suboptimal as well as optimal habitats, and,

as a result, our ability to identify what consti-

tutes optimal vole habitat is more difficult

than it would have been if vole populations

had been lower.
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A COMPARISON OF THE SPHERICAL DENSIOMETER AND OCULAR METHODS
OF ESTIMATING CANOPY COVER

RoliJTi S. \'()ia

Abstract—Percent tree caiiop\ cover in a ponderosa pine (Pimis pondcrosa ) lorest oi northeastern California was

estimated by the point intercept spherical densiometer and ocular methods. Estimates derived h\' the two methods

were similar (P > .05). The ocular method is recommended when imderstory vegetation is tall or clumped instead of

randoniK' distributed, or ii a\ ailable field time limits sample size.

Canopy cover, or percent canopy cover,

refers to the proportion of an area covered by

the vertical projection of plant crowns to the

gronnd surface (Cysel and Lyon 1980). The
measurement of cover provides information

on the structure of vegetation. Several instru-

ments and methods have been used to mea-

sure canopy cover, including photometers,

light meters, photographic methods, den-

siometers and ceptometers, vertical crown
projection methods, ocular estimations, point

intercept, line intercept, and the Bitterlich

method (Lemmon 1956, Mucller-Dombois

and Ellenberg 1974, Hays et al. 1981).

Robinson (1947, cited in Lemmon 1956)

was one of the first researchers to use a den-

siometer; he used a flat mirror to estimate

relative area of crown coverage. This method
required use of both a large mirror and a large

number ot samples. Lemmon (1956) im-

proved the method by using a spherical den-

siometer and reported that at probability lev-

els ol 70, 95, and 99%, average measurements
of the same overstory area could be expected

to be within ±1.3, ±2.4, and ±3.1%, re-

spectively. Strickler (1959) recommended
limiting use to 17 j)oints in a wedg(»-shaped

area on the densiometer to avoid nniltiplc

counting of intercepts. Dealy (1960) used a

densiometer in conjunction with the line in-

tercept method to measine canopy cover in

tall shruli-small tree vegetation types.

Densiometer measurements were found to

be highly correlated with measurements
taken by a canopy camera (HoHcr 1962, cited

in Hays et al. 1981). The amount of open

canopy in the east, south, and west directions,

as measured with the spherical densiometer,

accounted for the largest proportion of the

variance in light penetration in an Arizona

ponderosa pine forest (McLaughlin 1978). To-

tal understory, shrub, and forb production

was correlated with canopy cover measured

with a spherical densiometer, but not with

tree basal area, stand height, or number of

trees/ha in the grand fir (Abies ^randis)/

myrtle boxwood (Pachistiuia mi/rsinitcs) habi-

tat type of north central Idaho (P\'ke and

Zamora 1982).

The ocular method estimates cover "by eye-

ball over a sample area that is laid out on the

ground. Proponents of its use include Braun-

Blanquet (1932) and Daubenmire (1959).

These scientists used cover classes (e.g.,

0-5%, 5-25%, etc.). Steele et al. (1981) u.sed

the ocular method to estimate canopy cover-

age of all \ascular plant spt^cies b> classes and

recommend it from the standpoint ol efli-

ciency. Hays et al. (1981) statt>d that the ocu-

lar method can be "moderatcK accinate.

They recommeiided use of the line intercept

or point intercept technitiues when greater

accuracN is desired.

I compared estimates of tree canopy cover

obtained b\- the ocular method to estimates

obtained 1)\ the point intercept spherical den-

siometer on the same study plots to determine

if the ocular method could be used as a reli-

a!)le estimate of percent overstory canopy in a

pondtMosa pine loi'cst in northeastern (Califor-

nia.

Work computed uliilc at I'liivcTsitvolldaho, Moscow I'l

31.520.

I'.S KisliaiulWilillilrSci Kooiii :\M. Kcilcral Hiiildiiii;, \h vick, (;<'()ri;ia
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Study Site

Tree canopy cover was estimated on plots in

the Blacks Mountain Experimental Forest in

northeastern California (Lassen County). Ap-

proximately half of the study area was in a

gently rolling basin; the rest extended up

moderate slopes to the north and east. Eleva-

tions ranged from 1,700 to 2, 100 m.

The forest vegetation was characteristic of

the Interior Ponderosa Pine type (Eyre 1980).

Dominant were ponderosa pine and Jeffrey

pine (Pinusjeffreyi), as well as white fir {Abies

concolor) and incense cedar (Calocedrus de-

currelis) dt higher elevations. The understory

was often open, with scattered shrubs, forbs,

and grasses, along with clumps of sapling and

pole-sized conifer thickets. Bitterbrush (Pur-

shia tridentata) and big sagebrush {Artemisia

tridentata) were abundant in the understory

at lower elevations. Typical understory spe-

cies at higher sites were snowberry {Symphor-

icarpos oreophihis) and pennyroyal {Monar-

della odoratissima)

.

Methods

Conifers greater than 1.5-m height were

considered to be trees. Ocular estimates of

tree canopy cover were made for 25-m" circu-

lar microplots (2.82-m radius) in June 1983.

An initial training exercise was conducted in

which canopy cover was also estimated using

40 points located within the plot in the four

cardinal directions for the first 10 microplots.

Later, with two-thirds of the sampling com-

pleted, an estimate on another 10 microplots

was used as a check. Results were compared

with paired t-tests. A total of 330 sample

points were located along 33 transects. Each

of the transects was about 400 m long and

contained 10 randomly located microplots.

Twenty-six transects were located in experi-

mental units that were logged approximately

40 years ago, and the remaining 7 were lo-

cated in units cut within the past 10 years.

Tree canopy cover was remeasured with a

spherical densiometer on all 330 plots in June

1984 without the data sheets from the previ-

ous year in hand. The densiometer measure-

ments served as a standard to which the ocular

estimates could be compared. Paired t-tests

were used to compare the ocular estimates to

those derived using a spherical densiometer.

Normality of distribution was tested using the

Kolomogorov D statistic (SAS 1982).

Hallin (1959) stated that these 40-year-old

experimental units were cut using a random-

ized block design to study the effects of six

harvest treatments on tree growth. The treat-

ments ranged from no harvest (control) to re-

moval of all trees larger than 29.5 cm dbh.

Analysis ofvariance (ANOVA) was used to test

for treatment effects on mean canopy cover

estimated by the ocular method and by the

spherical densiometer for the 26 transects in

the older cuts (SAS 1982). Normality of distri-

bution was tested using the Shapiro-Wilk

statistic, W (SAS 1982).

Results

The difference in canopy cover between

paired observations was less than 41% for 90%
of the observations, less than 28% for 80% of

the observations, and less than 12% for 50% of

the 330 observations.

The t value was -1.60 (P = .11). The data

(paired differences) were not distributed nor-

mally (Kolomogorov D < 0.01). The data were

not further analyzed using the nonparametric

Wilcoxon's signed-rank test because of large

sample size, robust nature of the t-test, and

nonsignificance of the results using the para-

metric test.

The data were further sorted into three cat-

egories to examine for differences due to plant

community and length of time after timber

harvest (limited to recent cuts or 40-year-old

cuts). The paired t-test results for the differ-

ences between the two methods of estimating

canopy cover were not significant for any of

these categories (Table 1). Both methods of

estimating cover provided similar ANOVA re-

sults (Table 2). The six timber harvest treat-

ments did not have significant effects on total

tree canopy cover 40 years after harvest as

measured by the two methods. This was due

to the natural heterogeneity in forest struc-

ture. The forest was composed of a variety of

small, even-aged groups of trees of various

ages. The overstory was broken by groups of

smaller-sized trees or scattered, older residu-

als in younger stands. The age classes were

not evenly distributed spatially, but instead

formed a mosaic of small, homogeneous units

that varied in size from a fraction of a hectare

to 4 ha (Hallin 1959).
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T.ABLK 1. Differences between oenlar and densionieter estimates oi tri'e caTiop) c()\er liy aije of cnt ami plant

community.

C^ategorN' t \ alue

Number ol

samples

Recent cuts (4-10 vrs) - 1.95

Older cuts (40 yrs)' -0.81

Lower-elevation conununity — 1. 18

(ponderosa pine and bitterbrush)

Higher-elevation communit\' —0.02

(ponderosa pine, white fir, incense cedar,

and snowberrv)

0.06

0.42

0.24

0.80

70

260

100

160

Table 2. Analyses of variance of effect of treatment and block oti tree canopv co\er as measured b\ densionieter and

ocular methods.
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and bitterbrush community. Here, den-

siometer estimates may be more accurate

where large trees dominate over a low under-

story. The method suggested by Dealy (1960)

for low shrubs and small trees may work bet-

ter where a tall understory is present, but it

requires use of the more time consuming line

intercept method.

Weather conditions may also impact the

accuracy of densiometer readings. Looking

into the mirror can be blinding when the sun

is overhead. Wind movement of foliage can

make determination of point intercept in the

mirror difficult.

Conclusions

Ocular estimates provided an estimate of

tree canopy coverage that was not statistically

different from that estimated using a spherical

densiometer. Use of the spherical densiome-

ter and line intercept methods is probably

more accurate under certain conditions but

may yield erroneous results if understory veg-

etation is tall, ifvegetation is clumped instead

of randomly distributed, or if available field

time limits sample size. In the latter case, the

lower accuracy of the ocular method may be
more than compensated by the larger sample

sizes. Observers using the ocular estimating

method should be initially trained with and

periodically checked against a reliable me-
chanical cover estimation method.
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MONOTERPENE CONCENTRATIONS IN LITTER AND SOIL OF SINGLELEAF
PINYON WOODLANDS OF THE WESTERN GREAT BASIN

F. Martin Wilt', Glenn C. Miller', and Riehard L. Everett"

Ab,STR.\CT—Mean monoterpene content of sini^leleaJ piinon (Pinus monopJujUa [Torr.] Freni.) litter from stands

growing on two soil series was 340 ± .310 ug/g air dry weight (adw). Indi\ idiial monoterpene h\droearl)ons suggested as

potential allelopathie compounds occur in extremely small amounts, 0.5-110 ug/g adw. Mineral soils contained 50

times less total terpene, 6.6 ug/g ± 4.8 adw, than the litter immediateK abo\ e. Hesidts suggest that allelopathie effects

woidd more likely occur in litter than mineral soil. These findings are substantiated by previous reports of decreased

emergence and growth of herbaceous species in pinxon litter but not mineral soil.

Terpene hydrocarbons are potentially in-

volved in the inhibition of germination and

growth of herbaceons plant species nnder the

pinyon-jnniper canopy (Everett 1981,

Jameson 1980). Terpenes have long been sus-

pected as allelopathie substances causing ger-

mination inhibition or growth regulation (Rice

1974, 1984, Muller 1966, 1968, 1971). The
possibility of such interactions has also been
suggested by various field and laboratorv ob-

servations (Rice 1974, 1984, Elmore i985,

Groves and Anderson 1981, Putnam 1985).

The terpene content of wood and gum tur-

pentines from living pinyon has been estab-

lished. Zavarin and Snajberk (1980) reported

the presence of monoterpenes a-pinene, (3-

pinene, sabinene, camphene, 3-carene,

myrcene, limonene, 7-terpinene, terpino-

lene, p-cymene, and P-phellandrene in 11

species of pinyon (Fig. 1). Also reported was
the inconsistent occurrence of cis-ocimene,

tricylene, a-phellandrene, a-thujene, and a-

terpinene. These compounds are characteris-

tic of the three conifer families Cupressaceae,

Pinaceae, and Ta.xodiaceae (Zavarin 1971) and
have been suggested as having allelopathie

properties (Rice 1984, Mandava 1985).

Data are not available on the transport and
fate of these compounds in litter and soils. It

has been suggested that soils act as a reposi-

tory for the sorption of volatile terpene h\ dro-

carbons (Muller 1971), but studies have not

specifically revealed where or at w hat concen-

trations terpene compounds accumulate on
the forest floor.

The pinpose of this study was to document
the presence and amounts of monoterpenes
found in singleleat pinyon litter and the sur-

face mineral soils immediately below.

Monoterpene levels contained in mineral soil

or pinyon litter suggest probable concentra-

tions at which allelopathie effects are naturally

exhibited. Defined in situ monoterpene con-

centrations will be used to test for allelopathie

effects on herbaceous species in future re-

search.

Field and Laboratory Methods

Samples of singleleaf pinxon litter and sur-

face mineral soils below the litter were taken

from two sites 113 km apart on the western

edge of the Great Basin. Site 1 was located on

an east slope of the X'^irginia Range on the

Duco soil series (Lithic ArgixeroU; Soil Survey

Staff" 1975). Site 2 was on an east slope of the

Wellington Hills on the Roloc soil series

(Aridic ArgixeroU). Litter samples taken 50

cm from the tree trunk were comprised of

decomposing needle, twig, cone, and bark

tissue. Mineral soil samples were taken from

the upper 2.5 cm of soils immediateK below

the litter layer.

Paired litter and soil samples were col-

lect(xl adjacent to 13 randomly chosen trees at

each site. Samples were analyzed for

monoterpenes a-pinene, (3-pinene, sabinene,

camphene, 3-carene, myrcene, limonene, p-

c> inene, and "Y-terpinene.

Samples ol piuNon tree litter and mineral

Uepartineiit of Biochemistry, I'liiversify of Nevada at Reno, Reno. Nevada S95.57-(K)1-J.

"Intermoinitain Forest and Range Experiment Station, located at the University of Nevada at Reno, Reno. Nevada .S9.5.57-(K)14.
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Table 1. Monoterpene concentrations in tree littei
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LEGEND

1. Q-pinene

2. camphene

3. sabinene

4. /?-pinene myrcene

5. 3-carene

6. p-c\mene

7. limonene

8. 7-terpinene

8.5 17 8,5

time mm. time mm.

Fig. 2. Gas chroniatogranis of litter and .soil e.xtracts of .sample mmilH-r 4 Ironi Site 1

.

17

sample and expressed as mg/g air dry weight.

Total monoterpene content was estimated by

summing integrated areas of each compound
from 6 minutes retention time to 17 minutes

and is also expressed as an air dry weight

basis.

Compounds eluting after 17 minutes were
not included in the estimation of the monoter-

pene content since they were presumably

higher molecular weight Inxlrocarbons.

Results AND Discussion

The monoterpenes present in litter extracts

(Table 1) were consistent with those reported

for oleoresins of pinyou (Zavarin and Snajberk

1980, Fig. 1). Several other lO-carbon com-
pounds were present at comparable concen-

trations but were not identifit^d. Other con-

stituents were evident in the extracts and
probably included higher carbon number ter-

penes. A large variety of ses(iuiterpenes

(C-15) and oxygenated monoterpenes wer(>

found present by Zavarin and Snajberk (1980)

in both wood and gum turpentines. Gum and
wood rosins were reported to be inainK com-
posed of pimaric with smaller amounts of abi-

etic acids. Low amounts of free fatt\' acids

were found maiuK in sapwood, along with

trace amoimts of imidentilied ether-soluble

compounds in wood. Oiu" analysis of pinyon

litter extracts by GC-MS confirmed the pres-

ence of higher molecular weight constitiients,

although the\ wtMe not identified.

No attempt was made to identil\ iudi\ idual

monoterpenes from the mineral soil extracts

because of their \cry low le\ els of occurrence.

I'hese soils ha\ e not prexiousK been reported

as allelopathic (E\erett 1987). Ilowexer, any

integrated areas lor the mineral soil samples

were assumed to be terpeiie Indrocarbons.

P-pinene coeluted with m\rcene; therefore,

these monoterpene concentrations are ex-

pressed as combinations. C-amphene was de-

tected in onl\' two samples, both from Site 1.

The concentration of monoterpenes in the

litter samples exhibiti'd substantial variation,

probably corresponding with the actual
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amount of woody material in the samples and

the degree of weathering of the litter. The
total terpene content ofsome individual Site 2

samples was much lower than those of Site 1,

although the average values for both sites

were equal.

Soil samples at both sites showed very low

levels of monoterpene, which, on the aver-

age, were 50 times less than in the litter sam-

ples (Fig. 2). Litter results indicate a range of

concentrations appropriate for testing allelo-

pathic effects on understory species. Further

study is suggested to identify and quantify the

remaining components of these litter extracts

and evaluate their involvement in seed germi-

nation inhibition and/or growth regulation.
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NEW GENERA AND NEW SPECIES OE NEOTROPICAL COELIDIINI
(HOMOPTERA: CICADELLIDAE: COELIDIINAE)

M. W. Niflson'

Abstract—Three new genera and 14 new species in 9 genera m tlie tribe C^oelidiini are described and illustrated.

Revised keys to males of species in several genera are also given. New genera include: Pij^maelidia, type-species

PijfimaelicHa htillata. n. sp.; Graciliclia, type-species GraciUdia gracilis, n. sp.; Fisttilidia, type-species Fistiilidia

simplex, n. sp. Additional new species include the Ibllowing: Boliviela bi.s)>inos(i. Bolivicla paraorthd, Tinocriptis

htip,g,er1i, Lodia parapectinata, Calodicia circulata, Dicolecia scrrata, Evansolidia inassa, Evansolidia hifurcata,

Evansolidia digittda. Spinolidia sannenta, S])inolidia manna.

The tribe Coelidiini is very rich in the

Neotropical region. Collection.s during the

latter part ot the current century have l:)n)ught

to hght an additional number of new ta.xa that

are described in this paper. The majority of

genera in the region is small in number of

species, but those taxa described here and in

other papers (Nielson 1983, 1986) flesh out

several genera and thus add to our knowledge
of the variety and complexity of the group.

Three new genera and 14 new species in

these and 7 other genera in the tribe are de-

scribed and illustrated in this paper. Revised

keys to males of species in several genera are

also presented to update the classification and

provide ready access to more complete keys.

The three genera described below are each

represented by a single species and all are

from Brasil. The number of monobasic genera

is fairly large for the group, and they repre-

sent about half the known genera in the

Neotropical region.

Py<i,ma('Ii(Iia, n. gen.

Type-species.—Pij^madidia Imllata , n. sp.

Medium-sized, very broad, robust species.

Lenc.tm.—Male 7.80-8.00 mm, female

8.90-12.50 mm.
General habitus unlike an\ other known

genus in the tribe owing to its robust size.

Similar to Crinolidia Nielson in some male
genital characters.

Ihnul slightly narrower than pronotum,
very broad and short; crown broad; pronotum
and scutellum short, only slightly longer than

median length of crown; forewings

macropterus in male, micropterous in female,

veins and some cells rugulose, 5 apical cells

and 3 anteapical cells present, outer one

closed; clypeus long and broad, sometimes

with a very faint median, longitudinal carina

that does not reach basal origin; femoral setal

arrangement 2:2:1.

Male genitalia symmetrical; pygofer with-

out processes; segment 10 long and rather

broad; dorsal apodeme tvpical; aedeagus sim-

ple, long, tubular; gonopore subapical; con-

nective Y-shaped with short stem; style very

long, narrow; plate long and somewhat broad

before apex.

The genus is known onl\' from Brasil and is

represented by a single species described be-

low. It is distinguished from other genera by
its robust size, very broad, short head with

rugulose markings on the forewings, and s\ ni-

metrical aedeagus.

Py<im(ielidia bttllata, n. sp.

Figs. 1-7

Len(;th.—Male 7.80 nun, female 8.90-

12.50 mm.
G(Mieral color light to deej:) tannish with

pale, corrugated bullae on pronotum and

\ ('ins of forewings.

Head short and \(My broad, slightK nar-

rower than pronotum, i)r()adl\ rounded ante-

liorK ; crown broad, about as wide as eyes,

surface hnely sculptured; eyes large, elon-

gate; pronotum rather short, median length

about as long as median length of crown,

surface with irregular, corrugated bullae;

'Monte L. Bean Life Science Mi Biiuli.iin Yonim l'niv<Tsit\ , I'nivo, I't.ili S4(i()2
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Figs. 1-7. Pijgmaelidia hullata. n. sp. 1. Head, pronotum, and scutellum, dorsal view. 2. Faee, ventral view. 3.

Pygofer, lateral view. 4. Connective, aedeagns, and right style, dorsal view. 5. Aedeagus, lateral view. 6. Right style,

lateral view. 7. Plate, ventral view.

scutellum short, median length slightly

longer than median length of crown, sur-

face finely sculptured except for median,

transverse indentation; forewings with nor-

mal venation in male, micropterus in female

exposing distal portion of segment 9 and

ovipositor, veins and some cells with corru-

gated bullae, appendix poorly developed, es-

pecially in female; clypeus long and broad,

sometimes with a very faint, median, longitu-

dinal carina that does not reach basal origin;

clypellus long with distal third expanded lat-

erally.

Male.—Pygofer in lateral view with cau-

dodorsal margin bilobed (Fig. 3); aedeagus

symmetrical, long, tubular, and broadly

curved in lateral view, strongly recurved dis-

tally with minute spines apically, apex some-

times sharply pointed (Fig. 5), somewhat
compressed laterally toward apex in dorsal

view, gonopore subapical on ventral margin;

style very long, sinuate, tapered apically (Fig.

6); plate long and narrow, enlarged toward

apex (Fig. 7).

Female.—Seventh sternum with caudal

margin produced medially and broadly con-

vex.

HoLOTYPE (male).

—

Brasil: Minas Gerais,

Santa Barbara, Caraca, 1.1970, F. M.

Oliveira, B. M. 1971-165 (BMNH). Allotype

(female), same data as holotype (BMNH).
Paratypes: Brasil: one female, same data as

holotype (BMNH), one male and one female,

same data as holotype (author's collection),

one female, Brasil: no locality, 1895, J.

Fallou(MNHN).
Remarks.—This is the only known species

in the genus. Its broad, robust appearance

and simple aedeagus will distinguish the spe-

cies from other genera in the tribe Coelidiini.
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Figs. 8-15. Gracilidia gracilis, n. sp. 8. Head, pronotiiin. and scutelliini. dor.sal \ie\v. 9. Face, \entral \ie\v. 10.

Plate, \entral\iew. 11. .\edea2us. lateral view. 12. .\edeagiis. dorsal \ie\v. 13. Right style, lateral view. 14. Connective

and riulit st\ li-. ilorsal \ low 15. P\ s^ciier. lateral \ iew.

Gracilidia. n. uen.

Type-species.—Gracilidia gracilis, u. sp.

Mediiini-.sized, slender .specie.s.

Length.—MaK- 7.(H)-7.50 nun.

General habitus dark hiown to black witli

markings on forewings. .Sinular to Boliiitla

DeLong but with distineti\ i" male genitalia.

Head distinctU narrower than pronotunn

crown produced bc\ontl aiitenoi- maiuni ot

e>es, much narrow er thcUi w idth ot e\ t's; e\ t-s

large, semiglobular; pronotum and scutelhun

moderateK" large, each with nunlian length

greater than median length ot cri)wn;

forewings with 5 apical cclK and y anteapical

cells, outer one closed; cl\ pens long and nar-

row, without a median, longitudinal carina;

cKpellus swollen basalK ; femoral setal ar-

rangement 2:2:1.

Male genitalia slightK as\ inmetrical;

pNgofer with moderately long caudodorsal;

lobe; dorsal apodtnne t\pical; aedeagus sim-

ple, long, tubular, with terminal spine,

gonopore subapical; connecti\e Y-shaped,

stem short; st\ le \ er\' long and slender; plate

long, hea\ily setose.

The genus is know n onl\ trom Ecuador and

is represented by a single species. It can be
distinguished trom Bolivicia b\ the simple

at'deagus w ithout secondar\ prcK-esses.

Gracilidia gracilis, n. sp.

Kms. s-1.5

Lenchm —Male 7.00-7.50 nun.

General color dark brow n to blackish with

broad markings on torewings; crown and

pronotum dark browii to black with tannish

maikings or spots; scutellum dark browni to

purplish black, sometimes with tan spots;
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forewings with broad areas of smokey l)rown

to black in distal half, brownish translncent

basally, large, tannish spot near middle of

costa, veins with tan spots; face black with

numerous tannish spots on clypeus.

Head much narrower than pronotum;

crown produced beyond anterior margin of

eyes, much narrower than width of eyes,

slightly carinate on lateral margins; eyes

large, semiglobular; pronotum and scutellum

as in description ofgenus; forewings and vena-

tion typical; clypeus long and narrow, without

a median, longitudinal carina; clypellus swol-

len basally.

Male.—Pygofer in lateral view with mod-
erately long caudodorsal lobe, lobe curved

dorsally at apex (Fig. 15); aedeagus long, nar-

row, tubular throughout, slightly asymmetri-

cal, shaft abruptly curved dorsad before apex,

terminating in caudally directed, sharp spine,

gonopore subapical on dorsal margin (Fig. 11);

style very long and slender, slightly enlarged

distally (Fig. 13); plate long and narrow, en-

larged subapically on outer margin, profusely

setose (Fig. 10).

Female.—Unknown.
HoLOTYPE (male).

—

Ecuador: Napo, past

road from Baeza to Papallacta, km 186,

13. IV. 1977, Elaine R. Hodges (USNM).
Paratype: one male, Ecuador: Napo, Baeza,

12-22.11.1983, L. Huggert (UL).

Remarks.—This species can be separated

from other species of related genera by the

simple, elongate, tubular aedeagus with a

terminal spine. The aedeagus is remarkably
similar to the aedeagus of Licolidia angusta

Nielson, a member of the tribe Teruliini.

However, tribal and other generic characters

distinguish gracilis from that species.

Fistulidia, n. gen.

Type-species.—Fistulidia simplex, n. sp.

Medium-sized, slender species.

Length.—Male 7.50 mm, female 8.40

mm.
General color light to dark brown with tan-

nish markings on forewingjj. Similar in gen-

eral habitus to Crassinolanus Nielson but
with distinctive male genitalia.

Head distinctly narrower than pronotum,
subconically produced as in Crassinolanus;

crown narrow, narrower than width of eyes;

eyes large, semiglobular; pronotum and
scutellum large, each with median length

greater than median length of crown;

forewings with 5 apical cells, 3 anteapical

cells, outer one closed, appendix well devel-

oped; clypeus long and narrow, without a me-
dian, longitudinal carina; femoral setal ar-

rangement 2:2:1.

Male genitalia asymmetrical; pygofer with

small lobe on caudal margin; aedeagus asym-

metrical, simple, very long, tubular; dorsal

apodeme attached laterally to base of aedea-

gus; connective with short stem; style very

short; plate long and narrow.

This genus is known only from Brasil and is

represented by a single species. It is distin-

guished from Crassinolanus by the tubular

aedeagus, short style, and lateral attachment

ofthe dorsal apodeme to the base of the aedea-

gus.

Fistulidia simplex, n. sp.

Fig.s, 16-2.3

Length.—Male 7.50 mm, female 8.40

mm.
General color light to dark brown with tan-

nish spots and markings on pronotum and
forewings; crown tannish; pronotum dark

brown with tannish spots on anterior half;

forewings dark brown with small to large, tan-

nish spots on costa and broken, tannish trans-

verse band medially; face tan with reddish,

longitudinal stripe bordering lateral margins

of clypeus.

Head much narrower than pronotum, sub-

conical on anterior margin; crown narrow, lat-

eral margins converging basally, narrower

than width of eyes; eyes large, semiglobular;

pronotum large, median length greater than

median length of crown; scutellum large, me-
dian length greater than median length of

pronotum; forewings as in description of

genus; clypeus long and narrow, flat, without

a median, longitudinal carina; clypellus nar-

row with lateral margins expanded apically.

Male.—Pygofer in lateral view with small

lobe on middle of caudal margin (Fig. 23);

aedeagus asymmetrical, long, tubular in lat-

eral and dorsal views (Figs. 18, 19), curved

dorsally at apex in lateral view (Fig. 19),

slightly curved laterally in dorsal view

(slightly exaggerated in Fig. 18), gonopore

subapical on lateral margin before curvature;

dorsal apodeme arising laterally from base of

aedeagus; style very short, broad in lateral

view becoming tapered in distal half (Fig. 20);
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Figs. 16-2.3. Fistulidia simplex, n. .sp. 16. Head, pronotum, and scutellum, dorsal \ie\v. 17. Face, \ential view. 18.

Connective, right style, and aedeagus, dorsal view. 19. Aedeagus, lateral view. 20. Right style, lateral view. 21. Plate,

ventral view. 22. Terniiniis of p\ gofer, dorsal view. 23. P\ gofer, lateral \ iew.

plate lon^ and narrow, constricted .snbha.sallv

(Fig. 21).

Female.—Seventh sternum large, about

twice as long as preceding segment, caudal

margin truncate.

H()L()TYPE(male).

—

Brasil: Reserva Ducke
Mn. Am., 5.XI1.1968, #2829, E. V. Silvaand

A. Faustino (INPA). Allotype (female), same
data as holotype (INPA). Paratypes: one male,

Brasil: Manaus, Ama/.onas, 7-19. XII. 1977,

B. C. Ratclifte (author s collection).

Remarks.—This species can be separated

from Crassinolamis dcmcnthis Nielsoii b\ the

long, tubular aedeagus, short st\ le, and posi-

tion of the basal atlachmcnt ol the dorsal

apodeme.

Bolivicla UeLong

Six species of Boliviela are treated in my
paper on the tribe Coelidiini (Nielson 1982).

Two new species are added here with a re-

vised key to the species. The group is appar-

ently restricted to northwestern South Amer-
ica, from Bolivia north to C'olombia.

K('\ to Bdlivicla

1. Aedeagus witii rctrorsc distal process(es) 2

— Ai'deagus with ajiex cur\cd. process dirt-cted

distally 3

2(1). Aedeagus with single retrorse distal (process

(Nielson I9cS2, Fig. 68.3) irtrorsa Nielson

— Aedeagus with two retrorse distal processes

(Fig. 25) his))in(>sa. n. sp.

3( 1 1. Aedeagus with lateral processes or flanges on

shaa 4

— .Aedeagus not as al)o\c 6

4(3). .Aedeagus with triangular lateral tlanges 5

— Aedeagus with long, hladrhkc lateral flanges

(Nielson 1982, Fig. 688)

(iii^.tistif()nnis iLinna\uori)
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Figs. 24-28. Boliviela bispinosa, n. sp. 24. Pygofer, lateral view. 25. Aedeagus and dorsal apodeme, lateral view. 26.

Style, lateral view. 27. Aedeagus and dorsal apodeme, dorsal view. 28. Plate, ventral view.

5(4). Aedeagus with symmetrical lateral flanges (Nielson

1982, Fig. 698) .' delongi Nielson

— Aedeagus with asymmetrical lateral flanges

(Nielson 1982, Fig. 704) inJJata Nielson

6(3). Aedeagus with paired basal paraphyses 7

— Aedeagus without paraphyses (Nielson 1982,

Fig. 715) linnavuori Nielson

7(6). Aedeagus with basal paraphyses long and acumi-

nate (Nielson 1982, Fig. 709) ortha Nielson

— Aedeagus with basal paraphyses long and semi-

saggitate (Figs. .35, 36) paraortha, n. sp.

Boliviela bispinosa, n. sp.

Figs. 24-28

Length.—Male 8.40 mm.
General color deep tan with dark brown

markings. Crown, pronotum, and scutellum

deep tan with black markings; forewings deep
tan with black markings on apical half and
veins marked with orange spots, large,

translucent spot about middle of clavus; face

tan with brown markings.

Head much narrower than pronotum, ante-

rior margin narrowly rounded; crown broad,

about as wide as width of eyes; eyes large,

elongate-ovoid; pronotum and scutellum

large, each with median length greater than

median length of crown; forewings and vena-

tion typical; clypeus long and broad, without a

median, longitudinal carina; clypellus swollen

basally.

Male.—Pygofer in lateral view with very

long caudoventral process and moderately

long caudodorsal process (Fig. 24), process

extending beyond caudodorsal process;

aedeagus in lateral view with large base, nar-

rowed and tubular distally with two ventral

spines apically, distal spine larger than basal

spine, gonopore apical (Fig. 25); dorsal

apodeme forked basally and attached near

base of shaft before socle; style very long and

slender at distal 3/4 (Fig. 26); plate long, sinu-

ate, and profusely pilose at distal half (Fig.

28).

Female.—Unknown.

Holotype (male).

—

Peru: Tingo Maria,

roadside veg. , Los Cuevos Road, SW of town,
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36

Figs. 29-36. Boliviela paraortha, n. sp. 29. Pygofer, lateral view, 30. Pygofer, lateral view (showing variation). 31.

Plate, ventral view. 32. Right style, lateral view. 33. Right style, dorsal view. 34. .\ecleagiis aiid paraplusis, lateral

view. ,35. Aedeagus, dorsal apodeme, and paraphysis, lateral \ lew (showing \ariation). 36. .\edeagus. dorsal apodenie,

and paraphysis, dorsal view.

forested eastern foothills of Andes, 2, ()()() ft,

13. VIII. 1971, P. S. and H. L. Broomfield, B.

M. 1971-486 (BMNH).
Remarks.—From B. retrorsa Nielson,

bispinosa can be separated by the pair of distal

spines on the aedeagus and by the very long

caudoventral pygofer process, which extends

beyond a moderately long caudodorsal pro-

cess.

Boliviela paraortha. n. sp.

Figs. 29-36

Length.—Male 8.20-8.90 mm.
General color dark brown to blackish with

pale, translucent markings on {brewings.

Crown dark brown to black; pronotuni dark

brown to black, sometimes with tan markings
or spots; scntellum purplish black except lor

dark brown triangle distally; {brewings dark

brown to blackish in distal hall", transluc-ent

basally and with translucent spot on about

middle of costa, veins with small tan spots;

iace reddish brown with very small, tannish

spots.

Head distinctK narrower than pronotuni;

crown narrow, lateral margins carinate, pro-

duced distally beyond anterior margin ol

(^'\ es, narrower than width ol eyes; e\ es large,

elongate-ovoid; pronotuni and scntellum

large, each with median length greater than

median length ol crown; {orewings and \ena-

tion typical; clypeus long ami narrow , without

a median, longitudin;il c;uin;i; cl\ pellus swol-

len basalK.

Male —Pxgoier in lateral \ iew with two

long processes on caudal margin, caudoxen-

ti al process very long, extending beyond apex

of caudodorsal process (Figs. 29, 30), simiate,

with small, triangular lobe distally on ventral

margin, caudodorsal process short, sickle-

shaped; aedeagus in lateral view long, sinu-

ate, constricted subapicalK, paired ventral
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==23

40
Figs. 37-42. Tinocriptis huggerti, n. sp. 37. Pygofer, lateral view. 38. Plate, ventral view. 39. Aedeagus, lateral

view. 40. Aedeagus, dorsal view. 41. Left style, dorsal view. 42. Left style, lateral view.

paraphyses subbasal which extend to about

midlength of aedeagal shaft, paraphyses

sword-shaped with triangle lobe subapically

(Figs. 35, 36); gonopore subapical on lateral

margin; dorsal apodenie bifurcate basally,

straddling base of aedeagus; style very long,

narrow except basally and distal 1/4 (Fig. 32);

plate long, sinuate, broad near middle, and

profusely setose (Fig. 31).

Female.—Unknown.
HOLOTYPE(male).—ECUAPOR: Napo, Baeza,

12-22.11.1983, L. Huggert (UL). Paratypes:

Ecuador: 4 males, same data as holotype

(UL, author's collection).

Remarks.—This species is very near B. or-

tha Nielson but can be distinguished by the

configuration of the ventral paraphysis of the

aedeagus and the more tapered plate.

Tinocripus Nielson

Three species of this genus are discussed in

my revision of the tribe Coelidiini (Nielson

1982). A fourth species is described herein

with a revised key to the species. Ecuador is

added to the distribution of the genus, which

was previously known only in Peru.

Key to the males of Tinocripus

I. Pygofer with caudoventral process bladelike ... 2

— Pygofer with caudoventral process not as above . 3

2(1). Pygofer with caudoventral process attenuated

distally, caudodorsal process long, broad in

basal half (Fig. 37) huggerti, n. sp.

— Pygofer with caudoventral process narrowed

abruptly near apex, caudodorsal process short,

lateral margins nearly equal throughout length

(Nielson 1982, Fig. 722) gladius Nielson
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3(1). Pygofer with caiidoventral proces.s transver.sely

corrugated in distal 1/4 (Nielson 1982, Fig. 717)

spinusus Nielson

— Pygofer with caudoventral process enlarged dis-

tally (Nielson 1982, Fig. 730) . , schlw<ien Nielson

Tinocripus hu^gerti, n. sp.

Figs. 37-42

Length.—Male 7.40 mm.
General color deep brown to blacki.sh;

crown, pronotum, and scutellum black;

forewings smoky black on clavus and basal

half; face tannish brown.

Head distinctly narrower than pronotnm;

crown narrow, produced distally beyond
anterior margin of head, narrower than width

of eyes; eyes large, semiglobular; crown and
pronotum moderately large, each with me-
dian length slightly longer than median length

of crown; forewings and venation typical;

clypeus long and narrow, narrower distally

than basally; clypellus swollen basally.

Male.—Pygofer in lateral view with two
long caudal processes, caudoventral process

broad at basal 3/4, attenuated distally and
curved ventrad, caudodorsal process broad in

basal half and abruptly narrowed and ciuved

caudodorsad in distal half (Fig. 37); aedeagus

in lateral view narrow, tubular, sinuate,

curved dorsad at apex, with subapical con-

striction and small, blunt spine distally,

gonopore subapical (Fig. 39); style long, nar-

row at distal 3/4 (Fig. 41); plate long, narrow,

enlarged near middle on outer margin (Fig.

38).

Female.—Unknown.
HoLOTYPE (male).

—

Ecuador: Napo, Baeza,

12-22.11.1983, L. Huggert (UL).

Remarks.—From T. gjadius Nielson, to

which it is most closely related, liuggcrti can

be separated by configuration of the caudal

processes of the pygofer and the longer style.

This species is named for Dr. L. Huggert,

who has collected much new material on the

subfamily Goelidiinae in the Neotropics.

Lodia Nielson

This genus was established with four spe-

cies and placed in the tribe (^oelidiini by Niel-

son (1982). A new species is added here from
Ecuador, and a revised key to the species is

also given. Lodia is restricted to Ecuador and
Peru.

Key to males of Lodia

1. Aedeagus with a single subapical spine on shaft . 2

— Aedeagus with 2 subapical spines on shaft 3

2(1). Aedeagus with subapical spine glabrous (Niel-

son 1982, Fig. 759) f^lahrosa Nielson

— Aedeagus with subapical spine enlarged distally

and toothed (Fig. 46) parapectinata. n. sp.

3(1). Style with distinct lateral lobe in lateral view

(Nielson 1982, Fig. 763) pectinata Nielson

— St\le without such lobe 4

4(3). Aedeagus with distal spine glabrous, nearly

reaching to apex of shaft (Nielson 1982, Fig. 772)

proxima Nielson

— Aedeagus with distal spine toothed, not reach-

ing to apex of shaft (Nielson 1982, Fig. 779) . . .

tKxan.s Nielson

Lodia parapectinata, n. sp.

Figs. 43-49

Length —Male 7.40-8. 10 mm.
General color dark brown to black, usually

with very faint, narrow, pale, sordid yellow,

transverse band on about middle offorewings;

crown deep tan, sometimes with dark mark-

ings basally on disc; pronotum and scutellum

black with small, deep tan spots or markings;

forewings black with deep orange spots on

veins; face black except for deep tan in ocel-

locular area.

Head narrower than pronotum, anterior

margin rounded; eyes large, semiglobular;

crown broad, width greater than width of

eyes; pronotum and scutelhnn large, each

with median length greater than median
length of crown; forewings and venation typi-

cal; clypeus broad, without a median, longitu-

dinal carina; cl\ pellus swollen basally.

Male.—Pygofer in lateral aspect without

processes or lobes (Fig. 49); aedeagus asym-

metrical, in lateral view long, somewhat tubu-

lar, sinuate, \\ ith promincMit, apicalK dentate

spine on lateral margin near middle of shaft

(Fig. 46), enlarged at distal half in dorsal view

(Fig. 45), gonopore subapical on lateral mar-

gin; style long and motleratcK broad, some-

what compressed laterally (Fig. 48); plate long

and narrow (Fig. 47).

Female.—Unknown.
Holotype (male).

—

Ecuador: Napo,

Puerto Montufar, 28.I\M976, Malaise trap,

Jeffrey Gohen (USNM). Paratypes: 81 males,

same data as holotype (USNM), 8 males, same
data as holotype (GAS, BMNH, author's col-

lection).
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Figs. 43-49. Lodia parapectinata, n. sp. 43. Head, pronotum, and scutelluin, dorsal view. 44. Face, ventral view.

45. Connective, right style, and aedeagus, dorsal view. 46. Aedeagus, lateral view. 47. Plate, ventral view. 48. Right

style, lateral view. 49. Pygofer, lateral view.

Remarks.—This species is similar to pccti-

nata Nielson in certain male genitalia charac-

ters but is distinguished by the lack of the

medial, glabrous spine on the aedeagus, by

the lack of the preapical lobe on the inner

lateral margin of the style, and by the much
less prominent, transverse band on the

forewings.

The large series of male specimens col-

lected of this species is unusual for members
of the subfamily Coelidiinae, particularly in

the Neotropical region where only a few spec-

imens of each sex of most species are taken by

sweep-net or by black-light techniques. The
use of a Malaise trap, however, may provide a

great amount of material on this large and

rarely accessible subfamily of leafhoppers.

Calodicia Nielson

Two species are known in the genus (Niel-

son 1982). A third species is described, and a

revised key to males of all known species is

given. Calodicia was previously known from

Panama and Colombia. The new species from

Paraguay suggests disjunctive distribution for

the group, but further collecting may bring to

light additional species to bridge the gap be-

tween the widely separate species.

Key to male oi Calodicia

1. Style heavily setose 2

— Style glal)rous (Fig. 53) circtdata, n. sp.

2(1). Aedeagus verv long, strongly recurved at distal

1/3 (Nielson 1982, Fig. 925)
'

macidipennis (Spangberg)

— Aedeagus short, broadly curved throughout

shaft (Nielson 1982, Fig. 934) ahnipta Nielson

Calodicia circulata, n. sp.

Figs. 50-55

Length.—Male 7.00 mm.
General color brown; crown tannish with
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53

Figs. 50—55. Cdlodicia circiilata. n. sp. 50. Head and proiiotuin, dorsal \ icw . 51. Facr, ventral \ie\v. .52. .-Kedeamis,

dorsal view. .5.3. Higlit style, dorsal view. .54. P\u;ofer, lateral \ iew . .5.5. Plate, \cntial \ lew.

dark l^rown markings hasally; eyes light red-

dish brown; pronotimi and scutelhnii black;

torewings light reddish brown (wcept for

large, siifhised, tannish spot at ape.x of elavns;

face black.

Head narrower than pronotvnn (Fig. 50),

anterior margin slightly prodnced, nearK
ronnded anteriorly; eyes large, semiglobnlar;

ocelli near anterior margin of crown;

forewings with 5 apical cells, 3 anteapical

cells, onter one closed, appendix well de\ el-

oped; clypens broad throughont length (Fig.

51), withont a median, longitndinal carina;

clypellus slightly constricted medially and el-

evated along median line; hind femoral setal

arrangement 2:2: 1

.

Mali:.—Pygofer narrow with pair olHarrow
candodorsal lobes directed antcriodorsalK

(Fig. 54); aedeagus \ery long, forming near

circle in dorsal view (Fig. 52), shaft with many
stont, short to long spines, spines originating

near middle of shalt ;ind geni'rally becoming
longer toward distal portion of shaft, shaft at-

teiuiated distalK at apical 1/5; gonopore not

apparent; st\le \tM"\ long, narrow, tapered

toward apex in dorsal \ iew (Fig. 53), apex

foot-shaped in laleial \iew; plate broad, in-

cised on iiuier l;iter;il nuugin near ;ipex (Fig.

55).

b'KMALiv— I'nknown.

HoixrrvFK (male).

—

Pahac;uay: St. Anto-

nio, no date, no collector, in the Melichar

collecti(m(MMB).

Hkmahks —Cdlodicia vircidatii is similar to

C. niaciilipcniiis (Sjiangberg) in the general

shape of the aedeagus bnt differs in having
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57

58

60

Figs. 56-60. Dicolccia serratd, n. .sp. 56. Head, pronotiini, and scutellum, dorsal view. 57. Face, ventral view. 58.

Aedeagus, dorsal view. 59. Aedeagus, lateral view. 60. Base of right style, dorsal and lateral views.

larger and greater number of spines on the

shaft, a lack of setae on the style, and an

additional, narrow lobe on the caudodorsal

margin of the pygofer.

Dicolecia Nielson

One species was described and treated in

my revision of the tribe Coelidiini (Nielson

1982). A new species is added with a key to the

species. The genus is thus far restricted to

Colombia and Peru.

Key to males oi Dicolecia

1. Aedeagus with 2 lateral processes subapically,

basal process dentate (Nielson 1982, Fig. 961) . . .

bifiircata Nielson

— Aedeagus with lateral serrate flange (Fig. 59) ....

^errata, n. sp.

Dicolecia serrata, n. sp.

Figs. 56-60

Length.—Male 6.90 mm.
General color reddish brown to black with

distinctive, very broad, yellow, transverse

band on forewings. Crown pale orange;

pronotum purplish black; scutellum reddish

brown; forewings reddish brown except for

purplish black clavus basally and broad, yel-

low, transverse band from costa crossing mid-

dle of clavus; face pale orange. A beautifully

marked species.

Head large, narrower than pronotum.
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Figs. 61-67. Evansolidia inassa, n. sp. 61. Pygofer, lateral view. 62. Plate, ventral view. 6.3. Connective and right

style, dorsal view. 64. Aedeagus, dorsal view. 65. Right style, lateral view. 66. Terminus ofpygofer and segment 10,

ventral view. 67. Aedeagus, lateral view.

rounded anteriorly; eyes large, semiglohular;

crown broad hut narrower than width of eyes;

pronotum short, median length less than me-
dian length ofcrown; scutellum large, median
length greater than median length of crown;

forewings and venation typical; clypeus

broad, without a median, longitudinal carina;

clypellus with lateral margins expanded dis-

tally.

Male —Fygofer with caudal margiti dam-
aged on holotype specimen; aedeagus as\in-

metrical, in ventral view long, tubular, with

lateral serrate flange subapically, ape.x with

small lobe laterally (Fig. 59), gonopore sub-

apical on dorsal margin in expanded portion;

style damaged in holotype specimen; plate

long and narrow, heavily setose apically.

Female.—Unknown.
Holotype (male).

—

Colombia: Bolivar

Batatal, 1938-1939, M. Althcu-Dahl (UL).

Remarks.—This species can be easily dis-

tinguished from D. hifurcata by the distinc-

tive, broad, yellow, transxerse band on the

forewings and subapical serrate expanded

portion of the aedeagus.

Evansolidia N ielson

Three species ol the genus were treated in

my revision of Coelidiini (Nielson 1982).

Three additional new specit^s are described

here, and a re\ ised ke\ to the species is pro-

vided. The genus occurs in Brasil, (^u\ana,

and more recently in Peru.

K(\ In males ol Evmisolidia

I. St\lc ill Literal \it'\\ with distal 2'.'3 broadh e.x-

paiidi'd or hiloiictl 2

— St\lc ill lateral view with distal 2/.3 not so or

slightK expanded lateralK- 4

2(1). Aedc-agus with distal and medial setae on shaft . 3

— Aedeagus with basal setae onlx' on shaft (Nielson

1982, Fig. 989)
'

libera (Walker)

3(2). Style with large, lateral lobe medialK- in lateral

view (Fig. 65) ituissa. n. sp.
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Figs. 68-73. Evansolidia hifurcata, n. sp. 68. Pygofer, lateral view. 69. Plate, ventral view. 70. Right style, lateral

view. 71. Connective and right style, dorsal view. 72. Aedeagus, dorsal view. 73. Aedeagus, lateral view.

— Style with distal halfasymmetrically bifurcate in

lateral view (Fig. 70) bifiircata, n. sp.

4(1). Aedeagus with numerous setae or spines on

shaft 5

— Aedeagus with basal setae only on shaft (Nielson

1982, Fig. 982) bispinosa Nielson

5(4). Aedeagus with setal arrangement subbasal and
subapical, shaft constricted medially in dorsal

view, gonopore medial (Nielson 1982, Fig. 974)

eixmsi Nielson

— Aedeagus with setal arrangement on middle

third of shaft, shaft with sides nearly parallel,

gonopore subba.sal (Fig. 78) di^itula, n. sp.

Evansolidia massa, n. sp.

Figs. 61-67

Length.—Male 8.00 mm, female 8.40-

8.90 mm.
General color fuscous to black with sordid

yellow markings; crown sordid yellow with

two longitudinal, black bands extending along

lateral borders of clypeus; pronotum and
scutellum sordid yellow with black markings;

forewings dark brown to black with yellow

claval veins medially, broad, interrupted.

transverse, sordid yellow band from costa and

crossing apex of clavus.

Head narrower than pronotum, anterior

margin broadly rounded; crown narrow,

width distally narrower than width of eyes,

eyes elongate ovoid; pronotum and scutellum

large, median length of each greater than me-

dian length of crown; forewings and venation

typical; clypeus long and narrow, without a

median, longitudinal carina.

Male.—Pygofer with small caudodorsal

lobe (Fig. 61); aedeagus asymmetrical, in lat-

eral view long, narrow, tubelike, sinuate with

2 long lateral setae subapically and 4 long

ventral setae basad ofmiddle of shaft (Fig. 67),

shaft constricted between subbasal and sub-

apical setae, expanded subapically in dorsal

view (Fig. 64), gonopore basad of middle of

shaft on lateral margin near subbasal setae;

style large, ornate, somewhat compressed lat-

erally along ventral half, with large, ventral,

preapical lobe and small cleft apically (Fig.

65); plate long and narrow (Fig. 62).
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Female.—Seventh sternum with truncate

caudal margin.

HoLOTi'PE (male).

—

Brasil: Amazon, Fon-

teboa, no date, no collector (NR). Allotype

(female), same data as holotype (NR).

Paratypes: three females, same data as holo-

type (NR), one female, same data as holotype

(author's collection); Peru: Ucayule, one fe-

male, no date, no collector (NR).

Remarks.—This species is most nearly re-

lated to E. libera (Walker) but is distinguished

by the presence of an additional subbasal se-

tae and two subapical setae on the aedeagal

shaft and by the distinctive configuration of

the style.

Evansolidia hifiircata, n. sp.

Fi^s. 68-73

Length.—Male 8.60-9.00 mm, female

9.20 mm.
General color dark brown to blackish with

yellow and ivory markings on pronotum,

scutellum, and forewings; crown yellow with

two black, longitudinal bands extending to

face and bordering lateral margins of clypeus;

forewings with large, yellow, subcjuadrate

spot on middle of clavus and pale yellow to

ivory markings near middle of costa and apex

of clavus, veins with small, yellow spots.

Head narrower than pronotum, rounded
along anterior margin; crown broad, narrower

than width of eyes; eyes large, semiglobular;

pronotum large, median length greater than

median length of crown; scutellum large;

forewing and venation typical; clypeus long

and narrow, without a median, longitudinal

carina.

Male.—Pygofer in lateral view with small

caudodorsal lobe (Fig. 68); aedeagus asym-

metrical, in lateral view long, tubular, slightly

sinuate, with 2-3 long ventral setae near mid-

dle of shaft and 3 long dorsal setae subapically

(Fig. 73), narrow groove on distal 1/4 of dorsal

margin in dorsal view (Fig. 72), gonopore

small, near middle oi shait on lateral margin;

style ornate, asymmetrically bifmcale, distal

arm dentate apically (Fig. 70); plate long ami

narrow, constricted at basal 1/4, obliciuely

truncate distally (Fig. 69).

Female.—Seventh sternum with caudal

margin produced somewhat distally along

middle and slightly simiate.

HoLOTVi'E (male).—BuASiL: Amazon,
Fonteboa, no date, no collector (NR). Allo-

type (female), Brasil: Amazon, Manaus, no
date, Roman (NR). Paratypes: one male and
one female, same data as holotype and allo-

type, respectively (author's collection);

Brasil: Obidos, one female. 19.VII.no year

(OSU); Brasil: Amazon, sup., one male, no

date, Olivenca (NR); Peru: Huanuco, Tingo

Maria, one male, 27.1. 1974, L. Huggert (UL).

REi\l\rks —This species can be distin-

guished from all other known species o{ Evan-

solidia by its unique, asymmetrically bifur-

cate style.

Evansolidia digitula, n. sp.

FiKs. 74-79

Lengtfl—Male 7.80 mm.
General color dark brown to black with

ivory or yellow markings. Grown sordid ivory

with two broad, black, longitudinal bands ex-

tending along lateral borders of clypeus;

pronotum and scutellum black with sordid

ivory markings; forew ings dark brown to black

with veins ivory on middle of clavus and cells

translucent medially, large, translucent spot

above and below apex of clavus, cells basad of

apical series partialK translucent, \ eins black-

ish.

Head large, slightK narrower than prono-

tum; crown broad but narrower than width of

eyes; eyes large, semiglobular; pronotmn and

scutellum large, each with median length

greater than median length of crown;

forewings and venation typical; cKpeus long

and narrow, without a median, longitudinal

carina.

Male.—Pygofer in lateral view with small

caudodorsal lobe (Fig. 74); aedeagus asym-

metrical, in lateral view long, narrow, some-

what tubular, slightK cur\ ed lat(Mall\ at api-

cal 1/4 (Fig. 78), in dorsal \iew with 3 stout

setae on middle third of shaft on dorsal mar-

gin, one basad of gonopore and 2 distad, row

of 4 short setae betwecMi and 3 \crx small,

spinelike setae about middle of distal third

(Fig. 79), gonopore small, basad of middle of

shaft on hiteral margin; style long, slender

with digitate, subapical, lateral pnxess on in-

ner maigin (I'^ig. 76); plate long and narrow

(Fig. 75).

Female.—Unknown.
Holotype (male).

—

Peru: Huanuco, Tingo

Maria, 27.1.1974, L. Huggert (TtJ.

Hi'.MARKS —From /•,'. his))iii(>sa, to which it

is siniilai- in sonic male genital characters.
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75

78

Figs. 74-79. Evansolidia dif^ititla, n. sp. 74. Pygofer, lateral view. 75. Plate, ventral view. 76. Right style, dorsal

view. 77. Right style, lateral view. 78. Aedeagus, lateral view. 79. Aedeagus, dorsal view.

digitula can be separated by the presence of

additional setae, large and small, on the shaft

of the aedeagns and by the subapical, digitate

process on the style.

Spinolidia Nielson

Four species of the genus were treated in

my revision of Coelidiini (Nielson 1982). Two
new species are described here with a revised

key to the species. The genus occurs primarily

in northwestern South America; only a single

record is known in Brasil.

Key to the males oi Spinolidia

1. Aedeagus with numerous setae on distal third of

shaft 2

— Aedeagus with fewer setae, spicules or spines on
middle of shaft 3

2(1). Aedeagus with an oblique row of dense setae sub-

apically on lateral side of shaft and a few setae

distally (Nielson 1982, Fig. 1012) . osborni Nielson

— Aedeagus with a row of sparse setae ventrally on

about distal third of shaft and several setae dis-

tally (Fig. 83) sarmenta, n. sp.

3(1). Style in lateral view narrow with obvious medial

constriction, narrow toward ape.x 4

— Style in lateral view constricted subbasally, very

broad at distal third (Fig. 85) magna, n. sp.

4(4). Plate with subbasal constriction and expanded

before apex; aedeagus with large gonopore .... 5

— Plate not subbasally constricted, margins gradu-

ally tapered toward apex (Nielson 1982, Fig.

1031); aedeagus with small, cryptic gonopore

spinolai Nielson

5(5). Aedeagus with numerous spicules and serra-

tions medially on shaft (Nielson 1982, Fig. 1020)

spictdata Nielson
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80

81

82
83

Figs. <S()-84. Sj)inoli({i(i sannciita. ii. sp. HO. P\ gofer, lateral \iew. SI. Plate, \eiitral \ie\v. 82. Connective, right

style, and aedeagus, dorsal view. 83. Aedeagus, lateral view. 84. Right st\le, lateral view.

— Aedeagus with a small tuft of setae inediallv on shaft

(Nielson 1982, Fig. 1026)

jlavifrons (Osborn)

Spinolidia sarmenta, u. sp.

Figs. 80-84

Length.—Male 7.50 mm.
General color dark brown; crown tantii.sh

with blackish markings on disc; pronotum
l)lack except for small, tannish spots on dorsal

surface; scntellnm tannish with black mark-

ings anteriorly; fbrewings translucent, veins

black; clypeus tan with broad, longitudinal,

black bands on either side of middle*.

Head narrower than pronotinn, broadK
rounded anteriorly; crown broad, slightK nar-

rower than width of eyes; eyes large, semi-

globular; pronotum large, median length

greater than median length of crown; scutel-

lum large; forewing and venation t\pical;

clypeus without a median, longitudinal

carina.

Male.—Pygofer in lateral \iew with small

caudodorsal lobe (Fig. 80); aedeagus as\'m-

metrical, in lateral \iew long, curved laterally

at distal 1/3, with enlarged flange on ventral

margin just below middle, small subapical

lobe lateralK", mnnennis setae on ventral mar-

gin at distal 1/3 from near medial flange to

near apex, few setae at apex (Fig. 83),

gonopore large on ventral margin near base of

submedial flange; st\ le \'er\' large, somewhat
compressed laterally, in lateral \iew greatly

enlarged at distal 2/3, rounded distally, spicu-

lated on portion of dorsal smface (Fig. 84);

plate elongate, constricted subbasally, ta-

pered dislalK (iMg. 81).

Female — linknown.

HoLOTYPE (male).—BoLix LX: Gochabamba,
Ghipare Mts., 5,000 ft, Gochabamba to Villa

Tunari, 30.111. 197fi, G. l\. Ward (USNM).
l^uatvpe: one male, BoLiN lA: I^^l Limbo, 2,000

m, Dept. Gochabamba, _.XI.1962, F. H.

\Valz(MSU).
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86

87

85
Figs. 85-87. Spinolidia maona. n. sp. 85. Aedeagus,

lateral view. 86. Plate, ventral view. 87. Right style,

lateral view.

Remarks.—This species is similar to S. os-

horni Nielson in male genital characters but

can be distinguished by the broader style, by

the position and configuration of the ventral

flange, and by more numerous setae on the

ventral margin of the aedeagus.

Spinolidia magna, n. sp.

Figs. 85-87

Length.—Male 7.20 mm.
General color brown; crown tannish with

deep brown markings on disc and suffused

with light brown on anterior margin; eyes red-

dish; pronotum black with numerous small,

tannish spots on surface; forewings translu-

cent, veins deeply marked; clypeus and

clypellus light tannish, with broad, longitudi-

nal, black band on either side of middle.

Head narrower than pronotimi; crown

broad, width equal to width of eyes, anterior

margin rounded; pronotum large, median

length greater than median length of crown;

forewing and face similar to other species of

Spinolidia; clypeus without a median, longi-

tudinal carina.

Male.—Pygofer similar to flavifrons (Os-

born); aedeagus long, narrow, without preapi-

cal lobe, small tuft of fine setae medially on

shaft near gonopore (Fig. 85); style very large

in lateral view, broad at distal 2/3 with apex

curved laterally and bluntly pointed (Fig. 87);

plate similar toflavifrons (Fig. 86).

Female.—Unknown.

HoLOTYPE (male).

—

Bolivia: Coroico, no

date, no collector, in the Melichar collection

(MMB). Paratypes: one male, Peru: Callanga,

no date, no collector (NR); one male, Bolivia:

_._.1898, Noualhier (MNHN); one male,

Peru: Dept. Huanuco, Vic. San Domingo,

Andes, 3,000 m, 11-23. XI. 1937, F.

Woytkowski, No. 3812 (author's collection).

Remarks.—From flavifrons , to which it is

similar in general habitus and certain male

genital characters, magna can be separated by

the very broad style.
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RELATIONSHIPS OF ASPEN {POPULUS TREMULOIDES ) TO FORAGING
PATTERNS OF BEAVER {CASTOR CANADENSIS ) IN THE

STRAWBERRY VALLEY OF CENTRAL UTAH

William J. Masslich', Jack D. Brothersoir, and Hex G. Gates"

Abstract.—Eight study sites were examined in Strawberry Valley, Utah, to assess the response of aspen (Populus

tremuloides Michx.) to cutting activities of beaver (Castor canadensis Warren & Hall) and to determine patterns by

which the animals utilize aspen stands. Sites utilized by beaver, along with adjacent control plots in mature, uncut

aspen stands, were sampled. Age-class profiles of control plots were composed of a broad age distribution with trees

ranging from 3 to 108 years old. Age-class profiles for aspen sprouts in areas previously used by beav ers were composed
of trees averaging seven years of age with a range of 1 to 24 years. Age distribution of sprouts in areas used by beaver

show a tendency to be skewed toward younger age classes. Average density of aspen in areas used by beaver was 15,800

stems per hectare compared to 2,980 stems per hectare in controls. Stump densities in use areas ranged from 900 to

5,066 stems per hectare. Densities of stimips in the 0-5-cm size class were greater in areas used by beavers than in the

corresponding size class in the matine forests. A regression equation describing age versus diameter relationships was

calculated using data from 312 aspen trees.

Total phenolics and mineral nutrients in the twigs and iiark of mature aspen trees and aspen sprouts were also

examined to determine it variations could explain foraging patterns of beaver in the valley. Total phenolics were highly

variable between sampling groups, and differences were not significant. Twigs from mature aspen and aspen sprouts

were significantly higher in nitrogen, phosphorus, and iron. Zinc was significantK higher in the bark of mature aspen

trees and twigs of aspen sprouts. Galciiun concentrations were significantK higher in mature aspen bark, and

magnesium was significantly higher in mature aspen twigs.

Aspen {Populus tremuloides Michx.) is the

most widespread forest type in Utah, occupy-

ing approximately 1,425,000 acres (Choate

1965). Aspen is a prohfic root sprouter and is

considered to be important in erosion control,

wildlife habitat, and wildlife and livestock for-

age (Barton et al. 1983, Crouch 1983,

Reynolds 1969). Commercially it is used for

pulpwood, furniture core stock, excelsior,

fuelwood, and building material (Keays 1972).

Beaver {Castor canadensis Warren & Hall)

rely heavily on aspen for food and building

material. Aldous (1938) found that aspen is the

most important food species for beaver, with

birch, alder, and willow next in rank. Some
authors suggest that the distribution of b(\iver

is largely governed by the distribution of as-

pen (Stegeman 1954, Hall 1960). Several

workers have studied the compatibility of as-

pen and beaver (Hall 1960, liiner' 1938,

Shadle and Austin 1939) and have (luestioned

whether aspen can survive under cutting

pressure from beaver. Hall (1960) suggested

that any combination of aspen and beaxcr

eventually leads to the complete loss of aspen.

In contrast, Yeager and Hill (1950) suggested

that a colony of beavers can maintain itself for

many years or even permanently because as-

pen sprouts will grow to usable size as the

cutting of older stems progresses. The\" also

contend that livestock utilization oi young

sprouts is the main reason for loss of aspen

dining the time that beavers are utilizing a

stand.

Aspen is an important species in the ecol-

ogy of beaver; where they coexist, beaver rely

heavily upon it (Aldous 1938). Some authors

suggest that the distribution ot bea\i'r in

North America is largeK influenced by aspen

distribution (Stegeman 1956, Hall i960). Sev-

eral studies ol bea\ t'r ecol()g\ ha\ e focused on

patleins b\ which the\ utilize aspcMi. For ex-

ampk\ Aldous (1938) studied the importance

of aspen stem size as related to the cutting

activities of beaver. Although relative

availabilit) of aspen was not tlocumented in

his stud\ , the greatest munbers of trees cut

were in size classes 10-15 cm in diameter.

Once the trei's were cut, the percentage

of biomass utilization of downed trees was

'Biowest, Iiu , l,()«aii, Utah 84321.

^Department ol Botain aiul KaiiKc Seieiiee. BiiKliani Voun« l'iii\eisit\ , Pnni). I'tali Hlfi02.
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greatest in the 2- and 5-cm-diameter classes,

with increasing wastage as stem diameter in-

creased. In diameter classes greater than 8

cm, a large percentage of trees had only the

tops utilized.

In a study comparing relative availability of

aspen and observed cutting by beaver. Hall

(1960) concluded that size preference by

beaver was very slight. He also found in-

creased preference for 5-cm trees while dam
building was occurring within a colony. As

building declined, differential preference for

the smaller trees diminished. Jenkins (1978,

1979) suggested that beaver exhibit spatial

and temporal preference in food items. Sea-

sonal variation in the concentrations of stored

nutrients in the bark of various tree genera

was thought to explain switches in preference.

Pine was favored during spring months when
carbohydrate reserves were greater than in

the bark of neighboring deciduous trees.

Jenkins (1980) also studied food selection by

beaver with respect to an optimal foraging

model of size-distance relations. His data sug-

gest that beavers are more selective in cutting

behavior as the distance from shore increases.

A smaller range of sizes was cut far from shore,

with greater numbers of small trees cut and
fewer large ones.

Studies addressing the relationship be-

tween beaver and aspen have focused mainly

on patterns by which the animals utilize the

trees. For instance, do size-class preferences

exist? Little documentation is available quan-

tifying the effects on aspen of utilization by
beaver.

The objectives of the present study were to

determine the pattern of aspen utilization by
beaver near Strawberry Reservoir, Wasatch
Co., Utah, and to quantify the sprouting re-

sponse of aspen in areas where beaver have

utilized stands over long periods of time. Also,

we wish to present ideas concerning the forag-

ing patterns of beaver on aspen in central

Utah and to discuss the relative value of aspen

as a forage species for beaver.

Study Site

This study was conducted in the Strawberry

Valley, Wasatch Co., Utah, on the east slopes

of the Wasatch Mountains (lat. 40°11'15"N,

long. lll°ir30"W) at an elevation of approxi-

mately 2,325 m. The study site was character-

ized by broad valleys and low, rolling hills.

Several valleys accommodate perennial

streams and are wide and flat in their lower

reaches. The valleys head at elevations of ap-

proximately 2,743 m along the Strawberry

Ridge, range in length from 6 to 10 km, and

drain into Strawberry Reservoir.

The climate of the area is characterized by

cool summers and cold winters with heavy

snow cover. Average annual precipitation

taken at the east portal of the Strawberry

Reservoir is 610 mm of which 60% falls as

snow. The area lies within the Heber Ranger

District of the Uinta National Forest and has

been grazed by cattle since the 1860s.

Vegetation on the study area is a combina-

tion of montane sagebrush (Artemisia spp.)

steppe in the valleys and aspen-conifer {Abies,

Picea, Pseudotsuga) forests higher on the

slopes (Walker and Brotherson 1982). The
riparian areas along stream banks in their

lower reaches are dominated by willow {Salix

spp.).

Methods

Eight study sites were selected based on a

high degree of past utilization by beaver.

Slope and aspect were recorded for each site.

The size of the area affected by beavers was

estimated by pacing. A plot measuring 20 X

20 m (0.04 ha) was established in the center of

the cutting area. Corners were permanently

staked and a line was strung to mark the plot.

A second control plot with equal dimensions

was also established at each study site. It was

located in the aspen forest as close as possible

to the study site but beyond any evident

beaver activity and on areas with similar slope

and aspect.

The quarter-method (Cottam and Curtis

1956) was used to determine density of trees

or stumps in the study plots. Ten sampling

points were randomly located within each

plot, yielding data on 40 trees per plot. In

each quarter, the following measurements
were recorded: distance to nearest aspen

stem; height ofstem or stump (measured up to

6 m with a retractable tape), stem diameter at

0.3-m height; and stem age. Diameters were

taken at 0.3 m above the ground so that the

stem diameter of living trees could be com-
pared to that of the stumps (which rarely

reached breast height).
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Table 1. Site factor data from areas used hv l)ea\ers and adjacent control areas in Strawherry Valle\', Wasatch Co.

,

Utah.

Site

factor
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Fig. 1. Stand-age profiles of eight study sites and eight control plots in Strawberry Valley, Wasatch Co., Utah.

into sealed plastic packages. Sprout bark was

also removed using a draw knife and sealed

into packages. Smaller-size sprouts were not

selected because of inadequate amounts of

material for analysis.

In the mature aspen stands, five mature
trees of various diameters greater than 5 cm
were randomly selected and cut down. Twigs
from the tree top and bark from the bole at

breast height were removed as described

above and placed into sealed packages. Sam-
ples were kept at — 5 C (ambient air tempera-

ture during sampling) in the field and were
later frozen at — 30 C until processed. Frozen
samples were cut into smaller pieces in the

laboratory and then frozen in liquid nitrogen

before being ground into powder with an elec-

tric mortar and pestle. Prepared samples

were sealed in bottles and kept at -30 C until

laboratory analysis.

Twig and bark samples were analyzed for

calcium, magnesium, sodium, potassium,

phosphorus, manganese, iron, zinc, and cop-

per using the nitric and pyloric acid digestion

process (Johnson and Ulrich 1959). Percent

nitrogen was determined by the Kjeldahl

method (Horwitz 1983). Total phenols were

determined by analyzing a 50% methanol/

50% distilled-water extract with a Coleman
Model 440 spectrophotometer. The standard
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Table 2. Age-class breakdovvn for aspen trees sampled in stntK plots and control plots in Stra\vberr\ Valley,

Wasatch Co., Utah.

Age class
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Fig. 2. Age-class profiles of sprouts in areas used by beavers in Strawberry Valley, Wasatch Co., Utah.

aspen forests and areas cut by beavers are

clearly illustrated in each graph. Differences

are due to a combination of the following fac-

tors: (1) patterns by which the beaver cut as-

pen while procuring food and building materi-

als, (2) root sprouting by aspen in response to

cutting activities of beaver, (3) differential

grazing pressure between sprout areas and

mature forests, and (4) differences in growth

potential due to site differences and genetic

variation among clones of aspen.

The leftward skew in the average age profile

of the use areas suggests that beavers utilize

sprouts that are approaching 20 years old.
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T.ABLE 3. Density of aspen sprouts and aspen stumps in areas used In' lieaver and density of aspen trees in control

areas. Strawberry Vallev, Wasatch Co., I'tah.

Site

Sampling group

Sprouts (use area)

Control (mature forest)

Stumps (use area)

30,300
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found on areas cut by beaver, along with the

absence of mature trees, indicate that the pat-

tern of year-to-year utilization of mature as-

pen forests by beavers as they gradually cut

farther up the slope effectively simulates silvi-

cultural clearcutting practices.

Clearcutting aspen, as opposed to selective

cutting, provides the optimum conditions

necessary for sprouting (DeByle 1976, Jones

1975, 1976). Sprout numbers between 24,710

and 98,840 per hectare are not uncommon
after clearcutting (DeByle 1976, Hittenrauch

1976). Average density ofaspen on our control

areas was only 2,980 stems per hectare, with a

low of 1,449 and a high of 4,298. Differences

in average stem densities between the control

and use areas were significant (Chi square ^

12.54, p< .05).

High sprout densities in areas used by
beavers might also be attributed to differen-

tial grazing pressure by livestock over long

periods of time between aspen stands in the

control areas and areas used by beaver. Re-

search has demonstrated that heavy grazing

pressure by livestock, deer, and elk can effec-

tively suppress regeneration of aspen stands

by sprouting (Crouch 1983, DeByle 1976,

Hittenrauch 1976, Jones 1975). The unuti-

lized boles of larger aspen trees lying on the

ground in areas cut over by beaver may pro-

duce an effective barrier to grazing animals by
preventing their access into the area. Silvicul-

tural studies by Hittenrauch (1976) demon-
strated that unmerchantable timber left lying

on the ground in clearcuts completely elimi-

nated grazing of sprouts by cattle. Reynolds

(1969) also concluded that fallen timber was an

effective barrier for deer, elk, and cattle, al-

lowing aspen sprouts to develop.

Stump densities in use areas ranged from
900 to 5,066 stems per hectare. Size-class dis-

tribution of stumps showed a similar pattern

to size classes of trees in a mature forest,

although densities were different (Fig. 4). In

size classes greater than 5 cm, densities of

stumps on the use areas were consistently

lower than those of corresponding size classes

in the mature forest. In the 0-5-cm size class,

densities of stumps on the use areas were
greater than densities of the same size class in

the mature forest. Several factors may explain

the disparity between stump densities on
study plots versus densities of aspen trees in

control plots. A proportion of the stumps on

# of
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.04 ha plot
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Fig. 4. Comparison between densities of aspen stumps

found in study areas and densities ofaspen trees in control

areas based on size-class distribution. Strawberry Valley,

Wasatch Co., Utah.

the study plots may have been lost to decay or

may have been overlooked because of dense

growth of aspen sprouts and associated spe-

cies (which on some plots was almost impene-
trable). The fact that beavers were still active

in all the study areas also complicated com-
parisons.

Values for diameter versus values for age

were plotted to develop a regression equation

(Fig. 5). With this equation to predict the age

of aspen tree stumps on the study area, sev-

eral relationships become clear. When the

upper size limit of the 0-5-cm size class is

used for the diameter variable in the equa-

tion, the predicted value for maximum age

oftrees in that size class was approximately 23

years. Twenty-three years of age roughly cor-

responds to the highest age found for sprouts

in areas used by beaver. These data indicate

that beaver are returning to previously cut-

over areas to utilize aspen sprouts as they

approach 5 cm in diameter or an age ofaround

20 years.

The results clearly show that vegetative re-

production of aspen is enhanced by the cut-

ting activities of beaver. However, when con-

sidering management of aspen forests and

long-term impacts ofcontinuous utilization by

beavers, other factors must be considered.

For example, factors controlling resources

such as willow need to be better understood.

Range management practices such as aerial

spraying of2,4-D (2,4-dichloropheno.xy acetic

acid) to eliminate willows and improve forage

for livestock may divert increased foraging

pressures to aspen. It would also be valuable
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age

diam (cm)

Fig. .5. Regression line derived by plotting age and

diameter data from 312 aspen trees in control plots in

Strawberry Valley, Wasatch Co., Utah.

to determine optimum beaver densities for

specific sites and to manage populations at

levels that allow aspen stands to perpetuate

themselves. In areas where utilization of as-

pen sprouts by cattle is preventing establish-

ment of smaller size classes, beaver activity

may be beneficial by creating physical barri-

ers that protect suckers from heavy utilization

by livestock.

Proportions of the different size classes of

stems used by beaver for construction of their

dams on our study sites are shown in Figure 6.

Even though all size classes ofaspen were cut,

only stems in the smaller size classes were
incorporated into the dams. Some of the

smaller size class material found in the dam
probably represents stems taken from the

tops of larger trees. Willow accounted for 57%
of all stems counted in the dams (Fig. 6). The
importance of willow as an alternate food

source and building material has been dis-

cussed by several researchers. Hall (1960)

concluded that willow is the second woody
staple of a beavers diet and can sustain the

animals in the absence of aspen. Kasunissen

and West (1943) feel that willow, not aspen, is

the key plant in beaver habitat.

Data on mineral nutrient content of aspen

twigs and bark showed several differences be-

tween sampling groups. For example, phos-

phorus and iron were signiffcantK higher (p <
.05) in the twigs of both mature aspen and
aspen sprouts than in the stem bark (Table 4).
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Table 4. Total phenolic and nutrient content from samples of" twi^s and hark of mature aspen and

collected at Strawherrv Vallev, Wasatch Co., Utah.

259

aspen sprouts
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A Tree Twigs
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within each concentration category plotted against in-

creasing concentration.s of total phenols. Concentration oi

total phenols is expressed in percent quebracho e()ui\a-

lents.

included is the phenolic glyco.sides, which are

known to occur in aspen, willow, and other

potential host plants.

Bryant et al. (1983, Pinos\l\in inetlnl

ether) discussed strategies of disturbance-

adapted trees relative to defense against ver-

tebrate herbivory. Many species that in\atli'

recently disturbed sites, including aspen,

have resistance to browsing because their

rapid growth rate enables them to grow out of

the reach of browsing animals. Hoot storage

also allows the plant to survive after being

heavily browsed. Still, heavy utilization dur-

ing the few years when plants are within reach

of browsing mammals can cause extensive

growth retardation and/or mortality. Bryant

et al. (1983, Carbon nutrient) suggested that

early successional trees have responded to

browsing pressure by evolving toxic chemical

defenses (Rhoades and Gates 1976) during the

juvenile state that are not present in the ma-
ture life stages. These ideas are consistent

with foraging patterns observed on our study

area.

Understanding foraging patterns of beaver

on aspen is a complex problem that will re-

quire consideration of additional factors per-

taining to beaver ecology. First, beavers uti-

lize plant materials for dam building as well as

food supplies. If a range of size classes of mate-

rials is available, then selection of certain size

classes for dam building may be independent

of food selection. Gertain sizes of materials

may be more efficient in dam construction.

Second, we found that beaver on our study

sites passed through young stands of sprout-

ing aspen and exhibited a preference for

larger trees further from their dams. Beaver

traveled distances greater than 100 m from

the stream to forage on mature aspen trees

even though abundant aspen sprouts (5 cm or

less in diameter) were highly available near

the stream. The beaver mainly utilized

smaller branches on the mature trees, those in

the same diameter classes as the more accessi-

l)le sprouts. Since the beavers must exert a

certain amount of energy on foraging excur-

sions, it may be that the animals are tr\"ing to

maximize energy return. It is possible that b\

tra\('ling greater distances and cutting trees

in the larger size classes they make the trips

more energetically efficient. Cutting trees in

larger size classes would make available

greater amounts of biomass, while cutting the

smallest size classes near the stream may not

provide sufficient plant material to make a trip

energeticalK' profitable.

Third, beaxcrs are gencralist hcrbixores

and utilize many species of i)lants for food. It

ma\ be possible that they are foraging on cer-

tain plants to a\oid specific secondary

metabolites and on others to meet specific

needs. Such trade-offs ma\ not be evident

unless complete studies of food habits are un-

dertaken. Also, the fact that beavers store
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food in caches for use during the winter poses

a unique situation for food habit studies. Since

the animals are subject to being iceboiuid for

periods sometimes exceeding 100 days, the

nutritional value and potential changes in sec-

ondary metabolites of forage stored in winter

caches could be very important.

Data on mineral nutrients from the aspen

on our study area suggest that differences ex-

ist between the nutritional value of mature

aspen trees and aspen sprouts. The idea that

beaver can differentiate between forages of

various nutritional value may help explain

patterns of preferential foraging on mature

aspen trees in Strawberry Valley. The influ-

ence of specific monomer phenolic and phe-

nolic glycoside compounds on size-class selec-

tion by beavers may also be important but

requires further study.
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COURTSHIP BEHAVIOR IN RHINOCLEMMYS AREOLATA FROM WESTERN
TABASCO, MEXICO (TESTUDINES: EMYDIDAE)

Gonzalo Perez-Higareda' and Holxirt M. Smith"

Abstract.—Observations in nature and captivity reveal that members of the population oiRhinoclemmys areolata of

western Tabasco, Mexico, exhibit underwater courtship and mating and appear to lay one egg per nest.

Reports on the habits of turtles of the genus

Rhinoclemmys are few. Courtship behavior

has been noted in R. anmdata (Mitternieier

I97I), R. funerea (Iverson 1975), and R. pul-

chcrrima incisa (Hidalgo 1982). Curiously,

data on courtship in R. areolata are little

known, although the species is not rare, hav-

ing an extensive distribution from Guatemala

and northern Honduras northward on At-

lantic slopes to central Veracruz, Mexico; it is

most abundant on Isla Cozumel, Quintana

Roo (Smith and Smith 1979). The species in-

habits savannas for the most part and has ter-

restrial or semiaquatic habits (Smith and

Smith 1979, Pritchard 1979). Its activity has

been observed principally during summer
rains in northern Chiapas (Alvarez del Toro

1982) and in Cozumel Island (R. C. Vogt,

personal communication).

Distinctive characteristics of two different

populations of Rhinoclemmys areolata are

pointed out by Perez-Higareda and Smith

(1988). One of these populations, essentially

aquatic, is found in the swamps and rivers of

western Tabasco from the north central part of

the state to the border of southern Veracruz

(Rio Tonala). Its courtship and mating behav-

iors are different from those of the populations

of the Yucatan peninsula, northern Chiapas,

eastern Tabasco, and central western Ver-

acruz, all with terrestrial or semiaquatic

habits (Mittermeier 1971, Iverson 1975, Hi-

dalgo 1982, Pritchard 1979, Smith and Smith

1979, and personal observations by GPH).
The observations reported here were made

in the field and in captivity. One pair (male

and female) was observed in April 1983 (GPH)
in the Rio Tonala on the border of Veracruz

and Tabasco, near the municipality of Agua
Dulce, Veracruz, as courtship and mating

took place underwater at a depth of approxi-

mately 25 cm. Similar behavior was observed

(GPH) in another pair at the same place in

May 1984 in water approximately 0.5 m deep.

Both pairs were collected and kept alive in a

garden provided with a pond. Subsequent

aquatic courtships and matings were observed

there in March, April, and May 1985; all were

carried out underwater (40 cm in depth), none

on land.

Courtship (Fig. 1).—Males had no diffi-

culty recognizing females undeiAvater. They
approached and began to sniff around the

cloaca of the female. If the female accepted

the courtship, she walked on the bottom ofthe

stream or pond, and the male walked behind

her (Fig. la). Sometimes the female repelled

the courtship, vigorously biting the head of

the male. In such instances the male then

retreated and began swimming around the

female (Fig. lb). The female meanwhile re-

mained stationary on the bottom, her head

almost hidden. The male again sniffed around

the cloaca (Fig. Ic). If the female accepted his

second approach, she stretched her neck and

opened her mouth, while the male swam
speedily above her, staying some distance in

front of her and hiding his head (Fig. Id). The
female approached him, stretched her neck,

and searched the nose of the male with her

mouth open (Fig. le). The female hid her

head, and then the male stretched his neck

and rubbed her nose with his for a short pe-

riod, not exceeding 15 minutes (Fig. If).

Mating (Fig. 2).—The male moved
quickly to position himself above the female.

Estaci6n de Biologi'a Tropical "Los Tuxtlas ' liistituto de BioloKia, Universidad Nacional Autonoma de Mexico, Apartado Postal 51. Gatemaco, Veracruz,

Mexico.

^Department of Environmental, Population and Organismic Biologv, University of Colorado, Boulder, Colorado 80309-03.34, USA,
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f

Fig. I. Phases in the observed eoui tsliip Ix'li.ix ior ol tlie acjualie sul)si)ecies o{ Hliinoclciinni/s arcoliita.

Stretching his neck to nil) nose to nose; this

action was sonietinies repeated once or twice

more (Fig. 2a). Aftei-wards, the male slipiMnl

backward, curling his tail around the tail olthe
female. The female stretched and retracted

her neck once or twice (Fig. 21)). When the

penis was inserted in the cloaca of the female,

the male released his grip on the female, his

body essentially tree although still united to

her b\ the tail (Fig. 2c). The female, her hind
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<r C

Fig. 2. Phases of the observed mating and postmating behavior of the aquatic subspecies of Rhinoclemmys areolata.

limbs outstretched, remained motionless
while the male rhythmically protracted and
retracted his neck for 25-40 minutes (Fig.

2d). When coitus ended, the male separated

and floated; the female remained on the bot-

tom (Fig. 2e). Sometimes the male tried to

free himself, but the female stayed attached

by the tail, trailing him. Usually after mating
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the female was aggressive toward the male; in

such cases, he retreated a long distance from

her (Fig. 2f). The maximum observed dura-

tion of mating was 45 minutes.

Nesting data.—We do not have complete

information about the nesting customs of R.

areolata in a natural environment, but one of

us (GPH) observed a specimen ovipositing at

the edge of a swamp near Villahermosa,

Tabasco, in July 1985. The female was laying

one egg and covering the hole on land near a

swamp. The specimen was captured when it

abandoned the nest and was walking to water;

she was kept alive in a small garden. After a

week she laid a second egg in a depression she

dug, and at five-day intervals laid one more
egg in each of two different nests. None of the

eggs hatched.
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SHREW AND HETEROMYID RECORDS FROM THE GREAT BASIN
OF OREGON AND UTAH

Harold J. Eposcue

Abstract—Oregon records from Harney County establish a minimum altitudinal occurrence for the water shrew

(Sorex palustris), identify' an isolated population of the montane shrew (Sorer monticola obscurus), and provide an

additional specimen of Merriam's shrew (Sorer merriami). Utah records extending the ranges in the southeastern part

of the Bonneville Basin for the little pocket mouse {Pero^nathus lungimembris), long-tailed pocket mouse (Per-

ognathusforinosus), and dark kangaroo mouse (Microdipodops megacephalits) are also given.

Studies in progress designed to determine

the ecology of Peromijscus fleas in the Great

Basin have resulted in the capture of many
kinds of small mammals in addition to mice.

Among them were three species of shrews

from parts of southeastern Oregon, where few

soricids have been reported, and three het-

eromyids, whose capture extends their ranges

in western Utah.

Specimens mentioned, including examples

of the associated small mammals identified to

subspecies, were deposited in collections at

the University of Utah, Salt Lake City.

Sorex monticolus obscurus Merriam.—
Two montane shrews of this subspecies were
collected in the Trout Creek Mountains, an

isolated range, most ofwhich lies just north of

the Nevada boundary in southeastern Harney
County, Oregon.

An adult female (lactating, no embryos) was

trapped 20 June 1970 on a dry, densely vege-

tated hillside at the head of a small tributary

canyon of Big Trout Creek (elev. 2,022 m).

The principal plants in order of abundance
were big sagebrush (Artemisia tridentata),

bitterbrush (Purshia tridentata), and snow-

berry (Symphoricarpos sp.), with a heavy un-

derstory of herbaceous plants.

The second specimen, an adult male, was
caught 10 September 1982 near the head-

waters of Big Trout Creek about 2.4 km north

of the Nevada line (elev. 2,135 m). The traps

were set streamside, where the dominant
vegetation included willow, river birch, and
other riparian plants. Besides deer mice,

other small mammals caught here were the

long-tailed vole (Microtus longicaudiis) and

least chipmunk (Eutamias minimus).

These records identify a previously un-

known, apparently isolated population of S.

m. obscurus located between Steen Moun-
tains, Harney County, Oregon, and the Santa

Rosa Mountains, Humboldt County, Nevada

(see map by Hennings and Hoffman 1977).

Sorex palustris navigator (Baird).—An
adult female (no embryos) was collected 10

October 1983 at the mouth of Cottonwood
Creek, a tiny stream flowing out of the east

side of the Pueblo Mountains 11.3 km south of

Fields, Harney County, Oregon (elev. 1,281

m). Almost the entire trapline was set stream-

side, but the only other mammals captured

were Peromijscus maniculatus. Altitudinally,

this is the lowest place on record where S.

pahistris has been taken in the Great Basin.

The conditions here resemble those de-

scribed by Hall (1946) for a place in Esmeralda

County, Nevada, where water shrews were
found at a much lower than normal elevation.

Sorex merriami merriami Dobson.—An
adult female (no embryos, molt to winter

pelage in progress) was collected 25 October

1984 about 16 km south of Crane (elev. 1,318

m). My trapline was set on a steep, dry, talus

and boulder-strewn hillside with numerous
small ledges and several prominent basalt out-

crops. The dominant plant was spiny hopsage

(Grayia spinosa), with scattered horsebrush

{Tetradi/mia sp.) and big sagebrush. Other

small mammals trapped here were deer mice

(Pcromyscus manicidatus ssp.), canyon mice

{P. crinitus crinitus), western harvest mice

'Box 787, Grantsville. Utah 84029
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{Reithrodontonujs megalotis megalotis),

desert woodrats {Neotoma lepida nevadensis),

bushy-tailed woodrats (N. cinerea alticola),

sagebrush voles {Lagurus curtatus paiiper-

rirniis), and Great Basin pocket mice (Pcr-

ognathiis parvus parvus), all caught within 75

m ofwhere the Merriam's shrew was trapped.

With the possible exception of the bushy-

tailed woodrat, the biota was typically Upper
Sonoran. Lindsay and Perry (1977) reviewed

what little was known about this shrew in

Oregon when they reported the fourth record

for the state.

Perognathus longimembris gulosus Hall.

—

An adult male provisionally referred to this

subspecies was obtained 29 March 1986 in

Escalante Valley, 24 km west-southwest of

Minersville, Beaver County, Utah, and about

100 m north of the Iron County line. This

extends the range about 72 km southeast from

localities in extreme southwestern Millard

County as mapped by Hall (1981). See ac-

count of Microdipodops megacephalus paul-

ulus for other details about the area.

Perognathusformosus incolatus Hall.—An
adult male referrable to P. f. incolatus was

collected 28 March 1986 about .2 km north of

Black Rock, Millard County, Utah (elev.

1,418 m), a range extension well into the east-

ern part of the southern Bonneville Basin

from the nearest localities in southwestern

Millard County reported by Hall (1981).

Traps were set among the boulders and exten-

sive basalt ledges of an ancient lava flow.

Dominant plants were horsebrush and rabbit-

brush (Chrysothaninus sp.). Associated small

mammals were the desert woodrat and deer

mouse.

Microdipodops megacephalus paiduhis

Hall & Durrant.—Two adult males httiiig the

description of this subspecies (Hall and Dur-
rant 1941) were caught 29 March 1986 in the

northern end of Escalante Valley, 24 km west-

southwest of Minersville, Beaver County,

Utah, and about 100 m north of the Iron

County line (elev. 1,550 m). This is a range

extension southeastward of about 75 km from

places in southwestern Millard Countv
mapped by Hall (1981).

The mice were caught in low, semistabi-

lized, vegetated dunes of fine, light-colored

sand, where the dominant plants were rabbit-

brush and four-winged saltbush (Atriplex can-

nescens). Other small mammals caught here

were the little pocket mouse, Ord kangaroo

rat (Dipodomys ordii cinderensis), and deer

mouse.
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MYCOPHAGY OF RED-BACKED VOLES, CLETHRIONOMYS CALIFORNICUS
AND C. GAPPERI

Chris Maser' and Zane Maser"

Abstract.—We examined stomaeh contents of 426 Ch'thrionomiis, 217 C. californictis I'lom western Oregon and 209

C. ^apperi from wideK- scattered areas across North America. Clcthrionotnys californicus consumed fungi of28 genera.

CIcthriouomys fiappch from the Rocky Mountains westward consumed finigi of 23 genera, whereas C. gapperi east of

the Rocky Mountains consumed fungi of 7 genera. This study supports the conckisions of an earlier study, limited to

Oregon and Washington, that food habits of C. californicus and C. gapperi are more closely related to habitat than to

species or subspecies of vole.

Red-backed voles {Ch'tJirionoinys califor-

nicus and C. g,apperi ) in the Pacific Northwest

are primary mycophagists in the coniferous

forest (Hayes et al. 1986, Ure and Maser

1982); they disperse viable spores of mycor-

rhizal fungi (obligatory mycosymbionts of

coniferous trees) and nitrogen-fixing bacteria

(Li et al. 1986, Ure and Maser 1982).

Maser et al. (1978) examined stomach con-

tents of red-backed voles and identified the

mycorrhizal fungi to order. More recently,

Hayes et al. (1986) also identified the mycor-

rhizal fungi to order but based their study on

fecal analysis. Fecal analysis is biased for two

reasons: fungal spores can be stored in the

cecum and expelled days after a vole's last

meal on a particular fungus (Maser and Maser,

unpublished data), and fungal spores can be

overrepresented in the feces because ofdiffer-

ential digestion; the spores remain in good

condition when many other foods have been
digested.

Our purpose is twofold: (1) to compare the

fungal diet of C. californicus from Oregon
with C. g,apperi from the West Coast to the

East Coast of North America, based only on

stomach analysis, and (2) to test the notion of

Ure and Maser (1982) that food habits of C.

californicus and C. fi,apperi are more closely

related to habitat than to species or subspecies

of vole.

Methods and Materials

All specimens were dead-trapped to avoid

contamination of stomach contents with bait.

A total of 426 Clethrionomijs was examined

over 15 years, 217 C. californicus from west-

ern Oregon and 209 C. gapperi from widely

scattered areas across North America. Most

specimens were quick-frozen in the field for

later analysis. Stomach contents were pre-

served in vials of 10% formalin.

Stomach contents were microscopicallv ex-

amined at 100, 400, and 1,000X magnifica-

tion. A small amount of material was equally

mixed and randomly removed from each vial

with narrow, parallel-sided forceps, placed on

a microscope slide, mixed with a drop of

Melzer's reagent (I, KI, and chloral hydrate),

and enclosed under a 22 x 40-mm coverslip.

The slide was systematically examined for fun-

gal spores. Fungal taxa were identified with

the aid of a spore key (Trappe et al. , in press).

The percentage by volume offungal spores for

each genus was visually estimated and

recorded.

Results and Discussion

Clethrionomijs californicus occurs from the

Columbia River south through western Ore-

gon into northwestern California. Although

three subspecies are listed (Hall 1981), C.

Maser has recognized only two in over 20

years of work in Oregon: C. c. californicus in

the Coast Range and C. c. mazama in the

Cascade Range.

Clethrionomijs californicus has a special-

ized diet predominantly composed of

I' S. Dt-partineiit ol the Iiitfriur. Bureau of Land Manancmeut. Fort-stp. Sciences Laboratory, 3200 Jefferson Way. Cor%alli.s, Oregon 9733L

"Department of Forest Science, Oregon State University, Corvallis, Oregon 9733L
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Table 1. Percent volume of stomacli contents and per-

cent frequency, in parentheses, of fungal taxa from 217

California red-backed voles (Clethrionumt/s californi-

cus).



April 1988 Maser, Maser: Mycophagy of Voles 271

Table 2. Percent volume of stomach contents and percent f're(}nency, in parentheses, of fungal taxa from 209

southern red-backed voles {Clethrionomys gapperi).
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1961, Hamilton and Whitaker 1979, Martell

1981, Merritt 1981, Merrittand Merritt 1978,

Schloyer 1977).

The West Coast forests are composed pri-

marily of conifers with hardwoods during

early succession (Franklin and Dyrness 1973,

Hall et al. 1985). Eastern forests are primarily

hardwoods with intermixed conifers. The
western coniferous forests have a tremendous

belowground biomass of hypogeous fungal

sporocarps (see, for example, Fogel 1976,

Fogel and Hunt 1979, Hunt and Trappe, in

press). The eastern hardwood forests lack the

diversity of species, and presumably biomass,

of belowground fungal sporocarps (Miller

1986), but they have a tremendous above-

ground crop of mast-producing trees (Braun

1950). This study supports the conclusion by

Ure and Maser (1982) that food habits of C.

californicus and C. ^apperi are more closely

related to habitat than to species or subspecies

of vole.
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SELECTION OF BIG SAGEBRUSH BY SAGE GROUSE

Bruce L. Wekli', Jordan C], Pt'derson", and Ronald L^. KodriKuez'

Abstract—Fet-ding sites of wintering sage grouse (Ccntrocercus ur()))hasianus ) were located, one each in stands ot

three subspecies of big sagebrush {Artemisia tridentata: ssp. tridciitata, basin; ssp. vaseyana. mountain; and ssp.

ivtjomin^ensis, Wyoming). Evidences of diflerential use of plants within subspecies were observed. Whole leaves from

fed-on and nonfed-on big sagebrush plants were examined for intrasubspecies chemical comparisons of crude protein,

phosphorus, in vitro digestibilit\ , and monoterpenoids. No significant differences were detected e.xcept for in vitro

digestibility (<f Wyoming fed-on and nonfed-on big sagebrush and monoterpenoid content of basin big sagebrush.

Nutritive content of all three subspecies was high, which may in part help to explain wintering sage grouse weight

gains.

Smith (1950) was the first to report differen-

tial preference of a wintering animal, mnle

deer (Odocoilcus hemionus hcmioniis), for in-

dividual plants of big sagebrush {Ar'tcmisia

tridentata). Since then, other workers have

reported differential preference of mule deer

not only for individual plants but for sub-

species ofbig sagebrush and accessions within

subspecies (Plummer et al. 1968, Scholl et al.

1977, Willms et al. 1979, Sheehy and

Winward 1981, Welch and McArthur 1986,

Personius et al. 1987). Other animal species

also express differential preference for indi-

vidual plants, subspecies, and accessions

within subspecies of big sagebrush. These in-

clude domestic sheep (Ovis aries, Sheehy and

Winward 1981, Welch et al. 1987), pygmy
rabbit [Brachijlagus idahoen.sis. White et al.

1982), and sage grouse {Ccntrocercus

nrophasianus. Remington and Braun 1985).

The last species, sage grouse, is the subject of

this investigation.

Wintering sage grouse have a near-obligate

relationship with sagebrush, particularly big

sagebrush (Braun et al. 1977, Autenrieth

1981, Roberson 1986). Leaves of sagebrush

are the primary winter food for sage grouse

(Patterson 1952, Wallestad et al. 1974). The
Remington and Braun (1985) report is the first

evidence that sage grouse may' expr(\ss differ-

ential prelerence for subspecies of big sage-

brush and for indivichuil plants within sub-

species. The piupose of our study was to lo-

cate wintering sage grouse fed-on and nonfed-

on big sagebrush plants in stands of three

subspecies of big sagebrush (A. t. ssp. triden-

tata, basin; A. t. ssp. vaseyana, mountain; A.

t. ssp. wijoniin^ensis , Wyoming) and to watch

for evidence that might support the report of

Remington and Braun (1985) that sage grouse

show preferential use among subspecies and

individuals within subspecies. Also, the nutri-

tive value was determined tor leaves from

fed-on and nonfed-on plants.

Study Site

The stud\ area, on the Awapa Plateau near

Loa, Utah, in western Wayne Coimty, sup-

ports a population of sage grouse. Specific

study sites were Jake s Knoll on sections 22

and 23 (RIE, T29S), Vance Reservoir on sec-

tions 10 and 11 (RIE, T29S), Elsie's Nipple on

section 33 (R2E, T28S), and a Wyoming big

sagebrush flat south of State Highway 24

about 12.9 km west of Loa, on sections 2 and 7

(RIE,T27S).

Ele\ ations range from the Jaki- s Knoll site

at about 2,650 m to the Elsie s Nipple site at

ai)oul 2,500 m. Black sagebrush (A. nova) and

mountain big sagebrush were the dominant

shrubs at the Jake s Knoll and Vance Reserxoir

'intcrmouiitain Hi'scartli St.itir)ii, Kori-sl Sci\kc, I' S DcparlTiunI ot Amu ultiiti', Sliiul> Sticiic.s l-ilioratmy. 7.5.i North TM) F.ast, 1'iomi. ll.ili S4(S()1

"Utah Division of WiUlhfi- KcM)<ir«-.s, Central RcKion, 1 1 1.5 North Main. S|)rinu\ illc. Itali .S4(i6,3.

Wf do not hilly accept the inteq)retation of the ilatapr<'sente(l in the Keinin^toii and Braun (198.5) report a)ncerninj; the |)rihrcnti.il use olAWoinini; liii;

sagebrush over mountain hig sanehrush hy winterinK saRe grouse. Data in their Table 1 sunKcst two to one that the use of'VVyonnni; anil inonntaui bi.u sanebrush

is a hniction of occurrence ai\d not palatabilily diirerinces between the two kinds o( big sanebrnsh. We believe their random sample methinl is biased because

portions ot niountain big sagebrush grow at the bottom oldraws where sage grouse seldom feed. Cons<'<|uentK . part oltheir perceived preferential use could

be due to feeding h.ibil and not to palatabj|it\ ihnereMces.
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sites. Mountain big sagebrush on these two

sites was hmited to the bottom of drainages,

northern exposures, and swells where water

tends to eoncentrate. Black sagebrush was

distributed on the flats and on southern expo-

sures. In the Elsies Nipple site, basin big

sagebrush and Utah juniper (Jitni}}cnis os-

teosperma) were the dominant shrubs. On
the site south of State Highway 24, Wyoming
big sagebrush was the dominant shrub.

Materials and Metfiods

Feeding sites, one each for three sub-

species of big sagebrush, were located with

the aid of radio-collared sage grouse (Hulet et

al. 1986). At each feeding site, fed-on and

nonfed-on plants were tagged and mapped. A
plant had to meet certain criteria to be se-

lected as a nonfed-on plant and to remain as

such for this study. The criteria were: (1) no

signs of being fed on by sage grouse or any

other animal, (2) presence of fresh sage grouse

tracks or droppings around or through the

plant, (3) within 1.5 m ofa fed-on plant, and (4)

remained a nonfed-on plant while sage grouse

were feeding on the sites for at least two

weeks. These four criteria increased the prob-

ability that the selected nonfed-on plants

were really plants that the sage grouse were

discriminating against. Careful and close—on

hands and knees—inspection was required to

identify nonfed-on plants.

In early February 1984, vegetative samples

of current year's growth were removed from

five fed-on and five nonfed-on plants on three

sites supporting stands of one of three sub-

species of big sagebrush. Samples were
placed in individual plastic bags, packed in

snow inside a cooler, and transported to a

laboratory freezer. Frozen whole leaves were
separated from stems with a pair of small sur-

gical scissors and were then kept frozen by

placing them inside a 1-L, stainless steel,

wide-mouth vacuum bottle containing 500 ml
of liquid nitrogen. Later all leaves were
poured out of the vacuum bottle into a

strainer. After the liquid nitrogen evaporated,

the leaves were placed in a plastic bag, sealed,

and stored in a freezer until needed for grind-

ing. Grinding was done inside the mortar of a

steel, motorized mortar and pestle that had
been precooled twice with liquid nitrogen.

Liquid nitrogen was then poured over the

leaves and the leaves ground to a fine powder.

The leaf material was placed in a plastic bottle

with airtight cap after grinding and stored in a

freezer until needed for chemical analysis.

Chemical determinations made on the sam-

ples were dry matter, monoterpenoids, in

vitro digestibility, crude protein, and phos-

phorus. Dry matter was determined by oven

drying at 100 C until constant weight was

achieved, usually after 48 hours. Monoter-

penoids were extracted and analyzed by the

method outlined by Welch and McArthur

(1981). This method is based on Soxhlet ex-

traction with absolute ether and gas chro-

matographic analysis. Concentration of

monoterpenoids was expressed on a dry-

matter basis. Pearson's (1970) method was

used to determine in vitro digestibility of

ground leaves. Rumen inoculum was ob-

tained from a slaughterhouse steer (Welch et

al. 1983, Striby et al. 1987). Digestibility data

were expressed as a percentage of dry matter

digested. Crude protein was determined by

the Kjeldahl method (Association of Official

Analytical Chemists 1980); and the data were

expressed as a percentage ofdry matter. Phos-

phorus was determined by wet digestion-

spectrophotometric method (Association of

Ofticial Analytical Chemists 1980); and the

data were expressed as a percentage of dry

matter. Unpaired t-tests (P = .05) were used

to compare fed-on and nonfed-on plants

within subspecies for the various chemical de-

terminations.

Results and Discussion

This study supports and extends the field

observations of Remington and Braun (1985)

concerning sage grouse preferential use of in-

dividual plants within subspecies of big sage-

brush. Because the stands of subspecies in our

study area were disjunct, we were unable to

make any judgments concerning selection at

the subspecies level.

On four occasions we observed the feeding

behavior of sage grouse for 2 hours. We saw a

general wandering by the birds among the

sagebrush plants, as if they were inspecting

the plants. Then, for no apparent reason, one

bird would start eating the leaves of a plant.

Often (60% or more of the time) a feeding

bird would be joined by others. In these

groups there appeared to be no particular
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Table 1. Nutritive toniparison between leaf tissue of fed-on and nonfed-on plants ol hiy; saiiehrush for wintering

sage grouse. Each subspecies of big sagebrush is represented by five fed-on and five nonfed-on plants. Data expressed

as a percentage of dry matter. Data statistically anaKzed by unpaired t-test comparison between fed-on and nonfed-on

plants within subspecies.

Subspecie,* Cru(
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Tablf, 3. Comparisons hetwet'ii the monoterpenoid levels of wintering sage grouse fed-on and nonled-on plants of

Wyoming big sagebrush {Ar-temisia tridentatii ssp. wyoiningensis, leaf tissue). Data expressed on a dry-matter basis.

Unpaired t-tests used to compare treatment means.
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Tables 2, 3, and 4 list the comparisons be-

tween the monoterpenoid levels of the fed-on

and nonfed-on plants. T-tests detected no sig-

nificant differences (P ^ .05) between fed-on

and nonfed-on plants for mountain and

Wyoming big sagebrush for individual or total

monoterpenoids. Significant differences may
exist between the two subspecies (means of

3.55 and 3.37% vs. 2.42 and 2.52%). Welch
and McArthur (1981) reported differences in

monoterpenoid content of leaves and stems

for these two subspecies. Remington and

Braun (1985) noted differences in monoter-

pene content between Wyoming and moun-
tain big sagebrush but not among browsed,

unbrowsed, and random plants of the same
subspecies.

The basin big sagebrush comparison is

quite a different story. Table 4 shows that we
are dealing with two distinct populations of

basin big sagebrush. A criterion for a plant to

be selected as a nonfed-on plant was to be

within 1.5 m of a fed-on plant, meaning that

the two populations were thoroughly mixed.

All live nonfed-on plants contained two un-

known monoterpenoids (1.89 and 12.09) not

found in the fed-on plants. All five fed-on

plants contained one unknown monoter-

penoid (4.84) and camphor not foimd in the

nonfed-on plants. Four fed-on plants con-

tained camphene and 1,8 cineol. None of the

five nonfed-on plants contained these two

monoterpenoids. These differences are direct

evidence that the study area supports two

populations of basin big sagebrush. "Hobble

Creek,' a highly preferred big sagebrush by

wintering mule deer (Welch and McArthur
1986) and by wintering domestic sheep

(Welch et al. 1987), also contains high cam-
phor levels, as do the fed-on plants listed in

Table 4.

One might be tempted to claim that the

birds and perhaps deer and sheep are select-

ing plants high in camphor. But a check of the

camphor content in mountain and Wyoming
big sagebrush listed in Tables 2 and 3 tempers
such temptation. The differences in monoter-

penoid content between fed-on and nonfed-

on plants for basin big sagebrush are interest-

ing, but behavioral data are lacking regarding

preferences among subspecies.

We will be using the results of this study

and that of Kemington and Braun (1985) to

justify a more definiti\t' stuck . The heart of

such a study will be the use of a uniform

garden, placing birds in the garden to test

their preference for subspecies, accessions,

and indi\ idual plants of big sagebrush. This

techni(}ue is similar to studies used for deter-

mining wintering mule deer and domestic

sheep preferences for big sagebrush (Welch

and McArthur 1986, Welch et al. 1981).
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TIME-ACTIVITY BUDGETS OF DRAKE GADWALL AND NORTHERN SHOVELERS
ON INDUSTRIAL COOLING PONDS DURING LATE WINTER

AND EARLY SPRING IN CENTRAL UTAH

G. Merrill Weill) and J. D. Brotherson"

Abstract—Time-activity budgets of drake Gadvvall and Northern Shoveler ducks were studied in the winter of

1985. Total duck numbers peaked in mid-March. Gadwall numbers increased from late January to mid-March and then

declined, while Northern Shoveler numbers declined from late January to mid-February and then increased to

mid-March before declining. Behavior categories considered in the time-activity budgets were flying, preening,

swimming, courtship, feeding, and resting. Time allocated to these different acti\'ities varied for lioth duck species,

with feeding being the only behavior pattern wherein differences were significant. Gadwalls spent 58% of their time

feeding. Northern Shovelers only 26%. Possible reasons for these differences are suggested.

The Gadwall {Anas strepera) and Northern

Shoveler (Anas clypeata), like other Holarctic

surface-feeding ducks, occupy a broad geo-

graphical range across much of North America

(Bellrose 1976). Survey data indicate that the

largest winter concentrations of Gadwall oc-

cur in the Mississippi Flyway, while the

largest concentrations of Northern Shoveler

occur equally distributed in the Pacific and

Mississippi flyways (Johnsgard 1975).

Wintering information indicates that in inland

areas they are found on natural ponds and

marsh impoundments with the Northern

Shovelers preferring artificial impoundments
along drainage systems (Stewart 1962). Infor-

mation from Utah indicates that low numbers
of both species remain in the state throughout

the winter where there is open water (Hay-

ward et al. 1976).

Behavioral studies of the two species have

included aspects of their biology including

flocking patterns (Bezzel 1959, Frith 1967,

Poysa 1984), pair-forming and copulation

(McKinney 1970, Duebbert 1966, johnsgard

1965), nesting and brooding activities (CJirard

1939, Gates 1962, Duebbert et al. 19(S6,

Lokemoen et al. 1984), interspecific relation-

ships (Eddleman et al. 1985, Amat and
Soriguer 1984), feeding patterns (Hcpp 1985,

Nudds and Bowlby 1984), and i)ostbreeding

activities (McKinney 1967, Oring 1969,

Dubowy 1985). Few studies have involved

the daily behavioral patterns or activity bud-

gets of the two birds. This paper is concerned

with the daily behavior patterns of Gadwall

and Northern Shoveler drakes in central Utah

during late January, February, and March.

Study Area

The study area (appro.ximately 86 ha) is on

the southeast corner of the large (771-ha) set-

tling pond at U.S. Steel's Geneva plant (Fig.

1). Because the pond is ice-free during winter

and access to the pond is restricted, timed

observations on selected birds could be ac-

complished free of public disturbance. The
pond depth averages 6 m and is enclosed by
earth-filled and slag-filled dikes to the north

and west. Water volume changes daily as wa-

ter is pumped (253 million liters) from the

pond to the plant. In the plant the water is

used in cooling operations at the various steel-

making furnaces. Following use, the water is

returned to the billion-liter reservoir for cool-

ing, storage, and reuse. The average tempera-

ture of the return flow is 26 C>. .Ambient air

temperatures during the stud\' averaged 6 C.

Vegetation around the study site included

peachleaf willow (Salix (imyiiddloidcs), Rus-

sian oli\e {Elacapuis anii^ustifolid), narrow-

leaf cottonvvood {Populiis (in<i,iistifolia), salt-

cedar {Tamarix ramosissima). Pacific aster

(Aster chilensis), dogbane {Apocipiuni can-

nahintmi), showA milk\\(H>d (Asclcpias spe-

ciosa), motherwort [Lconurus cardiaca).

'Department of Bioloev, I'roxo IIikIi School. I'nni), rt.ihS»(i()2

^Dep.irtmcnt of Botany .ind Hanuc Sciciuc. Hrij;liani Voiiim I'liu crsits . I'rino. I'tali H.lfS()2.
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Fig. 1. Map showing location of Geneva Steel cooling pond and observation area on sonth dike.

1984, were spent observing Gadwall and

Northern Shoveler drakes. Early morning

mists, caused by the warm water of the pond

coming into contact with the much colder am-

bient air, precluded observations prior to

10:30 A.M. Therefore, observation periods

Thirteen days, 28 January to 31 March were selected from 30-minute blocks of time

rubber rabbitbrush (Chrysothammis nau-

seosus), sun^ower {Helianthus annuiis), this-

tle {Cirsium sp.), and yellow clover {Melilotus

officinalis).

Methods
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beginning at 10:30 A.M. and ending at 4:30

P.M. Observations were made with the aid of

7 X 35 binoculars and a spotting scope with a

zoom lens. One individual (the focal animal)

was selected randomly by looking through a

transparent numbered grid and selecting the

drake closest to the number selected from the

random numbers table for that day. Each bird

was observed for 15 minutes and classilied as

to behavior; then the length of time spent in

each behavioral bout was recorded. A stop-

watch was used to time each bout.

Six behavior classes were considered: (1)

preening—grooming, smoothing, or cleaning

the feathers with the beak, (2) swimming—ac-

tively moving across the surface of the water,

(3) courtship—behavior consisting of conspic-

uous displays associated with actual pair for-

mation or pair-bond maintenance, (4) rest-

ing—not engaged in any of the other

behaviors, or a period of inactivity, (5) flight

—

flying, and (6) foraging—searching for or in-

gesting food. Before actual observations com-

menced, total numbers for all species oi

waterfowl on the 86-ha pond were recorded.

Behavioral patterns were statistically com-

pared using the Mann-Whitney test (Weiss

and Hassett 1982).

Results and Discussion

The numbers ofwaterfowl on the pond fluc-

tuated from a beginning total of 282 iiirds on

28 January to an ending total of 208 birds on 31

March. The greatest number of birds (428)

was observed on 10 March during the middle

of the spring migration. As the weather ame-

liorated and the season for migration moved
forward, the numbers of ducks using the pond

dwindled, especially dabbling ducks such as

the Mallard, Pintail, and Widgeon. Totals for

coots always exceeded 100 birds and were,

therefore, generally estimated.

Differences between the occurrence ol

Cadwalls and Shovelers during the sampling

period are shown in Figure 2. As shown, Ciad-

wall numbers remained fairly stable during

February, jumped in earl\ March, and tluMi

declined to very low levels by 31 March.

Shovelers, on the other hand, underwent a

major dip in numbers dining inid-l'\'bruar\

,

jumped to their highest levels in mid-March,

and then showed declines similar to the Gad-

walls by 31 March. Other duck species began
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T.^BLE 1. The time-activit) huduets (ineaiis and stan-

dard deviations) for drake Gadwall and drake Slioveler

ducks in minutes per observation period (15-minute

units) on USX's Geneva Steel cooling pond.

Gadwall Shovt
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Shoveler. Fourth, drake body weight for the

Gadwall generally exceeds that of the North-

ern Shoveler by nearly 30%, or about 295 g

(0.65 lbs) (Johnsgard 1975). Assuming that the

two species show e(iuivalent abilities to me-

tabolize food (Miller 1984), the greater Gad-

wall body weight and higher activity level

relative to foraging would recjuire more en-

ergy for maintenance under the winter condi-

tions observed during this study. Needing

less time for foraging, the Northern Shoveler

should allocate a greater percentage of its time

to other activities. This was observed in oin-

study; the Northern Shoveler spent nearly

37% of the time resting or preening while the

Gadwall spent an average of only 7% of the

time in such activities.
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STATUS AND DISTRIBUTION OF AMERICAN WHITE PELICAN
NESTING COLONIES IN WYOMING: AN UPDATE

Scott L. Findliolt' and Kenneth L. Diem"

Abstract.—Historically, one American White Pelican nesting area was known in WyominK. In 1986 White Pelicans

nested at fonr locations consisting of four difierent colonies and approximately 949 active nests. Nesting success was

probably adetjuate for population stability at Pathfinder Reservoir from 1984 through 1986 and at Yellowstone Lake in

1984 and 1985, but insufficient there in 1986. White Pelican colonies at Bamforth and Cooper lakes most likely failed

because of predation. With the exception of the Yellowstone Lake colony, the future of White Pelican nesting colonies

in Wyoming is uncertain. Current threats are human disturliance of nesting birds, predation, and loss of habitat,

including breeding areas and foraging sites.

Historically, only one nesting colony of

American White Pelicans {Peleconus enj-

throrhynchos) was reported for Wyoming
(Knight 1902, McCreary 1939). This colony is

located on the Molly Islands, Yellowstone

Lake, Yellowstone National Park (Schaller

1964, Diem and Condon 1967, Diem 1979).

In 1984 a new White Pelican nesting colony

was discovered in the state at Pathfinder

Reservoir (Findholt 1986). Our objective is to

provide recent information on the status ofthe

Yellowstone Lake and Pathfinder Reservoir

colonies and report on two additional but un-

successful nesting attempts by White Pelicans

in Wyoming during 1986.

Methods

Since 1981 and more intensively in 1984

and 1986, we have conducted a comprehen-
sive survey in Wyoming for breeding locations

of colonially nesting waterbirds, including

American White Pelicans. Fifteen aerial sur-

veys in fixed-wing aircraft were made for new
nesting sites of all colonial waterbirds for a

total of 67. 1 hours of flight time in 1984 and

1986. Reservoirs, lakes, marshes, and other

potential breeding areas not observed during

aerial searches were checked from the ground
with binoculars or a 20-45X spotting scope.

Other sources of information on potential lo-

cations of White Pelican nesting colonies in-

cluded a literature review, an examination of

the files of the Wyoming Game and Fish De-

partment, and correspondence with biolo-

gists, naturalists, bird-watchers, and others

considered knowledgeable of White Pelican

breeding areas in the state. In all colonies an

attempt was made to count active nests when
the majority of pelicans were in late incuba-

tion-early hatching stages. Active nests were

counted using aerial photography or ground

counts from within colonies except at

Yellowstone Lake where censuses were made
from a boat 31-61 m from shore.

In 1984 juvenile White Pelicans present on

the nesting island at Pathfinder Reservoir

were counted before fledging when they were

banded with U.S. Fish and Wildlife Service

numbered aluminum bands. Numbers of

ready-to-fledge young were determined at

Pathfinder Reservoir using ground or aerial

photography in 1985 and 1986, respectively.

Each year a thorough search was made of the

nesting island to locate juvenile pelicans that

died before fledging. The number of dead

young found was then subtracted from previ-

ous counts of prefledged young to calculate

nesting success.

At Yellowstone Lake juvenile White Peli-

cans were censused from a boat 31-61 m from

the nesting islands. Because no attempt was

made to determine prefledgling mortality,

nesting success is probably overestimated

each year at Yellowstone Lake. Nest and

fledgling censuses were made by the authors

except as otherwise noted.

As discussed by Buckley and Buckley

Wyoming Game and Fish Department, 260 Buena Vista Drive, Lander, Wyoming 82.520 Present address: Wyoming Cooperati'

Research Unit, University of Wyoming, Laramie, Wyoming 8207L
Department of Zoology and Physiology. Universit> of Wyoming, Laramie, Wyoming .S2()7L

Fishery and Wildhfe
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Fig. 1. Di.stribution of American Whitt' Pelican nesting areas in Wyoming, 1986.

(1979), a waterbird colony is difficult to de-

fine. For the purposes of this report we de-

fined a colony as an assemblage of nesting

birds (Kushlan 1986). One exception was at

Yellowstone Lake where the two adjacent

Molly Islands White Pelican colonies were
treated as one colony.

Results

American White Pelicans nested at four

known locations in Wyoming during the

1984-1986 period (Fig. 1). Based on the 1986

colony censuses, we estimated the number of

active nests in the state to be 949 (Table 1).

Breeding colonies ranged in size from 41 to

624 active nests. At Pathfinder Beserxoir,

compared to the counts of the previous year,

the number of active White Pelican nests in-

creased by 57% and 63% in 19S5 and 1986,

respectively. In contrast, the number of ac-

tive pelican nests at Yellowstone Lake re-

mained relatively stable in 1984 and 1985 but

declined by approximateK 86% in 1986. Pop-

ulation trends are imknowu for the Bamforth

and Cooper lake colonies.

Nesting success at each coloin is presented

in Table 2. Between 1984 and 1986, from 0.78

to 0.93 juvenile White Pelicans fledged per

nesting attemi)t at PathlindtM' Beser\()ir. At

Yellowstone Lake maxinuun estimated pro-

duction varied from 0.32 to 2.25 \'oung per

nest during this period. No xoung were pro-

duced at the Bamforth and (hooper lake

colonies in 1986.

Discussion

In the most recent sur\e\' of American

White Pelican nesting colonies. Sidle et al.

(1985) concluded that breeding populations

were currentK stable or increasiiig in most

areas of North America, lulormation gathered

on W hite Pelican nesting colonies from 1984

through 1986 suggests that While Pelicans are

increasing in Wyoming. However, population
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Table 1. Location, mmiher of active nests, and habitat of American White Pehcan colonies in Wyoming,
1984-1986.

Number ot active nests

Colony site Location 1984 1985 1986 Habitat

Albany County
Bamforth Lake

(Peninsula Island)

Cooper Lake'

Carbon Coimty
Pathfinder Reservoir

(Bird Island)

Yellowstone National Park

Yellowstone Lake

(Molly Islands)

41°24'N, 105°44'W

41°38'N, 105°51'W

42°23'N, 106°56'W

44°19'N, 11()°16'W

245

317

384

284

63'

221

624

41

Lake

Lake

Reservoir

Lake

Data from B H. Pugesek (personal tomiimnicatioii)

"Not surveyed lor nesting pelicans in 1984 and 1985.

Table 2. Nesting success of American White Pelican breeding colonies in Wyoming, 1984-1986.

Number of yoinig fledged

Colonv site 1984 1985 1986

Albany Coimty
Bamforth Lake

(Peninsula Island)

Cooper Lake

Carbon County
Pathfinder Reservoir

(Bird Island)

Yellowstone National Park-

Yellowstone Lake

(Mollv Islands)

203 (0.83)'

482 (1.52)

300 (0.78)

650 (2.25)

583 (0.93)

13 (0.32)

Number ol juvenile White Pelicans fledged per nesting attempt.

Reproductive success is probably overestimated each year.

growth may be partially attributed to more
extensive surveys in recent years. Before 1981

only limited effort was made in Wyoming to

locate White Pelican or other colonially nest-

ing waterbird breeding sites.

Strait and Sloan (1974) determined fiom

band-recovery data and reproductive success

studies that a fledging rate of slightly less than

one young per nest was probably required for

population stability in White Pelicans. Al-

though White Pelican reproductive success at

Pathfinder Reservoir from 1984 through 1986
appeared to be sufficient for population

maintenance, long-term population stability

needs to be determined over a period of sev-

eral years.

At Yellowstone Lake the number of juve-

nile White Pelicans fledged in 1984 and 1985
exceeded the number required for population

maintenance but was inadequate in 1986.

Poor nesting success in 1986 was attributed to

an extremely high snowmelt runoff in north-

western Wyoming, which caused high water

levels in Yellowstone Lake. As a result, the

Molly Islands nesting area was almost com-
pletely inundated during much of the nesting

season.

All White Pelican nests at Cooper Lake

were destroyed by coyotes (Canis latrans)

and possibly other predators in 1986. White
Pelicans were nesting on the mainland, which

made their nests extremely vulnerable to

mammalian predators, including coyotes

(Bunnell et al. 1981). Although it is not known
when the Cooper Lake colony was initiated.

White Pelicans may have started nesting

there a few years before the colony's discovery

in 1986. In the early 1980s high water levels

existed at Cooper Lake, and the nesting site

used in 1986 was probably an island.

Golden Eagles (Aquila chrysaetos), ob-

served harassing White Pelicans nesting at
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Bamforth Lake, were thought to be responsi-

ble for the nesting failure in 1986 (B. H.

Pugesek, personal communication). On three

occasions one Golden Eagle was observed in

the colony, causing pelicans to flush from

their nests. Eggs in unguarded nests were

then robbed by California Gulls {Lams cali-

foniicus) nesting among the pelicans; eventu-

ally all nests were destroyed or abandoned.

Other than the pelican nesting attempt re-

ported at Bamforth Lake in 1986, we have

found no evidence ofWhite Pelicans breeding

there during surveys conducted since the

1950s.

Although White Pelicans have nested at

four locations in Wyoming since 1984, only

the Yellowstone Lake colony is reasonably se-

cure and effectively protected. The
Yellowstone Lake nesting area has existed

since at least 1890 (Linton 1891, Diem and

Condon 1967). In Yellowstone National Park,

the National Park Service has closed a portion

of the Southeast Arm of Yellowstone Lake to

all motorboat traffic, thus reducing human
disturbance of nesting White Pelicans. Other

measures implemented by the Park Service to

protect pelicans have included restrictions on

scientific investigations and the establishment

of a 400-m buffer zone around the nesting

islands. Currently one possible threat to the

White Pelican breeding population on the

Molly Islands may be loss of nesting habitat.

Periodic substrate uplifts occurring along the

north shore of Yellowstone Lake have signifi-

cantly raised and lowered the stable water

level of the Southeast Arm of the lake where
the Molly Islands are located.

We are encouraged by the establishment of

the Pathfinder colony and population growth

of White Pelicans documented there, but we
view these findings with guarded optimism.

The White Pelican breeding population at

Pathfinder Reservoir is currently threatened

by human disturbance, intentional and acci-

dental, of nesting birds. Other serious threats

include erosion of the nesting island, forma-

tion of a land bridge between the nesting is-

land and mainland during low reservoir water

levels, and loss of foraging habitat (P'indholt

1987).

Breeding populations of American White
Pelicans have declined dramatically in North

America. Historically, at least 24 pelican

colonies existed west of the Kock\ Mountains;

now there are only 8 (Anonymous 1983). Cur-

rent surveys indicate that fewer than 20

breeding locations may be present in the en-

tire United States (Sidle et al. 1985). Due to

the limited number of breeding localities, the

White Pelican (western population) has been

identified as a "sensitive species' by the U.S.

Fish and Wildlife Service (Anonymous 1985).

Sensitive species are defined as

vuliu'iahk' or declining species, snlispecies, or distinct

populations that could become Federally listed as endan-

gered or threatened in the foreseeable future, throughout

all or in a significant portion oftheir ranges, without active

management or removal oi threats.

In Wyoming there is no official state list of

threatened and endangered species. The
Wyoming Game and Fish Department cur-

rently classifies the American White Pelican

as a "Priority I" species, which means that it

needs immediate attention and active man-

agement to insure that extirpation or a signifi-

cant decline in the breeding population in

Wyoming does not occur (Anonymous 1987).

We hope that natiual resource management
agencies in Wyoming will take the appropri-

ate measures necessary to ensure the protec-

tion and long-term maintenance ofWhite Pel-

ican nesting colonies in the state.
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CURRENT STATUS AND DISTRIBUTION OF THE CICONIIFORMS
NESTING IN WYOMING

Scott L. Findholt'-aiul Ki-\in L. Brriier'
^

Abstract—Five species of Ciconiiforms breed in Wyoming: the American Bittern (Botaiirus lentig,in()sus). Great

Blue Heron (Ardea herodias ), Snowy Egret {E^retta tliula ), Black-crowned Night-Heron (Ntjctirorax nycticorax ), and

White-faced Ibis {Ple^,adis chihi). Field sinveys conducted from 1984 through 19(S6 indicate that at least 151 Great Blue

Heron colony sites exist in Wyoming, making it the most abundant and widespread CJiconiiform in the state. Onl\' small

breeding populations have been discovered for the remaining species. E.xcept lor the Snow\' Egret, where numbers of

active nests have remained relatively stable, population trends are unknown lor the other species. We believe most

colonies have been foimd in Wyoming, but additional inventories ma\ result in the disco\ t'r\ ot other nesting areas,

especially for the Great Blue Heron.

From 1981 through 1983 the first compre-

hensive statewide survey for breeding loca-

tions of Ciconiiforms in Wyoming was con-

ducted by Findholt (1984), mostly by a review

of historical and recent published and unpub-

lished reports; through correspondence with

professional biologists, amateur bird-watch-

ers, and others considered knowledgeable of

colony sites; and through a request in a news-

paper article for information on Great Blue

Heron {Ardea herodias) colonies. This survey

was based on limited field inventories. Since

1983, however, intensive field surveys have

been made for breeding sites of colonially

nesting waterbirds. Our purpose is to provide

information on the distribution and popula-

tion status of the Ciconiiforms known to nest

in Wyoming.

Methods

Surveys were conducted in Wyoming from

1984 through 1986 to locate new breeding

sites of colonially nesting waterbirds, includ-

ing the Ciconiiforms. From 4 April to 31 Ma\
1984 and from 28 March to 5 June 1986, 15

aerial searches in fixed-wing aircraft totaling

67. 1 hrs offlight time were made to locate new
nesting areas. Reservoirs, lakes, marshes, and
other potential breeding locations not ob-

served during aerial survevs were checked

from the groinid with binoculars or a 20-45X

spotting scope.

In most colonies active nests were coimted

when birds were in late incubation or early

hatching stages. The majorit)' of colonies were

censused by making ground counts of nests

during a single visit to each colony. Where
ground counts were not feasible, we esti-

mated the munber of nests (groimd estimates)

or used counts of nests made dining aerial

surveys.

In some Great Blue Heron colonies we
marked the position of all nests on a rough

map to determine how many nests were ac-

tive. Also, estimates of active nests in a few

very large Great Blue Heron colonies were

made b\' noting the status (acti\'e or inactive)

of at least 75% of the nests there. From tiiese

sampling results, estimates of the total nesting

population were extrapolated by entering the

colonx and counting all nests present.

As discussed by Buckley and Buckley

(1979), a waterbird colony is difficult to de-

fine. For this study we defined a coloin as an

assemblage of nesting birds (Kushlan 1986).

In addition, Great Blue Heron nests were not

considered as separate colonies unless the\'

w(Me at least 200 in from the main breeding

group. Nests were classified as actixc ii birds

were sitting or standing on nest platforms, if

incubation was obserx t'd, or if eggs or Nomig
were |)resent (Mc( 'riniinou 1982).

Wyoming V.amv and l-'isli Department. 260 Bnena Vista Drive. Lander. Wyoming 82.520.

-Present address; Wyoinini; Cooperative Fishery and Wildlife Hesearch I' nit. University of WSonnni;, Laniniie NWoniiiii; S2()71.

'Present address: .\nimal Seienee Deparlnient, S. U.N, Y.—College of Aurienllurr .iiid ieelnioloi;\ . ( iolijeskill, \eu V,ii k 12(M,?.
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Table 1. Location, nuinher of nests, and habitat of Snowy Egret colonics in Wyoming, 1984-1986."
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Table 2. Location, miiiil)er of nests, and habitat oi Black-crowni'd Night-Heron colonies in \\ Nomina;, 1984-1986.

Colonv name

Number of acti\ e nests

Location 1984 198.5 1986 Habitat

Albany County

Bamforth Lake

(Bamforth Island)

Caldwell Lake

Carroll Lake

Button Lake NWR
Kay Ranch
Pilger Lake

Webb Lake

Carbon County
Rouse Reservoir

Lincoln Coinitv

Bear River

Natrona (Jounty

Soda Lake

(East Island)

(West Island)

(Man-made Island)

Sweetwater County
Old Eden Rerservoir

41°24'N, 1().5°44'W

41°09'N, 10.5°48'W

41°25'N, 105°44'W

4ril'N, 10.5°44'W

41°15'N, 10.5°42'W

41°23'N, 10.5°,50'W

41°21'N, 10.5°.59'W

4ri.3'N, 1()6°.39'W

42°()1'N, 11()°58'W

42°54'N, 106° 18'

W

42°54'N, 106°19'W

42°54'N, 1()6°18'W

42°13'N, 109°23'W

Lake

1
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Tablk 3. Location, numlu'r of nests, and hal)itat of White-faced Ibis colonies in Wyoming, 1984-1986."

Number of active nests

Colony name
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they are vulnerable to human intervention.

We hope that natural resource management
agencies will develop long-term monitoring

programs to determine population trends and

implement appropriate management strate-

gies to ensure that current breeding popula-

tions of the Ciconiiforms are maintained in

Wyoming.
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Appt'iulix ton tinned.

C^()lc)n\' namt Location

NnnilxT ol nests

Active Inactive Date censused Habitat

Converse C^onnty

Ferris Ranch
Fetterman

Glendo Reservoir

Morton

Upper Glendo Reservoir

Valentine Ranch

Crook County

Alzada

Bush Creek Reservoir

Crow Creek Reservoir

Hiilett

Keyhole Reservoir Dam
Little Missouri River (north)

Moorcroft (north)

Moorcroft (south)

Oak Creek Reservoir (east)

Oak Creek Reservoir (west)

Spring Creek

Fremont County
Arapaho

Ethete

Givens Ranch (east)

Givens Ranch
Lander

Lenore

Morton

Muddy Creek (east)

Muddy Creek (west)

Muddv Creek

Neble'llill

Riverton

Shot^;un Butte

Wind River

Yellowstone Ranch

Goshen County
Hawk Springs Reservoir

Rawhide

Whalen Diversion Dam
Hot Springs Comity

Kirhy

Owl Creek (north)

Owl Creek (south)

Johnson County
Clear Creek
Crazy Woman Creek (old)

Crazy Woman Creek (new)

Kaycee I

Kaycee II

Linch

Powder River (North Fork)

Shell Creek

Lincoln County
Afton

Border

C^okeville

Diamondville

Kemmerer Reservoir

Marse
Names Hill

Opal

42°38'NJ05°07'W
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Appendix continued.
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Appendix continued.

Colon\' nanu' Location

Numher oi nests

Active Inactive Date censiised Hal)itat

Evanston (Substation II)

Millbiirne

Mountain View (east)

Mountain View (west)

Woodruff Narrows

Washakie County

Kirhy II

Worland (south)

Worland (north)

Yellowstone National Park

Yellowstone Lake

(Frank Island)

4I°lcS'N,lIl°()()'W

4I°13'N,1I0°27'W

4I°I4'N,1I0°26'W

4I°14'N,I10°26'W

41°24'N,I11°01'W

43°52'N,I08°08'W

44°04'N,I07°57'W

44°04'N,1()7°56'W

1

1

6

4

5-6''

II

1

14 May 1986

13 May 1986

13 May 1986

13 May 1986

14 May 1986

Riparian woodland

Riparian woodland

Riparian woodland

Riparian woodland

Riparian woodland

28 March 1986 Riparian woodland

12 April 1984 Riparian woodland

12 April 1984 Riparian woodland

Lake
44°25'N,1I0°22'W NC

"All colonies were censused In making total ground counts ot nests except as otlier

Estimate (fixed-winj; airplane) of active nests present.

^Estimate (ground) of active nests present.

NC = not censused.



FIRST RECORDS OF THE GLAUCOUS-WINGED GULL IN UTAH

David L. Fischer'

Abstract—First occurrences of the Glaiicous-winKed (iull (Lanis ^lauccsccns), and h\l)rids lietweeii it and tlie

Western (L. occidentalis) and Herring Gull (L. ar^,entatiis), in Utah are documented. Sightings of 14 indi\iduals over

two winters (1984-86) may represent an inland expansion of the winter range of this species.

The Glaucous-winged Gull {Lams fi,Iauccs-

cens) is a coastal species of western North

America that breeds from the southern Bering

Sea and southeastern Alaska to northwestern

Oregon (A.O.U. 1983). In the southern por-

tion of the breeding range, it hybridizes fre-

quently with the Western Gull (L. occiden-

talis, Hoffman etal. 1978). Hybridization with

the Herring Gull (L. argentatus) occurs infre-

quently in south-coastal and southeastern

Alaska (Williamson and Peyton 1963, Patten

and Weisbrod 1974). In migration and winter,

it occurs as far south as Baja California and

casually inland in Alberta, Idaho, and western

Arizona. Extreme inland records are known
from Manitoba and Oklahoma (A.O.U. 1983).

In the Mountain West Region as defined by

Americaji Birds (Colorado, Wyoming, Utah,

and Nevada), the species has previously been
reported only from southern Nevada (Lake

Mead), but it occurs there regularly (H.

Kingery, personal communication). This note

documents the first occurrences of the Glau-

cous-winged Gull, and probable hybrids of it

and the Western Gull and the Herring Gull,

in Utah.

On 20 November 1984, I encountered the

Glaucous-winged Gull, a first-winter individ-

ual, at a small pond near the Provo City

Dump, Utah County, Utah. The bird was
perched on a narrow mud bar along with sev-

eral first-winter Herring (iulls, one first-win-

ter Thayer's Gull (L. thayeri), and many of the

California (L. californicus) and Ring-billi'd

gulls (L. delawarensis). It was noticeabK

paler than the other first-winter gulls, and its

wing tips (folded primaries) differed from

them in being no darker (essentially the same
pale gray color) than the rcMuaindcr of the

wing. The tips of the folded primaries were

edged with white (as in first-winter Thayer's),

and tlie upperparts were a very uniform gray-

ish tan. The wing coverts lacked the

"marbling or "scaley" pattern typical of

tliaych or argentatus. It was the largest gull

present, and its completely black bill was no-

ticeably thicker and more bulbous toward the

tip than that of any of the Herring Gulls. In

flight its greater size and stockier build rela-

tive to the Herring Gidl were even more ap-

parent. The underside of the primaries was

immaculate white, while the dorsal surfaces of

the primaries and tail were pale gray, concol-

orous with the remainder of the upperparts.

When perched, the folded wings did not ex-

tend much beyond the tail, giving the bird a

"stubby look toward its posterior when
viewed from the side. I was able to show the

bird to two other experienced birders, Merrill

Webb on 21 November and Michael Tove on

15 December, both of whom corroborated the

identification. Efforts to locate the bird be-

tween these dates and after 19 December
were unsuccessful. I obtained several good

photographs dining the initial sighting that

have been reviewed and \frified b\ the l^tah

Field Ornithologist s Records Committee, the

regional and C'hristmas bird count editors of

American Birds, and the authors of a newly

revised checklist of Utah birds (lk>hle et al.

1985).

On 7 December 1984, I found a second

inunature (ilaucous-wing 12 km NW of the

initial sighting at the Orem C'itx Dump, Utah

County, rhis bird was even hea\ ier-billed

and paler than the first, but was smaller, ap-

l)earing no different in length (though stockier

in build) than the Heirinu Culls with which it

'Department ot'Z<><>l<)i;\ , Hnulian. Voi.iii; limeiMtN. Provo, ltaliM(i()2
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associated. The color of the wings and tail was

similar to the Provo bird.

On 19 January 1985, Michael Tove and I

observed two Glaucous-winged Gulls and one

Glaucous-winged x Western hybrid at the Salt

Lake City Landfill, Salt Lake County. One of

the Glaucous-wings appeared to be the same
individual seen earlier in Orem. The other

was a first-year bird about as large as the Provo

bird, but browner, with a more scaley pattern

on the upper wing coverts. The Glaucous-

wing X Western hybird, also a first-year bird,

was basically similar to the latter Glaucous-

wing, but differed in that: (1) the upper sur-

face of the outer primaries was noticeably

darker than the remainder of the wing, (2) the

tail was bicolored with an obvious dark band
toward the tip, (3) the general body color was a

shade darker, and (4) the gonyeal bulge of the

bill was even more pronounced. The general

effect was that of a large Thayer's Gull with an

oversized bill. We observed a second Glau-

cous-winged X Western hybrid, in the com-
pany of the first, at the same location on 2

February.

I observed two more first-year Glaucous-

winged Gulls late that season, one on 26

February at the Bountiful Area Refuse Dump
on the south shore of Farmington Bay of the

Great Salt Lake, Davis County, and one on 30

March at a flooded area 0.5 km SE of the

Provo Dump. Both birds exhibited worn
plumage and appeared extremely pale. Based
on body size, bill size, and plumage, each was
thought to be a different individual from ear-

lier sightings.

During the winter of 1985-86, 1 observed

four additional Glaucous-winged, two Glau-

cous-winged x Western, and one Glaucous-

winged x Herring gulls during monthly sur-

veys of gulls present at the Provo, Orem, Salt

Lake City, and Bountiful landfills. One of the

Glaucous-wings was a second-year bird; the

remainder were first-year birds. The Glau-

cous-winged X Western hybrids were an adult

at Salt Lake on 19 December and a second-

winter immature at the same place on 1

February. The Glaucous-winged x Herring
was a first-winter bird observed at the Bounti-

ful Landfill from 7 December to 25 March. Its

wing and tail pattern appeared very similar to

a pale Thayer's Gull. Identification as Glau-

cous-wing X Herring rather than Glaucous-
wing x Western was based on the following

criteria: (1) body size was the same as a Her-

ring Gull, (2) the bill was just slightly thicker

than a Herring Gull's, and (3) during late win-

ter, the bird molted in adultlike back feathers

that were, in a side-by-side comparison, no

darker than those of adult Herring Gulls.

To summarize, over two seasons (1984-86), 1

observed a minimum of 9 Glaucous-winged

Gulls, 4 Glaucous-winged x Western hybrids,

and 1 Glaucous-winged x Herring hybrid.

Eleven of these birds were first-year imma-
tures; 2 were second-year immatures, 1 was

an adult. Sightings were made at each of four

landfills along the Wasatch front from Provo to

Bountiful.

Although the Glaucous-winged Gull has not

previously been recorded in Utah, based on

the number of sightings reported here, it ap-

pears now to be a regular migrant and winter

visitant to the state. To what extent it has

occurred but gone undetected in the past is

unknown, but there is reason to believe the

current proliferation of sightings represents a

real change in status. Gull populations in the

western United States have increased dramat-

ically in recent years, possibly as a result of

increased food in the form of edible human
garbage and the creation of new nesting habi-

tat in the form of large reservoirs (Conover

1983). The Glaucous-winged Gull, formerly

thought to be strictly a coastal species, now
breeds up to 412 km inland in Oregon and

Washington (Conover and Thompson 1984).

The recent sightings in Utah may represent

the beginning ofexpansion ofthe winter range

into the eastern Great Basin.
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BIBLIOGRAPHY OF MONTANA VEGETATION DESCRIPTION'

P. S. Bourgeron^ A. M. Kratz^

T. Weaver , and N. Weidman"

Abstract.—Listed in alphabetical order by author are .549 references to literature that describes the native

vegetation of Montana. This updates the 1965 list of Habeck and Hartley. A keyword subject index is included.

This bibliography includes published and
unpublished references to studies of Mon-
tana's native vegetation 1870-1987. Vegeta-

tion is broadly defined as the sum of the plant

communities that are found in a given area.

This work updates and expands Habeck and
Hartley s (1965) bibliography of the vegeta-

tion of Montana. However, papers cited in

Habeck and Hartley (1965), but irrelevant to

our objective, were not included here.

Systematically included are references to

the natural groupings of plants, the structural

and synthetic characters ofthe groupings, and

the techniques leading to recognizing the

groupings. Also included are references deal-

ing with the relationships of the vegetation to

soils and climate, and with the successional

relationships among plant communities. Ref-

erences dealing with the flora of the region

were usually omitted on the grounds that,

although the flora provides the historical

background from which plant communities
are differentiated on the basis of floristic com-
position, knowledge provided by the flora

alone does not tell us much about the assem-

blages of species and their relationships to the

habitats and to each other.

The subjects covered exhaustively are

vegetation zones, description, classification,

physiognomy, structure, and function, as well

as grazing, fire history, succession, soil-plant

relationships, and habitat studies. Selected

references to autecology, population biology,

competition, phenology, management, and
species range are included. Coverage of these

tangential topics is not comprehensive. Most
studies included herein were conducted in

the field. The exceptions are included only

when they explain Montanas native vegeta-

tion patterns. References are included if at

least part of the study area is in Montana.
Many references to work relevant to Montana
but done in adjoining states or Canada are

excluded. Readers are therefore referred to

bibliographies from adjoining areas for these

references.

References are listed alphabetically by au-

thor. Following the reference list is an index

of keywords. When applicable, they include a

broad definition of the vegetation type and
geographical coverage. Broad vegetation

types defined include, but are not limited to,

alpine meadow, conifer forest, shrubland,

grassland, wetland, and riparian vegetation.

Address reprint requests to the Montana Natural Heritage Program. Authors' names are in alphabetical order,

^e Nature Conservancy, 134 Union Blvd., Suite 125, Lakewood, Colorado 80228.

Montana Natural Heritage Program, 1515 E. 6th Ave., Helena, Montana 59620.

"Department of Biology, Montana State University, Bozeman, Montana 59717.
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These keywords describe only major kinds of

vegetation defined both by physiognomy and

environment. Geographical coverage follows

Arno's (1978) Montana forest regions. This use

of broadly defined keywords pertaining to

general vegetation type and geographical

coverage does not substitute either for a for-

mal classification of communities or precise

location of the study sites. They are provided

solely for easy information retrieval.

The choice of the other keywords reflects

our interest in vegetation patterns and not

necessarily the authors' emphasis. These key-

words were subject to two constraints: (1) the

consistent use of the same term for the same

concept/object of study throughout the bibli-

ography, and (2) respect for the author's origi-

nal wording. Species names and some other

words appear as keywords when they are the

central subject of the paper. However, addi-

tional information on the topic may be found

under a more general keyword (e.g., Abies

lasiocarpa under conifer forest; competition

under community structure; etc.)

Readers seeking complete information on a

particular topic should check for reference

numbers in the keyword index.
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OCCURRENCE OF PHAEDACTYLUM TRICORNUTUM IN
THE GREAT SALT LAKE, UTAH, USA

Samuel R. Rushforth', Jeffrey R. Johansen^,

and Darwin L. Sorensen^

Abstract—The diatom Phaedactylum tricornutum Bohlin forms blooms in the south arm of the Great Salt Lake,

Utah, during cool months. This represents the first report of this taxon from Utah and the first from nonmarine waters

in the United States.

Phaedactylum tricornutum Bohlin was first

described from coastal waters of Runmaro
near Stockholm, Sweden, in 1897. Bohlin

(1897) described this organism as being trira-

diate with each arm being 10-12 um long.

Bohlin was not certain of the taxonomic posi-

tion of this taxon but suggested it was closely

related to the diatoms.

In 1907 Allen isolated a diatom culture from

Plymouth, England, which he designated but

did not describe as Nitzschia closterium

W.Sm. f. minutissima (Allen and Nelson

1910). This diatom was used extensively as

food for various marine invertebrate larvae. It

was kept for many years at Plymouth and

widely distributed to other laboratories in Eu-

rope and America. In 1935 Barker noted the

occurrence of triradiate and oval cells in his

subculture of the organism. Wilson and Lucas

(1942) noted that the diatom was polyphasic,

producing fusiform, triradiate, and oval cells;

and Wilson (1946) later presented consider-

able detail on the life cycle of the Plymouth

strain. Though Wilson drew attention to the

fact that the Plymouth culture resembled P.

tricornutum., he did not recognize N. closteri-

um f. minutissima as a synonym.

Hendey (1954) reviewed the taxonomic his-

tory of P. tricornutum and indicated that it

was the same organism as N. closterium i.

minutissima. Hendey presented electnm mi-

crographs of both triradiate and fusiform cells

from the Plymouth culture and noted that he

could not determine if the cell was frustular

and therefore questioned whether or not it

was a diatom. Bourrelly and Dragesco (1955)

also were unable to find evidence of valve

structure.

Lewin et al. (1958) finally demonstrated

that P. tricornutum was indeed a diatom by
finding siliceous valves associated with the

oval cells. Lewin and co-workers discussed

the fact that the fusiform and oval cells of P.

tricornutum dominated their laboratory cul-

tures but triradiate cells were commonly rec-

ognized in littoral water samples. Lewin
(1958) concluded that P. tricornutum was al-

lied with Cymbella Ag. , a conclusion with

which Hendey (1964) concurred.

This diatom was collected from the Great

Salt Lake by Felix and Rushforth in 1979, but

it was incorrectly identified as Treubaria tri-

appendiculata Bernard. We have since ob-

served this taxon frequently in samples col-

lected from the Great Salt Lake.

Methods

Detailed studies of the Great Salt Lake east

of Antelope Island have been conducted dur-

ing the past two years. These studies were
designed to provide data on the biota, nutri-

ents, heavy metals, organics, pathogenic bac-

teria, and sediments of the lake. As a part of

these studies, we established 34 collecting

localities for algal studies in the lake east of

Antelope and Fremont islands, ranging from

Farmington Bay on the south to the Southern

Pacific Causeway on the north (Fig. 1).

Collections for algal identification and enu-

meration started on 25 July 1986 and contin-

ued at least monthly (except for November)

Department of Botany and Range Science, Brigham YounK Univer.sity. Provo, I'tah 84602.

^Solar Energy Research Institute, 1617 Cole Blvd., Ciolden, Colorado 8040

1

^Utah Water Research Laboratory. Utah State University, Logan, Utah 84322-8200.

324



July 1988 RUSHFORTH ET AL. : GREAT SaLT LaKE DiATOM 325

Antelope Island—Syracuse

Causeway

ANTELOPE ISLAND

• SITE
'l

« FARMINGTON

BAY SITE

GREAT SALT LAKE

Fig. 1. Map ofthe Great Salt Lake showing the position

of the three collecting localities for Phaedactylum tricor-

nutum.

through 22 December 1986. Plankton sam-

ples were collected from surface waters by
submerging wide-mouthed plastic bottles di-

rectly into the lake.

Samples were returned to our laboratory at

Brigham Young University where they were
suction filtered using 1.2 fjim pore membrane
filters. The filters were cleaned in 10 ml dis-

tilled water, and the algae were immediately

counted using Palmer counting chambers
(Palmer and Maloney 1954). Algal numbers

were then multiplied by known factors to pro-

ject numbers of organisms per liter of lake

water.

Independent of this project, two Great Salt

Lake water samples containing P. tricornu-

tum were collected by Johansen from Farm-
ington Bay on 23 October 1986 and 6 March
1987. Two clonal cultures of the triradiate

form of this taxon were isolated from enrich-

ment cultures and designated PHAE03 and
PHAE04. The clones are available from
Microalgae Culture Collection at the Solar

Energy Research Institute.

Results and Discussion

Phaedactylum tricornutum is abundant in

the Great Salt Lake during months of cool

temperature and low light. We collected it

from October through March. During De-
cember it forms rather large blooms, ranging

up to 2 X 10' cells per liter (Table 1). It occurs

with the diatoms Chaetoceros muelleri var.

subsalsum Johansen & Rushforth, Nitzschia

acicularis (Kiitz.) Wm.Sm., Thalassiosira

weisflogii (Grun.) Fryxell & Hasle, the green

alga Oocystis species, and the cyanophytes

Nodularia spumigena Mertens and Oscillato-

ria species. Phaedactylum tricornutum co-

dominates the winter diatom flora with A/.

acicularis and C muelleri var. subsalsum.

Phaedactylum tricornutum has previously

been found in coastal brackish waters in both

Europe and North America. It has been ob-

served both in small bodies of water, such as

fishery tanks and rock pools, as well as open
waters. It commonly occurs in waters of ele-

vated nutrient content (Wilson 1946, Barclay,

personal communication). The south arm of

the Great Salt Lake is also ofelevated nutrient

Table 1. Abundance ofPhaedactyhtm tricornutum and descriptive water data in the Great Salt Lake during the fall

of 1986.

Date
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Figs. 2-3. Cells of Phaedactylum tricornutum. 2, several cells illustrating characteristic triradiate cell shape; 3, cell

with two long arms and one shortened arm.

content due to the influence of sewage and

industrial effluents from several Wasatch

Front cities. Phaedactylum tricornutum is

most abundant in Farmington Bay (including

the inner bay and Antelope Island sites) possi-

bly because these waters are more enriched

than other parts of the lake.

Phaedactylum tricornutum seems to occur

within the Great Salt Lake when surface water

temperatures fall below 15 C. Barker (1935)

found the photosynthetic optimum of this spe-

cies to be between 25 and 30 C. We have

noted that a number of species we isolated

from cold, inland, saline waters have growth

optima at 25-30 C, even though they are

abundant in nature only during cool seasons.

There are apparently other factors, such as

light intensity, that contribute to the abun-

dance of these diatoms during the winter. It

is also likely that decreased competition and/

or decreased invertebrate grazing pressure

modify community structure. Wilson (1946)

noted that the triradiate form of P. tricornu-

tum could not be ingested easily by marine

invertebrate larvae.

Our specimens are primarily triradiate

(Fig. 2), although fusiform and oval cells have

been observed. Triradiate cells dominate field

collections. However, we have observed oval

and fusiform cells in culture. This agrees with

the observations of Lewin et al. (1958).

To our knowledge, this report is the first for

P. tricornutum from inland waters. However,
it is possible that it does occur in other inland

saline waters but has been overlooked. It is

easily destroyed and will not survive a typical

acid clearing procedure for preparation of

diatom-strewn mounts.

Literature Cited

Allen. E. J., and E W Nelson 1910. On the artificial

culture of marine plankton organisms. J. Mar.

Biol. Assoc, U.K. 8:421-474.

Barker, H A 1935. Photosynthesis in diatoms. Archiv f.

Mikrobiol. 6: 141-156.

BoHLiN, K 1897. Zur Morphologic und Biologic einzel-

liger Algen. Ofvers. Kongl. Vetens.-Akad. Forh.

9: 507-529.

BOURRELLY, P , AND J Dragesco 1955. Contribution a la

connaissance d une algue rarissme "Phaedactylum

tricornutum" Bohlin. Bull. Micr. Appl. (2)5:

41-44.

Hendey. N I 19.54. Note on the Plymouth ""Nitzschia"

culture. ]. Mar. Biol. As.soc, U.K. 33: 335-339.

19(34. An introductory account of the smaller algae

of British coastal waters. Part V: Bacillario-

phyccae. H. M. Stationery Office, London. 317

pp., 45 pi.

Lewin. J 1958. The taxonomic position of Phaedactylum

tricornutum. J. Cen. Microbiol. 18: 427-432.

Lewin.
J. C, R. A. Lewin, and D E Philpott 1958.

Observations on Phaedactylum tricornutum. J.

Gen. Microbiol. 18: 418-426.

Palmer. C. M . andT E Maloney 1954. A new counting

slide for nannoplankton. Amer. Soc. Limnol.

Ocean. Spec. Publ. 21. 6 pp.

Wilson, D P 1946. The triradiate and other forms of

Nitzschia clo.sterium (Ehrenberg) Wm. Smith,

forma minuti.s.sima of Allen and Nelson. J. Mar.

Biol. Assoc. U.K. 26; 235-270.

Wilson, D P . andC E. Lucas 1942. Nitzschia cultures

at Hull and at Plymouth. Nature 149: 331.



ARBOREAL ARTHROPOD COMMUNITY STRUCTURE
IN AN EARLY SUCCESSIONAL CONIFEROUS FOREST ECOSYSTEM

IN WESTERN OREGON

T. D. Schowalter', S. G. Stafford^ and R. L. Slagle^

Abstract.—This study was designed to characterize arboreal arthropod community structure in an early succes-

sional coniferous ecosystem. We sampled six-yeaT-old snowbrush (Ceanothus velutinus Dougl. ex Hook) and Douglas-

fir {Pseudotsuga menziesii (Mirb.) Franco) at the H. J. Andrews Experimental Forest in western Oregon during 1982.

The arthropod fauna was dominated in terms of densities by psyllids and aphids on snowbrush and by adelgids and
cecidomyiids on Douglas-fir. Significant associations among taxa, e.g., positive correlation between aphids and ants,

indicated trophic interactions or similar responses to host conditions. Significant seasonality was observed for

individual taxa and for the community, reflecting the integration of individual life-history patterns. Significant spatial

pattern (patchiness) in the arthropod community may reflect the influence of faunas on individual plants within

neighborhoods and/or the influence of ant foraging patterns.

Patterns in terrestrial arthropod commu-
nity structure remain poorly understood,

largely because of their taxonomic complex-

ity. Most community-level studies have re-

duced this complexity to indices of diversity

or have examined only subsets (guilds) of the

community (Price 1984). Unfortunately, such

restriction likely masks patterns that could be

useful in identifying community responses to

changes in environmental conditions (e.g.,

Lawton 1984, Thompson 1985). Changes in

community structure may promote or limit

pest population growth (Dixon 1985, Scho-

walter 1986, Strong et al. 1984, Tilman 1978)

and may control temporal and spatial patterns

in ecosystem nutrient cycling and succession

(e.g., Mattson and Addy 1975, Schowalter

1985, Seastedt and Crossley 1984). At the

same time, community structure reflects the

integration of population responses to envi-

ronmental conditions (Lawton 1983, 1984,

Schowalter 1985, Schowalter and Crossley

1987, Strong et al. 1984).

Our purpose in this study was to describe

the pattern(s) of arboreal arthropod commu-
nity structure in an early successional conifer-

ous ecosystem in western Oregon. We tested

the hypothesis that the integration ofpatterns

at the species level results in distinct temporal

and spatial patterns, rather than unintelligi-

ble overlap, at the community level (Lawton

1984, Thompson 1985). Multivariate statisti-

cal techniques were used to examine the ef-

fect of seasonality and spatial position of host

plants on arthropod community patterns as

well as on individual arthropod taxa.

Materials and Methods

The study was conducted during 1982 on
Watershed (WS) 6 at the H. J. Andrews Ex-

perimental Forest Long Term Ecological Re-

search (LTER) Site in the western Cascades,

65 km east of Eugene, Oregon. The Andrews
Forest is administered jointly by the Pacific

Northwest Forest and Range Experiment
Station, the Willamette National Forest, and
Oregon State University.

The climate of Andrews Forest is maritime

with wet, relatively mild winters and dry, cool

summers. Mean annual temperature is 8.5 C,

and mean annual precipitation is 2,300 mm,
with more than 75% falling as rain between
October and March. The Andrews Forest

is dominated by old-growth (>200-yr-old)

Douglas-fir {Pseudotsuga menziesii [Mirb.]

Franco), western hemlock {Tsuga hetero-

phylla [Raf.] Sarg.), and western redcedar

{Thuja plicata Donn) (Crier and Logan 1977).

WS 6 is a south-facing, 13-ha watershed at

1,000-1,100 m elevation, with an average

slope of 35%. The watershed was clearcut in

1974, broadcast burned and planted to Dou-
glas-fir at 3 X 3-m spacing in 1975. The six-

yr-old vegetation in 1982 was dominated by

'Department of Entomology. Oregon State University, Corvallis, Oregon 97331.

Department of Forest Science, Oregon State University, Corvallis, Oregon 97331.
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evergreen snowbrush {Ceanothus velutinus

Dougl. ex. Hook) and Douglas-fir with a

canopy height of 1-2 m.

A belt transect 50 x 4 m was established

strategically across the middle of the water-

shed to represent vegetation diversity and

spatial heterogeneity. Because other commu-
nity studies have indicated that the various

arthropod taxa are distributed largely inde-

pendently (Schowalter et al. 1981, Strong et

al. 1984), we considered our sampling of a plot

designed to maximize intersection of habitat

patches to sufficiently represent the arthro-

pod community in this relatively simple sys-

tem. This design maximized sampling effi-

ciency and safety on the steep, debris-strewn

slope. Furthermore, unlike random sampling

across the watershed, this design permitted

evaluation of potentially important effects of

plant position on insect demographics (Scho-

walter 1986, Thompson 1985, Tilman 1978).

The 40 snowbrush and 20 Douglas-fir

within this transect were mapped to explore

spatial patterns and were sampled eight times

at 3-4 week intervals, between 19 May (Julian

date 139) and 10 November Qulian date 314)

1982 to address temporal patterns. Sampling

consisted of quickly enclosing a single, ran-

domly selected branch, bearing 2-5 g dry wt.

foliage (or 1-3% of the foliage mass), from

each plant in a large plastic bag, clipping the

sample, and sealing the bag for return to the

laboratory. Samples were chilled at 5 C until

processed. This sampling procedure was de-

signed to represent arthropod intensity (#/g

foliage) through time on a spatially discrete set

of host plants. Chemical or other changes in

host (juality brought about by periodic re-

moval of small foliage samples (Schultz and

Baldwin 1982) were assumed to have a negli-

gible effect on successive samples. Sample
bias may exist due to selection of healthy,

foliage-bearing plant parts and to the under-

representation or absence of active species

that leap, fly, or drop when motion or contact

in their vicinity occurred during sample col-

lection. (Note: Care was taken to minimize

disturbance during sampling.)

Samples were sorted into foliage and ar-

thropod components. Foliage material was
dried at 45 C to constant weight. Arthropods

were tabulated by taxon.

Trends in arthropod intensities (#/g foliage)

and community structure were analyzed sta-

tistically using the SAS statistical sofhvare

package (SAS Institute, Inc. 1982). The
square-root transformation was used to nor-

malize the intensity data in the analyses. De-
grees of freedom were adjusted to account for

autocorrelation arising from the sampling pro-

cedure (Milliken and Johnson 1984) in the

analysis of variance for each of 18 taxa. Corre-

lation analysis, principal component analysis,

cluster analysis, stepwise discriminant analy-

sis, and Spearman s rank correlation (Lawton

1984, Steel and Torrie 1960) were used to

explore interactions and temporal and spatial

patterns among the 18 taxa.

Results

Mean intensities of arthropods on WS 6

during 1982 are summarized in Table 1. Prin-

cipal component analysis using the covariance

matrix verified the obvious importance of the

sap-sucking Homoptera, especially woolly

aphids (Adelges cooleyi [Gillette]) and psyllids

{Arytaina rohusta Crawford, some Craspedo-

lepta sp.). Overall, these two principal com-
ponents explained 95% of the total variance.

Correlation analysis revealed significant (P

< .05) interactions that we believe indicate

trophic relationships or similar responses to

host conditions. As expected (Dixon 1985,

Fritz 1983, Schowalter et al. 1981, Strong et

al. 1984), aphids and ants were positively cor-

related (r = 0.31, df = 480, P < .0001), re-

flecting ant {Camponotus modoc Wheeler)

tending o{Aphis ceanothi Clark on snowbrush

and Cinara pseudotaxifoliae Palmer on Dou-
glas-fir. Positive correlation between psyllids

and leaf-mining gelechiid larvae (r = 0.31, df
= 480, P < .0001) suggested similar responses

to host conditions. Surprisingly, significant

negative correlations (P < .05) were found

only between taxa restricted in occurrence to

different hosts.

Statistically significant (P < .05) temporal

trends were found for aphids, psyllids, aleyro-

dids, pollen-feeding thrips, defoliating tortri-

cid larvae, gelechiid larvae, and ants on snow-

brush (ANOVA, F > 4; df - 7, 44; P < .01)

(Fig. 1) and for adelgids on Douglas-fir

(ANOVA, F - 12; df - 7, 21; P < .01; (Fig. 2).

Aphids, aleyrodids, thrips, and tortricid lar-

vae were most abundant May-August. Psyl-

lids and gelechiid larvae were most abundant

September-November. Woolly aphids showed
peaks in spring and fall on Douglas-fir.



July 1988 SCHOWALTER ET AL. ; ARBOREAL ARTHROPODS 329

Table 1. Mean (± SEM) arthropod intensities (number/kg foliage) and percent of total arboreal arthropods on

six-yr-old snowbrush (Ceanothus velutinus, N = 40) and Douglas-fir {Psetidotsuga menziesii, N = 20) on WS 6 at the

H. J. Andrews Experimental Forest, Oregon, during 1982.
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Fig. 1. Mean ( ± 1 SEM) intensities of arthropods showing significant (F < .05) temporal trends on yonng snowhrush

{Ceanothus velutinus) from May 19 (Julian date 139) to November 10 (Julian date 314) 1982.

Discussion

Four species of Homoptera (one woolly

aphid, one aphid, and two psyllids), all small

phloem-sucking insects, characterized the

arthropod community in this early succes-

sional ecosystem. Other species occurred

at low population levels but showed some

evidence of interaction with the dominating

Homoptera.

This arthropod community structure is

functionally similar to the aphid-dominat-

ed community of an early successional

hardwood forest at Coweeta (Schowalter

and Crossley 1987), but distinct from the
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Fig. 2. Mean ( ± 1 SEM) intensities of woolly aphids (Adelges cooleyi) on young Douglas-fir (Pseudotsuga menziesii)

from May 19 Oulian date 139) to November 10 Qulian date 314) 1982.
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defoliator-dominated communities character-

izing mature forests at both sites (Schowalter

and Crossley 1987, Schowalter, unpubhshed

data). In particular, the faunal association on

snowbrush, a symbiotic N-fixer, is function-

ally identical to that on the ecologically equiv-

alent black locust, Robinia pseudoacacia L. , a

symbiotic N-fixer at Coweeta that was domi-

nated by aphids. Aphis craccivora Koch, and

ants, Formica sp. (Schowalter and Crossley

1987). Thus, although these forest communi-

ties were taxonomically distinct, they were

functionally similar in the dominance of

phloem-sucking Homoptera at similar stages

of forest development. These data support

the hypothesis that arthropod communities

are not randomly organized but rather re-

flect functional interactions (Lawton 1984,

Schowalter 1986).

The faunal structure on Douglas-fir also was

similar to the faunal structure on 20-year-old

Douglas-fir studied by Mispagel and Rose

(1978). Adelges cooleyi constituted a much
higher proportion of arthropods on Douglas-

fir in our study (96% vs. 58%). This may reflect

a successional trend or may be due to our

inclusion of immatures. Species richness on

Douglas-fir was much lower in our study (11

vs. 75 taxa of equivalent rank) as expected if

species richness increases with increasing

habitat complexity (Schowalter et al. 1986,

Strong etal. 1984).

Temporal trends in community structure

observed in this study reflected the life his-

tory patterns of the constituent species. For

example, the appearance of adult psyllids on

nonhost Douglas-fir in August was the result

of dispersal of winged adults; subsequent re-

production on snowbrush was evident in the

rapid increase in intensity (of nymphs) during

late summer and fall. The seasonal structure

of the community suggests a greater suitabil-

ity of environmental conditions in spring and

fall, relative to summer.
Spatial heterogeneity on a scale ofmeters in

arboreal arthropod community structure has

not been reported previously. Our data are

consistent with the scale of heterogeneity re-

ported for terrestrial plant (Pickett and White

1985), litter arthropod (Santos et al. 1978,

Seastedt and Crossley 1981), stream arthro-

pod (Reice 1985), and marine intertidal com-
munities (Sousa 1985). Such patch patterns

underlie the demography of outbreaks and

patterns of herbivory (Schowalter 1985) but

would be masked by random sampling.

Our data suggest that individual plants sup-

porting distinct arthropod communities early

in the growing season could have constituted

centers for the development of faunal patches

later in the growing season. The patch pattern

in arthropod community structure could have

reflected the effect of environmental gradi-

ents or offoraging patterns ofkeystone species

such as ants, as suggested by our stepwise

discriminant analysis. Ants are attracted to

particular plants by floral or extrafloral nec-

tary production and by honeydew-producing
Homoptera (Dixon 1985, Fritz 1983, Scho-

walter and Crossley 1987, Tilman 1978). Ants

patrolling these plants remove nonmyrme-
cophilous herbivores and predators, thereby

promoting homopteran-dominated communi-
ties. The spatial distribution of ant foraging

could produce a patch pattern ofhomopteran-

and nonhomopteran-dominated communities

(e.g., Tilman 1978).

In conclusion, the results of this study indi-

cate that arthropod community structure in

this early successional coniferous forest eco-

system was dominated by Homoptera. This

dominance may reflect the influence of plant

architecture interacting with ant foraging pat-

tern in young forests. Spatial and temporal

trends in these factors may contribute to

patchiness in arthropod community struc-

ture. The similarity of canopy arthropod com-
munity structure between this western conif-

erous ecosystem and an eastern deciduous

ecosystem suggests that arthropod communi-
ties are not organized randomly but rather are

based on functional interactions common to

taxonomically distinct ecosystems.
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COMPUTER ANALYSIS OF CROSS SECTIONS OF LEAVES
OF CHRYSOTHAMNUS TAXA AND THEIR RELATION

TO ENVIRONMENTAL CONDITIONS

J. Huang\ W. M. Hess', D. J. Weber',

E. D. McArthur', S. E. Meyer^, and R. Seegmiller^

Abstract.—^Thirty-eight accessions of 20 taxa (species and subspecies) of Chrysothamnus from a range of environ-

ments were grown in a uniform garden. During mid-June, terminal and lateral leaves were removed, fixed, and

processed for light-microscopy studies. Area and perimeter measurements of ink tracings of midleaf vein cross sections

were measured using computer-scan techniques . Leafarea and perimeter were compared with vein perimeter and area

measurements. Area and perimeter of these Chrysothamnus leaves varied in response to the environment at the

collection location. Plants native to hot, dry conditions had small, thick leaves, whereas plants native to cooler, more

mesic conditions had relatively large, thin leaves. Similarly, leaves with round veins were adapted to hot, dry

environments and leaves with elliptical veins were adapted to cooler, more mesic environments. Both terminal (young)

and lateral (older) leaves were sampled. Terminal leaves showed significant (p < .05) correlational responses to

environmental parameters, whereas the lateral leaves, while fronding in the predicted morphological directions, did

not generally show significant responses. The different responses of terminal and lateral leaves may have been due to

canopy position and uniform environmental conditions of the garden. Leaves with large cross sections characteristically

had large veins, and leaves with small cross sections characteristically had small veins. Large leaf cross sections were

normally flat. Small leaf cross sections were normally round. Decreasing leaf size and increasing leaf thickness were

correlated with ariditv.

Plants in any given environment tend to

adjust to that environment through adapta-

tions in physiological processes, morphologic

structure, and/or life cycle modifications (Fu-

tuyma 1986). Leaf morphology reflects the

adaptive ability of plants and may be ex-

pressed by leaf shape, size, and thickness.

Since plant life history traits are often viewed

as fixed, phenotypic plasticity in response to

changing conditions is not expected. Few
ecologists and morphologists have examined

how environmental conditions affect leaf size,

shape, and thickness of individual plants. In

an early study with Encelia farinosa , Shreve

(1924) reported that during hot, dry periods of

the year no leaves, or only a few very small

leaves, were present. However, during peri-

ods of high precipitation the shrubs had nu-

merous large leaves. Cunningham and Strain

(1969) studied the function of seasonal leaf

variability in adapting E. farinosa to a desert

environment and demonstrated that leaf

quantity and structure are controlled by the

moisture status of the environmental condi-

tions.

The effects of climate upon variation of leaf

size and thickness as a result of evolutionary

convergence were reported by Theophrastus

as discussed by Hort (1948) and have been
discussed by others (Bailey and Sinnott 1916,

Gentry 1969). The ecological significance of

leaf shape and size and some implications of

these morphological variations in natural

habitats were studied by Lightbody (1985),

who predicted that leaf shape could vary in

response to microhabitat within a species.

Mooney et al. (1974) stated that leaves of the

desert shrub Atriplex hytnenehjtra grown in

the cool Bodega head environment were
twice the size ofleaves grown in Death Valley.

These authors indicated that there was a simi-

lar but temporal relationship in this species

growing in Death Valley. The new spring

leaves, which were produced when tempera-

tures were cool, were the largest. As the tem-

peratures increased in late spring, the last

leaves formed were smaller. Concerning

leaf thickness, Mooney et al. (1974) stated

that Bodega head leaves were thinner, but

averaged twice the surface area of the Death

Department of Botany and Range Science. Brij»hain Young University. Provo, I'tah 84602.

USDA Fore.st Service, Intemiountain Research Station, Shrub Sciences I-aboratory, Provo, Utah 84601.
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Valley leaves. Parkhurst and Loucks (1972)

reported that plants in any given environ-

ment would tend to become adapted to that

environment. Furthermore, Yun and Taylor

(1986) reported that increased leaf thickness

would result in a higher photosynthetic rate

with little influence on transpiration and

water-use efficiency. The effects were greater

for thick leaves than for thin leaves under

sunny conditions. Yun and Taylor (1986) con-

cluded that increased productivity without in-

creased water use is ofadaptive significance in

thickened, sun-grown leaves. Also, the ex-

pression of the genotype for leaf form may be

influenced by the environment during on-

togeny (Akimoto 1979). As an example, Jack-

son (1967) reported that sun leaves are often

thicker than shade leaves.

Chrysothamnus is ideally suited for study-

ing the relationship between leaf traits and
environmental conditions, because Chrys-

othamnus is able to survive and grow vigor-

ously over a wide range ofenvironmental con-

ditions. This genus ranges in distribution from

northern Mexico to Canada and from near sea

level to 10,000 feet (Weber et al. 1985). Fur-

thermore, Anderson (1986a, 1986b, 1986c) in-

dicated that within specific and subspecific

taxa, i.e., the subspecies of rubber rabbit-

brush, there are few morphological differ-

ences.

Chrysothamnus is a member of the Aster-

aceae and is a dominant shrub in the western

United States (McArthur 1984, Weber et al.

1985). There are 16 species in the genus

Chrysothamnus (Anderson 1986a, 1986b,

1986c), three ofwhich form large species com-
plexes consisting of a number of subspecies

(C. nauseosus, rubber rabbitbrush; C. par-

ryi. Parry's rabbitbrush; C viscidiflorus , low
rabbitbrush). Chrysothamnus has many uses

and potential uses such as revegetation, live-

stock and wildlife forage, landscaping, and
resin and rubber production. It has the un-

usual physiological characteristic ofa high rate

of net photosynthesis for a woody C-3 plant

that does not become light saturated at fiill

sun (Weber et al. 1985). Chrysothamnus is a

potential source of natural insecticides and
fungicides (Weber et al. 1985). Recently, in-

terest in this shrub as a possible rubber source

has increased, and researchers have begun to

look at different populations of C. nauseosus

for potential use as a producer of natural rub-

ber (Ostler et al. 1986, Hegerhorst et al.

1987). Environmental factors play an impor-
tant role in both resin and rubber production

(Weber et al. 1985, Ostler et al. 1986,

Hegerhorst et al. 1988). A better understand-

ing of leaf characteristics as related to an array

of environmental conditions may help in the

interpretation of factors that contribute to the

production of natural products.

The objectives of this paper were to (1)

determine the relationship between leaf size

and thickness for species and subspecies of

Chrysothamnus and (2) attempt to correlate

these factors with environmental parameters.

Materials and Methods

Sampling and Microtechnique

Leaf material from 38 accessions represent-

ing 20 taxa (species and subspecies) of

Chrysothamnus was collected for study in

June 1986. This leaf material was mostly from
two-year-old plants growing in a uniform gar-

den at the Snow Field Station, Ephraim,
Utah, but additional material was collected

from naturally occurring populations and from
greenhouse-grown plants (Table 1).

For each accession, a terminal (young) and a

lateral (older) leaf were compared. Leaves

were processed using procedures described

by Nawaz and Hess (1987). Middle portions of

leaves were fixed after cutting leaves into sec-

tions. Leaves were fixed in 2% glutaraldehyde

and 3% acrolein in 0. 1 M ofsodium cacodylate

buffer (pH 7.2-7.4) for 2 hr at room tempera-

ture. Aerosol OT wetting agent was used to

reduce surface tension. After fixation, sam-

ples were washed six times with 1:1 wa-

ter:buffer solution, and post-fixed and stained

with buffered 1% osmium tetroxide for 2 hr at

0-4 C. The fixed tissues were washed six

times with 1:1 water:buffer and stained

overnight with aqueous 0.5% uranyl acetate

followed by dehydration in a graded series of

ethanol and embedment in Spurr (1969) resin.

Leaf sections were cut with a Sorvall JB-4
rotary microtome at 2-3 micron thickness and
stained with Toluidine Blue, Azure II, and
sodium carbonate. Coverslips were sealed

with permount.

Quantitative Determination Using

Microcomputer System

A Leitz Wetzlar Prado Universal Projec-

tion was used to project leaf cross sections
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Table 1. Location and identification of accessions oi Chiysothamnus

.

ID
no.
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Table 2. Terminal leaf cross-section characteristics of38 accessions of Chrysothamntis.

ID Chrysothamnus
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Table 3. Terminal vein cross-section characteristics of38 accessions oi Chrysothamnus.

ID Chrysothamnus
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Table 4. Lateral leaf cross-section characteristics of38 accessions of Chrysothamnus

.

ID Chrysothamnus
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Table 5. Lateral vein cross-section characteristics of38 accessions of Chi^sothamnus

.

Vol. 48, No. 3

ID Chrysothamnus
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Table 6. Climate data at native sites for 38 accessions oi Chrysothamnus

.

345

ID Chrysothamnus
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Table 7. Probability and correlation coefficients of ar-

eas and perimeters of Chrysothamntis leaf cross sections.

Correlation

r^ of coefficient"

Terminal Lateral

Perimeter of leaf x-section vs.

perimeter/area of leaf x-section .219* .09

Perimeter of leaf x-section vs.

yearly precip. /July mean max. temp. .157* .027

Perimeter/area of leaf x-section vs.

yearly precip. /July mean max. temp. .14* .054

Perimeter of leaf x-section vs.

perimeter of vein x-section

Area of leaf x-section vs.

area of vein x-section

.275* .475*

.308* .298*

Perimeter/area of leaf x-section vs.

perimeter/areaof vein x-section .082 .018

Perimeter/area of vein x-section vs.

yearly precip. /July mean max. temp. .209* .053

'Significant (p < .05) correlations at this 5% level are shown by an asterisk.

were not correlated with environmental con-

ditions at the sites of origin (Table 7). Perhaps

this is because the 38 accessions sampled were

grown in a uniform garden instead of their

original locations. Although it is not known
why, there are more positive correlations with

terminal leaves of Chrysothamnus than with

lateral leaves. This may be because young
leaves reflect genotype more directly. It may
also reflect the more exposed canopy position

of terminal versus lateral leaves. Possibly the

modifying effects of environment at the com-
mon garden, which tend to cause morphology
to be more similar, have not yet influenced

these leaves as much as the older lateral

leaves. Further studies of plants in their na-

tive habitats could help elucidate the differen-

tial response of these two types of leaves.
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DOUGLAS-FIR BEETLE {DENDROCTONUS PSEUDOTSUGAE HOPKINS,
COLEOPTERA: SCOLYTIDAE) BROOD PRODUCTION ON DOUGLAS-FIR

DEFOLIATED BY WESTERN SPRUCE BUDWORM
(CHORISTONEURA OCCIDENTALIS FREEMAN, LEPIDOPTERA:

TORTRICIDAE) IN LOGAN CANYON, UTAH

S. E. Fredericks' and M. J. Jenkins

Abstract—Douglas-fir beetle brood production was studied on Douglas-fir {Pseudotsuga menziesii [Mirb] Franco)

trees defoliated by the western spruce budworm between 1983 and 1985. Tallies were made of the number of attacks,

total length and number of egg galleries, number of eggs deposited, number of larval tunnels, number of pupal

chambers, and number of emerging beetles (per female and per unit area). Data analysis showed no significant

differences among the three years studied. The number of emerging beetles per female parent was 0.59, and

emergence per 90 cm^ was 2.32 beetles. Egg, larval, and pupal survivals were 47.5%, 30.0%, and 15.5%, respectively.

The Douglas-fir beetle {Dendroctonus

pseudotsugae Hopkins, Coleoptera: Scolyti-

dae) attacks Douglas-fir (Pseudotsuga rnen-

ziesii [Mirb.] Franco) trees throughout its

range in western North America. The beetle

is normally considered a secondary pest, at-

tacking trees that are windthrown, diseased,

or stressed by other environmental factors.

Damage from logging operations, drought,

wildfire, and snow breakage is commonly as-

sociated with Douglas-fir beetle epidemics

(Bedard 1950, Furniss and Carolin 1977,

Coulson and Witter 1984). Stress created by

tree defoliation can also contribute to in-

creased beetle populations (Wright et al.

1984) and may be a factor in the current beetle

outbreak in Logan Canyon, Utah. Endemic
levels of Douglas-fir beetles are commonly
found in felled and damaged trees (Bedard

1950, Furniss et al. 1979), and studies on host

selection indicate the beetle prefers freshly

felled trees (McMullen and Atkins 1962).

When such host material is abundant, popula-

tions can build to epidemic levels so the

beetle may be able to successfully attack rela-

tively healthy trees (Bedard 1950, Furniss et

al. 1979). For a discussion on the mechanisms
of beetle host colonization and the role of

semio-chemicals .see Wood (1982).

Douglas-fir beetle outbreaks decline due to

lack of suitable host material, greater host

resistance (Furniss et al. 1979), and increased

intraspecific competition (McMullen and At-

kins 1961, Berryman et al. 1973, Wright et al.

1984). Other biotic agents, such as predators,

parasites, and pathogens, are important in

population collapse (Furniss et al. 1979). Peri-

odic Douglas-fir beetle outbreaks in the Inter-

mountain West and the northern Rocky
Mountain areas generally last from three to six

years (Furniss and McGregor 1979, Wright et

al. 1984).

The western spruce budworm (Choris-

toneura occidentalis Freeman, Lepidoptera:

Tortricidae) defoliates current year's growth

and may feed on previous years' needles as

well. Western spruce budworm outbreaks in

western North America generally lack a typi-

cal pattern and occur at irregular intervals,

thus making it difficult to predict future out-

breaks (Brookes et al. 1985). Stand conditions

favorable to the western spruce budworm re-

sult, in part, from past fire suppression and
selective cutting practices that have produced

multistoried stands with an abundance of

shade-tolerant species favored by the western

spruce budworm (Coulson and Witter 1984,

Brookes et al. 1985).

This study was undertaken to obtain a bet-

ter understanding of Douglas-fir beetle out-

breaks in northeastern Utah. This paper de-

•scribos brood production during the peak of

Douglas-fir beetle activity to determine maxi-

mum attack density, optimiun brood produc-

tion, and beetle emergence (per unit area and

per female) at peak production levels. Results

' Department of Fort-st Re.soiirces, Utah Stale Universit>', Logan, Utah H4322-.521.';.
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Table L Douglas-fir beetle densities and brood development over a three-year period of defoliation by western
spruce budworm. Values based on 90-cm^ sample.
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McMullen and Atkins (1961) suggested that

brood production and survival of the Douglas-

fir beetle are related to attack density. They

also found that egg gallery length and eggs per

unit gallery length may be influenced by at-

tack density, and there was an inverse rela-

tionship between average gallery length and

attack density. However, Schmitz and Rudin-

sky (1968) in similar studies did not find a

correlation between average gallery length

and attack density.

In our study there were 3.97 attacks per 90

cm^, population levels typical of an outbreak

(McMullen and Atkins 1961, Berryman 1974).

Our results make it possible to define a

Douglas-fir beetle outbreak based on attack

density. A low beetle population will have a

mean attack density of0-2 attacks per 90 cm ,

a moderate population (optimum for brood

production) will have 3-5 attacks per 90 cm ,

and a high beetle population will have more
than 5 attacks per 90 cm^. Studies also suggest

that heavily defoliated trees may not be the

most optimal host for beetle brood production

due to loss of nutrients (Wright et al. 1979).

Others have found that optimum bark beetle

survival occurs at medium attack densities

and that survival at high attack densities is

limited by intraspecific competition and host

availability/resistance (McMullen and Atkins

1961, Berryman and Pienaar 1973, Berryman
1974, Fumiss et al. 1979). In our study the

beetle population reached a peak and was sta-

ble at that level for the three years sampled.

Optimum attack density occurred at 3-5 at-

tacks per 90 cm^ in this study. Given the fact

that the beetle epidemic was in its fourth year

and that Douglas-fir beetle epidemics gener-

ally last from three to six years, the beetle

outbreak in Logan Canyon probably will not

be sustained much longer. Population levels

will most likely decrease markedly within

the next year as a result of a combination of

greater host resistance/lack of host material

and resultant intraspecific competition.

According to Wright et al. (1984), emer-
gence per female is more indicative of in-

traspecific competition, while emergence per
unit area generally indicates the degree of

host suitability. In the present study emerg-
ing beetles per female and per unit area have
peaked during the same period. These results

differ from those of Wright et al. (1984), who
found that Douglas-fir beetle emergence per

female was highest in years of Douglas-fir tus-

sock moth (Orgyia pseudotsugata McDun-
nough, Lepidoptera: Lymantriidae) defolia-

tion, while emergence per unit area peaked
three years after defoliation ceased.

In the study by Wright et al. (1984) the

beetles generally attacked trees that were de-

foliated 90% or greater by the tussock moth.

Heavy defoliation lasted only one year, with

many trees recovering within two years after

defoliation ceased. They also found that

beetle attacks were less strongly associated

with defoliation intensity in later years. In the

present study defoliation intensity by the

budworm was classified as light to moderate
(Anhold and Holland 1983) over a period of

two to three years. Thus, the type and amount
of defoliation can be a major factor in beetle

brood production. Wright et al. (1984) sug-

gested that heavily defoliated trees may not

be optimal for beetle brood production due to

loss of nutrients.

Furniss (1962) divided the infested portion

of standing trees into three zones. The basal

zone extends 2.7-4.6 m from the base of the

tree. The middle zone, which has the greatest

survival potential for beetles, extends to

within 1.0-3.0 m of the uppermost infesta-

tion. The top zone is above this, but successfiil

attacks are rare in this zone. The uppermost
area of infestation in this study did not exceed

a height of 12.2 m.

Sampling in the basal zone involved use ofa

standard 90-cm" bark punch. Population sam-

pling by this method avoids the need to fell or

climb trees and provides a (juick method of

evaluating a beetle outbreak.
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ADDITIONS TO THE VASCULAR FLORA
OF BRYCE CANYON NATIONAL PARK, UTAH

Gregory P. Hallsten' and David W. Roberts^

Abstract—Twenty-seven plant taxa previously unreported from Bryce Canyon National Park are listed.

Buchanan and Graybosch (1981) published

a checklist of446 vascular plant taxa known to

occur in Bryce Canyon National Park. During

vegetation sampling in 1986 and 1987 Linda

Gottschalk and Gregory P. Hallsten collected

an additional 27 taxa listed here. Nomencla-

ture follows Welsh et al. (1987). Specimens

are deposited in the Bryce Canyon National

Park Herbarium and the Intermountain

Herbarium (UTC).

Species List

Apiaceae

Berula erecta (Hudson) Cov. var. incisa (Torr.) Cronq.

ASCLEPIADACEAE

Asclepias speciosa Torr.

ASTERACEAE

Artemisia campestris L.

A. tridentata Nutt. var. tridentata

Cirsium neomexicanum Gray

C. vulgare (Savi) Ten.

Conyza canadensis (L.) Cronq.

Haplopappus scopulorum (Jones) Blake

H. zionis L. C. Anderson

Senecio hartianus Heller

S. hydrophilus Nutt.

Cactaceae
Echinocereus triglochidiatus Engelm. var. melanacan-

t/ius (Engelm.) L. Benson
Sclerocactus whipplei (Engelm. ) Britt. & Rose var. roseus

(Clover) L. Benson

Chenopodiaceae
Atriplex confertifolia (Torr. & Frem.) Wats.

Sarcobatus vermiculatus (Hook.) Torr. in Emory

Cyperaceae
Eleocharis palustris (L.) R. & S.

Fumariaceae
Corydulis aurea Willd.

Gentianaceae
Gentianella tortuosa (Jones) J. M. Gillett

Onagraceae
Oenothera longissima Rydb.

Orchidaceae
Habenaria dilitata (Pursh) Hook.

POACEAE
Elymus glauctis Buckley

Festuca octoflora Walter

Sporobolus cryptandrus (Torr. ) Gray
Stipa pinetorum Jones

POLEMONIACEAE
Phlox tumulosa Wherry

SCROPHULARIACEAE

Cordylanthus parviflorus (Ferris) Wiggins

Penstemon strictus Benth.
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WATERFOWL AND SHOREBIRD USE OF SURFACE-MINED AND
LIVESTOCK WATER IMPOUNDMENTS ON THE NORTHERN GREAT PLAINS

Daniel W. Uresk and Kieth Severson"

Abstract—Cluster analysis and stepwise discriminant analysis were used to group waterfowl and shorebird use on

water impoundments (bentonite, coal, livestock) on the Northern High Plains. Three bird-use categories—high,

medium, and low—were delineated by these analytical procedures. Eleven physical, chemical, and biological

parameters of impoundments were related to bird use; water area, nitrogen, and low basin slopes were found to be
important parameters in estimating bird use on impoundments. Spring and summer were the best seasons for

surveying waterfowl and shorebird water impoundment use.

Water impoundments created by mining

activity provide habitat for waterfowl and

shorebirds on the Northern Great Plains. An
assessment of waterfowl use on natural wet-

lands and stock ponds was made by Ruwaldt et

al. (1979). No such study has been done on

strip-mine impoundments, although water

quality and morphometry of strip-mine water

areas examined in conjunction with this study

on the same impoundments have been re-

ported by Hawkes (1978), Bjugstad et al.

(1983), Rumble et al. (1985), and Rumble
(1985). These parameters have not been pre-

viously related to waterfowl and shorebird use

ofimpoundments, nor have management rec-

ommendations relating waterfowl and shore-

bird production to surface-mine impound-
ments been suggested.

Early studies on waterfowl production on
the Northern Great Plains were conducted

only on livestock impoundments (Bue et al.

1952, Smith 1953). Other studies have related

waterfowl and shorebird use to habitat condi-

tions (surface water available, submergent
and emergent vegetation, amount of shore-

line and shallow water) of lakes, and livestock,

dugout, ephemeral, temporary seasonal,

semipermanent, and permanent water im-

poundments (Beard 1953, Uhlig 1963, Patter-

son 1976, Kantrud and Stewart 1977, Ruwaldt

et al. 1979, Mack and Flake 1980, Kaminski

and Prince 1981, Rumble et al. 1985). The
importance and value of these impoundments
to waterfowl and shorebird production on the

Northern Great Plains has been emphasized
by Lokemoen (1973), Evans and Kerbs (1977),

Flake et al. (1977), Mack and Flake (1980),

and Rumble and Flake (1983).

The puipose of this study was to determine
waterfowl and shorebird use as related to ben-

tonite clay, coal surface mine, and livestock

watering impoundments; to identify im-

poundments characteristics that could in-

crease waterfowl and shorebird use; and to

recommend management strategies.

Study Area AND Methods

The study areas were located in northeast-

ern Wyoming, western South Dakota, and
western North Dakota. Four general areas

were studied: (1) Colony, Wyoming; (2) Gas-

coyne. North Dakota; (3) Beulah, North Da-
kota; and (4) Firesteel, South Dakota. Seven-

teen coal surface-mine impoundments, 13

bentonite surface-mine impoundments, and 7

livestock ponds were selected for study. Im-
poundments were selected to represent a

range of waterfowl and shorebirds in assigned

use categories of low, medium, and high. Ap-

proximately one-half of the mine impound-
ments were distributed in low- and medium-
use categories based on observations of

waterfowl and shorebirds, with seven live-

stock ponds in the high-use category.

Livestock impoundments were the oldest,

averaging 41 years, with well-developed

aquatic vegetation. They were designed with

minimal disturbance to provide water for live-

stock and were constructed in rolling topogra-

phy with dams across natural drainages. Coal

mine impoundments averaged 25 years in age

'Rocky Mountain Forest and Range Experiment Station, Rapid City, South Dakota 57701 USA.
Rocky Mountain Forest and Range Experiment Station, Tempe, Arizona 85281 USA.
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Table 1. Selected physical, chemical, and vegetative characteristics of ponds in each analysis group. Means and

standard errors calculated from data included in Anderson et al. (1979) and Olson (1979).
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Table 2. Average (± SE) number of birds per impoundment observed by species at a given time in three use
classes during spring, summer, and fall.
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The three seasons were subjected to dis-

criminant analysis on the medium and low

groups, which showed spring and summer
seasons as the most important in evaluating

waterfowl and shorebird use on impound-

ments. These two seasons accounted for 93%
of the variation. Discriminant analysis of low-

and medium-use impoundments showed that

impoundment area, nitrogen in water, and

percent slope (+1 m elevation to shoreline)

were important for bird use and accounted for

95% of the variation.

Discussion

Thirty-seven impoundments (coal, ben-

tonite, and livestock) were analyzed with mul-

tivariate techniques (ISODATA, discriminant

analysis) as related to waterfowl and shorebird

use. These analyses resulted in grouping 33

impoundments in low-, 3 in medium-, and 1

in high-use categories. ISODATA (cluster

analysis) examines response patterns of all

variables in waterfowl and shorebird data and

separates the data into groups that are more
meaningful for interpretation because of

group homogeneity with minimum variances.

Discriminant analysis examines groupings for

significant separation and also includes vari-

ables which best separate groups. As a result

of these multivariate techniques, the original

classification and number of impoundments
for low, medium, and high use by birds was

different. Field observations, even with pre-

liminary data, are often too complex, and/or

highly variable, to determine adequate sam-

ple size of impoundments in low- to high-use

categories. Thus, when the complete data set

with 25 sample periods over seven seasons

was analyzed, a small number of impound-
ments resulted in medium- and high-use cate-

gories with multivariate techni(iues.

Species richness (number of species),

which was higher on the low-use impound-
ments, primarily bentonite and coal, was 32,

followed by medium- (30), and high- (25) use

impoundments. However, total numbers
(densities) of wateifowl and shorcbirds

showed opposite trends by impoundment
grouping. Therefore, many researchers advo-

cate that waterfowl and shorebird use of im-

poundments should be managed by criteria

developed for high-use livestock impound-
ments (Smith 1953, Evans and Kerbs 1977,

Flake et al. 1977, Lokemoen 1973, Mack and
Flake 1980, Rumble and Flake 1983).

Average percent similarities were low
when bird species were compared among the

three classes of impoundments, indicating

that selection for certain ponds occurred.

Rank order correlations indicated that species

and densities ofwaterfowl and shorebirds had
a similar ranking in abundance among the

three impoundment classes, which means
that all ponds had the same opportunity of

being selected for use.

Surface area of impoundments was an im-

portant criterion to consider for waterfowl and
shorebirds in this study. Impoundments in

our study ranged in size from 0.3 to 15 ha.

Other studies (on impoundments that ranged

in size from 0.4 to 9.5 ha) also reported that

surface area was an important variable to con-

sider for waterfowl (Smith 1953, Lokemoen
1973, Flake et al. 1977, Evans and Kerbs

1977, Rumble and Flake 1983). Lokemoen
(1973) recommended that minimum pond size

be 0.6 ha and largest be dictated only by to-

pography and economics of construction. The
percent of the total impoundment area be-

tween the waterline and — 1 m elevation (per-

cent shallow), and the submerged vegetation

have been important for predicting waterfowl

and shorebird use on impoundments (Rumble
and Flake 1983). However, in our study the

percent slope ( + 1 m elevation to shoreline)

was our important variable for estimating bird

use on impoundments. Impoimdments with

gently sloping shorelines and abundant vege-

tation in shallow water have greater densities

of birds (Evans and Kerbs 1977).

Water nutrients are associated with in-

creased plant production. Lokemoen (1973)

found that as luitrients increased, plant abun-

dance increased, and so did waterfowl use. In

this study nitrogen was an important variable.

Ac}uatic vegetation and grassy shorelines are

extremely important for waterfowl use and do

influence waterfowl densities (Rumble and

Flake 1983, Lokemoen 1973, Flake et al.

1977, Mack and Flake 1980). Generally,

aquatic vegetation will develop in newly con-

structed impoundments within a short period

of time, pro\ided adequate shallow areas no

deeper than 1 m are available. In some strip-

mine impoundments (coal and bentonite)

acjuatic pr()ducti\ity could possibly be in-

creased with addition of nitrogen and phos-

phate fertilizers.
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Although all impoundments that were

highly or moderately used by waterfowl and

shorebirds in this study were livestock ponds,

characteristics of such ponds may still be used

to design impoundments resulting from ben-

tonite and coal strip mining. In some cases

parent spoil materials may adversely affect

waterfowl use of strip-mine impoundments,

because of chemical or soil texture problems,

regardless of structural design. However,

such cases may be mitigated by time or other

management techniques such as fertilization

or recovering with topsoil materials. Results

obtained on livestock impoundments from

this and other studies indicate that newly de-

veloped impoundments should have as mini-

mum parameters 0.6 ha in surface area, 2.2 in

shoreline development (index), 40% in shal-

low water (
— 1 m depth), 1500 stems/m" den-

sity in shallow areas, N content of 0.6 mg/1,

and P content of 0.07 mg/1.
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INTERACTIONS AMONG SQUIRRELS, MYCORRHIZAL FUNGI, AND
CONIFEROUS FORESTS IN OREGON

Chris Maser' and Zane Maser^

Abstract—We examined the mycophagy (ingestion of fungi) of squirrels of five genera and eight species in the

coniferous forests of Oregon. Data from 644 dietary samples demonstrated that scjuirrels of all eight species are

mycophagous and eat the belowground fruiting bodies of at least 26 genera of mycorrhizal fungi. Four species are

primarily arboreal and active throughout the year; the other four are primarily terrestrial and hibernate during winter.

Of the squirrels examined, only the northern flying squirrel [Glaucomys sahrinus [Shaw]) is nocturnal and almost

exclusively a fungivore. The flying squirrel is used to illustrate the dynamics of all the squirrels in association with

hypogeous mycorrhizal fungi, nitrogen-fixing bacteria, yeast, and coniferous trees in Oregon forests because we have

studied it the most. Squirrels may prove to be vital links among different processes within temperate coniferous forests.

Although early studies of small-mammal

food habits included a few papers dealing with

mycorrhizal fungi (e.g., Bakerspigel 1956,

1958, Dowding 1955, Hamilton 1941, Tevis

1952, 1953, Whitaker 1962, Williams and

Finney 1964), the first interdisciplinary stud-

ies to examine the role of small mammals as

dispersal agents for spores of mycorrhizal

fungi are recent (Kotter and Farentinos

1984a, 1984b, Maser, Trappe, and Nussbaum
1978, Maser, Trappe, and Ure 1978, Trappe

and Maser 1976, 1977, Ure and Maser 1982).

The first extensive literature review of small-

mammal mycophagy was published in 1978

(Fogel and Trappe 1978). Symbioses between
small-mammal and mycorrhizal fungus have

also been documented recently in Europe
(Blaschke and Baumler 1986, Durrieu et al.

1984, Froidevaux 1981). Only now are re-

searchers beginning to understand the impor-

tance of nitrogen-fixing bacteria in the symbi-

otic relation of small-mammal, mycorrhizal

fungus, coniferous tree mutualism (Ei ct al.

1986).

In this paper we present data on the fungal

diet of squirrels of four genera and six species

from the coniferous forests of Oregon, and we
examine potential interactions among five

genera of eight species of mycophagous s(juir-

rels and the coniferous forests of Oregon.

In addition to giving new data on the 118

squirrels, this paper is intended as a synthesis

of the potential ecological roles s(juirrels play

in coniferous forests of the Pacific Northwest.

Other studies of the northern flying squirrel

(Maser et al. 1985, 1986), the' yellow-pine

chipmunk {Eutamias amoenus [J. A. Allen])

(Maser and Maser 1987), and the Siskiyou

chipmunk {Eutamias siskiyou A.H. Howell)

(Mclntire 1980) are based on 524 samples. So,

for all practical purposes, this paper is based

on data from 644 squirrels in Oregon forests.

Study Area

Squirrels from five physiographic provinces

were studied: Coast Range, Klamath Moun-
tains, Western Cascades, High Cascades, and

Blue Mountains (Fig. 1). They were taken

from five forest types within these areas: (1)

western hemlock (Tsu^a heterophylla [Raf
]

Sarg.) zone, which encompasses most of the

Coast Range and Western Cascades provinces

of western Oregon; (2) mixed-conifer and

mixed-evergreen zone of the Klamath Moun-
tains province of extreme southwestern Ore-

gon; (3) subalpine forest—Pacific silver fir

{Abies amahilis [Dougl.] Forbes), subalpine

fir (A. lasiocarpa [Hook.] Nutt.), and moun-
tain hemlock (i. incrtcnsiana [Bong.] Carr.)

zone—along the crest of the High Cascades;

(4) ponderosa pine {Pititis pondcrosa Dougl.

ex Loud.) zone on the east slope of the High

C'ascades; and (5) grand fir (A. grandis

[ Dougl. ] Lindl. ) and Douglas-fir (Pseudotsuga

mcuzicsii [Mirb.] Franco) zone of the Blue

Mountains pro\ ince in extreme northeastern

Oregon (Franklin and Dyrness 1973).

'U.S. Departrnt-nt of the Interior, Bureau of I-and ManaRement, .1200 Jefferson Way, Corvallis. Oregon 97.T}1 (I'SA).

^Department of Fore.st Science. Oregon State University. Corvallis. Oregon 97331 (USA).
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Fig. 1. Physiographic and geological provinces of Oregon (after Franklin and Dyrness 1973): 1 = Coast Range, 2

Klamath Mountains, 3 = Willamette Valley, 4 = Western Cascades, 5 = High Cascades, 6 = Blue Mountains, 7

Columbia Basin, 8 = High Lava Plains, 9 = Basin and Range, and 10 = Owyhee Upland.

Methods and Materials

One hundred and two squirrels of four gen-

era and six species were either dead-trapped

or shot and quick-frozen in the field for later

analysis. Stomachs were excised in the labora-

tory and preserved in vials of 10% formalin.

Stomach contents were examined micro-

scopically at 100, 400, and lOOOX magnifica-

tion. For fungal analysis, each vial was shaken

vigorously and opened. Narrow, parallel-

sided forceps were plunged to the bottom,

closed, and withdrawn. The captured mate-

rial was placed on a microscope slide, mixed
with a drop of Melzer's reagent, and enclosed

under a 22 x 40-mm cover slip. (See Trappe
et al., in press, for details of methods.) The
slide was systematically moved over the en-

tire area of the cover slip to examine fungal

spores. Fungal taxa were identified by use of a

spore key (Trappe et al. , in press). Percentage

ofvolume ofeach fungal taxon in each stomach

was estimated visually and recorded for each

slide.

Results

Twenty-six genera of hypogeous (below-

ground fruiting) mycorrhizal fungi were iden-

tified from the stomachs of the 118 squirrels

(Table 1). Rhizopogon was the dominant

genus in all squirrel diets, followed by Gau-
tieria. These two genera were the only ones

eaten by all eight species of squirrels. Hy-
rnenogaster was third, although it was con-

sumed by only three species of squirrels. Hys-

terangimn, not eaten in great abundance, was

found in four of the eight species of squirrels.
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Table 1. The occurrence of spores of26 fungal taxa in the stomachs of 118 squirrels (Sciuridae) from a range of forest

types in Oregon. Percent volume by stomach contents and percent frequency (in parentheses) of fungal taxa; n =

number of individuals sampled.
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in a single Douglas squirrel included Leuco-

gaster, Leucophelps, Hymenogaster, Hys-

terangium, and Melanogaster. The most fun-

gal genera from one Douglas squirrel stomach

was seven. Although Rhizopogon ranged from

to 100% of the stomach contents of the red

squirrel (T. hudsonicus [Erxleben]), Gau-
tieria ranged from to 20%. The only other

hypogeous fungus that accounted for more
than 10% of stomach contents was Hymeno-
gaster; it accounted for 80% in one stomach.

The most fungal genera from one red squirrel

stomach was four.

Rhizopogon ranged from to 71% of the

stomach contents from western gray squirrels

{Sciurus griseus Ord), and Gautieria ranged

from to 70%. The only other hypogeous

fungi that accounted for 10% or more of a

western gray squirrel's stomach contents were
Tuber and Leucogaster. The most fungal gen-

era from one stomach was five.

Discussion

The following is a synthesis ofhow we think

some of the forest puzzle fits together. The
whole is far greater than the sum of its parts;

this view may help in understanding that sim-

plification of forest diversity may have nega-

tive effects that go beyond our expectations or

knowledge.

The Hypogeous Fungi

The term mycorrhiza, literally meaning
"fungus-root," denotes the symbiotic relation

between certain fungi and plant roots. Fungi
that produce hypogeous sporocarps (below-

ground fruiting bodies) are probably all my-
corrhizal (Miller 1983, Trappe and Maser
1977). Woody plants in the Pinaceae (pine,

Pinus; fir, Abies; spruce, Picea; larch, Larix;

Douglas-fir, Pseudotsuga; hemlock, Tsuga),

Fagaceae (oak, Quercus), and Betulaceae

(birch, Betula; alder, Alnus) especially de-

pend on mycorrhiza-forming fungi for nutri-

ent uptake, a phenomenon traceable back
some 400 million years to the earliest known
fossils of plant rooting structures (Harley and
Smith 1983, Marks and Kozlowski 1973,

Pirozynski and Malloch 1975).

Mycorrhizal fungi absorb nutrients and wa-
ter from soil and translocate them to a host

plant. The host provides sugars through pho-
tosynthesis to the mycorrhizal fungi. Fungal

hyphae extend into the soil and serve as exten-

sions of the root systems of the hosts and are

both physiologically and geometrically more
effective for nutrient absorption than are the

roots themselves (Maser, Trappe, and Nuss-
baum 1978, Trappe 1981, Trappe and Fogel

1977, Trappe and Maser 1977). Both ectomy-
corrhizal and endomycorrhizal fungi serve

similar purposes, but the fungi usually occur

on different host plants.

When ectomycorrhizal fungi are predomi-
nant in the fungal diet of small mammals, they

are also predominant in the habitat, such as

coniferous forests. There, they are mostly As-

comycetes and Basidiomycetes associated

with Pinaceae, Fagaceae, Salicaceae, Betu-

laceae, and a few other plant families (Fogel

and Trappe 1978, Maser, Trappe, and Nuss-

baum 1978, Trappe and Maser 1977).

The Endogonaceae (Zygomycetes) include

saprophytic, ectomycorrhizal, and vesicular-

arbuscular (VA) endomycorrhizal species.

Vesicular-arbuscular mycorrhizae are formed
by Endogonaceae with most higher plants

that are not ectomycorrhizal, including the

Cupressaceae, Taxodiaceae, Aceraceae, and
most herbaceous plants. Most plants on
stream banks, meadows, and prairies, and in

early stages of forest succession, in forest un-

derstories, or in forests containing VA-mycor-
rhizal tree species have VA-mycorrhizal En-
dogonaceae associated with their roots

(Maser, Trappe, and Nussbaum 1978, Miller

1979, Reece and Bonham 1978, Trappe 1981,

Wilhams and Aldon 1976).

Fungal-Forest Relations

Sporocarps of hypogeous fungi may be
available year-round, in the Oregon Coast

Range for example, although their abundance
varies seasonally and always decreases in win-

ter (Hunt and Trappe, in press) (Fig. 2). Num-
bers of species and biomass of hypogeous
fungi differ among stands that have the same
species of trees. For example, 30 species

of Basidiomycetes and Ascomycetes, with

monthly biomass averaging 2.09 kg/ha, were
recorded for a north-facing stand of Douglas-

fir in the central Oregon Coast Range. Fifteen

species, with monthly biomass averaging 1.20

kg/ha, were present on a nearby south-facing

slope (Fogel and Hunt 1979, Hunt and
Trappe, in press).

Production of sporocarps fluctuates widely
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Fig. 2. Monthly production of hypogeou.s sporocarps in an Oregon Coast Range Douglas-fir stand (after Hunt and
Trappe, in press).
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Fig. 3. Seasonal occurrence of selected genera of hypogeous fungi in the Oregon C^oa.st Range (adapted from Hunt
and Trappe, in press).

over short periods in a given stand. Peaks in

hiomass frequently result from "blooms" of

one species, such as a large crop o{ Gauticrki

monticola Harkn. that comprised 89% of the

total sporocaqo biomass in October 1980

(Hunt and Trappe, in press). Most genera of

hypogeous fungi fruit seasonally and can pre-

dictably be found during certain months
(Fig. 3).

Fruiting patterns are relatively consistent,

although length of the annual fruiting period

for a given genus or species varies with year,

stand structure, and weather conditions.

Many hypogeous Ascomycetes (true truffles,

such as Ccopora sp. and Genca sp.) fruit more
abundantly in winter and spring than in sum-

mer and fall. Of the hypogeous Basidio-

mycetes (false truffles), the genus Rliiz()j)o^on

fruits primariK' in summer and fall, but a few

species, such as R. vinicolor \.H. Smith, fruit

throughout the year. F'ruiting of Truncocol-

umella citrina Zeller is invariablv restricted to
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Table 2. General distribution of mycophagous squirrels in Oregon by physiographic province and forest type.

Taxa of squirrels

Physiographic province

Forest type

Northern

flying

squirrel

Douglas

squirrel

Red Western

squirrel gray

squirrel

Yellow-

pine

chipmunk

Townsend Siskiyou Mantled

chipmunk chipmunk ground

squirrel

Coast range
Western hemlock zone

Klamath Mountains
Mixed-conifer and

mixed-evergreen zone

Western Cascades

Western hemlock zone

High-Cascades (crest)

Pacific silver fir,

subalpine fir, and

mountain hemlock zone

High Cascades (east flank)

Ponderosa pine zone

Blue Mountains
Grand fir and

Douglas-fir zone

'The Townsend chipmunk and the Siskiyou chipmunk are separated in the Klamath Mountains Province by habitat. The Townsend chipmunk is associated

primarily with the mixed-conifer forest type; the Siskiyou chipmunk is associated primarily with the mixed-evergreen forest type.

"The yellow-pine chipmunk and the Townsend chipmunk are separated along the crest of the High Cascades Province by habitat. The yellow-pine chipmunk

is largely confined to the lodgepole pine {Pinus contorta) forest type that extends down the east flank of the High Cascades Province into the Ponderosa Pine

Zone. The Townsend chipmunk occurs primarily in the Pacific silver fir-subalpine fir-mountain hemlock forest that extends down the west flank of the High

Cascades Province to the Western hemlock zone of the Western Cascades Province.

The Douglas squirrel and the red squirrel both occur in the Blue Mountains Province. Their separation, in the extreme northeastern part of the province, is

apparently the result of dominant tree species. The red squirrel is closely associated with lodgepole pine, which dominates much of the northeastern Blue

Mountains Province. The Douglas squirrel occurs throughout the rest of the forested areas in Oregon, which are dominated by conifers other than lodgepole

pine (Hatton and Hoffmann 1979).

September through December in the Pacific

Northwest. In contrast, the two most abun-

dant species of Hysterangium in the Coast

Range (//. coriaceum Hesse and H. crassurn

[Tul. & Tul. ] Knapp) commonly fruit through-

out the year (Hunt and Trappe, in press).

Seasonal abundance of hypogeous fungi gen-

erally follows changes in temperature and

precipitation (Fogel 1976).

Several species of hypogeous fungi, includ-

ing Rhizopogon vinicolor, R. truncatus Lin-

der, and Gautieria monticola, are known to

fruit in or adjacent to large, well-decomposed,

woody debris. Thus, stands that have substan-

tial amounts of large, rotting wood may en-

hance the fruiting of some species. Further,

the seasonal fruiting period may be extended

by proximity of fungi to large, fallen, rotting

trees because of the high water content such

trees retain through dry periods (Maser and
Trappe 1984). Production of hypogeous spor-

ocarps throughout the year provides a re-

markably reliable nutrient base for small

mammals, even though most species of hypo-

geous fungi fruit only part of the year and total

annual abundance differs substantially from
year to year.

The Squirrels

Five genera and eight species of squirrels

were collected in the study area: (1) northern

flying scjuirrel, (2) Douglas squirrel, (3) red

squirrel, (4) western gray squirrel, (5) yellow-

pine chipmunk, (6) Townsend chipmunk, (7)

Siskiyou chipmunk, and (8) mantled ground

squirrel. These squirrels do not occur simulta-

neously in either a given physiographic prov-

ince or a given forest type (Table 2).

The squirrels are separated in habitat use in

three basic ways. First, if habitat use is very

similar, the squirrels occur in different forest

types, such as the Townsend chipmunk in

mixed conifer and the Siskiyou chipmunk in

mixed evergreen (Table 2). Second, if habitat

use is very similar in one site, the squirrels are

separated by time of activity, such as noctur-

nal for the northern flying squirrel and diurnal

for the Douglas squirrel (Table 3). Third, if

squirrels are in the same area and are active at

the same time, they use the habitat differ-

ently, such as the yellow-pine chipmunk that

climbs into shrubs and trees and the mantled

ground squirrel that does not (Table 3).

Some species, such as the Siskiyou chipmunk,
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Table 3. General behavior patterns of mycophagous squirrels in Oregon.

Taxa of squirrel

Behavior Northern Douglas Red Western Yellow- Townsend Siskiyou Mantled

flying squirrel squirrel gray pine chipmunk chipmunk ground

squirrel squirrel chipmunk squirrel

Reproduction and nesting

In canopy x x x x

Occasionally

above ground x x

and low in

trees

On or below

ground x x x x

Diet

Mycorrhizal xxxxx xxx
fungi

Lichens

Nonfungal

foods

Time OF ACTIVITY

Nocturnal

Diurnal

Climbs

Into trees

Shrubs and

trees

Neither shrubs

nor trees

Hibernates

No
Yes

Source

Brand 1974,

Broadbooks 1974,

19.58,

Huestis 19.51,

Maser et al. 1981,

Shaw 1944

Bailey 1936,

Broadbooks 1958,

Gordon 1943,

Maser and Maser

1987,

Maser etal. 1978,

1981, 1985, 1986,

Mclntire 1980,

1984,

Stienecker and

Browning 1970,

Tevis 1952, 1953

Bailey 1936,

Maser etal. 1981

Bailey 1936,

Maser etal. 1981,

Mclntire 1980,

1984

Bailev 1936,

Maser etal. 1981

further divide the habitat by sex; female.s of

thi.s species are more closely associated with

trees and large, fallen woody material (logs)

than are males because females keep their

young in and around such protective cover.

Such differences in habitat use carry over to

food habits (Mclntire 1980).

Behavior among Squirrels

The northern flying squirrel occurs through-

out coniferous forests of Oregon (Table 2).

Where the flying s(juirrel and either the Dou-
glas squirrel or red squirrel occupy the same
area, they are separated by activity period;

the flying squirrel is nocturnal, and the Dou-

glas squirrel and red squirrel arc diurnal

(Table 3). The diurnal squirrels, however, do

not overlap iu habitat use (Table 2). These

scjuirrels are primarily inhabitants of conifer-

ous forests. The western gray squirrel, on the

other hand, may be associated with the flying

s(juirrel and tiie Douglas s(juirrel, but usually

in mi.xed forests, such as the ecotone between

oak woodlands and coniferous forest. The
western gray scjuirrel, although diurnal, is

largely separated from the Douglas s(}uirrel

by habitat and food habits other than my-
cophagy.
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The above squirrels are primarily arboreal.

The chipmunks and mantled ground squirrel

are mainly terrestrial, and both are diurnal

(Table 3). Where the yellow-pine chipmunk
and Townsend chipmunk come together,

they are separated by habitat (Maser, unpub-

lished data) (Table 2) or by the use of vege-

tative cover, or both (Meredith 1972). The
Townsend chipmunk and Siskiyou chipmunk
also use different habitats where they occur

together (Table 2). The mantled ground squir-

rel may overlap in habitat use with all species

of chipmunks but is different enough in tem-

perament that serious overt aggression does

not appear to be a problem (Broadbooks 1958,

Gordon 1943).

Of all the squirrels we studied, only the

northern flying squirrel is nocturnal and a

strict fungivore (Table 3). The other seven

species are diurnal and opportunistic fungi-

vores. Where they are sympatric, their di-

ets—other than fungi—differ.

The squirrels that are primarily arboreal are

active all year, but those that are primarily

terrestrial hibernate (Table 3). The chip-

munks apparently store food, such as seeds, in

their nests for winter sustenance (Broadbooks

1958, Stebbins and Orich 1977); whereas the

mantled ground squirrel accumulates much
body fat in preparation for hibernation (Blake

1972, Yousefand Bradley 1971).

Squirrel-Forest Relations

We will use the northern flying squirrel to

illustrate the squirrels we studied because we
know the most about the flying squirrel and
because the other squirrels serve similar eco-

logical functions in the forest.

The most obvious northern flying squirrel-

forest relations are those that occur on the

surface of the ground, such as foraging. Even
their nesting and reproductive behavior re-

mains relatively obscure because of nocturnal

habits. As we probe the secrets of the flying

squirrel, however, at least four intercon-

nected cycles emerge that unite the above-

ground and belowground parts of the forest.

The Fungal Connection

Fungal hyphae penetrate the tiny, non-
woody rootlets of the host plant to form a

balanced, harmless mycorrhizal symbiosis

with the roots. The host plant provides simple

sugars and other metabolites to the chloro-

phyll-lacking mycorrhizal fungi, which gener-
ally are not competent saprophytes. The fun-

gus absorbs minerals, other nutrients, and
water from the soil and translocates them into

the host. Further, nitrogen-fixing bacteria

(Azospirillum sp.) that occur inside the my-
corrhiza use a fungal "extract" as food and in

turn fix atmospheric nitrogen (Li and Castel-

lano 1985). The available nitrogen may be
used by both the fungus and the host tree. In

effect, mycorrhiza-forming fungi serve as

highly efficient extensions of the host root

system. Many of the fungi also produce
growth regulators that induce production of

new root tips and increase the useful life span
ofthe host roots. At the same time, host plants

prevent mycorrhizal fungi from damaging
the roots. Mycorrhizal colonization enhances
resistance to attack by pathogens. Some my-
corrhizal fungi produce compounds that pre-

vent pathogens from contacting the root sys-

tem (Harley and Smith 1983, Marks and
Kozlowski 1973, Trappe and Maser 1977).

Basidiomycetes and Ascomycetes that pro-

duce hypogeous sporocarps are all presumed
to be mycorrhizal (Miller 1983, Trappe and
Maser 1977).

The Sporocarp Connection

Sporocarps are the initial link between hy-

pogeous mycorrhizal fungi and the flying

squirrel. Flying squirrels nest and reproduce
in the tree canopy and come to the ground
where they dig and eat hypogeous sporocarps.

As a sporocarp matures, it produces a strong

odor that attracts the foraging squirrel (Maser,

Trappe, and Nussbaum 1978, Trappe and
Maser 1977). (The odors are strong enough
that we can detect many ofthem.) Evidence of

a squirrel's foraging remains in the form of

shallow pits in the forest soil and occasional

partially eaten sporocarps.

Sporocarps of hypogeous fungi contain nu-

trients necessary for small mycophagists (Fo-

gel and Trappe 1978, Gronwall and Pehrson

1984, Sanders 1984). In addition to having

nutritional value, sporocarps contain water,

fungal spores, nitrogen-fixing bacteria, and
yeast (Li and Castellano 1985, Li et al. 1986,

Maser, Trappe, and Nussbaum 1978, Maser
et al. 1985).

The Squirrel Connection

Most nutrients required by vascular plants

are absorbed from soil via mycorrhizal fiingi.
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These fungi therefore clearly play a vital role

in nutrient cycling, productivity, and plant

succession. As forest succession advances,

mycophagous squirrels have different fungi

available as food in differing relative abun-

dances, and the squirrels' defecation of viable

spores may help pace successional advance-

ment. Spore dispersal is thus an integral part

of the fungal cycle.

When flying squirrels eat sporocarps, they

consume fungal tissue containing nutrients,

water, viable fungal spores, nitrogen-fixing

bacteria, and yeast. Pieces of sporocarp move
to the stomach where fungal tissue is di-

gested, then through the small intestine

where absorption takes place, then to the ce-

cum. The cecum is like an eddy along a swift

stream; it concentrates, mixes, and retains

fungal spores, nitrogen-fixing bacteria, and

yeast (Li et al. 1986, Maser and Maser, un-

published data). Captive deer mice {Per-

omyscus maniculatus [Wagner]) retained fun-

gal spores in the cecum for more than a month
after ingestion (Maser and Maser, unpub-

lished data). In the colon, undigested materi-

als, including cecal contents, are formed into

excretory pellets containing viable fungal

spores, nitrogen-fixing bacteria, and yeast (Li

et al. 1986). The fecal pellet therefore recon-

nects the squirrel to the fungus.

The Pellet Connection

A fecal pellet is more than a package ofwaste

products; it is a "pill " of symbionts dispensed

into the forest. Each fecal pellet contains four

components of potential importance to the

forest: (1) spores of hypogeous mycorrhizal

fungi, (2) yeast, (3) nitrogen-fixing bacteria,

and (4) the complete nutrient component for

nitrogen-fixing bacteria.

The spores of the mycorrhizal fungi are vi-

able (Kotter and Farentinos 1984b, Trappe
and Maser 1976). Spores ofsome mycorrhizal-

forming fungi are stimulated in germination

by extractives from other fungi, such as veast

(Fries 1966, Oort 1974).

Each fecal pellet also contains the entire

nutrient requirement for Azospirillum sp.

The yeast, as a part of the nutrient base, has

some ability to stimulate both growth a>id

nitrogen-fixation in AzospiriUwn sp. (Li et al.

1986). Abundant yeast propagules may also

stimulate spore germination.

The fate offecal pellets varies, depending on

where they fall. In the forest canopy, the pel-

lets might remain and disintegrate in the tree

tops. Or a pellet could drop to a fallen, rotting

tree and inoculate the wood (Maser and
Trappe 1984). On the ground, a squirrel

might defecate on a disturbed area of the

forest floor where a pellet could land near a

conifer feeder rootlet that may become inocu-

lated with the mycorrhizal fungus when
spores germinate (Fries 1982). Ifenvironmen-
tal conditions are suitable and root tips are

available for colonization, a new fungal colony

may be established. Otherwise, hyphae of

germinated spores may fuse with an existing

fungal thallus and thereby contribute new ge-

netic material (Trappe and Molina 1986).

The northern flying squirrel exerts a dy-

namic, functionally diverse influence within

the forest. The complex of effects ranges

through the crown of the tree, down to the

soil surface, and into the soil mantle where,

through mycorrhizal fungi, nutrients are con-

ducted through the roots and into the trunk

and crown of the tree (Fig. 4).

Conclusions

The world is losing both species and habitats

because people are not sensitive to how and

why they are functionally interconnected. For

maximum information to be derived from the

remaining, intact systems, well-planned in-

terdisciplinary studies are needed. As empha-
sized by Rausch (1985), we must understand

the organism and habitat in context with each

other ifwe are to understand the organism, or

its function within its habitat. If we do not

understand the organism and its function

within its habitat, how can we understand the

results of unexpected changes in the habitat

when the organism is removed? For example,

forest rodents, such as the scjuirrels in our

study, cat hypogeous mycorrhizal fungi that

are obligatory symbionts with coniferous

trees. This seems to be a widespread phe-

nomenon in temperate forests. If the potential

importance of such interconnected ecological

processes is not appreciated, what might the

effects be of forest simplification through loss

of organisms and iiabitats that may severely

impair ecological processes?

The focus of biological research has recently

shifted from the autecology of species to com-
munity ecology, but neither approach cap-

tures the functional dynamics of a species in
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Squirrels rest and
reproduce in trees

Fungi accumulate nutrients

and produce sporocarps

Squirrels feed on
hypogeous sporocarps

Fungi obtain carbohydrates
from trees and return nutrients

which are distributed

throughout the tree

Fecal pellets containing

fungal spores, N-fixing

bacteria, and yeast are

deposited on forest floor

Spores germinate and establish

new fungal colonies or add
genetic material to existing

colonies

Fig. 4. Major components of flying squirrel-fungus-tree mutualism.

concert with the ecosystem. Data for this

paper, for example, have been derived

through cooperative efforts of biologists, my-

cologists, and microbiologists. Such a team

approach is essential to understanding the

vast array of interactions that are part of

ecosystem processes.
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SURVEY OF WYOMING CRAYFISHES

Wayne A. Hubert

Abstract.—Collections of crayfish by Wyoming Game and Fish Department biologists and University ofWyoming
staff in 1985-1987 included five species: Pacifastacus gamhelii, the only species found in the Snake River and Bear

River drainages ofwestern Wyoming; Orconectes neglectus neglectus, collected from one reservoir in the South Platte

River drainage in southeastern Wyoming (its first reported occurrence in the state); O. immunis and O. virilis,

widespread east of the Continental Divide and in the Green River drainage of southwestern Wyoming; and Cambarits

diogenes diogenes, collected from a tributary of the North Platte River in eastern Wyoming.

The introduction of Orconectus rusticus

into Wisconsin and the subsequent ecological

and fisheries management problems have

heightened awareness of the potential ad-

verse impacts of exotic crayfish (Lodge et al.

1985). In Wyoming, crayfish are considered

valuable fish forage in most waters where they

occur, but several potential problems with

introduced crayfish are ofconcern to fisheries

managers. They include possible impacts on

native species (Schwartz etal. 1963, Bouchard

1976), possible forage imbalance in some trout

fisheries (Hepworth and Duffield 1987), and

the loss of aquatic macrophytes in aquatic sys-

tems where plants are ecologically important

(Dean 1969, Lodge et al. 1985). Since no in-

ventory of the crayfish species in Wyoming
had been conducted, the Wyoming Game and

Fish Department (WGFD) began one in

1985. I describe the information obtained on

occurrence and distribution of crayfish spe-

cies in Wyoming.

Methods

Fishery biologists with WGFD were asked

to collect and preserve cravfish found bv them
in 1985, 1986, and 1987. Collections were

generally made during the performance of

other assigned tasks on particular waters.

Written instructions were provided to each

biologist for preservation, labeling of speci-

mens, and site identification. Diagrams of

first-forms males were also provided, with in-

structions for identifying males and instruc-

tions to collect only males. Specimen jars.

alcohol, and labels were provided to the biolo-

gists.

Collections were transferred to the Univer-

sity of Wyoming Department of Zoology and

Physiology for storage and identification.

Identifications follow Hobbs (1976).

Results and Discussion

Occurrence

Five species of crayfish were found:

Pacifastacus gamheUi, Orconectes neglectus

neglectus, O. iinmunis, O. virilis, and Cam-
barus diogenes diogejies (Table 1). This was

the first record of O. neglectus neglectus in

Wyoming (Williams 1954, Hobbs 1976).

Distributions

The only species collected in both the

Snake River and the Bear River drainages was

Pacifastacus gamhelii. It is probably endemic
to these drainages in Wvoming (Hobbs 1976,

Johnson 1986).

Two species, Orconectes itmnunis and O.

virilis, were collected in the Green River

drainage in southeastern Wyoming. Orcon-

ectes virilis was reported to occur in Flaming

Gorge Reservoir by Johnson (1986), but this

was the first report of O. immunis in the

watershed. Both species were in collections

from Flaming Gorge Reservoir in Wyoming;
however, O. immunis was collected only at

the upstream end of the reservoir and was

the only species found in the drainage up-

stream from the reser\oir. Both species were
introduced into the (Colorado River drainage,

Wyoming C;ooperative Fish and Wildlife- Rest-arch Unit. University of Wyoming, Ijramie. WyomiiiK 82071 The Unit is jointly supported by the

University of Wyoming, the Wyoming Came and Fish Department, and the U.S. Fish and Wildlife Service.
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Table L Crayfish collection sites and species of the genera Camlmrus, Orconectes, and Pacifastacus found in

Wyoming, 1985-1987.

Drainage (^oimtv Site Species

Snake River

Bear River

Green River

North Platte River

South Platte River

Belle Fourche River

Powder River

Big Horn River

Teton
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Creek drainage, Laramie County. This spe-

cies has been previously reported in the South

Platte River drainage in Sedgwick County,

Colorado (Williams 1954). Both O. immunis

and O. virilis were also collected from im-

poundments in the South Platte River drain-

age.

In the river drainages that flow to the Mis-

souri River—Belle Fourche, Powder, and Big

Horn—both O. immunis and O. virilis were

collected, but O. immunis was the more com-

mon.

Management Considerations

Pacifastacus gambelii was the only species

found in the Snake River and Bear River

drainages. Because the introduction of exotic

species could lead to displacement of this na-

tive crayfish, the transplanting or transporting

of crayfish from other drainages into these two

drainages should be discouraged.

Orconectes neglectus neglectus was found

in a single coldwater reservoir at the headwa-

ter of the Crow Creek drainage, Laramie

County. It has been reported in streams cold

enough to support trout (Williams 1954). Only

three other sites in the South Platte River

drainage were sampled during this survey.

Possibly O. neglectus neglectus is more wide-

spread in Wyoming and is endemic to clear,

rocky streams in the South Platte River

drainage in Wyoming (Williams 1954).

Cambarus diogenes diogenes was collected

from one stream in eastern Wyoming. It is

likely to be more widespread in the state, but

few samples were collected from small

streams in eastern Wyoming.
Both Orconectes immunis and (). virilis

were native to all drainages east of the Conti-

nental Divide and have been introduced into

the Green River drainage west of the Conti-

nental Divide. Johnson (1986) described in-

troduction of O. virilis into the Green River

drainage with a shipment of largemouth bass

{Micropterus salmoides) from a pond in John-
son County, Wyoming, to Flaming Gorge
Reservoir.

Orconectes virilis has been known to ad-

versely affect rainbow trout (Salmo gairdncri)

in reservoirs (Hepworth and Duffield 1987),

to displace native crayfish (Schwartz et al.

1963, Bouchard 1976), and to consume a(iua-

tic macrophytes (Dean 1969, Johnson 1976);

consequently, transplanting of this species to

enhance fish forage should be done with cau-

tion. Since no similar problems have been
identified with O. immunis, it may be a more
desirable forage species; however, its ecologi-

cal impacts on waters where it is an intro-

duced species are not known.
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STREAM CHANNEL AND VEGETATION CHANGES IN SECTIONS OF
MCKNIGHT CREEK, NEW MEXICO

Alvin L. Medina' and S. Clark Martin^

Abstract.—Measurements taken at three-year intervals between 1977 and 1985 of channel morphology and
vegetation cover between sections inside and outside a cattle exclosure showed that channels increased in depth and
width on all plots. Tree canopy cover decreased significantly between 1977 and 1985, but changes in density of trees

and shrubs and herbaceous cover were small. Exclusion ofcattle use did not prevent channel erosion or deterioration of

vegetation; rather, changes were attributed to a wildfire in the headwaters and subsequent storm events that

temporarily upset the dynamic equilibrium of the stream.

Riparian ecosystems provide many bene-

fits, such as recreation, fisheries, grazing, and
water. However, these ecosystems are frag-

ile, and many consider cattle grazing not com-
patible with the more aesthetic uses. Various

studies Qohnson and McCormick 1978, Kauff-

man and Krueger 1984) have demonstrated
adverse effects resulting from improper land

uses. Others report adverse effects caused by
natural phenomena, such as floods (Hayes

1978, Buckhouse et al. 1981). Although floods

are known to adversely affect riparian habitats

(Leopold and Wolman 1957, Lane 1957), the

interrelationships between riparian vegeta-

tion and stream hydraulics are also poorly un-

derstood (Heede 1980).

This study was done to evaluate changes

over a nine-year period in channel mor-
phology and riparian vegetation in lightly

grazed and essentially ungrazed sections of

McKnight Creek on the Gila National Forest.

Study Area

McKnight Creek is a headwater tributary of

the Mimbres River in southwestern New
Mexico. A 438-ha (0.8 x 4.3-km) cattle exclo-

sure plus adjacent grazed portions of the Lit-

tle McKnight unit of the Powderhorn grazing

allotment (75,832 ha) were used as the study

area. McKnight Canyon is a steep-sided, nar-

row-bottomed drainage with a stream gradi-

ent of between 0.5% and 2% in most reaches.

Channel substrates were estimated in 1982 to

be about 80% cobble, 9% gravels, 6% sands,

3% organic materials (i.e. , fallen logs), and 2%

boulders. Stream bank soils are principally

shallow to deep silty-clay loams with recent

sandy-loam deposits. Common streamside

trees include Popiiltis angustifolia (narrowleaf

Cottonwood), Quercus gambelii (Gambel oak),

Piniis ponderosa (ponderosa pine), and Jug-
lans major (Arizona walnut). Major shrub spe-

cies were Robinia neomexicana (New Mexico
locust), Primus serotina (Gila chokecherry),

Symphoricarpos oreophilus (mountain snow-
berry), and Sambucus neomexicana (New
Mexican elder). Herbaceous vegetation is

largely dominated by Poa pratensis (Kentucky
bluegrass) and Bromiis anoinalus (nodding
brome).

Prior to 1968 Forest Service records show
the allotment had a history ofheavy cattle use,

with an average stocking rate of 2,340 and as

high as 3,369 animal-unit-months (aum) year-

long. From 1968 to 1975 the allotment was
grazed May through September only in alter-

nate summers, with a seasonal stocking rate of

about 1,145 aum's. During this period

(1968-1975), the allotment was rested four

years out of seven. Cattle grazing in the exclo-

sure since it was built in 1975 has been limited

to occasional strays. Meanwhile, during the

period of study, the adjacent range was not

stocked from 1977 to 1981. Since 1982 it has

been stocked very lightly (< 228 aum's) in

summer only. Grazing during the study pe-

riod has been negligible.

Average annual precipitation at the Mim-
bres Ranger Station, located about 6-7 miles

from the study site, is about 48 cm, with

yearly variation between 25 and 71 cm

USDA Forest Service, Rocky Mountain Forest and Range Experiment Station, Arizona State University Campus, Tempe, Arizona 85287-1304.
Department of Agriculture, School of Renewable Natural Resources, University of Arizona, Tucson, Arizona 85721.
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(n = 48). Precipitation is bimodal, with 55%
of average rainfall occurring from July

through September, 36% during the fall-

winter months, and 9% during spring months.

Stream flows are highly variable, with modal

flows between 0.3 and 3.5 mVminute (Rinne

1978). In severe drought, surface water may

be reduced to intermittent pools. Peak flows

occur in April, July, or August, and occasion-

ally in December. Flood flows may exceed

150 m^/minute but are of short duration (1-2

days) (Rinne 1980). McKnight Creek has

served as restoration area for the endangered

Gila trout, and because of this, use of the

riparian area is limited to hiking.

Methods

Seven study plots (6 x 30.5 m) were ran-

domly established within straight reaches and

adjacent to the channel in May 1977. Plot 1

was located about .5 km below the exclosure,

plots 2-6 were located about .5 km apart

within the exclosure, and plot 7 was .5 km
above. The longitudinal center line of each

plot was marked with stakes at either end. A
tape along this center line was used to deter-

mine frequency of rooted herbaceous species

by the 3/4-inch-loop method (100 loops/tran-

sect) (Parker 1951) to define the boundaries of

eight 3 X 7.6-m plots on which the density,

diameter at breast height, total height of

trees, and density of shrubs were measured,

and to estimate tree canopy cover at 7.6-m

intervals using a modified densiometer. Data

for herbaceous species in 1985, however, are

for canopy cover (Daubenmire 1952) rather

than basal cover and are based on 60 O.l-m"

quadrats rather than 100 I.9-cm (3/4-inch) cir-

cles. At each plot three stream cross-sectional

transects were established perpendicular to

the stream channel 15.25 m apart to deter-

mine the approximate shape of stream cross

sections. Surface elevations were obtained at

0.6-m intervals by measuring the perpendicu-

lar distance to ground level from a line

stretched between stakes on either side of the

channel. Photographs were taken to visually

document vegetation and stream morphologi-

cal conditions. Measurements were taken

in May 1977, 1979, 1982, and 1985. Plant

nomenclature follows Martin and Hutchins

(1980).

Changes in channel cross sections for each

transect and plot were depicted as cross-

sectional graphs. Quantitative assessments

of stream cross sections were made by com-
paring differences in mean cross-sectional

depths, width-depth ratios, and channel-

shape factors (Heede 1980) for individual tran-

sects within a plot for given years. Mean cross-

sectional depth was defined as the mean of

depth observations for a given transect and

year. The width-depth ratio is the top width of

the channel divided by the mean depth and is

a quantitative expression of channel shape

(Heede 1975). Shape factor is the quotient of

the maximum depth divided by mean depth.

These attributes are useful in quantifying ge-

omorphological changes. They are also re-

lated to the efficiency of water flow through a

channel.

Data Analysis

Analysis of variance using a repeated mea-

sure approach was used to assess temporal and

plot differences for both morphology and veg-

etation data. Individual degree of freedom

contrasts were used to assess pairwise differ-

ences among years and among plots. Where
evident, variation in time for individual plots

was also analyzed with individual repeated

measure analyses. Multiyear comparisons of

individual transects were subjectively made
through graphs of cross-sectional areas and

indices of change, i.e., shape factors, width-

depth ratios. Discussion of these parameters

is qualitative since each re(iuires simulta-

neous interpretation of more than one vari-

able. For example, width-depth ratios may
remain the same, even though both width and

depth change.

Results

Stream Morphology

Sigiiiflcant (p < .01) changes over time oc-

curred on all plots (Fig. 1). However, differ-

ences over time within individual transects

yield better estimates of changes in channel

morphology because each transect is unique

with respect to space and time. Significant

differences (p < .05) were observed for all

years on all plots except plot 5.

The strong interaction observed between

plots and time was attributed primarily to
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Table 4. Mean frequency (1977-82) and mean percent herbaceous cover (1985) by year and plot.
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CICUTA BULBIFERA L. (UMBELLIFERAE) IN ALASKA

Stephen L. Talbot', Sandra J. Looman', and Stanley L. Welsh"

Abstract -—Cited are distribution records for Alaska ofCicuta bulbifera L. It was discovered growing in the Nowitna

National Wildlife Refuge in north central Alaska in 1984 and again in 1987. An earlier record is also known from near

Fairbanks.

Populations of Cicuta bulbifera L. were

discovered during aquatic plant inventories of

Nowitna National Wildlife Refuge in north

central Alaska at 64°50'N, 154°15'W and at

65°07'N, 153°08'W. An earlier record from

Alaska, taken near Fairbanks, is acknowl-

edged by Dr. David Murray (personal com-

munication). The nearest previously reported

location for this species is from the central

Yukon Territory, Canada (A. E. Porsild and

W. J. Cody, Vascular plants of the continental

Northwest Territories, Canada, p. 476. 1980).

It is a transcontinental species known also in

western Canada from British Columbia and

Alberta (H. J. Scoggan, Flora of Canada, part

4: 1162. 1969). W^ J. Cody (Canadian Field-

Nat. 74(2): 92. 1960) reported the northern-

most site at 65°17'N in the central District of

Mackenzie, which the Nowitna record ap-

proaches in latitude. The collection from

Nowitna National Wildlife Refuge is a consid-

erable extension of the known range.

The population in Nowitna National Wild-

life Refuge (Talbot and Looman #0221016-6,

19 August) sampled in 1987 was growing on

the shore of an alluvial lake along the Yukon
River between Lange Island and Brant Island

in the Melozitna (Al) Quadrangle at an eleva-

tion of46 m. It occurred in a Carex-lasiocarpa

Ehrh. -Potent illa palustris L. floating shore

mire. Companion species in the community
included Equisettwi fliwiatile L., Cicuta

nmckenzieana Raup, Menyanthes trifoliata L.,

Lycopus uniflorus Michx., Chamaedaphne
calyculata (L.) Moench, Andromeda polifolia

L., Drosera rotundifolia L., Pedicularis parv-

iflora Smith ex Rees, Eriophorum polysta-

chion L., Spha^mwi spp., and Drepan-
ocladus spp. Contiguous plant communities
were an aquatic forb association dominated by
Potamogeton robbinsii Oakes and P. natans

L. , and a raised ombotrophic peatland domi-

nated by Picea mariana (Mill.) Britt., Sterns

& Pogg and Ledum decumbens (Ait.) Lodd. ex

Steud. The 1984 collection (Talbot #C23-12,

August) is from a graminoid bog.

Voucher specimens are deposited at herb-

aria of Brigham Yoiuig University, Provo, Utah;

University of Alaska, Fairbanks; and the

Nowitna National Wildlife Refuge, Galena,

Alaska.

'U.S. Fish and Wildlife Service, lOH E. Tudor Rd., Anchorage, Alaska 99.503.

Monte L. Bean Life Science Museum, and Department of Botany and Range Science. Brishain Voiuii; I'liivcrsitv , Pn Utah 84602.
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TRAPPING METHODS FOR RANGELAND INSECTS IN

BURNED AND UNBURNED SITES: A COMPARISON

James D. Hansen

Abstract.—Different insect trapping methods were compared weekly on recently burned and nearby unburned

rangeland in the Great Basin ofwestern Utah. Flight traps (or wing traps) collected the most specimens (total = 4,916 at

burned site, 4,384 at unburned site) but represented the fewest species (no more than 11 spp./wk at either site); this

method was not recommended because of difficulfy in removing specimens from adhesive. Water traps amassed the

next largest number of specimens (x ± SE/wk = 150.9 ± 75.3 at burned site, 158.0 ± 66.4 at unburned site) and the

most species (x ± SE/wk = 21.6 ± 6.4 at burned site, 35. 1 ± 4.5 at unburned site). The weekly collections from pitfall

traps between the sites were significantly different (P< .05) in number ofspecimens (x ± SE/wk = 8.1 ± 1. Sat burned

site, 19.7 ± 4.8 at unburned site) and species (x ± SE/wk = 4.7 ± 0.6 at burned site, 9.5 ± 2.0 at unburned site).

Malaise traps were the most convenient. Black Malaise traps collected more specimens (x ± SE/wk = 99.8 ± 19.4 at

burned site, 90.6 ± 16.4 at unburned site) and species (x ± SE/wk = 22.9 ± 3.9 at burned site, 19.4 ± 6. Sat unburned

site) than white malaise traps (specimens; x ± SE/wk = 72.1 ± 22.4 at burned site, 87.1 ± 31.2 at unburned site;

species: x ± SE/ wk = 19.7 ± 6.6 at burned site, 16.4 ± 5.4 at unburned site), although this difference was not

significant.

Insect trapping methods vary in their abil-

ity to collect insects (Peterson 1953, South-

wood 1978). Unfortunately, few studies have

compared different insect collecting methods

in the same habitat. Recently, Canaday (1987)

evaluated differences in sampling insects with

sweep nets and with window, sticky, light,

suspended cone, and two kinds of yellow pan

traps in a Douglas-fir forest in California.

Likewise, Norment (1987) compared sticky

board and pitfall traps with sweep netting in

alpine tundra of the Beartooth Mountains in

Wyoming.
Although range fires historically have been

common on western rangeland in the United

States (Gruell 1985), insects are not often sam-

pled from burned areas. Arthropod responses

to grassland fires have been generally exam-

ined with prescribed burns (Warren et al.

1987). Most collections (e.g., Nagel 1973,

Evans 1984, Forde et al. 1984) used net-

sweeping techniques, which implied that sub-

stantial post-burn vegetative cover remained.

However, net sweeping is not practical

after a severe fire. To collect flying insects

following a spring burn on a prairie in Mis-

souri, Cancelado and Yonke (1970) used

lightly colored Malaise traps. On recently

burned rangeland in the Great Basin, Hansen

(1986) used pitfall traps in addition to white

Malaise traps.

Insect trapping in burned areas presents

unique challenges. Naturally occurring range

fires, such as those started by lightning, are

unique, uncontrollable events. Insect sam-

pling is difficult to study because the fires are

unpredictable in time, location, land owner-

ship, and size of burn. Intensely hot fires de-

stroy the vegetative canopy, thus preventing

traditional net sweeping. Burned areas are so

severely disrupted that insects are collected

during a period of transition and recovery.

Changes in plant species composition and

vegetative cover vary due to localized envi-

ronmental factors. Finally, it is unknown
whether Malaise traps become attractive be-

cause of their structural prominence or the

contrast between the white fabric and the

dark background.

The objectives of this study were to sample

range insects immediately after a natural

range fire, to compare previous collection

techniques with other methods not tradition-

ally used on burned rangeland, and to ascer-

tain which trapping procedures are feasible

under these field conditions.

'USDA-ARS, Forage and Range Research Laboratory, Utah State University, Logan, Utah 84322. Present address: Tropical Fruit and Vegetable Research

Uboratory, USDA-ARS, Box 4459, Hilo, Hawaii 96720.
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Materials and Methods

The study area was on a hill ca 10 km north

of Kelton in Box Elder Co., Utah. Dominant

plant species were cheatgrass, Bromus tecto-

rum L. ; big sagebrush, Arteinisia tridentata

Nutt.; and Utah juniper, Juniperus osteo-

spernia (Torr.) Little. In early July 1985 a fire

started by lightning burned an irregularly de-

fined area (5-12 km ), including the north-

eastern portion ofthe hill, which served as the

burned study site. A comparison study site

was established in an unburned area on the

same hill ca 1 km from the fire boundary and 2

km from the burn site. On July 11 the first

traps were installed while the burned area was

still smoldering.

Different trapping methods were used: (1)

An earlier method (Hansen 1986) was re-

peated using a white Malaise trap made of

cream-colored polyester marquisetta; the

square trap had four central vanes and was

topped with a clear acrylic collecting tube. (2)

A similar Malaise trap sprayed black was lo-

cated 25 m away. The Malaise traps were
obtained from BioQuip Products" (Box 61,

Santa Monica, CA 90406). (3) Evenly spaced

in a line between the Malaise traps were 10

pitfall traps. Each trap, which resembled that

described by Morrill (1975), was made of a

4-oz plastic collecting cup housed in a 16-oz

plastic cup and topped with a 7-oz tapered

plastic cup in which the bottom had been
removed to serve as aHinnel. (4) Placed on the

ground in the same vicinity, a water trap was
made from a yellow plastic bowl (21.5 w x

22.0 1 X 10.0 h cm) and filled with water and
antifreeze. (5) A flight trap was constructed

from four 31 X 31—cm plywood scjuares ar-

ranged at right angles and movmted on a pole

113 cm above the ground; the traps were
painted flat black and covered with insect

trapping adhesive. (6) Nesting traps, com-
prised of 10 wooden blocks and 100 elder-

berry (Samhucus sp.) stems, were located at

each site on 17 July. Every block contained a

total of 50 holes; 10 holes of each size were of

five diameters (2, 4, 6, 8, and 10 mm). Half of

the stems had 3-mm-diameter holes in one
end, while the remaining stems had 6-mm-
diameter holes. The blocks were placed 50 m
apart and the stems in the ground 3 m apart,

both along SE transects. The traps were re-

covered in late September.

The same types of traps were arranged

identically at the other site. From 17 July to

25 September weekly collections were made
at both sites. Specimens were sorted to

"species" by using the morphospecies classi-

fication technique (Janzen and Schoener
1968, Allan et al. 1975).

For each trapping procedure, weekly col-

lection data between the sites were analyzed

by using paired Student's t-test. Linear corre-

lation tests (Zar 1974) were conducted be-

tween time of sampling and the collection

data.

Results and Discussion

Number OF specimens.—An analysis of the

data of all the traps indicated that more speci-

mens were collected at the burned site (n =

8,447) than from the unburned area (n =

7,602), a tendency observed in an earlier

study involving burned rangeland in the

Great Basin (Hansen 1986). Perhaps flying

insects in burned areas are attracted to the

traps that may replace normal landmarks of

the destroyed shrubs and other sheltering

plants.

Among the trapping methods (Fig. 1), the

flight traps collected the most specimens

(burned site, n = 4,916; unburned site, n =

4,384). There were significant differences in

weekly number of specimens only with the

pitfall traps (t = 2.715, df = 9, P < .05). Pitflill

traps from the unburned site consistentK had
more specimens than those from the burned
site. No insects were found in the nest traps at

either site.

Among weekly collections, the black Ma-
laise trap obtained more specimens than the

white Malaise trap at the burned site (black

Malaise trap, x ± SE - 99.8 ± 19.4; white

Malaise trap, x ± SE - 72.1 ± 22.4) and the

unburned site (black Malaise trap, x ± SE =
90.6 ± 16.4; white Malaise trap, x ± SE =
87. 1 ± 31.2). This occurred even though the

white Malaise traps were more conspicuous

and, presumably, more attractive to insects.

Although differences were not significant, this

trend suggested that the color of Malaise traps

mav affect insect collectabilitv.

Mention of trade names is for identification only and does not imply an cndorseniciit (o tlie exclusion of other products (hat may be suitable.
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although these differences were not signifi-

cant. There were no significant correlations

among trapping data, time of trapping, and

collection methods.

Othercomparisons.—When trapping effi-

ciency was estimated by the number of speci-

mens collected divided by the number of spe-

cies, there were no significant differences

among the trapping methods except for the

flight traps. Hence, other aspects must be

considered when selecting trapping proce-

dures.

Flight traps collected large numbers of a

few species but required various solvents

(e.g., kerosene, gasoline, hexane) to remove

specimens from the adhesive. Once ex-

tracted, the specimens were often damaged,

thus rendering them useless for identifica-

tion. Also, the traps were unstable and were

often blown over by high winds.

The pitfall traps in the burned site were

often filled with ash and other debris, thus

lowering their efficiency. This problem would

have been solved by using covers over the

traps.

The greatest diversity of species accumu-

lated in the water traps, which were also easy

to use. However, collections were strongly

influenced by weather extremes. Flooding

during intensive rains, evaporation under

drought conditions, and animals drinking the

water disturbed the specimens.

The Malaise traps were the most conve-

nient of the traps tested but were unstable in

wind. If the traps are too noticeable, they may
attract vandals. Painting the fabric black

helped conceal the traps and also seemed to

increase their collecting efficiency. However,

the use of different colors, patterns, and

shapes should be further explored.

No bees or wasps nested in wood traps at

either site. The time of placement may have

been a factor since most shrubs and forbs

bloom from April to early July at such sites. At

the unburned site the only dominant plant to

bloom after the nearby burn was rabbitbrush,

Chrysothamnus sp. Apparently, xyl()[)hilous

nesting Hymenoptera associated with this

fall-blooming perennial were uncommon at

those locations.

Conclusions

The selection of trapping method depends

on the needs of the researcher. To easily col-

lect ground-inhabiting insects, use pitfall

traps; for flying insects, use Malaise traps. To
survey for taxa diversity, use either Malaise

traps or water traps. To obtain the largest

number of specimens of flying insects, flight

traps are recommended. To meet the replica-

tion requirements for statistical analysis, use

smaller versions of water traps or, if the spe-

cies are easily recognizable, flight traps. Pit-

fall traps provide much data but caution is

advised in interpreting results (Southwood

1978).
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STUDIES OF A UNIPARENTAL FORM OF APHYTIS VANDENBOSCHI
(HYMENOPTERA: APHELINIDAE), A PARASITE OF THE

SAN JOSE SCALE IN NORTHERN UTAH'

Manas Titayavan'"^ and Donald W. Davis"

Abstract.—^The only San Jose scale parasite found at two sites in northern Utah was a uniparental form oiAphytis

vandenboschi DeBach & Rosen. Parasites overwintered as pupae and were attracted to San Jose scale pheromone

traps. Mature female scales were most heavily parasitized, although some prepupal males and instar II female scales

were attacked. Only partial development occurred between 11.7 and 18.3 C, and fecundity was reduced between 28

and 31 C. Based on 11.7 C, 460 degree days were required in the field and 410 degree days at 26 C in the laboratory per

generation. By the end of the season during 1981 at Brigham City, 30.9% of the adult scales on twigs and 79.2% on

leaves were parasitized. During 1982, parasitism was 21.1% on twigs and 70.9% on leaves. A mite, Ptjemotes herfsi

(Oudemans), was a major predator oiAphytis in both laboratory cultures and field populations.

Field studies of the San Jose scale and its

natural enemies were conducted at Brigham

City and Hyde Park (near Logan), Utah, dur-

ing 1981 and 1982. Laboratory studies were

done at Utah State University, Logan.

The more common San Jose scale parasites,

such as ProspateUa {
= Encarsia) perniciosi

Tower (DeBach 1964) and Aphijtis aonidiae

(Mercet) (Gulmahamad and DeBach 1978),

were not encountered. Only one species of

parasite occurred. Specimens for identifica-

tion were sent to the University of California,

Riverside, where they were examined by Paul

DeBach, David Rosen, and Mike Rose. The
initial identification given was Aphytis nr.

vandenboschi (Hymenoptera: Aphelinidae),

but they stated that it was probably a new
species. Later correspondence indicated an

inability to compare the material to specimens

from the type location of A. vandenboschi;

therefore, the best taxonomic designation was

as uniparental forms ofA. vandenboschi.

Mkthods

Both San Jose scales and Aphytis parasites

were reared using banana squash (DeBach
and White 1960) at 26.7 ± 1.5 C, 47 ± 3%
RH, and using a 16-hr light: S-hr dark cycle.

The scale culture was on the scjuash. Adult

Aphytis were caged with the scale-infested

squash. Life history studies were conducted

in growth chambers at selected temperatures

between 10 and 31 C. Photoperiods and rela-

tive humidities were not manipulated. All

studies were replicated, although the number
of replicates varied with the different experi-

ments. Honey was supplied as adult food dur-

ing all laboratory work with Aphytis adults.

Experiments extending over the life span of

the adult parasites began less than 12 hr after

eclosion. Short-term studies were started

when parasites were 2 ± .5 days old so that

comparative data could be obtained near the

peak oviposition period.

The field studies involved time-series sam-

pling on apple trees. This information was
then correlated with temperature records

within the orchards and with results of

pheromone trapping. Both adult parasites and

San Jose .scale males were collected readily on

pheromone traps (Pherocon® San Jose scale

traps, Zoecon Corp.). The Brigham City or-

chard was an unsprayed, but cared for, back-

yard area of mixed fruit types. The Hyde Park

orchard was an old, abandoned apple orchard

of about four acres.

Part of the information for life tables was

obtained by lifting scales to observe the

Aphytis eggs and larvae. The substrate next to

the scales was mark(xl to identify .scales for

sequential ()bser\ations.

The population curves, shown in several

figures, used third-order poKnomials.

This research was pari of the Ph.D. re(|uir<'nicnt.s al Utah Slat<' l'ni\(Msity. Lotiai

^Utah State University, Logan. Utah 84.322.

Present address: Chiang Mai University . Thailand.
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Table 1. Field parasitism of San Jose scales on apple trees by Aphytis vandenhoschi at Brigham City, Utah.

Dates
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Table 2. Partial field life table iorAphytis vandenboschi at the Brigham City apple orchard, July through August 1982.

Stage of development Cause of mortality Survivors based on 1,000 k vah

Eggs (n = 240)

Larvae

Pupae

Adults (n = 5)

Desiccation

Misc. predators^

Desiccation'

Pyemotes herfsi

Misc. predators

Pyemotes herfsi

Desiccation

654.17

587.50

391.67

333.33

291.67

33.33

20.83

0.18 = ki

0.05 = ka

0.18 = k3

0.07 = k4

0.05 = k.

0.95

0.20

K = 1.63

Desiccation by heat, wind, and low relative humidity. Lifting San Jose scales to examine for parasitism apparently increased desiccation

^Thrips were common at the parasite egg stage, while coccinellid adults tended to become important later European earwigs were involved but, being

nocturnal, were difficult to observe.

^ 50
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Fig. 1. Duration of development from egg to adult for

Aphytis vandenboschi at six constant temperatures. The
vertical lines show the standard error of the mean.

Unidentified thrips were often associated

with dead Aphytis eggs. Adult coccinellids

commonly fed on both parasitized and non-

parasitized scales. European earwigs con-

sumed the entire scale, including the cover,

leaving little evidence of the scales having

been present.

The time required for Aphytis to complete
development in the laboratory is shown in

Figure 1 and Table 3. At 10 C a few eggs were
laid, but no embryonic development was de-

tected. At 12. 8 and 15. 6 C there was egg hatch

and some larval development. The lowest

temperature showing any development was
11.7 C. The lowest temperature having

complete parasite development was 18.3 C,

where the cycle required an average of 38.6

days. A precise upper threshold was not de-

termined, but 31 C was clearly above the

optimum. Total eggs laid and adult longevity

(Table 4) declined between 28 and 31 C. Maxi-

mum fecundity was calculated at about 26 C.

The curve illustrated in Figure 1 shows the

developmental rates obtained in laboratory

experiments. At 31 C an average of 16.2 days

was required for the full developmental cycle.

Adult longevity was extremely short at higher

temperatures (Table 4).

The parasite had three larval instars. Mea-
surements and time spent in each stage are

shown in Table 5. These data are similar to

data obtained in other studies of the genus

Aphytis (DeBach et al. 1978, Rosen and Eliraz

1978).

Aphytis vandenboschi showed a strong

preference for adult female San Jose scales

(Table 6) but apparently did not distinguish

between gravid and nongravid hosts. A few

prepupal males and instar II females were
parasitized in the laboratory, but parasite de-

velopment was incomplete. No instar I

nymphs, instar II males, or pupal males were
parasitized.

The oviposition pattern at 23.8 C is shown
in Figure 2. Oviposition peaked on day 2 with

a subse(juent rapid decline on days 4 and 5. At

higher tempiMatiues the decline following

day 2 was even more rapid. At 25.6 C little

oviposition took place on day 5 and none on

day 6.

Figures 2 and 3 are similar, demonstrating

consistency of searching ability. The per-

centage of scales parasitized daily (Fig. 3),
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Table 3. Progeny produced by 100 Aphytis vandenboschi when placed with ca 6,400 adult female San Jose scales for

24 hr, and the developmental time from egg to adult.

Temperature
(C)

Adults developing

(Mean ± S.E.)

Days to develop

(Mean ± S.E.)

10.0

12.8

15.6

18.3

20.0

22.0

26.0

28.0

31.0

2.5

9.8

22.3

60:3

71.0

0.9

1.1

5.2

4.7

4.6

52.0 ± 11.0

eggs laid, no hatch

hatch, no maturity

hatch, no maturity

38.6 ± 3.5

33.2 ± 2.5

27.6 ± 1.3

19.9 ± 1.1

17.0 ± 1.0

16.2 ± 0.4

Replicated four times.

Table 4. Comparative longevity of adult Aphytis van-

denboschi under various constant temperatures at 47%
RH and 16-hr photophase.

Table 5. Developmental time and measurements of

Aphytis vandenboschi immature stages, reared at 26. 7C,

47% RH, and 16-hr photophase.

Temperature
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Fig. 2. Influence oiAphytis vandenboschi age on num-
ber of eggs laid per female at 23.8 C. Vertical lines show

the standard error of the mean.
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Table 7. Number and percent of female San Jose

scales parasitized by varied numbers ofAphytis vanden-

boschi, and their searching efficiency, in six hours at

23. 8C.'

Num- Parasitism

ber of rate per

para- Aphytis

sites (Mean ± S.E.

Percent Searching

parasitism efficiency

(Mean ± S.E.f

3 3.67 ±0.31 a

6 3.04 ± 0.14 b

9 2.70 ± 0.14 b

12 1.94 ± 0.09 c

15 1.98 ± 0.13 c

22.00 ± 1.83 a 0.0831a

36.50 ± 1.71b 0.0756 b

48.50 ± 2.50 c 0.0760 b
46.50 ± 2.22 c 0.0523 c

59.50 ±3. 86 d 0.0597 c

Four replicates of 50 scales each.

Data were analyzed by analysis of variance and Duncan s multiple range.

Means followed by the same letter are not significantly different (5%).

heavily parasitized and averaged about 75%
during September 1981.

The parasites in the laboratory showed par-

tial development starting at 11.7 C, but com-
plete life cycles were not observed below 18.3

C. The upper developmental threshold was

not determined, but fecundity was reduced

starting near 28 C. Using 11.7 C as the lower

threshold, field data indicated an average of

about 460 degree days per generation. Under
laboratory conditions, at constant tempera-

tures, a full life cycle including a preoviposi-

tion period required an average of410 degree

days.

There are no records of A. vandenboschi

being introduced into Utah. The introduc-

tions of this species have been reported as

biparental; the adults have weak flight habits,

the adult longevity is short, and rather few
eggs are laid when reared on San Jose scales.

This raises several questions: Why was this

parasite of San Jose scales present while the

more commonly encountered species were
not? Is A. vandenboschi, an introduced spe-

cies, the correct identity of the Utah form?

Could the parasite actually be native to the

region on some other scale species and then
became adapted to San Jose scales?

While A. vandenboschi were clearly signifi-

cant biological control agents of the San Jose

scale in northern Utah, they failed to achieve

the level ofcontrol needed. The San Jose scale

is still a major pest of Utah orchards, com-
monly requiring insecticidal control.
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CHECKLIST OF THE MOSSES OF THE INTERMOUNTAIN WEST, USA

John R. Spence'

Abstract—A revised list of the mosses of the Intermountain West, including all of Utah and Nevada and parts of

surrounding states, is presented. Recorded are 342 species in 122 genera and 39 families in this region. Nomenclatural

and taxonomic changes as well as floristic additions since the publication of Seville Flowers s book are included.

In a recent survey of the floristic literature

of North America, Schofield and Miller (1982)

indicated the following regions as being the

least known bryologically: the Southwest,

Rocky Mountains, Great Plains, and Arctic

and boreal North America. Although not

specifically indicated, the Intermountain Re-

gion of the western United States, consisting

primarily of Utah and Nevada, is part of both

the Southwest and the Rocky Mountain re-

gions.

This paper begins a series on the bryophyte

flora of the Intermountain West (sensu Cron-

quist et al. 1972), which includes the states of

Utah and Nevada as well as portions of Ore-

gon, Idaho, Wyoming, and Arizona. The
boundaries are similar to those used in the

Intermountain Flora Project (Cronquist et al.

1972 and subsequent volumes) and largely for

the same reasons. The main difference is that I

have included all of Nevada and the Colorado

Plateau portion of northern Arizona (Fig. 1).

This region is almost identical to the Great

Basin Province of Gleason and Cronquist

(1964). Western Colorado is floristically simi-

lar to eastern Utah (Weber 1973), with the

floristic change to the southern Rocky Moun-
tains almost impossible to delimit. Hence an

indefinite fringe of eastern Colorado and adja-

cent New Mexico is included.

The Intermountain West is highly diverse

in landforms, geology, climate, and vegeta-

tion. In the south is found the hot and arid

Mojave Desert, while northward stretch

semiarid shrub steppe, pygmy conifer wood-
lands, montane forests, and alpine tundra.

Four natural physiographic provinces com-
prise the Intermountain West: Snake River

Plain, Great Basin, Colorado Plateau, and

Wasatch Plateau. Recent work on the vascular

flora provides support for the integrity of this

region (McLaughlin 1986). Two small, dis-

parate elements are included: Uinta Moun-
tains and a small portion of the Mojave Desert

in southwestern Utah and southern Nevada.

The inclusion of the Mojave Desert portions

of Utah and Nevada provides essentially com-
plete floras for these states, and adds only a

few Mojavean taxa, e.g., Entostodon holan-

deri, Jaffueliobryiim wrightii, Pleurochaete

sqiiarrosa, and Splachnobnjum ohtusum.

The bryophyte flora of the region has been
summarized by Lawton (1958, 1971), Clark

(1957), Haring (1961), and Flowers (1961,

1973). A wide variety of shorter reports (see

below) also exists, while Behle (1984) lists

Flowers s many papers. As yet no attempt has

been made to compile a bryophyte flora for

the Intermountain West, as is being done for

the vascular plants (Cronquist et al. 1972 and

subse(juent volumes).

Although state checklists that include por-

tions of the Intermountain West (e.g., Mc-
Cleary and Green 1971) exist, this paper is the

first to bring together information on the

mosses ofthe entire area as a checklist. Future

work will include the hepatics. The main aims

of this paper are to provide a list and to update

classification and nomenclatiue of species.

Major sources for the list include: Utah (Flow-

ers 1973), Nevada (Lawton 1958, 1971, Lavin

1981, 1982), and Arizona (Haring 1961, John-

son and Vitt 1971, Vitt et al. 1971). Included

in these papers are many additional refer-

ences. Many additional species probably

remain to be discovered, especially in the

Pottiaceae (cf Spence 1987). Some areas, es-

pecially southeastern Oregon, the Colorado

Mountain Research .Station, University ofColorado. Nedcrland, Colorado S()4fi(i Present address: Dei)artnient of Plant aiid Microbial Sciences. Universit>'

of Canterbury, Christchurch 1, New Zealand.
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Fig. 1. The approximate boundaries of the study area

are outUned in black. Included are all of Utah and Ne-

vada, northern Arizona to the Mogollon Rim, and parts of

Oregon, Idaho, and Wyoming.

Plateau, and the Uinta Mountains, are still

poorly known.
Recent monographs have drastically

changed the taxonomy and nomenclature of

many groups. I have followed the opinions

of workers who have specialized in particular

groups: Aloina (Delgadillo 1975), Amblyste-

gium (Crum and Anderson 1981), Barbida

(Zander 1979), Bryiim (Spence 1988), Cros-

sidium (Delgadillo 1975), Dicranum (Peter-

son 1979), Didymodon (Zander 1978), Enca-
lypta (Horton 1983), Hygrohypnum (Jamie-

son 1976), LeskeeUa and Pseudoleskeella

(Lewinsky 1974), Orthodicranum (Peterson

1979), Orthotrichum (Vitt 1973), Pohlia (Shaw

1982), Pseudocrossidium (Zander 1979),

Schistiditim (Bremer 1980a, 1980b, 1981),

and Weissia (Stoneburner 1985).

At the family level I have used the classifica-

tion of Vitt (1984) and Buck and Vitt (1986),

except for the Leskeaceae and Thuidiaceae,

where I have used the traditional generic

concepts (Spence unpublished manuscript).

For other families the following are used:

Ambystegiaceae in part (Kanda 1975, 1976),

Grimmiaceae (Churchill 1981), Mniaceae
(Koponen 1968, 1973), Polytrichaceae (Smith

1971), Plagiotheciaceae (Buck and Ireland

1985), and Scouleriaceae (Churchill 1985).

Genera are arranged alphabetically, with

family position given in parentheses. Taxo-

nomic categories below the rank ofspecies are

not listed. The bibliographic sources are des-

ignated by numbers after each name. For
some species ofBryum, specimens from UBC
are used for documentation. More details on
Bryum can be found in Spence (1988).

Abietinella C. Muell. (Thuidiaceae)

A. abietina (Hedw.) Fleisch., 15, 17.

Aloina Kindb. (Pottiaceae)

A. bifronsiDe Not.) Delg., 13, 15.

Amblijstegium B.S.G. (Amblystegiaceae)

A.^urtaft/f (Hedw.)B,S.G., 15, 17.

A. rtparium (Hedw.) B.S.G., 15, 17.

A. sfrpens (Hedw.) B.S.G. , 15, 17,29.

A. f^na.r(Hedw.)C. Jens., 15, 17, 29.

A. trichopodium (Schultz) Hartm. (Corley et al. 1981

suggest that the correct name is A. humile), 15,

17, 29.

A. tiflrium (Hedw.) Lindb., 15, 17.

Amphidium Schimp. (Rhabdoweisiaceae)

A. lapponicum (Hedw.) Schimp., 15, 29.

AnacoUa Schimp. (Bartramiaceae)

A. menziesii (Turn.) Par., 15, 27.

Andreaea Hedw. (Andreaeaceae)

A. rupestris Hedw., 17.

Anomodon Hook. &Tayl. (Anomodontaceae)

A. attemtatiis (Hedw.) Hueb., 17.

A. rosfrafws (Hedw.) Schimp., 17.

Antitrichia Brid. (Leucodontaceae)

A. californica SuU. ex Lesq., 29.

Atrichum P. Beauv. (Polytrichaceae)

A. sehvijnii Aust., 15.

A. undulatinn (Hedw.) P. Beauv., 17.

Aidacomnium Schwaegr. (Aulacomniaceae)

A. androgynum (Hedw.) Schwaegr., 15, 29.

A. pahistre (Hedw.) Schwaegr., 15, 17, 29.

Barbida Hedw. (Pottiaceae)

B. convohita Hedw., 15.

B. ehrenbergii (Lor.) F\eisch., 15, 17.

B. eiistegia Cdrd. & Ther. , 15.

B. indica (Hook.) Spreng. , 15, 49.

B. unguiculata Hedw., 15, 17.

Bartramia Hedw. (Bartramiaceae)

B. ithyphyUa Brid., 15,27.

Brachythecium B.S.G. (Brachytheciaceae)

B. flCKminflfum (Hedw.) Aust., 17.

B. fl/fcicans (Hedw.) B.S.G., 15.

B. asperrimum (Mitt.) Sull., 15, 17.

B. campe.streiC. Muell.) B.S.G., 15.

B. co//tm«n (Schleich. exC. Muell.) B.S.G., 15, 17, 29.

B. delicatidtim Flow., 15.

B. digastrum C. Muell. & Kindb. ex Macoun &
Kindb., 15.

B. erythrorrhizon B.S.G., 15, 17.

B.fendleri (Sull.) Jaeg. & Sauerb., 15, 29.
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B.frigidumiC. Muell.) Besch., 15, 17, 29.

B. leibergii Grout, 29.

B. nelsonii Grout, 1.5, 17, 29.

B. oxycladon (Brid.) ]aeg. &Sauerb., 15.

B. plumosum (Hedw .) B.S.G., 17.

B. rivulare B.S.G., 15, 17,29.

B. rutahulum {Hedw.)B.S.G., 29.

B. salebrosum (Web. & Mohr) B.S.G., 15, 17.

B. sfar)cd(Brid.)B.S.G., 15.

B. velutimim {Hedw.)B.S.G., 17.

Bryoerythrophylhnn Chen (Pottiaceae)

B. recurvirostrum (Hedw.) Chen, 15, 17, 29.

Bryohaplocladiuin Wats. & Iwat. (Thuidiaceae)

B. microphylhim (Hedw.) Wats. & Iwat., 17.

Bryoxiphium Mitt. (Brvoxiphiaceae)

B. norvegicum (Erid.) Mitt., .3.5.

Brtjum Hedw. (Bryaceae)

B. algovicum Sendin. exC. Muell., 15, 29.

B. ambhjodonC. Muell., 15, 29.

B. arcticuvi (R. Brown) B.S.G., 15.

B. argenteum Hedw., 15, 17, 29.

B. caespiticium Hedw., 15, 17, 29.

B. capillare Hedw., 15, 17, 29.

B. cyclophyUum (Schwaegr.) B. & S., 15, 17.

B. dichotomtim Dicks., 15.

B.flaccidum Brid, 41, UBC!
B. gemmiparum De Not., 15, 17.

B. lanatnmP. Beauv., 41, UBC!
B. /isflf DeNot., 15, 17.

B. rniniatwn Lesq., 15.

B. muhlenbeckii B.S.G., 17, 29.

B. ;}a//esceri.s Schleich. ex Schwaegr., 15, 17.

B. pollens Sw., 15, 17,29.

B. pseudotriquetrwn (Hedw.) Gaertn., Meyer &
Scherb., 15, 17,29.

B. stirtonii Schimp, 41, UBC!
B. torquescem B. & S., 41, UBC!
B. hir/nnafurn (Hedw.) Turn., 15, 17, 29.

B. uliginosurn (Brid.) B. & S., 15.

B. weigelii Spreng., 15, 17.

Callicladium Crum (Sematophyllaceae)

C. haldanianum (GTev.)Crmn, 15.

Calliergon (SuW.) Kindb. (Amblystegiaceae)

C. corfit/o/ium (Hedw.) Kindb., 15.

C. straminewn (Brid.) Kindb., 15.

Campyliadelphiis (Kindb.) C^hopra (Amblystegiaceae)

C. 67iny.sop/ii///u.s (Brid.) Kanda, 15, 17.

C. po/i/f^amu.s (B.S.G.) Kanda, 15.

C. stcllatus (Hedw.) Kanda, 15, 27.

Ca;n;;(//iHm (Sull.) Mitt. (Amblystegiaceae)

C. liispidulum (Brid.) Mitt., 15.

Ceratodon Brid. (Ditrichaceae)

C. conicu.v (Hampe) Lindl)., 15.

C. purpureus (Hedw.) Brid., 15, 17, 29.

C. stenocarpus B.S.G., 17.

C/ao;jof/i«m (Lescj. & James) Ren. & Card. (Thuidiaceae)

C. whippleanum (SuU.) Ren. & Card., 17.

ClimaciumWvh. & Mohr ((^liinaeeaceae)

C. americanum Brid., 17.

C. r/<'»u/r()if/('.v (Hedw.) Web. & Mohr, 15, 17.

Cunardia Robins. (Brachytheciaceae)

C. compacta (C. Muell.) Robins., 15, 17, 29.

Coscinodon Spreng. (Grimmiaceae)

C. adyptruttts (Hook.) C. Jens., 15, 17.

Cratoneuron (Sull.) Spruce (Amblystegiaceae)

C. commntatum (Hedw.) Roth, 15, 29.

C. decipiens (De Not.) Loeske, 15.

C.fUicinum (Hedw.) Spruce, 15, 17, 29.

Crossidiiim ]ur. (Pottiaceae)

C. aberrans Holz. & Bartr., 13, 15, 17, 27.

C. cra.s.sJncrie(DeNot.)Jur., 13, 15, 17.

C. squamiferum (Vir.) ]\iT. , 13, 15.

Crumia Schof. (Pottiaceae)

C. latifolia (Kindb.) Schof., 15, 29.

Desmatodon Brid. (Pottiaceae)

D. cernw«.s (Hueb. ) B. & S., 15, 17, 29.

D. conDo/ufu.s (Brid.) Grout, 15, 17.

D. glacialis Funck ex Brid., 15, 29.

D. /aft/o/n«(Hedw.) Brid., 15, 29.

D. laureriiK.F. Schultz) B. &S., 15.

D. oi>/n.si/o/iu.s' (Schwaegr.) Schimp., 15, 17.

D. plinthobius Sull. & Lesq. ex Sull., 15.

Dichelyrna Myr. (Fontinalaceae)

D. falcatum (Hedw.) Myr., 15.

Dichodontitnn Schimp. (Dicranaceae)

D. pellucidum (Hedw.) Schimp., 15.

Dicranella (C. Muell.) Schimp. (Dicranaceae)

D. schreberiana (Hedw.) Dix., 15.

Dicranodontitim B.S.G. (Dicranaceae)

D. denudatum (Britt.) Britt., 17.

Dicranoweisia Lindb. ex Milde (Dicranaceae)

D. cirrhata (Hedw.) Lindb. ex Milde, 17.

D. crispida (Hedw.) Lindb. ex Milde, 15, 17, 29.

Dicranum Hedw. (Dicranaceae)

D. muehlcnbcckii B.S.G., 17, 34.

D. rhabdocarpum Sull., 17, 34.

D. scoparium Hedw., 15, 17.

D. spadiceuin'Leti. , 15.

Didymodon Hedw. (Pottiaceae)

D./fl//a.r (Hedw.) Zand., 15.

D. rigidicauli.s (C. Muell.) K. Saito, 17, 48.

D. rigidulu.s Hedw . , 15, 17.

D. topluiceu.s (Brid.) Lisa, 15, 17, 29.

D. i)mcrt/t.v (Brid.) Zand.. 15, 17, 29.

Distichium B.S.G. (Ditrichaceae)

D. capdlaceum (Hedw.) B.S.G., 15, 17.

D. inclinatum (Hedw.) B.S.G., 15, 29.

Ditrichttm Hampe (Ditrichaceae)

D.^('.vic««/(> (Schwaegr.) Hampe, 15, 47.

Drepanodadus (C. Muell.) G. Roth (Amblystegiaceae)

D. ar/H/ir».s(Hedw.) Warnst., 15, 17, 29.

D. t'.xY;nfi;//«fi/.9 (B.S.G.) Warnst., 15.

D. j7(/i7«n.s(Hedw.) Warnst., 15, 17.

Encalypta Hedw. (Encalyptaceae)

£. ciliata Hedw., 15.

E. intcnncdia ]ur., IS.

E. rhaptorarpa Schwaegr., 15, 29.

E. vulgaris Hedw., 15, 29.

Ento-tthodon Schwaegr. (Funariaceae)

E. bolanderi Les(j., 17.

E. ;;/«»! Jromf.XN.v (Bartr.) (Irout. 15.

E. ri//;n.s<'M/.v (Bartr.) (irout, 17.

E. wigginsii Steere, 15.

Eucladium B.S.G. (Pottiaceae)

E. vci-tuillalum (Brid.) B.S.G., 15.

Eurhynrhititu B.S.G. (Brachytheciaceae)

E. tiians (Hedw) Sande Lac, 17.

E. pulchcllum {Hedw.) ]enr\., 15, 17, 29.

Eabronia Haddi (Fabroniaceae)

F. pusiUa Raddi, 27.

Fissidcns Hedw. (Fissidentaceae)

F. bryuides Hedw. , 15.
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F. cristatus Wih. ex Mitt., 17.

F. grandifrons Brid., 15, 17, 29.

F. obtusifoliiis Wih. , 15.

F. utrirfu/us (Sw.) Wahlenb., 17.

Fontinalis Hedw. (Fontinalaceae)

F. antipyretica Hedw., 15, 17, 29.

F. hypnoides Hartm., 15.

F. neomexicana Sull. & Lesq., 15.

Funaria Hedw. (Funariaceae)

F. hygrometrica Hedw., 15, 17, 29.

F. muhlenbergUTurn. , 15, 17.

Grimmia Hedw. (Grimmiaceae)

G. affinis Hoppe & Hornsch., 15, 29.

G. alpestris (Web. & Mohr) Schleich., 15, 17, 29.

G.anodonB. &S., 15, 17,29.

G. anomala Hampe ex Schinip., 15.

G. arizonae^en. &Card., 17.

G. donniana Sm., 15.

G. laevigata (Brid.) Brid., 15, 17, 29.

G. orbictdaris Bruch ex Wils., 15, 29.

G. oua/ts(Hedw.) Lindb,, 15, 17, 29.

G. plagiopoda Hedw., 15.

G. poecilostoma Card. & Seb. ex Seb., 28.

G. pulvinata (Hedw.) Sm., 15, 17, 29.

G. torquata Hornsch. ex Grev., 28, 29.

G. trichophylla Grev., 17, 28, 29.

Gymnostomurn Nees. & Hornsch. (Pottiaceae)

G. aeruginosum Sm., 15, 17, 29.

Hedwigia P. Beauv. (Hedwigiaceae)

//. ciliata (Hedw.) P. Beauv., 17.

Helodium Warnst. (Thuidiaceae)

H. blandowii (Web. & Mohr) Warnst., 15, 17, 29.

Homalothecium B.S.G. (Brachytheciaceae)

H. nevadense (Lesq.) Ren. & Card., 15, 29.

Homomallium (Schimp.) Loeske (Hypnaceae)

H. arfnafiirn (Hedw.) Broth., 17.

H. m^xtcoMMm Card., 17.

Hygrohypnum Lindb. (Amblystegiaceae)

H. bestii (Ren. & Bryhn ex Ren.) Holz. ex Broth., 15.

H. durhiscultim (De Not.) Jamieson, 20.

H. /uridum (Hedw.) Jenn., 15, 17.

H. tnolle (Hedw.) Loeske, 15, 29.

H. ochraceum (Turn, ex Wils.) Loeske, 15, 17, 29.

H. smithii (Sw.) Broth., 15, 27.

H. styriacum (Limpr.) Broth., 20.

Hymenostylium Brid. (Pottiaceae)

H. recurvirostrum {Hedw .) Dix., 15, 29.

Hyophila Brid. (Pottiaceae)

H. involuta (Hook.) ]aeg. &Sauerb., 15.

Hypntim Hedw. (Hypnaceae)

H. cupressifonne Hedw., 17.

H. lindbergii Mitt., 15, 17.

H. imponens Hedw., 17.

H. hamidosum B.S.G., 15.

H. pratense (Rabenh.) W. Koch ex Hartm., 15.

H. revolutiim (Mitt.) Lindb., 15, 17, 29.

H. vaticheri Lesq., 15, 29.

Isopterygium Mitt. (Hypnaceae)

/. pu/c/i^//urn (Hedw.) Jaeg. &Sauerb., 15.

/. mue/Zerianum (Schimp.) Jaeg., 15.

Jaffueliobrtjum Ther. (Grimmiaceae)

/. raut (Aust.)Ther. , 15.

;. u;ng/jfu (Sull.) Ther, 17, 28, 29.

Kindbergia Ochyra (Brachytheciaceae)

K. praelonga (Hedw.) Ochyra, 29.

Z^pfoforyum (B.S.G.) Wils. (Bryaceae)

L. pyn/brme (Hedw.) Wils., 15, 17, 29.

Lescuraea B.S.G. (Leskeaceae)

L. saxicola (B.S.G.) Mol. ex Lor., 15.

Leskea Hedw. (Leskeaceae)

L. gracilescens Hedw., 17.

Leskeella (Limpr.) Loeske (Leskeaceae)

L. art::onae (Williams) Flow., 15.

L. nervosa (Brid.) Loeske, 17.

Leucodon Schwaegr. (Leucodontaceae)

L. brachypus Brid., 17.

Meesia Hedw. (Meesiaceae)

M. triquetra (Richt.) Angstr. , 29.

M. uliginosa Hedw., 29.

Metaneckera Steere (Neckeraceae)

M. rnenziesii (Hook, ex Drumm.) Steere, 15.

Mielichhoferia Nees. & Hornsch. (Bryaceae)

M. macrocarpa (Hook, ex Drumm.) Bruch & Schimp.,

15.

Mnium Hedw. (Mniaceae)

M. ambiguumH. Muell., 17.

M. arizonicum Amann, 15, 17, 29.

M. blyttii B.S.G., 15.

M. 7narginatum (With.) P. Beauv., 15, 17, 29.

M. .spinulosiun B.S.G., 17.

M. thomsonii Schimp., 15.

Myurella B.S.G. (Anomodontaceae)

M. tenerrima (Brid.) Lindb., 17.

Neckera Hedw. (Neckeraceae)

N. pennata Hedw., 15.

Oncophorus (Brid.) Brid. (Dicranaceae)

O. virens (Hedw.) Brid,, 15, 17, 29.

Orthodicranum (B.S.G.) Loeske (Dicranaceae)

O. montanum (Hedw .) Loeske, 15.

O. strictum Culman. (reported as O. tauricum in 15;

see 20).

Orthotheciuin B.S.G. (Hypnaceae)

O. diminufttium (Grout) Crum, Steere & Anderson, 15.

Orthotrichum Hedw. (Orthotrichaceae)

O. fliJfin^'Brid., 15.

O. alpestre Hornsch. ex B.S.G., 15, 17, 29.

O. anomalum Hedw., 15, 17.

O. bartramii Williams, 44.

O. cupulatum Brid., 44.

O. diaphanum Brid., 44.

O. flowersii Vitt, 43.

O. hallii Sull. & Lesq. ex Sull., 15, 17, 29.

O. laevigatiim Zett., 15, 29.

O. obtusifolium Brid., 44.

O. pollens Bruch ex Brid., 15.

O. pellucidum Lindb., 17, 29, 44.

O. praemorsum Vent, ex Roell, 29, 44.

O. pumilum Sw. , 15.

O. pylaisii Brid., 44.

O. rivulare Turn., 27, 29.

O. rupestre Schleich. ex Schwaegr. , 15, 17, 29.

O. speciosum Nees, 44.

Oxystegus (Limpr.) Hilp. (Pottiaceae)

O. tenuirostre (Hook. &Tayl.) A.J.E. Smith, 15.

Paraleucobryum (Limpr.) Loeske (Dicranaceae)

P. enerve (Thed. ex C.J. Hartm.) Loeske, 15, 17.

P. sauteri (B.S.G.) Loeske, 17.

Phasciim Hedw. (Pottiaceae)

P. cuspidatum Hedw. , 15, 27.

Philonotis Brid. (Bartramiaceae)

P.fontana (Hedw.) Brid., 15, 17, 29.

P. niarchica (Hedw.) Brid., 15, 17.
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P. tomentella Mol., 15.

Physcomitrium (Brid.) Brid. (Funariaceae)

P. californicum Britt. , 15, 29.

P. hookeri Hampe, 15.

P. megalocarpum Kindb. ex Macoun, 29.

P. pijgmaeum James, 15, 29.

P. pyriforme (Hedw.) Brid., 15.

PlagiomniumT. Kop. (Mniaceae)

P. affine (Bland.) T. Kop., 15, 17, 29.

P. cuspidatum (Hedw .) T . Kop., 15, 17.

P. medium (B. & S.) T. Kop., 15, 29.

Plagiothecium B.S.G. (Plagiotheciaceae)

P denticulatum (Hedw.) B.S.G., 15, 17, 29.

Platydictya Berk. (Hypnaceae)

P. jungennanniodes (Brid.) Crum, 15.

P. minutissimttm (Sull. & Lesq. ex Sull.) Crum, 15.

Platygyrium B.S.G. (Hypnaceae)

P. fuscoluteum Card., 17.

Pleurochaete Lindb. (Pottiaceae)

P. squarrosa (Brid.) Lindb., 17.

Pohlia Hedw. (Bryaceae)

P. andalusica (Hoehn.) Broth., 38.

P. annotimi (Hedw.) Lindb., 15.

P. bolanderi (Lesq.) Broth., 38.

P. crtida (Hedw.) Lindb., 15, 17, 29.

P. drumjnondii (C. Muell.) Andr., 15, 29.

P. elongata Hedw., 15.

P. longicolla (Hedw.) Lindb., 15.

P. nutans (Hedw.) Lindb., 15, 17, 29.

P. ohtusifolia (Brid.) L. Koch, 38.

P. proligera (Kindb. ex Breidl.) Lindb. ex H. Arn., 15.

P. tundrae Shaw, 17, 37.

P. wahlenhergii (Web. & Mohr) Andr., 15, 17, 29.

Polytrichastrum G.L. Smith (Polytrichaceae)

P. a/pmu;n (Hedw.) G.L. Smith, 15, 17.

P. longisetum (Sw. ex Brid.) G.L. Smith, 15, 27.

P. /i/a/Zti (Mitt.) G.L. Smith, 15, 17, 29.

Polytrichum Hedw. (Polytrichaceae)

P. commune Hedw., 15.

P. juniperinum Hedw., 15, 17, 29.

P. piliferum Hedw., 15, 17.

Pottia (Reichenb.) Fuernr. (Pottiaceae)

P. arizonica Wareh. , 15.

P. heimii (Hedw.) Hampe, 15, 29.

P. nevadensis Card. &Ther. , 15, 29.

Pseudocrossidium WiUiams (Pottiaceae)

P. aureum (Bartr.) Zand., 17, 29, 40.

P. r<?p/tcafum (Tayl.) Zand., 17, 49.

P. rt'uo/iifjim (Brid.) Zand., 40, UBC!
Pseudoleskea B.S.G. (Leskeaceae)

P. incurvata (Hedw.) Loeske, 15, 17, 29.

P. paten.s (Lmdh.) Kindb., 15, 17, 29.

P. radicosa (Mitt.) Macoun & Kindb., 15, 17, 29.

Pseudoleskeella Kindl). (Leskeaceae)

P. catenulata (Brid. ex Schrad.) Kindl)., 17, 29.

P. tectorum (Funck ex Brid.) Kindb. ex Broth., 15,

17, 29.

Pterigynandrum Hedw. (Pterigvnandraccae)

P. filifonm' Hedw., n.
Pterygoneurum Jur. (Pottiaceae)

P. /«?w'//«/i/m(Lindl).) Jur., 15, 27.

P. ovatum (Hedw.) IDix., 15, 17, 29.

P. .siiW.v.si/r (Brid.) Jur., 15, 17.

Pylaisiella Kindb. ex Grout (Hypnaceae)

P. polyantlm (Hedw.) Grout, 17.

P. selwynii (Kindb.) Crum, Steere & Anderson, 17.

Rhacojnitritim Brid. (Grimmiaceae)

R. canc^cens (Hedw.) Brid., 15.

R. ericoides (Brid.) Brid., 15.

fi. heterostichum (Hedw.) Brid., 28.

R. sudeticum (Funck) B. & S., 17.

R/iizomrii«m (Broth.) T. Kop. (Mniaceae)

R. punctatum (Hedw.) T. Kop., 15.

Rhodobryum (Schimp.) Hampe (Bryaceae)

R. ontariense (Kindh.) Kindb., 17, 19.

Rhynchostegium B.S.G. (Brachytheciaceae)

R. riparioide.s (Hedw.) Card., 17.

R. serrulatum (Hedw.) Jaeg. & Sauerb., 17.

Rhytidiadelphus (himpr.) Warnst. (Hylocomiaceae)

R. squarro.sus (Hedw.) Warnst., 29.

R. fn'(/uefn/s (Hedw.) Warnst., 17.

Roellia Kindb. (Bryaceae)

R. roellii (Broth.) Andr. ex Crum, 15.

Saelania Lindb. (Ditrichaceae)

S. glaucescens (Hedw.) Bonmanss. & Broth., 17.

Sanionia Loeske (Amblystegiaceae)

S. uncinata (Hedw.) Loeske, 15, 17, 29.

Schistidium Brid. (Grimmiaceae)

S. agaasizii Sull. & Lesq., 15, 28.

S. apocarpi/m (Hedw.) B. &S., 15, 17, 29.

S. atrichum (C. Muell. & Kindb. ex Macoun & Kindb.)

W.A. Weber, 28.

S. dupretii (Ther.) W.A. Weber, 15, 17.

S. occidentale (Lawt.) W. A. Weber, 28.

S. pacificum in ed., 28.

S. plcityphyllum(U\ii.) Kindb., 15, 28.

S. pull imitum (Wed-w .) Brid., 28.

S. hiii/fl/T (Brid.)Podp., 15, 17.

S. strictum (Turn.) Loeske, 17, 28, 29.

Scleropodium B.S.G. (Brachytheciaceae)

S. obtusifolium (Hook.) Kindb., 15, 29.

S. touretii (Brid.) L. Koch, 15, 29.

Scorpidium (Schimp.) Limpr. (Amblystegiaceae)

S. turgescens (T. Jens.) Loeske, 15.

Scotderia Hook, in Drumm. (Scouleriaceae)

S. aquatica Hook., 8, 15.

Seligeria B.S.G. (Seligeriaceae)

S. campylopoda Kindb. ex Macoun & Kindb., 15.

Sphagmnn L. (Sphagnaceae)

S.fu.scum (Schimp.) Klinggr., 15.

S'. nemor('U7n Scop., 15.

S. recurvttm P. Beauv., 15.

S. squarro.sum Crome, 15.

S. warii.storfii Russ., 15.

Splat hiiobryumC. Muell. (Splachnaceae)

S. obtu.sum (Brid.) C. Muell, 12.

Stegonia Vent. (Pottiaceae)

S. latifoJid (Schwaegr. ex Scluiltcs)\'ent. ex Broth., 15.

Taxiphyllum Fleisch. (Hypnaceae)

T. dcplaudtuin (liruch & Schimp. ex Sull.) Fleisch., 17.

Tayloha Hook. (Splachnaceae)

T. (icumhuitd Hornsch., 15. 29.

T. froclichiana (Wvdw'.) Mitt, ex Broth., 2(i.

7'.".srrraM(Hedw.)B. &S.,29.
Tctraphi.s Hedw. (Tetraphidaceae)

7'. ])cUunda Hedw., 21.

Timniid lU-dw. (Timmiaceae)
/'. (lu.strwni Hedw., 15, 17, 29.

r. megapoUtiina Hedw., 15, 17, 29.

Tomcntliypnum Loi'ske (Brachytheciaceae)
/'. /ii7c;i.v (Hedw.) Loeske, 15.

Tortclla (Lindb.) Limpr. (Pottiaceae)
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r. /ragt/is (Drum m.) Limpr., 29.

T. tortuosa (Hedw.) Limpr., 15.

Tortilla Hedw. (Pottiaceae)

T. forcDipes (Lesq.) Broth., 15.

T. canmeruis (Mitt.) Broth., 15, 17, 29.

T. /ragt/jsTayl., 17.

T. inermis (Brid.) Mont., 15, 17. 27.

T. intermedia (Brid.) De Not., 15, 17.

T. rnucronifolia Schwaegr. , 15, 17.

T. muralis Hedw., 15.

T. norvegica (Web.) Wahlenb. ex Lindb., 15, 29.

T. obtusissima (C. Muell.) Mitt., 17, 29.

T. pagorum (Milde) De Not., 12.

T. papillosa Wils., 17.

T. papillosissima (Copp.) Broth., 15, 29.

T. princeps De Not. , 15, 29.

T. ruralifortnis (Besch.) Dix., 15.

T. ruralis (Hedw.) Gaertn., Meyer & Scherb., 15,

17, 29.

Trichostomum Bruch (Pottiaceae)

T. crispulum Bruch, 42.

Weissia Hedw. (Pottiaceae)

W. condensa (Voit.) Lindb., 15, 17, 42.

W. controversa Hedw., 15, 17, 29.

W. ligulaefolia (Bartr.) Grout, 15, 42.

W. occidentalis (Flow.) Stoneb., 15, 42.

Zygodon Hook. & Tayl. (orthotrichaceae)

Z. viridissimiis (Dicks.) Brid., 21.

Below is a list of species in the Intermoun-

tain West that Zander (1979) considers to be

varieties of the polymorphic Didymodon rig-

idtdus SLud D . vinealis. Many other bryologists

consider them to be species.

D. brachtjphyllus (SuW.) Zander (= D. vinealis)

D. acu(u.s (Brid.) K. Saito(= D. rigidulus)

D. insulanus (De Not) M. Hill (= D. vinealis)

D. luridus Hornsch. ex Spreng. (= D. vinealis)

D. mexicanus var. suhulatus Ther. & Bartr. ex Bartr.

(= D. rigidulus)

List of Synonyms

The following list indicates name changes

that have occurred between the publication of

Lawton (1958), Haring (1961), and Flowers

(1973) and the present. In each case the syn-

onym is on the left and the presently accepted

name is on the right.

Aloina pilifera = A. bifrons

Amblystegium ainericanum = Conardia compacta
Amblystegium compactum = Conardia compacta
A.juratzkanum = A. serpens

A. kochii = A. trichopodium

Astomum occidentale = Weissia occidentalis

Barbida acuta = Didymodon rigidulus

B. bescherellei = Didymodon rigidicaidis

B. cruegeri = B. indica

B. cylindrica = Didymodon vinealis

B.fallax = Didymodon fallax

B. rejlexa = Didymodon fallax

B. spiralis = Pseudocrossidium replicatum

B. vinealis = Didymodon vinealis

Brachytheciumflagellare = B. plumosum
B. lamprochryseum = B.frigidum
B. petrophilum = B. velutinum

B. suberythrorrhizon = B. velutinum

B. utahense = B.fendleri

Bryum angustirete = B. algovicum

B. bicolor = B. dichotoinum

B. cirrhatum = B. pallescens

B. creberrimum = B. lisae

B. cuspidatum = B. lisae

B. inclinatum = B. amblyodon
B. lonchocaulon = B. lisae

B. pendulum = B. algovicum

B. sandbergii = Boellia roellii

B. stenotrichum = B. amblyodon
B. tortifolium = B. cyclophyllum

Calliergon turgescens = Scorpidium t.

Campylium chrysophyllum = Campyliadelphus c.

C. polygamum = Campyliadelphus p.

C. stellatum = Campyliadelphus s.

Chamberlainia acuminata = Brachythecium a.

Cratoneuronfalcatum = C. commutatum
Crossidium desertorum = C. crassinerve

C. griseum = C. squamiferum
Dicranum montanum = Orthodicranum m.

Didymodon mexicanus = D. rigidulus

D. recurvirostris = Bryoerythrophyllum r.

D. trifarius = excluded

Drepanocladus uncinatus = Sanionia u.

Eurhynchium diversifolium = E. pulchellum

E. stokesii = Kindbergia praelonga

E. substrigosum = E. pulchellum

Fissedens limbatus = F. bryoides

Grimmia agassizii = Schistidium a.

G. alpicola = Schistidium rivulare

G. a. var. latifolia = Schistidium platyphyllum

G. apocarpa = Schistidium apocarpum
G. a. var. ambigua = Schistidium apocarpum
G. a. var. atrofusca = Schistidium apocarpum
G. a. var. conferta = Schistidium apocarpum
G. a. var. gracilis = Schistidium strictum

G. atricha = Schistidium atrichum

G. calyptratus = Coscinodon c.

G. commutata = G. ovalis

G. decipiens = excluded

G. dupretii = Schistidium d.

G.flaccida = Schistidium pulvinatum

G. montana = G. alpestris

G. raui = Jaffueliobryum r.

G. tenerrima = G. alpestris

G. wrightii = Jaffueliobryum w.

Gymnostomum recurvirostrum = Hymenostylium r.

Husnotiella pringlei = Didymodon tophaceus

Hygroamblystegiiim fluviatile = Amblystegiumf
H. irriguum = Amblystegium tenax

H. orthocladon = Amblystegium tenax

Hypnum haldanianum = Callicladium h.

Leptodictyon riparium = Amblystegium r.

L. trichpodium = Amblystegium t.

Lescuraea incurvata = Pseudoleskea i.

L. patens = Pseudoleskea p.

L. radicosa = Pseudoleskea r.

Leskea cyrtophylla = Pseudoleskeella tectorum

L. nervosa = Leskeella n.

L. tectorum = Pseudoleskeella t.

Leskea williamsii = Pseudoleskeella tectorum
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Leskeella tectorum = Psetidoleskeella t.

Merceya latifolia = Crumia I.

Mniumaffine = Plagiomnium a

.

M. cuspidatum = Plagiomnium c.

M. lycopodioides = M. amhiguum
M. medium = Plagiomnium m.

M. orthorhijnchum = Mnium thomsonii

M. punctatum = Rhizomnium p.

M. serratum = M. marginatum

Neckera menziesii = Metaneckera m.

N. neomexicana = Metaneckera menziesii

Oncophorus gracilescens = excluded

Orthotrichum garrettii = O. diaphanum
O.jamesianum = O. pellucidum

O. lescurii = O. strangulatum (excluded)

O. TTiacounii = O. laevigatum

O. strangulatum = excluded

O. texanmri = O. rupestre

Plagiothecium deplanatum = TaxiphijUum d.

P. muellerianum = Isoptenjgium m.

P. pulchellum = Isopterygium p.

Pogonatum alpinum = Polytrichastrum alpin-um

Pohlia annotina var. decipiens = P. tundrae

Pohlia rothii = P. filum

Polytrichadelphus lyallii = Polytrichastrum lyallii

Polytrichum gracile = Polytrichastrum longisetum

Porotrichum neoinexicanum = Metaneckera menziesii

Pottia latifolia = Stegonia I.

Pseudoleskea arizonae = Leskeella a.

P. atrovirens = P. patens

P. oligoclada = P. incurvata

Rhodobryum roseum = R. ontariense

Scleropodium illecebrum = S. tourettii

Scopelophila latifolia = Crumia I.

Sphagnum capillaceum = S. nemoreum
Thuidium abietinum = Abietinella a

.

T. microphyllum = Bryohaplocladium m.

Timmia havarica ^ T. megapolitana var. h.

Tortella nitida = excluded

Tortulaaurea =' Pseudocrossidiuma.

Tortula bistratosa = T. caninervis

Trichostomum tenuirostre ^ Oxystegus t.

Weissia andrewsii W. controversa

W. glauca = W. andersoniana (excluded)

W. perligidata =-- Trichostomum crispulum

W. sweetii ^ Trichostomum crispulum

W. tortilis W. condensa
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VEGETATION CHARACTERISTICS OF MOUNTAINOUS
NORTHEASTERN NEVADA SAGEBRUSH COMMUNITY TYPES

M. E. Jensen', L. S. Peck", and M. V. Wilson^

Abstract—Vegetation characteristics of 15 sagebrush community types identified on the Humboldt National

Forest, northeastern Nevada, are described. A total of218 plant species were found over the 372 relatively undisturbed

rangeland communities sampled. The dominant plant families encountered were the Asteraceae (45 taxa), Poaceae (32

taxa), Scrophulariaceae (14 taxa), and the Fabaceae (12 taxa). Average annual dry weight production of the community
types ranged from about 400 kg/ha/yr on types with Artemisia nova as the dominant sagebrush species to 1,200 kg/ha/yr

on some A. tridentata ssp. vaseyana community types. A general increase in species richness and vegetation plus litter

ground cover was observed within community types as the dominant sagebrush species changed from A. nova to A.

arbuscula to A. longiloba to A. tridentata spp. tridentata to A. tridentata ssp. vaseyana. Major differences in plant

species production and constancy exist between the sagebrush community types studied.

Sagebrush-dominated plant communities
are ubiquitous throughout Nevada. The
mountainous areas of the state characteristi-

cally support various shrub species of the

genus Artemisia and subgenus Tridentatae.

These species are commonly used to differen-

tiate vegetation groupings in rangeland classi-

fication because of their environmental indi-

cator values (Winward 1983). Habitat types,

which utilize Artemisia species in the naming
of classification groups, have been developed
for a variety of western rangelands (Hironaka

et al. 1983, Mueggler and Stewart 1980,

Zamora and Tueller 1973). Limited data exist,

however, for the higher-elevation, sagebrush

{Artemisia spp.)—dominated rangelands of

Nevada.

A study of rangeland communities of the

Humboldt National Forest, northeastern Ne-
vada, produced a needed sagebrush commu-
nity type classification of these Great Basin

plant communities (Jensen et al. 1988). The

objective of this paper is to provide vegeta-

tion characterizations for those community
types. Such information is required if knowl-

edgeable management of Nevada's rangeland

resources is to be made.

Study Area and Methods

The Humboldt National Forest comprises

approximately 1 million ha within eight

mountain ranges of northeastern Nevada
(Fig. 1). The forest is characteristic of higher-

elevation rangelands of the Great Basin in the

semiarid climatic zone. Elevation ranges from

1,800 to 3, 100 m, and average annual precipi-

tation is about 33 cm. General plant associa-

tion zones of the forest range from saltbush

{Atriplex spp.) at the lowest elevations to Utah
juniper (Juniperus osteosperma), pinyon pine

iPinus monophylla ), mountain mahogany (Ce-

rocarpus ledifolius), quaking aspen (Populus

tremuloides), white fir (Abies concolor) to

U.S. Forest Service, Regional Office, Northern Region, Missoula, Montana 59807.

Herbarium, University of Nevada at Reno, Reno, Nevada 89506.

Department of Botany, Oregon State University, Corvallis. Oregon 97331.
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Fig. I. The Humboldt National Forest of northeastern Nevada.
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Table 1. List of sagebrush community types and abbreviated codes referred to in the text.

Abbreviated code Community type

ARNO/ATCO/SIHY
ARNO/ORHY
arno/agsp
arar/agsp
arar/feid/posa
arar/feid
ARLO/FEID
ARWYO/SIHY
ARWYO/POSA
ARWYO/AGSP
ARTR/AGSP
ARTR/FEID
ARVA/AGSP
ARVA/FEID
ARVA/ELCI
ARVA/SYOR/AGSP
ARVA/SYOR/BRCA

Artemisia nova/Atriplexconfertifolia/Sitanion hystrix

A. nova/Oryzopsis hymenoides

A. novalAgropyron spicatum

A. arhusculalAgropyron spicatum

A. arbuscula/Festuca idahoensis/Poa sandbergii

A. arbuscula/Festuca idahoensis

A . longiloba/Festuca idahoensis

A. tridentata ssp. wyomingensis/Sitanion hystrix

A. tridentata ssp. wyomingensis/Poa sandbergii

A. tridentata ssp. wyomingensisiAgropyron spicatum

A. tridentata ssp. tridentata!Agropyron spicatum

A. tridentata ssp. tridentata!Festuca idahoensis

A. tridentata ssp. vaseyana!Agropyron spicatum

A. tridentata ssp. vaseyana!Festuca idahoensis

A. tridentata ssp. vaseyana!Elymus cinereus

A. t. ssp. vaseyana!Symphoricarpos oreophilusiAgropyron spicatum

A. t. ssp. vaseyana!Symphoricarpos oreophilus!Bromus carinatus

bristlecone pine {Finns aristata) with increas-

ing elevation. Various sagebrush {Artemisia

spp.)—dominated communities also occur

along this elevation gradient. They comprise

approximately 70% of the forest.

A total of 372 sagebrush communities were
sampled throughout the forest between 1983

and 1986. Site selection was based on "sub-

jective sampling without preconceived bias"

as described by Mueller-Dombois and Ellen-

berg (1974), with relatively undisturbed sites

sampled to document the late serai or climax

community expressions present. Sampling

was performed on modal soil polypedons that

supported a representative plant community
for an area. Most of the communities sampled

meet the criteria of a potential natural com-

munity for an ecological site as defined by the

RISC committee (RISC 1983).

The vegetation and soil sampling methods
employed have been described previously

(Jensen et al. 1988). Sampling was conducted

within a 232-m^ macroplot located to repre-

sent average vegetation and soil conditions

present. The following parameters (Cook and

Stubbendieck 1986) were measured to charac-

terize the vegetation at a site: annual produc-

tion by plant species was recorded within ten

2.9-m^ circular microplots (weight estimate

method), rooted frequency and ocular canopy
cover by plant species were recorded within

twenty-five 25 X 50-cm quadrats, shrub spe-

cies canopy cover was recorded beneath five

15.2-m line transects (line intercept method),

and shrub species density by age class was
recorded within five 15.2 x 0.9-m belts.

Cover estimates were obtained for important

soil surface parameters (e.g., bare soil, rock,

litter) by a point cover method.

Soil descriptions were made within all

macroplots utilizing standard pedon descrip-

tion methods (USDA 1975). Soils were de-

scribed to a depth of 1.5 m or to a shallower

depth if a restrictive layer was present. This

facilitated classification of soils to the family

level of soil taxonomy. Statistical analyses

utilized programs contained in the Statisti-

cal Package for the Social Sciences (Norusis

1985).

Results and Discussion

A total of 218 plant species were found

within the 372 rangeland sites sampled. The
graminoids were represented by 35 species

belonging to 4 families, the shrubs by 39 spe-

cies belonging to 13 families, and the forbs by

140 species belonging to 31 families. Tree

species were present in minor amounts on

some sites with 4 species described. The dom-
inant plant families encountered were the As-

teraceae (45 taxa), Poaceae (32 taxa), Scrophu-

lariaceae (14 taxa), and Fabaceae (12 taxa).

A total of 17 sagebrush community types

(Table 1) were identified through TWIN-
SPAN analysis of production data (Jensen

et al. 1988). Abbreviations used to designate

these communities hereafter are explained in

Table 1. Generalized site characteristics for 15

of the community types are presented in

Table 2. The ARWYO/POSA and ARWYO/
AGSP community types presented in Table 1
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Table 2. Listing of the major sagebrush community types of the Humboldt National Forest with general site

characterizations provided.
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Table 3. Average production composition and percent constancy of graminoid species within various sagebrush

community types. The production composition values represent the average percentage of the total biomass that a

species represents when it occurs within a community type.
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Table 4. Average production composition and percent constancy of shrub species within various sagebrush
community types. The production composition vakies represent the average percentage of the total biomass that a

species represents when it occurs within a community type.
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Table 4. Continued.
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Table 5. Average production composition and percent constancy of forb species within various sagebrush commu-
nity types. The production composition values represent the average percentage of the total biomass that a species

represents when it occurs within a community type.
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Table 5. Continued.
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Table 5. Continued.

Family Taxa
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Table 6. A comparison ofannual grass, forb, and shrub production by sagebrush community type.

Community Type
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Table 8. Comparison of shrub density and age class relationships by sagebrush community type.
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A SAGEBRUSH COMMUNITY TYPE CLASSIFICATION FOR
MOUNTAINOUS NORTHEASTERN NEVADA RANGELANDS

M. E. Jensen', L. S. Peck", and M. V. Wilson^

Abstract.—A synecological study of sagebrush-dominated rangelands was conducted on the Humboldt National

Forest, northeastern Nevada, between 1983 and 1986. A total of372 relatively undisturbed sites were sampled for both

vegetation and soil parameters, with 35 grass, 39 shrub, and 140 forb species identified. Plant species production data

were used to develop a hierarchical, floristic-based community type classification with TVVINSPAN. Seventeen

sagebrush community types were identified in this analysis and named by their dominant shrub and grass species. The
dominant sagebrush species of the community types are Artemisia tridentata ssp. vaseijana (5 community types), A.

tridentata ssp. wyomingensis (3 community types), A. tridentata ssp. tridentata (2 commi-nity types), A. arbuscula (3

community types), A. nova (3 community types), and A. longiloba (1 community type). Multivariate analysis revealed

that all community types contain significantly different plant species compositions. Shrub species are more effective in

discriminating between community types than grass species, which, in turn, are more effective than forb species.

One approach toward rangeland plant com-
munity description in the Great Basin is the

identification of habitat types (Daubenmire

1952, 1968). Habitat typing, which has tradi-

tionally been used in forest environments

(Hoffman and Alexander 1976, Pfister et al.

1977), is being used increasingly to character-

ize rangelands [e.g., Zamora and Tueller

(1973) in Nevada, Hironaka et al. (1983) in

Idaho, and Mueggler and Stewart (1980) in

Montana]. In this approach, climax plant com-
munities are used as environmental integra-

tors that permit the identification of environ-

ments (habitats) with similar biotic potentials

throughout the landscape (Mueggler and

Stewart 1980). Environments with the same
potential to support a given climax plant com-
munity are classified within the same habitat

type, regardless of current successional

status. The application of habitat typing to

western rangelands can present problems,

however, due primarily to disturbance and
the resulting lack of reference climax plant

communities on the landscape.

Other approaches to rangeland plant com-
munity description include the range-site

method commonly used by the USDA Soil

Conservation Service, and the ecological-site

method, which recently has been proposed as

an alternative to range site or habitat type in

identifying the basic unit of rangeland classifi-

cation (RISC 1983). Much disagreement still

exists as to what type ofclassification approach

should be used in describing rangeland plant

communities (Anderson 1983, Dyksterhuis

1983 and 1985, Daubenmire 1984, Hoffman

1985, Hall 1985).

Komarkova (1983) compared the habitat

type approach to other methods of vegetation

classification. She concluded that vegeta-

tion classifications resulting from the habitat-

type approach tend to be very similar to those

obtained from floristic-based methods. Ko-

markova also stressed that vegetation should

be described first in terms of floristic relation-

ships, without undue concern for successional

status in developing initial floristic classifica-

tions for an area. This basic philosophy was

followed in this study.

Little quantitative information exists con-

cerning the mountainous rangeland plant

communities of northeastern Nevada. Even
less information is available for successional

processes operable in such communities.

Continued use of these lands by livestock,

mineral, wildlife, and watershed interest

groups dictates that plant community classifi-

cations be developed by land management
agencies, even though a universal acceptable

method for rangeland classification is not

available. Such classifications are required

if consistent assessments of the landscape's

potential for management are to be made.

U.S. Forest Service. Regional Oflice, Northern Region. Missoula. Montana o9807

Herbarium, University of Nevada al Reno, Reno, Nevada 89.506.

Department of Botany, Oregon State University, Corv'allis, Oregon 97331.
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The goal of this paper is to present a range-

land plant community classification for the

Humboldt National Forest of northeastern

Nevada. The classification groupings pre-

sented are referred to as community types, in

that they are based upon floristic similarities

in both the overstory and undergrowth layers

present at a given site. These groupings are,

however, approximately equivalent to the

potential natural communities ofan ecological

site (RISC 1983) since they represent vege-

tation associations that are in dynamic equi-

librium with current environmental condi-

tions. This classification provides land man-
agers with a communication tool that will

improve their ability to describe an area's

land-based potentials.

Study Area and Methods

The study was conducted in the years

1983-1986 on the eight mountain ranges of

the Humboldt National Forest, northeastern

Nevada (Fig. 1). The study area is charac-

teristic of higher-elevation rangelands of the

Great Basin having semiarid climates. Eleva-

tion ranges between 1,800 m and 3,100 m,
and average annual precipitation is approxi-

mately 33 cm.

A total of372 rangeland sites were sampled
to correlate soils to plant community types in

an order 3 soil survey ofthe forest, in coopera-

tion with National Cooperative Soil Surveys.

Site selection was based on "subjective sam-

pling without preconceived bias" as described

by Mueller-Dombois and Ellenberg (1974).

Reconnaissance of an area was made prior to

site selection to inspect for the dominant soil

families and sagebrush species present. Sam-
ples were taken on dominant soil polypedons
that supported an apparently representative

plant community for an area. This approach

minimized the number of environmental eco-

tones described through avoidance of inclu-

sions of dissimilar soils within a soil map unit.

Relatively undisturbed sites were sampled,

with areas ofobvious disturbance (e.g. , recent

burn, heavy livestock use, compaction) being

omitted. The vegetation communities de-

scribed were the best expressions of late

serai or climax plant community develop-

ment present in the study area.

Sampling at each site was conducted within

a 323-m macroplot located to represent aver-

age vegetation and soil conditions. Annual

biomass production was determined by plant

species in ten 2.93-m" circular microplots

located randomly in the macroplot. A weight-

estimate method was used to determine plant

species production, with two microplots

being clipped at each site and cover estimates

of production taken in the remaining micro-

plots (Pechanec and Pickford 1937). Green
weight production estimates were converted

to dry weight values through use of conver-

sion factors routinely used by Intermountain

Region, U.S. Forest Service range personnel

(USDA 1969).

Shrub species canopy cover was measured
by the line intercept method (Canfield 1941)

beneath five 15.2-m line transects. Transects

were located randomly within the macroplot

along the slope contour. Density of shrub spe-

cies by age-class grouping was recorded by
counting the total number of shrubs rooted

within a 0.91-m belt oriented parallel to each

line transect. Rooted frequency (Hyder et al.

1963) and ocular canopy cover estimates were
obtained within five 25 X 50-cm quadrats lo-

cated at 2.5-m intervals along each line tran-

sect. A total of 25 quadrats were measured
within a macroplot. Cover assessments of soil

surface parameters (e.g., bare soil, litter,

gravel) were derived from sampling of five

fixed points within each 25 X 50-cm quadrat.

The majority of plants were identifiable

to the species level during the period of

field sampling. Specimens of unknowTi

plant species were collected for taxonomic

verification. Sagebrush species and subspe-

cies were identified using morphological char-

acteristics (Winward 1980), with simple chro-

matographic tests based upon fluorescence

in alcohol performed as a check on such classi-

fications (Stevens and McArthur 1974). Taxo-

nomic nomenclature follows Cronquist et al.

(1984).

Soil descriptions were made within all

macroplots using standard pedon description

methods that facilitated classification to the

family level of soil taxonomy (USDA 1975).

Soils were described to a depth of 1. 5 m or to a

shallower depth if a restrictive layer was

present (e.g. , duripan, paralithic or lithic con-

tact). Composite samples were collected for

chemical analysis at each pedon at depths of

0-15 and 40-60 cm. Generalized site charac-

terizations were made at each macroplot to

indicate the geomorphic features present.
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Table 1. Listing ofdominant and indicator plant species found over the sagebrush communities studied.

Grasses Shrubs FORBS

Agropyron spicatum

Agropijron trachijcaulum

Bromus carinatus

Bromus inennis

Bromus tectorum

Carex spp.

Elymtis cinereus

Festuca idahoensis

Koelaria cristata

Oryzopsis hyinenoides

Poa ampla

Poa fendleriana

Poa nevadensis

Poa pratensis

Poa sandhergii

Sitanion hystrix

Stipa Columbiana

Stipa comata

Stipa lettermanii

Stipa thruberiana

Ainelanchier ahiifolia

Artemisia arbuscula

A rtemisia frigida

Artemisia longiloba

Artemisia nova

Artemisia tridentata ssp. tridentata

Artemisia tridentata ssp. vaseyana

Artemisia tridentata ssp. wyomingensis

Atriplex confertifolia

Chrysothamnus nauseosus

Chrysothamnus viscidiflorus

Cowania mexicana

Ephedra nevadensis

Primus virginiana var. melanocarpa

Purshia tridentata

Symphoricarpos oreophilus

Achillea millefolium

Agoseris glauca

Agastache urticifolia

Arabis holboellii

Arenaira kingii

Astragalus calycosus

Astragalus purshii

Aster scopulorum

Balsamorhiza sagittata

Castilleja chromosa

Commandra pallida

Crepis acuminata

Delphinium andersonii

Epilobium angustifolium

Erigeron argenteus

Eriogonum heracleoides

Eriogonum microthecum

Euphorbia albomorginata

Frasera speciosa

Geraniumfremontii
Geranium viscosissimuin

Geum triflorum

Halogeton glomeratus

Hackelia patens

Heliomeris multiflora

Helianthella uniflora

Hydrophyllum capitatum

Linum perenne

Lomatium dissectum

Lupinus argenteus

Lupinus caudatus

Mahonia repens

Mertensia obliogifolia

Opuntia pohjacantha

Orobanche californica

Pedicularis centranthera

Penstemon watsonii

Phlox hoodii

Phlox longifolia

Senecio integerrimus

Senecio multilobatus

Seduni stenopetalum

Wyethia amplexicaulis

S tella riajamesiana

Two-Way Indicator Species Analysis,

TWINSPAN (Hill 1979, Hill and Gauch
1980), was used to develop community type

classifications for the sagebrush communi-
ties sampled. This is a polythetic, divisive,

hierarchical classification technique similar to

the Braun-Blanquet classification method in

its emphasis on indicator species and produc-

tion ofan arranged species-sample data matrix

(Gauch 1982).

All sites and species were included in initial

TWINSPAN analyses utilizing, in turn, vege-

tation frequency, cover, and production

attributes. Samples were tentatively assigned

to a community type based upon their TWIN-
SPAN cluster assignment. Each sample was

then inspected to see if it contained abun-

dances of indicator plant species similar to

those contained by other samples in its as-

signed community type. Samples displaying

low similarity to other samples in their com-
munity type were reassigned to a different

community type when appropriate. A few

samples were omitted from analysis since they

displayed little similarity to other samples.

The TWINSPAN analyses based upon fre-

quency, cover, and production attributes pro-

duced similar arranged data matrices and in-

dicator species lists. The analysis based upon
production attributes yielded the clearest ag-

gregation of samples into community types

and was used to produce the final community
type classification.

Phases of community types were deter-

mined through similar TWINSPAN analyses

of each community type subset. Phases were
described for community types displaying

floristically dissimilar subgroupings that

could be related to major differences in

soil properties.

DECORANA (Hill 1979) was used to ordi-

nate the plant species and samples of the

TWINSPAN analysis to facilitate determina-

tion of environmental gradients that influence

the distribution of community types. Multi-

variate analysis programs of SPSS (Norusis

1985) detected differences in overall vegeta-

tion composition between community types

and determined which plant species were
most effective in discriminating between
community types.

Results

A total of 218 plant species were found

within the 372 rangeland sites sampled. The
graminoids were represented by 35 species,

the shrubs by 39 species, and the forbs by 140

species. Tree species were present in minor

amounts on some sites with four species

described. A listing of the major plant spe-

cies present is provided in Table 1.
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Table 2. List of sagebrush community types and abbreviated codes referred to in the text.

Abbreviated code Community type

ARNO/ATCO/SIHY
ARNO/ORHY
ARNO/AGSP
ARAR/AGSP
ARAR/FEID/POSA
ARAR/FEID
ARLO/FEID
ARWYO/SIHY
ARWYO/POSA
ARWYO/AGSP
ARTR/AGSP
ARTR/FEID
ARVA/AGSP
ARVA/FEID
ARVA/ELCI
ARVA/SYOR/AGSP
ARVA/SYOR/BRCA

Artemisia novalAtriplex confertifolia/Sitanion hystrix

A. novalOryzopsis hymenoides

A. novalAgropyron spicatum

A. arbusculalAgropyron spicatum

A. arhuscula/Festuca idahoensislPoa sandbergii

A. arbusctda/Festuca idahoensis

A. longiloba/Festuca idahoensis

A. tridentata ssp. ivyomingensislSitanion hystrix

A. tridentata ssp. ivyomingensislPoa sandbergii

A. tridentata ssp. wyomingensisiAgropyron spicatum

A. tridentata ssp. tridentatalAgropyron spicatum

A. tridentata ssp. tridentatalFestuca idahoensis

A. tridentata ssp. vaseyana/Agropyron spicatum

A. tridentata ssp. vaseyana/Festuca idahoensis

A. tridentata ssp. vaseyana/Ehjmus cinereus

A. t. ssp. vaseyana!Symphoricarpos oreophihislAgropyron spicatum

A. t. .s.sp. vaseyana/Symphoricarpos oreophdus/Bromus carinatus

TWINSPAN classification based upon plant

species production over all samples resulted

in the identification of 15 sagebrush commu-
nity types and 1 wet meadow complex (Fig. 1).

Sagebrush community type names were

derived by denoting the dominant shrub and

grass species characteristic ofeach type (Table

2). Abbreviations for community names ap-

pear in Table 2. In all cases, such grass and

shrub species were idenitified in the TWIN-
SPAN analysis as being the principal indicator

plant species for their respective community

types. Forb species generally were not effec-

tive in separating community types, except

at the phase level. Vegetation characteristics

of these community types are discussed by

Jensen et al. (1988).

The classification dendrogram developed

from the TWINSPAN analysis of production

shows the successive division of the data into

more homogenous vegetation classification

groupings (Fig. 2). The first TWINSPAN clas-

sification division separated most of the tall

sagebrush communities (e.g., ARVA/AGSP,
ARVA/FEID, ARTR/AGSP) from the low

sagebrush communities (e.g., ARAR/AGSP,
ARNO/ORHY). At the second classification

division, the low sagebrush communities

were split primarily into groupings that had

Artemisia arhuscula or A. nova as the domi-

nant shrub species. The tall sagebrush-

dominated grouping was divided into a wet

meadow community type and various sage-

brush communities. The division process was

continued until a given grouping displayed a

dominant shrub and codominant grass species

and a reasonable consistency of secondary

species; that is, until a sagebrush community

type was obtained.

TWINSPAN was effective in displaying

apparent community types within the sage-

brush communities sampled. It does not,

however, indicate whether such community

types differ significantly in their vegetation

composition. Many studies in plant commu-
nity classification utilize various ordination or

clustering techinques to define plant commu-
nities and habitat types (Hironaka et al. 1983,

Marks and Harcombe 1981, Mueggler and

Stewart 1980, Youngblood et al. 1985); yet

rarely are such classification groupings tested

for significance (Strauss 1982). The TWIN-
SPAN-generated classification produced sage-

brush conunimity types that are significantly

different from each other in overall vegetation

composition (Table 3). Community types dis-

playing large separations in the TAVINSPAN
classification dendrogram (Fig. 2) tend to

show high F ratios in this analysis.

A variety of plant species are effective in

discriminating i)ctween the sagebrush com-

miuiity types (Table 4). The plant species pre-

sented in this table are also the primary indi-

cator species of the TWINSPAN analyses.

These results suggest that shrub and grass

species tend to have greater significance than

forb species in determining plant connnunity

types for the rangelands studied.

A key to the sagebrush community types is

presented in Table 5. The indicator species
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4-

6-

Wet ARTR ARLO ARAR ARTR ARVA ARVA ARVA ARVA ARVA ARAR ARAR ARNO ARNO ARNOARWYO
MeadowAGSPFEID FEID FEID FEID ELCISYORSYORAGSPAGSPFEIDAGSPORHYATCO SIHY

BRCA AGSP POSA

Community Types

Fig. 2. TWINSPAN classification dendrogram of the sagebrush community types.

Table 3. Multivariate F ratios testing the hypothesis that pairs of sagebrush community types differ in their average

vegetation composition.
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Table 4. Listing of the 30 most useful plant species

in discriminating between the sagebrush communities

studied.

Order of
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Table 5. Continued. Table 5. Continued.

8(6). Artemisia tridentata spp. tridentata is the domi-

nant sagebrush species 9

— Artemisia tridentata spp. tridentata is not the

dominant sagebrush species 10

9(8). Agropyron spicatum is the dominant grass.

Bromus tectorum is conspicuously present and

may replace A. spicatum in dominance on some
sites Artemisia tridentata/Agropyron

spicatiun c.t.

— Festnca idahoensis is the dominant grass. Agro-

pyron spicatum is present in varying amounts

Artemisia tridentata/Festuca idahoensis c.t.

10(8). Arteinisia tridentata spp. vaseyana is the domi-

nant sagebrush species. Symphoricarpos ore-

ophilus is usually absent, or, if present, it does

not contribute significantly to the shrub compo-
nent (i.e., less than 3% canopy cover) 11

— Artemisia tridentata spp. vaseyana is the domi-

nant sagebrush species. Symphoricarpos ore-

ophilus is conspicuously present, or, if lacking,

Amelanchier ahiifoUa is usally present 12

11(10). Agropyron spicatum is the dominant grass.

Poafendleriana and Poa sandhergii are conspic-

uously present and may share dominance with

A. spicatum on some sites. Festnca idahoensis is

usually absent, or, if present, it occurs in trace

amounts. Purshia tridentata is commonly
present in varying amounts

Artemisia vaseyana/Agropyron spicatum c.t.

(1). Purshia tridentata is absent, or, ifpresent, it

occurs in trace amounts. Poa fendleriana

shares dominance with Agropyron spicatum

on most sites Poa fendleriana phase

(2). Purshia tridentata is conspicuously present,

usually with canopy cover greater than 5%.
Poa fendleriatm shares dominance with

Agropyron spicatum on most sites

Purshia tridentata phase

(3). Purshia tridentata is commonly present,

usually with canopy cover greater than

3%. Poa fendleriana is absent, or, if pres-

ent, it occurs in trace amounts. Bal-

samorhiza sagittata is the dominant forb on
most sites Balsamorhiza sagittata phase

— Festuca idahoensis is the dominant grass. Agro-
pyron spicatum is commonly present, in varying

amounts. Purshia tridentata is usually absent

Artemisia vaseyana/Festuca idahoensis c.t.

(1). Purshia tridentata is usually absent, or, if

present, it occurs in trace amounts. Lupinus
caudatus is commonly the dominant forb

species. Lupinus argenteus is usually ab-

sent, or, if present, it occurs in trace

amounts Lupinus caudatus phase

(2). Purshia tridentata is usually absent, or, if

present, it occurs in trace amounts. Lupinus
argenteus is commonly the dominant forb

species. Lupinus caudatus is usually absent,

or, if present, it occurs in trace amounts
Lupinus argenteus phase

(3). Purshia tridentata is commonly present,

usually with canopy cover greater than 5%.
Lupinus species are not dominant forb com-
ponents on most sites

Purshia tridentata phase

— Elymus cinereus is the dominant grass. Forb
species are generally abundant, with Bal-

samorhiza .sagittata and Wyethia amplexicaulis

sharing dominance with E. cinereus on some
sites Artemisia vaseyana/Elymus cinereus c.t.

12(10). Artemisia tridentata spp. vaseyana is the

dominant sagebrush species. Symphoricarpos

oreophilus is conspicuously present, usually

with canopy cover greater than 3%. Bal-

samorhiza sagittata is commonly present, in

varying amounts 13

13(12). Agropyron spicatum is the dominant grass

with Poa fendleriana conspicuously present.

Festuca idahoensis may replace A. spicatum in

dominance on some sites. Grass species occur in

higher abundance than forb species on most
sites Artemisia vaseyana/Symphoricarpos

oreophilus/Agropyron spicatum c.t.

— Bromus carinatus is the dominant grass. Fes-

tuca idahoensis, Agropyron trachycauhnn, and
Elymus cinereus are conspicuously present and
may replace B. carinatus in dominance on some
sites. Forb species occur with the same abun-

dance as grasses on most sites

Artemisia vaseyanna/Symphoricarpos

oreophilus/Bromus carinatus c.t.

(1). Grass species occur in equal or higher abun-

dance than forb species on most sites.

Agropyron trachycaulum is commonly the

dominant grass species present. Geranium
viscosissimum is usually absent, or, if

present, it occurs in trace amounts

Agropyron trachtjcaulum phase

(2). Forb species occur in greater abundance
than grass species on most sites. Geranium
viscosissimum is commonly the dominant

forb species present

Geranium visco.si.ssimuTn phase

in community types dominated by A. triden-

tata ssp. tridentata and A. tridentata ssp.

vaseyana.

Environmental gradients that influence

community type distribution are evident in

the ordination of average community type

scores along two DECORANA axes (Fig. 3).

The transition from community types domi-

nated by A. tridentata ssp. vaseyana to A.

tridentata ssp. tridentata, A. arbuscula, and
A. nova displayed along axis 1 is considered

to represent a gradient of decreasing soil
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Table 6. Listing of the major sagebrush community types of the Humboldt National Forest with general site

characterizations provided.



October 1988 Jensen etal: Sagebrush Community 431

ARNO/ATCO/SIHY

ARNO/ORHY

ARNO/AGSP

ARAR/AGSP

ARAR/FEID/POSA

ARAR/FEID

ARLO/FEID

ARWYO/SIHY

ARTR/AGSP

ARTR/FEID

ARVA/AGSP

ARVA/FEID

ARVA/ELCI

ARVA/SYOR/AGSP

ARVA/SYOR/BRCA
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vegetation association that is in dynamic equi-

librium with current environmental condi-

tions present at a given site.

The desired result in both the habitat-type

or range-site methods of classification is to

produce groupings of land with similar inher-

ent productivity and climax vegetation ex-

pression (RISC 1983). The fact that these two

methods often produce different classifica-

tions of a given area is due primarily to differ-

ences in objectives. The objective of habitat

typing is to produce groupings (habitats) with

similar internal biotic potentials (Hoffman

1984). A habitat may occupy a wide range of

soil, topographic, and climate conditions, pro-

vided the ecological sum of the environment

(i.e., the ability to support one particular cli-

max plant association) is the same (Dauben-

mire 1952). The identification of groupings

with similar internal biotic potentials is also an

objective in range-site classification (Hall

1985). Such groupings, however, tend to be

more specifically defined than habitat types

since another common objective in range-site

classification is to delineate major differences

in the production potential of a given climax

plant association. As a consequence of this

objective, a narrower range in soil, topo-

graphic, and climatic conditions is tolerated in

a range site as contrasted to a habitat type. In

both methods the land's capability to support

a particular climax plant association is the pri-

mary criterion in classification. It seems rea-

sonable, therefore, that a range site should

encompass a finer division of the environment

than a habitat type. In other words, a habitat

type or phase of habitat type could be divided

into a number of range sites dependent upon
classification objectives.

The community types identified in this

study reflect similar groupings to those that

would be developed by a habitat-type ap-

proach. Since no existing classification system

was available for the study area, a broad-level

classification was considered most appropri-

ate for this initial study. The community types

could, however, be subdivided into range

sites based upon the production and soils data

collected. The variability in total production

recorded over the comnumity types with

Artemisia tridentata ssp. vaseijana and A. tri-

dentata ssp. tridentata as the dominant

shrubs (Fig. 4) suggests that these types

should be considered for subdivision into

range sites.

West et al. (1978) suggest that the distribu-

tion of sagebrush species in Nevada is con-

trolled primarily by climatic conditions

present at a site. Similar observations have

been made in other areas (Beetle and Johnson

1982, Hironaka 1979, Hironaka et al. 1983)

and in this study. Young et al. (1985) state

that sagebrush habitat types do not follow an

orderly moisture temperature gradient in

the landscape due to soil edaphic influences

on community distribution. Passey et al.

(1982) emphasize that soil properties mod-
ify the effects of climate on rangeland plant

communities.

Because of the apparent interaction be-

tween climate and soil properties on range-

land plant community distribution, it is not

surprising to find plant communities de-

scribed in one area on different soils in a dis-

tant location. For example, dwarf sagebrush

species of Idaho (A. nova and A. arhusctda)

are described as usually occuring on soils that

are either shallow (i.e. , less than 50 cm depth)

or, if moderately deep, have a restrictive layer

(Hironaka et al. 1983). These same species are

found to occupy much deeper soils in this

study (Table 6). Lower precipitation on these

community types in Nevada results in a wet-

ting front that probably does not extend

throughout the entire soil. Consequently,

even though deeper soils may support these

community types in this study, the actual

depth exploited by plants for soil moisture is

probably comparable to that described in

Idaho. Such interactions between climate

and soil make if difficult to predict rangeland

soil properties based upon plant community
composition.
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COLORADO'S RARE FLORA

Steve L. O Kane, Jr.'

Abstract.—Distribution, status, habitat, elevational range, original literature citations, synonymy, and specimens

deposited at Brigham Young University (BRY), University of Colorado (COLO), Colorado State University (CS),

Denver Botanical Garden (KHD), Kansas State University (KSC), University of Kansas (KANU), Missouri Botanical

Garden (MO), and the Rocky Mountain Herbarium (RM) are given for 79 species of rare Colorado plants. Species

federally Usted by the U.S. Fish and Wildlife Service under the Endangered Species Act, candidates for listing, and

species that qualify as federal candidates because of limited range, small populations, or known threats are included.

Suggested changes in status are offered where appropriate. Maps and tables indicating the Colorado range of these

species are provided.

Colorado, because of its geologic history

and elevational extremes, its diversity of

geologic formations, soil types, topography,

local climatic regimes, and floristic affinities

(Kruckeberg 1986, Mason 1946a, 1946b,

Stebbins and Major 1965, 1980, Welsh

1978a), is host to a number of rare endemic
species. Some of these species are directly

threatened by human activities that modify or

eliminate habitat essential to the species.

These threats include overgrazing by domes-

tic livestock, road construction, off-road-vehi-

cle (ORV) use, construction of irrigation

ditches and canals, agricultural conversion,

residential and summer home construction,

chaining, spraying, seeding rangeland to in-

troduced species, competition from exotic

weeds, dam construction for hydroelectricity

and water storage, and exploration for and

extraction of oil, gas, minerals, and oil shale.

Furthermore, rare species, by virtue of their

narrow endemism or small populations, are

more susceptible to stochastic or systematic

human-caused extinction (Diamond 1984,

Jablonski et al. 1985, Menges 1986, Tcrborg

and Winter 1980, Wilcox 1980); a single ca-

tastrophic event could significantly impact or

even extirpate them. Some rare species are

the objects of intentional harm. Colorado s

rare cacti, for example, are actively sought by

collectors in this country and abroad.

The Endangered Species Act of 1973 pro-

vides protection for species that are threat-

ened with extinction throughout all or a signif-

icant portion of their range (endangered) or

that are likely to become endangered in the

foreseeable future (threatened). Seven spe-

cies in Colorado are listed as either endan-

gered or threatened, and numerous taxa are

under review for listing as endangered or

threatened. The most recent list of Colorado's

candidate species is contained in the U.S.

Fish and Wildlife Service's (1985) list of can-

didate plant taxa. Endangered and threat-

ened species are listed in the publication

Endangered and Threatened Wildlife and

Plants (USFWS 1987). The Colorado Natural

Areas Program (CNAP) cooperates with the

USFWS, through an Endangered Species

Act, Section 6 agreement, in protecting rare

plant species. CNAP maintains a data base for

listed and candidate tiLxa, as well as for those

species that are more common elsewhere but

are rare in Colorado. CNAP's list of Colorado

rare plants (CNAP 1988) is revised as new data

are received. CNAP and USFWS files on rare

species in Colorado, data from literature

sources, and specimen label data from herb-

aria with important collections of Colorado

specimens have been used to compile this

report.

This paper addresses those species that

(1) are listed as endangered or threatened, (2)

are candidates or are (jualified to be candi-

dates for listing, and (3) are no longer candi-

dates but are rare enough to be either rein-

stated or require constant surveillance to

assure that they do not again become rare or

threatened in tiie foreseeable future. Botan-

ists, government agency personnel, ecologists,

Colorado Natural Arca.s Program. 1.31.3 Sherman Streft. R(X)m 718, Denver, Colorado 80203. Present address: Mis

Louis, Missouri 6.3166 and Department of Biology, Box 11.37. Washington University. St. Louis. Missouri 63130.

iri Botanical Carden. Box 299. St.
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environmental consultants, and land develop-

ers can use this information to plan for

projects that modify natural habitats, to assess

the status of rare species contained in project

areas, to prepare environmental impact state-

ments, and to plan for fieldwork involving rare

species.

The only publications specifically concern-

ing Colorado's rare plants are Peterson's

(1982) pamphlet on the plants listed as threat-

ened or endangered and Ecology Consultant's

(1979) compendium for the U.S. Forest Ser-

vice of the rare species of Forest Service

Region 6. These publications, now out of

date, do not contain information on the

availability of specimens for study. However,

they have been extensively consulted in the

preparation of this paper, as have reports on

intensive inventories ofindividual species and

of important botanical areas by CNAP, gov-

ernment agencies, environmental consul-

tants, interested amateurs, university person-

nel, and The Nature Conservancy (e.g.,

Galatowitsch et al. 1988, Peterson and Baker

1982, O'Kane 1986, 1987a, 1987b, 1987c,

1987d, Harner and Associates 1984, Knight

et al. 1986).

Specimens from eight herbaria were thor-

oughly examined and are reported herein:

Brigham Young University (BRY), University

of Colorado (COLO), Colorado State Univer-

sity (CS), Denver Botanical Carden (KHD),
Kansas State University (KSC), University of

Kansas (KANU), Missouri Botanical Garden
(MO), and Rocky Mountain Herbarium (RM).

A few specimens from herbaria not thor-

oughly searched are reported when known.
Papers, reports, and books dealing with the

rare flora ofadjacent states are helpful sources

of data for species crossing state borders. For
Utah, Welsh et al. (1975), Welsh (1978b),

Welsh and Chatterly (1985), and Welsh and
Thorne (1979) are freely consulted. Dorn and
Dorn (1980) and Ecology Consultants (1979)

are used for Wyoming. New Mexico Native

Plant Protection Advisory Committee (1984)

is employed for data on New Mexico's rare

plants. Mohlenbrock's book on the threatened

and endangered plants of the United States

(1983) provides useful information for several

of Colorado's rare plants. Floras and mono-
graphs giving data on species distributions

include: Harrington (1964) and Weber (1976,

1987) for Colorado; Kearney and Peebles

(1960) for Arizona; Martin and Hutchins

(1980) for New Mexico; Cronquist et al. (1977,

1984) and Welsh et al. (1987) for Utah; Dorn
(1988) for Wyoming; Great Plains Flora Asso-

ciation (1986) for the Great Plains; Goodrich
and Neese (1986) for the Uinta Basin; and
Barneby (1964) for the genus Astragalus.

Inasmuch as this paper is a companion to

Welsh and Chatterly's (1985) recent report on
Utah's rare plants, the format used in their

paper has been followed closely. Habitat,

distribution, threats, elevational range, and
federal status, as well as distributional maps,

useful anecdotal information, and specimen
citations are given for each species. The town-

ship and range of collection sites are from

specimen labels if given, but are otherwise

extrapolated from locality descriptions pro-

vided on the labels. Dates of collections are

provided—month/day/year—to help in plan-

ning field surveys. Original literature cita-

tions for each species are included to facilitate

location of technical descriptions. Although

synonyms are provided, an exhaustive litera-

ture search has not been conducted to provide

a definitive synonymy for each species.

The federal status of each taxon, as defined

in the Endangered Species Act and as re-

ported in U.S. Fish and Wildlife Service

(1985), is as follows. Species listed as endan-

gered or threatened are protected by specific

laws. For Category 1 species the USWS has

enough information available to support the

appropriateness ofbeing listed as endangered
or threatened. Category 2 species are possibly

appropriate to list as endangered or threat-

ened, but more data are needed to support

preparation of a listing package. Category 2*

species meet the criteria of Category 2 but are

presumed extinct. Category 3C species are no
longer considered candidates for listing. Cate-

gory 3B species are taxa that do not meet the

act's definition of"species "; this usually means
that the entity is either not a "good " taxon or

that it is synonymous with a more abundant

one. Recommendations are made, where ap-

propriate, that species be considered for list-

ing as threatened or endangered, that taxa

currently not candidates be made Category

1 or 2 candidates, or that current candidates

be down-graded to Category 3C or 3B.

Binomials and trinomials used here are

not necessarily those recommended by au-

thorities familiar with the taxa but are, rather.
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those given in the Federal Register lists.

Common names are primarily those given in

CNAP (1988) with modifications from Welsh

etal. (1987).

Figure 1 shows the townships in Colorado

containing federally threatened or endan-

gered taxa. Figure 2 shows townships contain-

ing candidate and recommended candidate

taxa. Table 1 Hsts by species the county distri-

bution of the rare species in Colorado. A spe-

cies list arranged by county is found in Table

2. Maps showing the geographical range of

each taxon are found in the Appendix.

Colorado's Rare Flora

Aletes humilis C. & R., Contr. U.S. Nat.

Herb. 7: 107. 1900.

Mapl

Family.—Apiaceae (Umbelliferae).

Federal status.—Category 2.

The Larimer aletes occurs in nearly vertical

habitats of Precambrian granite cliffs and iso-

lated tors in the ponderosa pine and Douglas-

fir zones of the lower foothills in the drainages

of the Poudre River, Larimer County, where

it is frequently found growing with Heuchera

and Psetidocymopterus. Localities range in el-

evation from 2,100 to 2,380 m. Populations

are in relatively inaccessible habitats that are

little threatened by existing land manage-

ment. Planned reservoir projects in the area,

however, could threaten known populations

and potential habitat. Several populations

northwest of Fort Collins in Phantom Canyon
are protected by The Nature Conservancy.

The species has recently been reported from

Albany County, Wyoming (Dorn 1988).

Larimer Counit: T9N R71W: Wilken,

Popp & Steingraeber 13973, 6/8/83 (CS);

Hartman 11678 6/13/80 (RM); TUN R71W:
Popp s.n., 6/29/83 (CS); TUN R72W: Neely

3542, 1986 (CS); Popp s.n., 6/29/83 (CS);

Johnston & Lucas 1664-5, 6/8/78 (BRY,

COLO, RM); Lucas s.n., 6/9/78 (COLO,
RM); T12N R71W: Jones 41797, 6/9/65 (CS,

RM); Popp s.n., 6/29/83 (CS, RM); Osterhout

4678, 5/24/12 (BRY, COLO, RM); Osterhout

2002, 7/19/99 (BRY, COLO, RM); Johnston &
Lucas 1662, 6/7/78 (BRY, COLO); Weber &
Jones 12392, 6/9/65 (COLO); Hartman 3077,

5/16/71 (RM); T12N R obscure: Goodding
8850, 4/02 (RM).

Ambrosia linearis (Rydb.) Payne, N. Amer.
Fl. 33: 27. 1922.

Map 2

Family.—Asteraceae (Compositae).

Synonyms.—Gaertneria linearis Rydb.,

Franseria linearis Rydb.

Federal status.—Category 2.

The streaked ragweed is a rarely collected

endemic ofthe eastern plains ofColorado. It is

known to occur in sandy, seasonally moist

soils. Few searches have been conducted for

the species, and records are spotty, coming
mostly from disturbed sites of railroad em-
bankments and road borrow ditches. The
taxon may be more common, as indicated by

the county distribution of the few available

records. Inventories are needed to ascertain

its status.

Location obscure: Christ 948, 7/10/37

(CS). Elbert Count\': T9S R64W: Austin

939, 8/7/35 (CS). El Paso Count\': Location

obscure. Ward 3371, 3/19/36 (CS). Kiowa
County: T18S R51W: Penland 4686, 8/31/72

(COLO); T18S R52W: Stephens 62753, 9/28/

72 (COLO, KANU); Stephens 54547, 6/10/72

(KANU). Lincoln Count\: T17S R56W:
Stephens 62695, 9/28/72 (KANU); Stephens

90540, 7/15/81 (KANU); Stephens 54616, 6/

10/72 (KANU); T16S R58W: Ownbey 1325,

7/5/37 (COLO).

Aquilegia micrantha Eastw. var. mancosana

Eastw., Proc. California Acad. Sci. (2) 4: 559.

1895.

Map 3

Family.—Ranunculaceae (Hellaboraceae).

Synonym.—Acjuile^ia micrantha Eastw. f

mancosana (Eastw.) W. A. Weber.

Federal STATUS.—Category 2*.

The Mancos columbine is known from two

historical collections taken in or near Johnson

Canyon, a side canyon of the Mancos River

below Mesa Verde National Park. Recent

searches of the canyon failed to locate popula-

tions of the taxon. The original collections

were from damp, alkaline alcoves of cliff over-

hangs. Collections and sightings of spurless

forms of A. micrantha have, however, been

made elsewhere in the state. This variety

needs to be examined taxonomically, as it

probably represents only a spurless form ofA.

micrantha, in which case it should be down-

graded to Categor\ 3B.
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Fig 1 Distribution of Colorado's federally endangered and threatened species by township. Locations based on

specimen labels are shaded. Dots indicate locations based solely on CNAP data.

Montezuma County-. T33N R14W: Weth-

erill s.n. , 6/1891 (CAS); Eastwood s. n. ,
9/1892

(Holotype: CAS).

Artemisia argilosa Beetle, Rhodora 61: 84-

85. 1959.

Map 4

Family.—Asteraceae (Compositae).

Synonym.—Seriphidium canum (Pursh)

W. A. Weber ssp. viscidulum (Osiex\v.) W. A.

Weber sensu Weber.

Federal STATUS.—Category 2.

Coaltown sagebrush grows in a small area in

North Park, Jackson County. The taxonomic

validity of this taxon is questioned (Leila

Shultz, personal communication, Wittmann

et al. 1988). This species may be a hybrid

between A. cana ssp. viscidula and A. longi-

loha, both ofwhich occur in North Park, albeit

not growing with A. argilosa (Beetle 1959).

According to Shultz, other specimens of the

taxon may be found filed under A. cana ssp.

viscidula. Ifthe taxon should be found to be an

unstabilized hybrid or proven to be synony-

mous with A. cana ssp. viscidula {Seriphidium

canum ssp. viscidulum), its status should be

downgraded to Category 3B. The species

tends to grow on disturbed sites of alkaline

mine tailings within flat expanses of sage-

brush, Atriplex, and greasewood at ca 2,500 m
in elevation.

Jackson County: T6N R80W: Asplund

68-12 8/24/68 (RM); Beetle & Palmer 12316,

11/12/56 (KANU, RM); Beetle 12872, 7/31/57

(Holotype: RM); Mahaffey s.n., 9/19/65 (CS);

Mahaff"ey s.n., 9/19/65 (CS); Mahaffey & Har-

rington s.n., 9/19/45 (RM); Wiley-Eberle 454,

7/30/79 (CS); Wiley-Eberle et al. 824, 7/16/81

(CS).

Asplenium andrewsii A. Nels., Proc.

Soc. Washington 17: 174-175. 1904.

Biol.



438 Great Basin Naturalist Vol. 48, No. 4

Fig. 2. Distribution ofColorado's current and recommended candidate rare plants bv township. Locations based onspecimen labels are shaded. Dots indicate locations based solely on CNAP data.
' ^"^<»"«ns '"!>ea on

Map 5

Family.—Aspleniaceae.

Synonym.—A. adiantum-nigrum L. ofCol-
orado literature.

Federal STATUS.—Category 2.

The black spleenwort is known from four
widely di.sjunct populations: White Rocks in

Boulder County, Colorado; Zion National
Park, Utah; near Flagstaff" in Coconino
County, Arizona; and in Chihuahua, Mexico
(McVaugh 1957). The White Rocks popula-
tion grows in cracks of a light-colored rock
outcrop. Development for gravel pits and
housing developments may pose a threat to
the species (Ecology Consultants 1979). Our
material may be conspecific with A. adUin-
tum-nigrum L. of Eurasia and Africa (Maxon
1912; Lellinger 1985), in which case it should
be downgraded to Category 3B. This is one of
the rarest species in the United States.
Boulder Counh: TIN R69W: Andrews

s.n., 8/05 (CS); Bethel & Andrews s.n., 8/05
(CS); Betts & Bobbins 8340, 12/15/10
(COLO); Andrews s.n., 7/15/17 (COLO);
Schramus s.n., 8/1/14 (MO).

Astragalus cronquistii Barneby, Mem. New
York Bot. Card. 13: 257-259. 1964.

Map 6

Family.—Fabaceae (Leguminosae).
Federal st.atus.—Categor>' 2.

Cron(iuist milkvetch is known from Ute
Mountain Ute tribal lands in the southwest-
ern corner of Montezuma C:ounty, from adja-
cent Utah, and from Comb Wash in San Juan
County, Utah. It occurs in shadscale commu-
nities in fine-textured soils derived from Man-
cos shale and the Morrison Formation. In Col-
orado it ranges in elevation from 1,475 to
1,750 m. Populations are currentK' threat-
ened by road construction and gas exploration
and by an impending system of canals. The
species was recently discovered in Colorado.
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Table L County distribution ofColorado's rare plants.

A single asterisk indicates species endemic to Colorado.

Locations are based on herbarium specimens except

where double asterisks indicate county records based

solely on CNAP data.

Table L Continued.

Species COUNTV'

Aletes humilis

Ambrosia linearis*

Aquilegia micrantha

var. nmncosana*

Arahis vivariensis

Artemisia argilosa*

Asplenium andrewsii

Astragalus cronquistii

Astragalus debequaeus*

Astragalus deterior*

Astragalus hamiltonii

Astragalus liumillimus

Astragalus linifolius*

Astragalus microcymbus*

Astragalus osterlwutii*

Astragalus ripleiji

Astragalus schmolliae*

Astragalus wetherillii

Atriplex pleiantha

Braya humilis

ssp. ventosa*

Cirsium ownbeyi

Cleome multicaulis

Cryptantha aperta*

Echinocereus triglochidiatus

var. inermis

Erigeron kachinensis

Eriogonum brandegei*

Eriogonum clavellatum

Eriogonum pelinophilum*

Eutrema penlandii*

Festuca dasyclada

Festuca hallii

Frasera coloradensis*

Gaura neomexicana

ssp. coloradensis

Gilia penstemonoides*

Hackelia gracilenta*

Haplopappus fremontii
ssp. monocephalus*

Hymenoxys helenioides

Ipomopsis globtdaris*

Ipomopsis polyantha

var. polyantha*

Larimer

Elbert, El Paso, Kiowa,

Lincoln

Montezuma

MofiFat

Jackson

Boulder

Montezuma
Mesa
Montezuma
Moffat

Montezuma
Delta, Mesa, Montrose

Gunnison

Grand
Conejos

Montezuma
Garfield, Mesa,

Moffat, Montrose,

San Miguel**

Montezuma
Chaffee, Gunnison, Park

Moffat

Saguache, Costilla

Rio Grande, Alamosa

Mesa
Mesa, Montrose

Montrose

Chaffee, El Paso,

Fremont, Park

Montezuma
Delta, Montrose

Park, Summit
Garfield, Rio Blanco

Huerfano, Larimer

Baca, Bent, Prowers,

Las Animas
Boulder, Larimer, Weld,

Adams?
Gunnison, Hinsdale

Montrose, Ouray
Montezuma
Fremont, Huerfano**,

Otero**, Las Animas
Las Animas, Hinsdale

Lake, Park, Summit
Archuleta

Lesquerella congesta*

Lesquerella parviflora*

Lesquerella pruinosa*

Lomatium concinnum*

Lonuitium latilobum

Lupinus crassus*

Lygodesmia doloresensis

Mentzelia argillosa

Mentzelia densa*

Mimulus gem.miparus*

Mirabilis rotundifolia*

Neoparrya lithophila*

Oenothera acutissima

Oenothera kleinii*

Farthenium alpinum

Parthenium tetraneuris*

Fediocactus knowltonii

Penstemon albifluvis

Penstemon debilis*

Penstemon degeneri*

Penstemon gibbensii

Penstemon grahamii

Penstemon harringtonii*

Penstemon parvijlorus*

Penstemon penlandii*

Penstemon retrorsus*

Phacelia formosida*

Phacelia suhmutica*

Phlox caryophylla

Physaria bellii*

Physaria obcordata*

Potentilla effusa

var. rupincola*

Ptilagrostis porteri*

Rorrippa coloradensis*

Saussurea tveberi

Sclerocactus glaucus

Sclerocactus mesae-verdae

Senecio dimorphophyllus

var. intermedius

Sisyrinchium pallidum

Spiranthes diluvialis

Thalictrum heliophilum*

Rio Blanco

Garfield, Rio Blanco

Archuleta

Delta, Gunnison,

Montrose

Mesa
Montrose

Mesa
Garfield

Chaffee, Fremont

Grand, Jefferson,

Larimer

El Paso, Fremont,

Pueblo

Chaffee, Conejos,

Huerfano, Rio

Grande, Saguache

Moffat

Mineral

Weld

Chaffee, Fremont,

Pueblo

La Plata

Rio Blanco**

Garfield

Custer**, Fremont

Moffat, Rio Blanco

Rio Blanco

Eagle, Grand, Routt,

Summit
Montezuma
Grand

Delta, Montrose

Jackson

Garfield, Mesa

Archuleta, La Plata

Boulder, El Paso,

Jefferson, Larimer

Rio Blanco

Boulder, Clear Creek,

Larimer

Lake**, Park, Summit
Alamosa?

Park, Summit
Delta, Garfield, Mesa,

Montrose

Montezuma
Mesa, Montrose, Ouray

Larimer, Park

Boulder, Jefferson,

Weld?, Morgan?,

El Paso?

Garfield, Mesa**,

Rio Blanco

Montezuma County: T32N R20W: O'Kane,

Anderson & Flemming 2027A, 5/8/85 (CS);

Barneby 17803, 5/19/82 (BRY, COLO); Hig-

gins & Welsh 13330, 5/25/83 (BRY); T33V2N

R18W: O'Kane & Anderson 2343, 5/15/86

(COLO, CS); T33N R20W: O'Kane et al.

2028A, 5/8/85 (CS); Goodrich & Atwood

18175, 5/17/83 (BRY).
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Table 2. Colorado's rare plants listed by county. Loca-

tions are based on herbarium specimens except where an

asterisk indicates records based solely on CNAP data.

Adams
Gaura neomexicana ssp. coloradensis?

Archuleta
Ipomopsis polyantha var. polyantha

Lesquerella pruinosa

Phlox caryophylla

Alamosa
Cleome multicaulis

Rorippa coloradensis?

Baca
Frasera coloradensis

Bent
Frasera coloradensis

Boulder
Asplenium andrewsii

Gaura neomexicana ssp. coloradensis

Physaria bellii

Potentilla effusa var. rupincola

Spiranthes dihivialis

Chaffee
Braya humilis ssp. ventosa

Eriogonum brandegei

Mentzelia densa

Neoparrya lithophila

Partheniwn tetraneuris

Clear Creek
Potentilla effusa var. rupincola

Conejos
Astragalus ripleyi

Neoparrya lithophila

Costilla

Cleome multicaulis

Hymenoxys helenioides

Custer
Penstejnon degeneri*

Delta
Astragalus linifolius

Eriogonum pelinophilum

Lomatium concinnuni

Penstemon mensarum
Penstemon retrorsus

Sclerocactus glaucus

Eagle
Penstenum harringtonii

Elbert
Ambrosia linearis

El Paso

Ambrosia linearis

Eriogonum brandegei

Mirabilis rotundifolia

Physaria bellii

Spiranthes diluvialis?

Fremont
Eriogonum brandegei

Haplopappus fremontii ssp. monocephalus

Mentzelia densa

Mirabilis rotundifolia

Table 2. Continued.

Parthenium tetraneuris

Penstemon degeneri

Garfield
Astragalus wetherillii

Festuca dasyclada

Lesquerella parviflora

Mentzelia argillosa

Phacelia submutica

Sclerocactus glaucus

Thalictrum heliophilum

Grand
Astragalus osterhoutii

Mimulus gemmiparus

Penstemon harringtonii

Penstejnon penlandii

Gunnison
Astragalus microcymbus

Braya humilis ssp. ventosa

Gilia penstemonoides

Lomatium concinnum

Heurfano
Festuca hallii

Haplopappusfremontii var. monocephalus*

Neoparrya lithophila

Hinsdale
Gilia penstemonoides

Hymenoxys helenioides

Jackson

Artemisia argilosa

Phacelia formosula

Jefferson

Mimulus gemmiparus

Physaria bellii

Spiranthes diluvialis

Kiowa
Ambrosia linearis

Lake
Ipomopsis globularis

Ptilagrostis porteri*

Las Animas

Frasera coloradetisis

Haplopappusfremontii ssp. monocephalus

Lincoln

Ambrosia linearis

La Plata

Pediocactus knowltonii

Phlox caryophylla

Lakimkk

Aletes humilis

Festttca hallii

Gaura neomexicana ssp. coloradensis

Mimidus gemmiparus

Physaria brltii

Potentilla effusa \ ar. rupincola

Sisyrinchium pallidum

Mesa
Astragalus debequaeus

Astragalus linifolius

Astragalus wetherillii
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Table 2. Continued. Table 2. Continued.

Cryptantha aperta

Echinoceri'us tri^lochicliatiis var. inennis

Loinatium latilobnm

Lijgodesmia doloresensis

Phacelia suhmiitica

Sclerocactus glaucus

Senecio dimorphophijlhis var. intermedins

Thalictrum helioph ihi in *

Moffat
Astragalus hamiltonii

Astragalus wetherillii

Cirsium ownbeyi

Arabis vivariensis

Oenothera acutissinia

Penstemon gibbensii

Mineral
Oenothera kleinii

Montrose
Astragalus linifolius

Astragalus wetherillii

Echinocereus triglochidiatus var. inennis

Erigeron kachinensis

Eriogonum pelinophilum

Gilia penstemonoides

Lornatium concinnum
Lupinus crassus

Penstemon retrorsus

Sclerocactus glaucus

Senecio dimorphophijllus var. intermedins

Montezuma
Aquilegia micrantha var. mancosana
Astragalus cronquistii

Astragalus deterior

Astragalus humilliinus

Astragalus schmolliae

Atriplex pleiantha

Eriogonum clavellatum

Hackelia gracilenta

Penstemon parviflorus

Sclerocactus mesae-verdae

Morgan
Spiranthes diluvialis?

Ouray
Gilia penstemonoides

Senecio dimorphophijllus var. intermedins

Otero
Haplopappnsfremontii var. monocephalus*

Park
B raya humilis ssp. ventosa

Eriogonum brandegei?

Entrema penlandii

Ipomopsis globularis

Ptilagrostis porteri

Sanssurea weberi

Sisyrinchium pallidum

Pueblo
Mirabilis rotundifolia

Parthenium tetraneuris

Prowers
Frasera coloradensis

Rio Blanco
Festuca dasyclada

Lesquerella congesta

Lesquerella parviflora

Penstemon albiflnvis*

Penstemon gibbensii

Penstemon grahamii

Physaria obcordata

Thalictrum heliophilum

RioGr.'^nde

Cleome mnlticaulis

Neoparrya lithophila

Routt
Penstemon harringtonii

Saguache
Cleome mnlticaulis ^

Neoparrya lithophila

San Miguel
Astragalus wetherillii*

Summit
Entrema penlandii

Ipomopsis globularis

Penstemon harringtonii

Ptilagrostis porteri

Sanssurea weberi

Weld
Gaura neomexicana ssp. coloradensis

Parthenium alpinum

Spiranthes diluvialis?

Astragalus debequaeus Welsh, Great Basin

Nat. 45: 31-33. 1985.

Map?

Family.—Fabaceae (Leguminosae).

Federal status.—Category 2.

The DeBeque milkvetch, recently de-

scribed from Mesa County, grows among
rocks in sandy soils of the Wasatch Formation
and in clay soils derived from the Atwell

Gulch Member of the Wasatch Formation.

It is found in areas surrounded by pinyon-

juniper woodlands at elevations ranging from

1,570 to 1,950 m. Known localities are just

west of DeBeque in the Chimney Rock area

and south of the Colorado River in the shallow

canyons at the base of Horsethief Mountain.

The species is similar to the pink-purple—

flowered A. eastwoodiae , which is nearly sym-

patric and with which it may be conspecific.

Mesa County: T8S R97W: O'Kane 2369,
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5/22/86 (CS); Anderson 85-83, 6/21/85 (BRY);

T8S R98W: O'Kane 2374, 5/22/86 (CS, RM);

Johnston 2520, 5/7/82 (COLO); T8S R99W:
O'Kane & Anderson 2351, 5/20/86 (COLO,
CS, NY); T9S R97W: Welsh, Welsh & Kass

22390, 5/11/85 (BRY); Anderson 85-15,

6/12/84 (BRY); O'Kane 2389, 5/25/86 (CS,

NY); Welsh, Welsh & Kass 22802, 5/16/84

(COLO); Welsh, Welsh & Kass 22792, 5/16/84

(BRY, COLO); Welsh, Welsh & Kass 22792,

5/16/84 (Holotvpe: BRY; Isotypes: BRY,

COLO, MO); kass 1649, 5/16/84 (BRY); T9S

R98W: O'Kane 2397, 5/26/86 (CS, RM).

Astragalus deterior (Barneby) Barneby,

Leafl. West. Bot. 7: 36. 1953.

Map 8

Family.—Fabaceae (Leguminosae).

Federal status.—Category 3C.

The CliflF Palace milkvetch is endemic to a

small area in Mesa Verde National Park near

Anasazi cliff dwellings, where it grows in

sandy soils of ledges and in cracks of slickrock.

The species occurs between 2,040 and 2,135

m in elevation with pinyon and juniper. Su-

perficially, this inconspicuous species resem-

bles A. naturitensis, A. cottamii, and A. mon-

umentalis. Its ochroleucous flowers are

smaller than those of these species. Astra-

galus naturitensis has bicolored rather than

ochroleucous flowers, and both A. monumen-
talis and A. cottamii have narrower pod septa

and pink-purple petals. No threats are known;

however, park use within its habitat should be

monitored.

Montezuma County: T34N R15W: Ratzloff

& Colver s.n., 5/31/78 (COLO); Iselv, Erd-

man & Isely 8789, 5/21/64 (BRY); Welsh 1746,

5/31/62 (BRY); Welsh, Erdman & Moore
2132, 6/9/63 (BRY); Peabodv & Sears 1464,

6/17/77 (BRY); Friedlander s.n., 6/15/80 (CS).

Astragalus hamiltonii C. L. Porter, Rhodora

54: 159. 1952.

Map 9

Family.—Fabaceae (Leguminosae).

Synonym.—A. lonchocarpus Torr. var.

hamiltonii (C. L. Porter) Isely.

F'ederal status.—Category 2.

The Hamilton milkvetch is known in Colo-

rado from a single population, discovered in

1987, of perhaps a score of individuals near

Deerlodge Park in Dinosaur National Monu-
ment. The few other populations of the spe-

cies occur in northwestern Uintah County and

near the Utah-Colorado border about 16 km
north of Bonanza, Utah, where it grows on soil

derived from the Duchesne River Formation

from 1,580 to 1,935 m in elevation. The Colo-

rado population occurs at 1,756 m in sand of

the interstices of a small, nearly barren out-

crop of the Morrison Formation in a juniper—

Cercocarpus intricatus woodland. The Na-

tional Park Service protects this species in

Colorado.

Moffat Count\': T6N R99W: O'Kane

2768, 5/17/87 (COLO, CS, Dinosaur Nat'l.

Mon.).

Astragalus humillimus Gray ex Brandegee,

Bull. U.S. Geol. Surv. 23: 235. 1876.

Map 10

Family.—Fabaceae (Leguminosae).

Synonyms.—Tragacantha humillima (Gray)

O. Kze., Phaca humillima (Gray) Rydb.

Federal status.—Endangered.

The Mancos milkvetch is known from a few

populations in San Juan County, New Mex-

ico, and from the rims of mesas above the

Mancos River canyon in Montezuma County,

Colorado. The type locality in Montezuma
County, discovered in 1875 by T. S. Brande-

gee, was not relocated until field searches

were conducted in 1986 and 1987. The species

inhabits pockets of sandy soil on exfoliating

slickrock of the Point Lookout Member of the

Mesa Verde Formation amidst pinyon-

juniper woodlands at 1,700 to 1,770 m eleva-

tion. Populations in Colorado are small and,

although not currently threatened, could be

impacted by seismic exploration for deposits

of oil and gas. This species may be exhibiting

competitive exclusion with A. cottamii Welsh.

These species are never found growing to-

gether in the same pocket of soil but may be

found in immediateK adjacent but slightly

different habitat.

Montezi'MA CvOUNTY: T33N R obscure:

Brandegee 1087, 7/1861 (Tvpe: GH, MO);

T33N R17W: O'Kane 2342, 5/14/86 (COLO);

Neelv 3897, 4/4/87 (CS); Neelv 3889, 4/3/87

(CS).'

Astragalus linifolius Osterh., Bull. Torrey

Bot. Club 55: 75. 1928.

Family,

Map 11

-Fabaceae (Leguminosae)
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Synonyms.—CtenophijUum linifolium Os-

terh.. I.e., nom. nud. in syn., A. rafaelensis

Jones sensu Rydb.

Federal STATUS.—Category 2.

The Grand Junction milkvetch is known
from a few populations in Delta, Mesa, and

Montrose counties at elevations of 1,510 to

1,880 m on steep slopes of the Chinle and

Morrison formations with pinyon, juniper,

and sagebrush on the east side of the Uncom-
pahgre Plateau. Until the late 1970s the spe-

cies was known only from Osterhout's type

locality near Grand Junction. No threats are

known, but the impact of grazing on the spe-

cies is not understood. The species is similar

to A. rafaelensis, which occurs on the west

side of the Uncompahgre Plateau. Astragalus

rafaelensis, primarily found in and around the

San Rafael Swell in Utah, differs by having

pendant pods and shorter calyx teeth. A. lini-

folius may represent a variety of this species

(Barneby 1964).

Delta County: T51N R13W: Weber
15307, 5/15/78 (BRY, COLO, RM). Mesa
County: TIS RIW: Osterhout 6557, 6/18/26

(Holotype: RM, Isotypes: COLO, RM); T12S
RIOOW: Atwood & Thompson 8742, 5/18/82

(BRY); Anderson s.n., 5/10/82 (COLO); T49N
R18W: Wilken & Kelley 13955, 6/2/83 (BRY,

CS); T51N R13W: Wilken, Ratzloff & ElHs

13533, 5/27/79 (CS). Montrose County:
T48N R17W: Peterson & Kennedy 83-50,

6/2/83 (BRY, CS, RM); T51N R12W: John-

ston, Ratzloff & Lucas 1559, 5/25/78 (COLO,
RM); T51N R13W: Johnston, RatzlofF& Lucas

1587, 5/25/78 (BRY, COLO); Neese & Abbott

13553, 6/14/83 (BRY, CS, RM).

Astragalus microcymbus Barneby, Amer.
Midi. Nat. 41:499. 1949.

Map 12

Family.—Fabaceae (Leguminosae).

Federal STATUS.—Category 2.

The skiff milkvetch eluded collectors for so

many years that the species was thought to be
a waif at the roadside type locality near Gun-
nison. Since the late 1960s, several small pop-

ulations have been found south of the Gun-
nison River in a small area adjacent to South
Beaver Creek (see Barrell 1969). The species

has been observed colonizing an area seeded
to crested wheatgrass. The effects of other

habitat modifications, e.g., heavy grazing, are

not known. Populations may be affected by

ORV activity. Astragalus microcijmhus grows
in sagebrush communities in fine to moder-
ately coarse soils usually derived from Cam-
brian granite on hillsides from 2,315 to 2,485

m in elevation. Due to its extreme rarity, this

species should be listed as threatened.

Gunnison County: T49N RIW: OKane &
Anderson 3270, 13/7/87 (RM); Weber 9144,

7/9/55 (BRY, CS, RM); Ripley & Barneby
7179, 7/20/45 (Holotype: CAS; Isotypes:

COLO, GH, RSA); Johnston, Ratzloff & Lu-

cas 1795, 7/11/78 (COLO, RM); Ratzloff s.n.,

6/30/78 (COLO); Neese 15894, 7/15/84 (BRY,

CS, RM); Neese 15855, 7/13/84 (BRY, CS);

Neese 15857, 7/13/84 (BRY, CS); Neese
15892, 7/15/84 (BRY, CS); Neese 15845, 7/13/

84(BRY, CS, RM).

Astragalus osterhoutii M. E. Jones, Rev. As-

trag. 251. 1923.

Map 13

Family.—Fabaceae (Leguminosae).

Synonym.—Lonchophaca osterhoutii (Jones)

Rydb.

Federal STATUS.—Category 2.

Osterhout milkvetch occurs in a few popu-
lations near Kremmling, Grand County, on

clayey, seleniferous soils derived from shales

of the Niobrara, Piene, and Troublesome for-

mations on barren knolls and in sagebrush

communities. Elevations range from 2,225

to 2,315 m. The species is an obligate

selenophyte and is able to withstand harsh site

conditions. Barneby (1964) reports Oster-

hout's type locality as "Hot Sulphur Springs.

"

Osterhout's specimen label, however, merely

states "Sulphur Springs. " The taxon has not

been located near Hot Sulphur Springs but

has been collected near Sulphur Springs, a

spring northeast of Kremmling and west of

Hot Sulphur Springs. A proposed reservoir

north of Kremmling could extirpate many of

the known localities. Recent intensive inven-

tories for the species have not significantly

increased its known range. This species

should be listed as endangered, and a listing

package to that effect is pending approval

(J. Anderson, personal communication).

Grand County: TIN R81W: Weber 4914,

7/2/49 (COLO, KANU); T2N R81W: Beath &
Eppson s.n., 6/21/40 (RM); Eppson s.n.,

7/10/47 (MO, RM); Weber 4915, 7/2/49

(COLO, KANU, RM); Neese & Grab 17181,

6/9/85 (RM); Neese & Grab 17145, 7/10/85
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(RM); Peterson & Baker 83-402, 7/9/83 (CS);

Osterhout 3038, 7/17/05 (Syntypes: COLO,
RM); Osterhout 3253, 6/9/06 (Syntype: RM);

Ripley & Barneby 10516, 7/16/50 (RM).

Astragalus ripleyi Barneby, Leafl. West. Bot.

6: 175. 1952.

Map 14

Family.—Fabaceae (Leguminosae).

Federal status.—None.

The Ripley milkvetch is a tall, striking, yel-

low-flowered milkvetch of the Rio Grande

Valley in Taos County, New Mexico, and from

the lower drainages of the Conejos River,

Conejos County, Colorado. In Colorado this

milkvetch grows in grassy ponderosa pine

savannas, pinyon-juniper woodlands, and

sagebrush and rabbitbrush flats adjacent to

streams and rivers at elevations of 2,500 to

2,700 m. Most localities have been severely

impacted by heavy grazing. Plants avoid her-

bivory by growing within tall shrubs. Plants

growing in the open, which are selectively

eaten by livestock, wildlife, or both, are rarely

seen. This species needs protection from graz-

ing. Category 2 status is recommended.
Conejos County: T32N R7E: O'Kane &

Anderson 2531, 7/13/86 (COLO, CS); T33N
R6E: O'Kane & Anderson 2536, 7/13/86 (NY,

RM); T33N R7E: Ramaley & Johnson 14747,

6/22/35 (COLO); Weber 7788, 7/18/52

(COLO, KANU, RM); T34N R7E: Anderson

87-165, 9/11/87 (COLO); Bye & Linares

12923, 7/10/84 (COLO); T35N R7E: O'Kane
& Anderson 2619, 8/19/86 (COLO, CS, RM);

T36N R6E: Weber & Salamun 12914, 7/14/65

(COLO); O'Kane & Anderson 2540, 7/13/86

(COLO, CS, RM); O'Kane & Anderson 2601,

8/18/86 (BRY, CS, RM).

Astragalus schmolliae C. L. Porter, Madroiio

8: 100. PI. 9, Figs. 4-7. 1945.

Map 15

Family.—Fabaceae (Leguminosae).

Synonym.—A. platijcarpiis var. montezu-

mae Barneby.

Federal status.—Category 2.

The Schmoll milkvetch grows in sandy loam

on mesas, slopes, and in drainage bottoms in

pinyon-juniper woodlands at 1,830 to 2, 135 m
in elevation. It is limited to a small area in

Mesa Verde National Park. Although popula-

tions are few, they often have numerous indi-

viduals. Populations within the park should

be monitored for impacts from park use. Po-

tential habitat outside the park may be threat-

ened by grazing and by road construction as-

sociated with Ute Mountain Ute Tribal Park

development. The species is similar to

Astragalus lonchocarpiis, although it is foliose

with all leaves regularly odd-pinnate with

petiolate leaflets, whereas A. lonchocarpus

has leaves mostly reduced to rachises. Alice

Eastwood first collected fragmentary material

of the species in 1890, but it was not described

until 1945.

Montezuma County: T33N R15W: Neely

4487, 7/10/87 (CS); T33V2N R15W: Weber
4823, 6/13/49 (COLO, KHD); Sears 1462, 6/

16/77 (BRY); Welsh 3026, 6/12/64 (BRY);

Welsh 3024, 6/12/64 (BRY); Bader 26, 5/12/29

(BRY, COLO); Iselv, Erdman & Iselv s.n.,

5/21/64 (BRY); Friedlander s.n., 6/15/80 (CS);

Erdman 458, 5/28/64 (COLO); Friedlander

458, 6/5/65 (COLO); Eastwood s.n., 6/1890

(COLO); Welsh & Welsh 1550, 6/6/61 (BRY);

Schmoll & Nusbaum 1555, 5/26/52 (Holotype:

RM, Isotvpe: BRY); Nelson 10420, 5/12/25

(MO, RM).

Astragalus wetherillii M. E. Jones, Zoe 4: 34.

1893.

Map 16

Family.—Fabaceae (Leguminosae).

Synonym.—Phaca wetherillii Qones) Rydb.

Federal STATUS.—Category 3C.

The Wetherill milkvetch is known from

scattered localities in western Colorado. It

grows in sagebrush, sagebrush-greasewood,

oakbrush, and juniper communities on steep

slopes, canyon benches, and talus under cliff^s

in sandy-clay to gravelly soils, usualK of the

Mancos and Wasatch formations, at elevations

of 1,430 to 2,015 m. Jones (1923) reports an

Eastwood observation from the canyon of the

Colorado east of Moab, Grand Count\', Utah.

This population, despite recent searches, has

not been re-collected and may represent a

waif carried downstream (R. Barneby, in cor-

respondence to J. Anderson). Although rela-

tively widespread, populations are infrcHiuent

and invariably consist offew individuals. Vari-

ous populations are threatened by oil and gas

development, overgrazing, road construc-

tion, and other hai)itat modifications. This

taxon, because of small population sizes and

known threats, should be considered a Cate-

gory 2 species.
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Garfield County: T5S R93W: Neese

11278, 5/2/82 (BRY, CS); O'Kane 2446; 6/26/

86 (CS, RM); Weber 3326, 5/17/47 (CS,

KANU, RM); Welsh & Higgins 6228, 6/13/67

(BRY); Welsh & Higgins 6235, 6/14/67 (BRY).

Mesa County: Location obscure: Eastwood

s.n., 5/1892 (Type: MO, RM); T8S R97W:
Kass, Welsh & Welsh 1653, 5/16/84 (BRY,

RM); Welsh, Welsh & Kass 22816, 5/16/84

(BRY, RM); TIOS R97W: Kass, Welsh &
Welsh 2023, 5/11/85 (BRY, RM); Welsh,

Welsh & Kass 23377, 5/11/85 (BRY, RM).
Moffat County: T6N R91W: Harrington

7202, 6/12/53 (CS). Montrose County: T49N
R9W: Payson 682, 6/15/15 (RM); Payson 82,

5/11/13 (RM). San Miguel County: Location

obscure: Brewster s.n., n.d. (CS).

Atriplex pleiantha W. A. Weber, Madrono
10: 189. 1950.

Map 17

Family.—Chenopodiaceae.

Federal status.—Category 2.

The Four Corners orach is a rare Navajo

Basin endemic ofMontezuma County and im-

mediately adjacent New Mexico and Utah. It

grows in salt desert scrub communities with

Atriplex on nearly barren clay knolls derived

from Mancos shale. In Colorado the taxon

occurs from 1,490 to 1,650 m in elevation.

This annual species experiences vast fluctua-

tions in population density depending on an-

nual precipitation. Populations are threat-

ened by oil and gas exploration, ORV use,

and, in New Mexico, coal mining. Threatened

or endangered status is recommended.
Montezuma County: T32N R19W: Weber

4788, 6/12/48 (Holotype: COLO, Isotypes:

CS, MO, RM); O'Kane, Anderson & Flem-
ming 2022, 5/8/85 (CS); Weber 7651, 6/7/49

(COLO, KANU, MO); Anderson 85-35,

6/8/85 (BRY).

Braya humilis (C. A. Meyer) Robins, ssp.

ventosa Rollins, Rhodora55: 114. 1953.

Map 18

Family.—Brassicaceae (Cruciferae).

Federal status.—Category 2.

Alpine braya occurs on tundra underlain

with Leadville limestone or Manitou dolo-

mite. Elevations range from 3,475 to 3,900 m.
The species prefers slopes without late-lying

snowbanks and is found in small, open micro-

sites from which solifluction lobes capped
with Dryas octopetala have slipped. This pio-

neer habitat provides a place where seeds can

germinate and individuals can escape compe-
tition. Individuals are occasionally found on
old roads associated with hardrock mining in

its highly mineralized habitat. Despite the

widespread occurrence of suitable habitat,

the species is infrequent and consists of small

populations (Neely and Carpenter 1986).

Mining and ORV activity associated with old

mining roads are the most significant threats

to the species. This taxon may be synonymous
with B. humilis var. humilis (Harris 1985), in

which case, although a biologically interesting

disjunct, it should be downgraded to Cate-

gory 3B.

Chaffee County: T14S R81W: Neely

3170, 7/19/85 (CS, UTC); T15S R81W: Peter-

son, Johnston & Anderson 82-56, 8/17/82

(CS). Gunnison County: T13S R84W: Neely

3183, 7/24/85 (CS, UTC); T51N R3E: Neely

3174, 7/19/85 (CS, UTC); Neely 3174, 7/19/85

(CS, UTC); Neely & Carpenter 3311, 8/18/85

(CS, UTC); Neely & Carpenter 3310, 8/18/85

(COLO, UTC);T51N R4E: Neely 3220a, 7/26/

85 (CS, UTC); Neely 3211, 7/25/85 (CS,

UTC); Weber & Dixon 16332, 7/27/82

(COLO); Dixon 712, 7/21/81 (COLO); John-

ston, Peterson & Anderson 2614, 8/18/82

(COLO). Park County: T8S R78W: Neely et

al. 3141, 7/18/85 (CS, UTC); Yeatts 2069, 7/14/

85 (KHD); Weber & Roloff 16328, 7/26/82

(BRY, COLO, CS, RM); Walter 28, 7/7/59

(CS); Weber & Rolhns 6491, 7/7/51 (CS);

O'Kane et al. 2171, 7/19/85 (CS); O'Kane
2144, 7/16/85 (CS); Rolhns & Weber 51288,

8/7/51 (Isotypes: COLO, RM); Weber & Liv-

ingston 5153, 7/7/51 (COLO, RM); Weber
8753, 7/4/54 (COLO); T9S R78W: O'Kane
2152, 7/17/85 (CS); TIOS R78W: Neely 3125a,

7/16/85 (CS, UTC).

Cirsium ownbeyi Welsh, Great Basin Nat. 42:

200. 1982.

Map 19

Family.—Asteraceae (Compositae).

Federal status.—Category 2.

The Ownbey thistle is endemic to the east-

ern Uinta Mountains in Utah and Cross

Mountain and Dinosaur National Monu-
ment in Moffat County, Colorado. In Colo-

rado it occurs in sandy soils of riparian areas in

otherwise dry canyons and, more typically, in
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alcoves with seeps and under shaded cliffs.

In alcoves it is usually associated with Aquile-

gia micrantha. The species, in Colorado, is

known only from drainages of the Yampa
and Green rivers on outcrops of the Morgan

and Weber formations, and, less frequently,

on Madison Limestone. Elevations range

from 1,700 to 1,800 m. Inventories in 1987

and 1988 (S. O'Kane, personal communica-

tion, T. Naumann, personal communication)

showed that the canyons ofthe Yampa River in

Dinosaur National Monument, the center of

the range of this species, contain many popu-

lations. Although populations are small, most

are not threatened due to their inaccessibility

to livestock and human activities.

Moffat CouNT\': T6N R98W: Northcutt &
Bunin s.n., 9/19/78 (COLO); Neese & Smith

12051, 7/25/82 (BRY, RM); T6N RIOIW:
O'Kane 2820, 5/19/87 (COLO, CS, Dinosaur

Nat'l. Mon.); T6N R102W: O'Kane &
Roszczewski 3168, 6/26/87 (COLO, CS, Di-

nosaur Natl. Mon.).

Cleome multicaulis Merino & Sesse ex DC,
Prod. 1: 240. 1824.

Map 20

Family.—Capparidaceae.

Synonym.—C. sonorae A. Gray.

Federal STATUS.—Category 2.

Slender spiderflower is a wetland species

occurring around the margins of lakes, ponds,

artesian wells, and sloughs in the San Luis

Valley. Cleoine multicaulis grows with Carex,

Juncus, and Triglochin a few meters back

from the water in the moderately moist zone

between a ring of Scirpus standing in water

below and alkaline Sarcohatus flats above.

Cleome also occurred in southeastern Ari-

zona, western Texas, New Mexico (a single

collection), and south to Mexico City (the type

locality). No modern collections outside the

San Luis Valley, other than a recent one irom

Wyoming, are known. The Natrona County,

Wyoming, collection (Dorn 1988) is from the

margins of a man-made stock pond (R. Hart-

man, personal communication) where it was

proliably brought in by migrating waterfowl.

Modification of wetland habitats is the great-

est threat to the species.

Alamosa Counit: Location obscure: Bethel

s.n., 7/1897 (CS, RM); Hapeman s.n., 7/30/18

(RM); T38N RIOE: Dixon 2103, 7/5/72 (CS);

T38N RUE: O'Kane, Anderson & Di.\on 2450,

7/7/86 (CS, RM, WIS); O'Kane, Anderson &
Dixon 2456, 7/7/86 (COLO, RM, WIS); T40N
RUE: O'Kane & Anderson 2484, 7/8/86

(COLO, CS); O'Kane & Anderson 2487,

7/8/86 (CS, RM); Brandegee 1150, 8/1875

(COLO); Ramalev 15926, 8/3/36 (COLO);
Ramalev 12216, 7/21/29 (COLO, RM); T40N
R12E: Spellenberg & Zucker 7850, 8/4/84

(ASU, CS, ID, MO, NMC, NY, RSA, UNM);
O'Kane & Anderson 2482, 7/8/86 (CS, NY,

RM, WIS); O'Kane & Anderson 2469, 7/7/86

(COLO, CS, WIS). Costilla Count\': T30S

R73W: O'Kane & Anderson 2493, 7/9/86

(COLO, RM, WIS); Ramaley 15745, 7/29/36

(COLO). Rio Grande County: T37N R8E:

Johnson 76, 8/9/74 (CS); Robinson C-1, 8/23/

68 (CS); T39N R8E: Ramalev 15645, 7/23/36

(COLO). Saguache Count\': T42N R8E:

Ramaley 13039, 8/14/31 (COLO); T43N R8E:

O'Kane, Anderson & Dixon 2449, 7/14/86

(COLO, CS, WIS); Weber 11067, 7/12/60

(BRY, COLO).

Cryptantha aperta (Eastw.) Payson, Bull.

TorreyBot. Club 30: 241. 1903. 14:295. 1927.

Map 21

Family.—Boraginaceae.

Synonym.—Oreocanja aperta Eastw.

Federal st.\tus.—Category 2*.

The Grand Junction cats-eye, known only

from the type locality collected in 1892 by

Alice Eastwood, has not been rediscovered

and may be extinct. Habitat in and around

Grand Junction has been significanth' altered

or eliminated for agriculture and urban devel-

opment. However, the herbarium label prob-

ably indicates the general locality, and the

Grand Junction cats-eye ma\ still occur in the

foothills surrounding the Grand Valley. Most

Cryptantha species do not inhabit lowlands in

this part ol (Colorado.

MesaCoi'N'IT: Location obscure: Eastwood

s.n., 6/27/1892 (Holotvpe: CAS, I.sotype frag-

ment: RM); Eastwood s.n. 5/17/92 (CALIF.).

Echinocereus triglochidiatus Engelm. var.

inennis (K. Schum.) Arp, Monatsschr. Kakt.

6: 150. 1896.

Map 22

Family.—Cactaceae.

Synonyms.—Echinocereus melanacanthus

(Engelm.) L. Benson .sensu lat., E. phoe-

niceus Engelm. var. inennis Schum., E. coc-

cineus Engelm. var. inennis (Schum.) Purpus.
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Federal status.—Endangered.

The spineless hedgehog cactus, hke the

typical variety, has a stunning scarlet red

flower. The spineless form has been subject to

commercial exploitation. Other threats in-

clude chaining ofrangeland, trampling by cat-

tle, and habitat destruction for energy devel-

opment. In Colorado the spineless variety

occurs in Mesa, Delta, Montrose, and San

Miguel counties and grows in pinyon-juniper

woodlands, often in the duff^and partial shade

under pinyon and juniper trees at elevations

of 1,800 to 2,800 m. Soils are coarse and shal-

low and are usually derived from sandstone,

often the Dakota sandstone. Welsh et al.

(1987) place this taxon in var. melanacanthtis

(Engelm.) L. Benson because there appears

to be a cline from eastern Utah to western

Colorado of plants with dense spines to those

with no spines at all. In Colorado spineless

plants have been observed growing with the

spined form. The taxon might better be

treated as a forma rather than as a variety

(Wittmann et al. 1988, Welsh et al. 1987), in

which case it should be downgraded to Cate-

gory 3B.

Mesa County: Location obscure: Oster-

hout 6572, 6/18/26 (COLO); TIS R2W:
Weber, Wittman & Rector 16128, 5/31/82

(COLO); T13S R97W: Neese & Abbott

13577, 6/15/83 (BRY); T14S RIOIW: Arp
1019, 6/20/70 (COLO); Arp 1020, 6/20/70

(COLO). Montrose County: T51N R13W:
Arp 1695, 8/4/71 (COLO, RM).

Erigeron kachinensis Welsh & Moore, Proc.

Utah Acad. Sci. 45:231. 1968.

Map 23

Family.—Asteraceae (Compositae).

Federal status.—Category 2.

The kachina daisy is a Colorado Plateau

endemic growing in hanging gardens, seeps,

and shaded alcoves of otherwise dry slickrock

canyons in San Juan County, Utah, and Mon-
trose County, Colorado. It is often found with

Mimulus eastwoodiae at about 1,575 m in ele-

vation. The species is apparently very rare in

Colorado, but new populations are infre-

quently found in both Colorado and Utah.

The inaccessibility of much of its habitat pro-

vides the species some protection but also

makes new populations difficult to locate.

Montrose County: T45N R18W: Ratz-

lofri07, 4/29/78 (COLO, CS); Ratzloff s.n..

8/17/78 (BRY); T46N R19W: Ratzloff& Crowe
218, 8/30/77 (COLO); Ratzloff s.n., 8/17/78

(BRY); Ratzloffs.n., 4/29/78 (BRY).

Eriogonum brandegei Rydb., Fl. Rocky Mts.

220, 1061. 1917.

Map 24

FAM ILY .—Polygonaceae

.

Synonym.—Eriogonum spathulatum Gray
var. brandegei (Rydb.) Stokes.

Federal STATUS.—Category 2.

The Brandegee buckwheat was once known
only from a small population collected by T. S.

Brandegee near the Garden Park Dinosaur

Quarry near Canyon City, Fremont County.

Reveal and Davidse located a small popula-

tion near Salida, Chaffee County, in 1967.

Since then several large populations have

been located around Salida, growing on bar-

ren slopes of lucustrine alluvium of the Dry
Union Formation at elevations of 2,200 to

2,560 m. Searches at the Garden Park locality

have yielded only one new population; here

plants grow on the Morrison Formation at

1,760 to 1,975 m in elevation. The Arkansas

River canyon, cut through igneous rocks, di-

vides the two areas of occurrence by 50 miles.

Reveal (1969) should be consulted for a de-

scription employing more important charac-

ters than those given in the original descrip-

tion. Bentonite mining threatens one of the

two Garden Park populations, but the exten-

sive populations near Salida have no current

threats, except that increased development

for mountain homes around Salida could pose

a significant threat to the species in the future.

A specimen taken from "South Park," Park

County (Kelly 507), probably has an incorrect

location. Repeated searches in South Park

have located neither the species nor suitable

habitat. Kelly, passing through South Park on

his way to Cortez, probably collected the spe-

cies near Salida. Letterman s.n., a particu-

larly wooly pubescent collection taken in

1884, gives "Colorado Springs" as the collec-

tion locality.

Chaffee County: T50N R8E: O'Kane
2208, 7/31/85 (COLO, CS); O'Kane & Ander-

son 2219, 8/2/85 (CS); O'Kane & Anderson

2216, 8/1/85 (COLO, CS); O'Kane & Ander-

son 2215, 8/1/85 (COLO, CS); O'Kane & An-

derson 2212, 8/1/85 (COLO, CS); T51N R8E:

Johnston & Lucas 1888, 8/11/78 (RM); John-

ston, Hendzel & Eager 2775, 10/12/83 (RM);
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O'Kane 2192, 7/29/85 (CS); Neese 15929,

7/16/84 (BRY, CS, RM); Johnston 1864,

7/31/78 (COLO, CS); Reveal & Davidse 868,

8/22/67 (BRY, CS, RM). ElPasoCount\': Lo-

cation obscure: Letterman s.n., 7/25/1884

(MO). Fremont County: T17S R70W: Neese

15937, 7/17/84 (BRY, RM); Neese 15949, 7/17/

84 (BRY); Neese 15946, 7/17/84 (BRY, CS,

RM); Neese 15963, 7/18/84 (BRY); O'Kane

2196, 7/29/85 (CS); O'Kane & Anderson 2193,

7/29/85 (COLO, CS). Park County?: Loca-

tion obscure: Kelly 507, 6/28/47 (COLO).

Eriogonum clavellatum Small, Bull. Torrey

Bot. Club 25: 48. 1898.

Map 25

Fam ILY.—Polygonaceae

.

Federal STATUS.—Category 3C.

The Comb Wash buckwheat is a Colorado

Plateau endemic growing on sites in Colorado

identical to those supporting A^fraga/us cron-

qiiistii, with which it is occasionally found.

The species occurs in shadscale communities

on fine soils derived fi-om the Mancos shale at

about 1,750 m in elevation. Known occur-

rences in Colorado are threatened by road

construction, by exploration for oil and gas,

and by a proposed system of irrigation canals

on the Ute Mountain Ute Reservation in the

southwest corner of Montezuma County. The
species is also known from adjacent San Juan

County as far west as Comb Wash. This spe-

cies, because of its limited range, few popula-

tions, and known threats, should be consid-

ered a Category 2 candidate for federal listing.

Additional fieldwork for the species is

needed.

Montezuma County: T331/2N R18W:
O'Kane & Anderson 2344, 5/15/86 (COLO,
CS); T33N R19W: Harrington 10103, 6/19/68

(CS).

Eriogonum pelinophilum Reveal, Great Basin

Nat. 33: 120-122. 1973.

Map 26

Family.—Polygonaceae.

Federal STATUS.—Endangered.

The clay-loving buckwheat is limited to an

area from Montrose to Delta and Hotchkiss

where it grows on barren adobe hills derived

from Mancos shale in Artemisia nova and

Atriplex corrugata conununities at elevations

of 1,600 to 1,910 m. The species prefers shal-

low swales surrounded by shadscale where

black sage is the dominant species. Penstemon

retrorsus, a Category 1 species, is a common
associate. Prior to 1984, E. pelinophilum was

known only from the type locality near

Hotchkiss, adjacent to a heavily grazed horse

pasture. Intensive searches have since located

several large populations. The species is

threatened by livestock grazing, habitat modi-

fication for agriculture and housing develop-

ments, oil and gas exploration, the construc-

tion of irrigation ditches, and ORV activity.

Delta CouNTi': T14S R94W: Gentry 2283,

7/23/55 (COLO); Neese 13236, 5/10/83 (CS);

Ratzloff s.n., 6/21/78 (COLO); Reveal & Re-

veal 2780, 7/16/72 (Isotypes: BRY, COLO,
MO, RM); T15S R94W: Neese 15792, 6/20/84

(CS); T51N RlOW: Neese 15784, 6/20/84 (CS).

Montrose County: T48N R9W: Neelv 2950,

6/20/85 (CS, UTC); T48N R9W: Neelv 2962,

6/20/85 (CS, UTC); Neelv 2969, 6/20/85 (CS,

UTC); T49N R8W: Neely 2983, 6/27/85 (CS,

UTC); Neese 15968, 7/19/84 (CS); Neese

15800, 7/12/84 (CS); T49N R9W: Neese

15796, 6/22/84 (CS); Neese 15967, 7/19/84

(CS); T49N RlOW: Neese 15795, 6/21/84 (CS);

T51N R9W: Neelv 2892, 6/16/85 (COLO, CS,

UTC); Neelv & O'Kane 2943, 6/19/85 (CS,

UTC); O'Kane & Neely 2087, 6/19/85 (COLO,
CS); O'Kane & Neely 2088, 6/19/85 (COLO,
CS).

Eutrema penlandii Rollins, Contr. Gray

Herb. 171:51. 1950.

Map 27

Family.—Brassicaceae (Cruciferae).

Synonynl—Eutrema edwardsii R. Brown
ssp. penlandii (Rollins) W. A. Weber.

Federal st.\tus.—Category 3C.

Penlands eutrema, an alpine species of

moss\' bogs perched on outcrops of Leadville

limestone or Manitou dolomite, grows in the

Mosquito Range and on Hoosier Ridge. Ele-

vations range from 3,660 to 4,260 m. The
species is known from few populations, most

ofwhich are threatened because of their prox-

imity to active mines or mining claims. Min-

ing activities that alter hydrologic regimes can

destro) the fragile alpine wetlands re(}uired

by the species; e.g., habitat of a known popu-

lation on Pennsylvania Mountain was recently

ditched to supply water to a nearby mine.

Populations generally consist of few indi\'idu-

als. (Careful searches in 1986 of six known
localities revealed that only two of these sites
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still contained individuals of the species, al-

beit small size and the possibility that individ-

uals may not appear in a given year may have

prevented plants from being located. Because

of rarity, small populations, fragile habitat,

and current and potential threats, the species'

status should be raised to Category 2.

ParkCoun-H': T8S R77W: Hulten & Weber
11041, 7/10/59 (COLO); Johnston & Lucas

1351, 7/21/77 (RM); Lucas & Johnston s.n.,

7/21/77 (CS); Penland 3909, 7/26/49 (GH);

Penland 1305, 7/27/35 (COLO, GH); Weber
& Rollins 51291, 8/8/51 (COLO, RM); T9S
R78W: O'Kane 2157, 7/18/85 (CS); Weber
13343, 7/14/67 (COLO); T9S R79W: O'Kane
& Anderson 2572, 8/6/86 (CS); TIOS R78W:
Weber 13315, 7/12/67 (COLO). Summit
CoUNTi': T8S R77W: Johnston, Lucas & Ben-

jamin 1878, 7/27/78 (COLO).

Festuca dasyclada Hackel ex Beal, Grasses N.

Amer. 2: 602. 1896.

Map 28

Family.—Poaceae (Gramineae).

Synonym.—Argillochloa dasydada (Hackel

ex Beal) W. A. Weber.
Federal status.—Category 2.

The Utah fescue grows on outcrops of

Green River shale on barren scree slopes or in

sparsely vegetated communities dominated
by Pseudotstiga inenziesii at elevations of

1,890 to 2,745 m. The species is apparently

rare in Utah. Colorado hosts many popula-

tions, but they are restricted to the Piceance

Basin and to the Roan Plateau. The major

threat to the species is the mining of oil shale,

although ORVs, domestic livestock grazing,

and road construction also impact the species.

Unless oil shale extraction drastically in-

creases in the future, the species is not threat-

ened with significant habitat loss. An oil shale

company has used the species for revegetation

of disturbed sites. This species should be
downgraded to Category 3C.

Garfield County: T4S R96W: Popp &
Riefler 82-372, 7/13/82 (CS); T5S R95W:
Harner s.n., 7/16/83 (COLO); Keammerer &
Keammerer s.n., 7/28/78 (COLO); T5S
R96W: Clark s.n., 8/82 (COLO); Kaemmerer
& Kaemmerer s.n., 7/26/78 (COLO, RM);
T6S R94W: Irvine & Chichester 193, 7/15/76

(BRY, COLO); Mase 1241, 7/16/81 (CS); T6S
R95W: Nicholas 158, 7/17/81 (CS); Woods
s.n., 7/7/81 (COLO); T7S R96W: Irvine 171,

7/5/76 (COLO, UTC); O'Kane & Anderson
2425, 6/11/86 (RM); Painter, Emrich & Ben-
der 54, 7/17/78 (COLO, CS); T7S R97W:
Irvine & Gregory 34, 7/75 (COLO); Painter,

Emrich & Pease 25, 7/14/78 (COLO, CS,
RM). Rio Blanco County: T3S R95W: Baker
& Sigstedt 82-264, 7/2/82 (CS); Kelley, Baker
& Sigstedt 82-19A, 6/30/82 (CS); Neese et al.

11979, 7/10/82 (BRY); Smith et al. 1814,

7/10/82 (BRY, COLO, RM, UTC);T4S R94W:
Kelley & Sigstedt 82-71, 7/8/82 (CS); Neese
et al. 11982, 7/10/82 (BRY); Weber 17810,

7/8/86 (COLO); Weber 15977, 6/21/81

(COLO); Wilev & England 429, 7/24/79

(BRY); Wilken 13567, 9/22/79 (CS); T4S
R95W: Baker & Naumann 82-269, 7/6/82

(BRY, COLO, CS); Kelley & Sigstedt 82-61,

7/7/82 (CS); T5S R98W: Ellis & Hackney s.n.,

7/13/80 (CS).

Festuca hallii (Vasey) Piper, Bot. Gaz. 6: 296.

1881.

Map 29

Family.—Poaceae (Gramineae).

Synonyms.—Melica hallii Vasey, F. sca-

brella Torr. in Hook, sensu lat., Festuca

altaica Trin. ssp. hallii (Vasey) Harms.
Federal status.—Category 2.

In Colorado, Halls fescue grows in alpine

tundra with Kobresia and in subalpine grass-

lands. The highest stations for the species are

found in Colorado. The species, once thought

to be limited to Colorado, occurs across the

northern Great Plains of North Dakota and

Canada, extends down the Rocky Mountain
Cordillera through Montana, Wyoming, and
Colorado, and is apparently disjunct near

Thunder Bay, Ontario (Dorn 1988, Harms
1985, Pavlick and Looman 1984). In Colorado

the species is apparently rare and may be
disjunct (Weber 1961, 1987). This taxon, be-

cause it is widespread and is apparently not

threatened in a significant portion of its range,

should be downgraded to Category 3C.

Location obscurE: Hall & Harbour 621,

n.d. (NY, US). Larimer County: T8S R76W:
Weber & Pickford 9694, 8/25/56 (COLO).
Huerfano County: T31S R68W: Weber &
Wingate 15442, 7/6/78 (COLO, RM).

Frasera coloradensis (C. M. Rodgers) D. M.
Post, Madrorio 10: 108. 1949.

Map 30

Family.—Gentianaceae.

Synonym.—Swertia coloradensis Rogers.
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Federal STATUS.—Category 2.

The Colorado gentian is endemic to south-

eastern Colorado where it grows on sparsely

vegetated slopes and disturbed sites covered

with gravel derived from Greenhorn lime-

stone. It is associated with typical grassland

species and, occasionally, with Juniperiis. El-

evations range from 1,220 to 1,650 m. The

species is apparently negatively impacted by

domestic livestock grazing. A recent survey in

Colorado located several new populations;

however, outcrops of Greenhorn limestone in

adjacent New Mexico, where the species is

expected, were not searched.

Baca County: T28S R46W: Kuhn 494, 6/

23/87 (COLO); Kuhn 619, 9/2/87 (CS); Kuhn
541, 6/29/87 (CS); T28S R48W: Kuhn 527,

6/25/87 (CS); T28S R49W: Kuhn 522, 6/25/87

(COLO); T29S R50W: Kuhn 510, 6/24/87

(COLO); T30S R50W: Kuhn 556, 7/2/87 (CS);

T31S R49W: Kuhn 554, 7/2/87 (CS); T33S

R50W: Kuhn 553, 7/2/87 (CS); Johnston 2441,

6/16/81 (COLO); Johnston 2446, 6/16/81

(COLO); Locklear 7, 6/5/86 (COLO, KANU,
NEB); Rogers 6423, 9/8/48 (COLO, MICH).
Bent County: T26S R48W: Kuhn 548, 7/1/87

(CS); T26W R49W: Kuhn 524, 6/24/87 (CS);

T27S R49W: Kuhn 523, 6/24/87 (COLO). Las

Animas County: T29S R51W: Kuhn 511, 6/24/

87 (COLO); T30S R53VV: Kuhn 550, 7/1/87

(CS); T31S R51W: Kuhn 552, 7/1/87 (CS);

Johnston 2450, 6/16/81 (COLO); Locklear 10,

9/9/86 (COLO, KANU, NEB); T31S R52W:
Johnston 2449, 6/16/81 (COLO); Rogers 4951,

7/20/47 (COLO, MICH);T33S R51W: Rogers

6110, 6/29/48 (COLO, MICH). Prowers
County: T25S R46W: Harrington 3481, 7/13/

47 (CS); Porter 4300, 7/13/47 (C:()L(), MO,
RM); T26S R46N: Johnston 2424, 6/15/81

(COLO); Harrington 9864, 6/9/65 (CS); Lock-

lear 9, 9/9/86 (KANU, NEB); Weber 5082,

8/28/49 (C:OLO); T26S R47W: Kuhn 549, 7/1/

87(CS);T27S R45W: McGregor 34856, 9/7/83

(KANU).

Gaura neomexicana Woot. ssp. coloradensis

(Rydb.) Raven & Gregory, Bull. Torrev Bot.

Club65: 114. 1938.

Map 3

1

Family.—Onagraceae.

Synonym.—Gaura coloradensis Rydb.

Federal STATUS.—Category 1.

The Colorado butterflyweed was previ-

ously known only from a small area near the

Colorado-Wyoming border in Larimer and

Weld counties and Sedalia in Adams County

(J. Anderson, personal communication). Pop-

ulations near the foothills in Larimer County

have not been seen since 1944. Recent sur-

veys, however, located several populations in

Laramie County, Wyoming, the southwest-

ern corner of Nebraska, and near the Colo-

rado-Wyoming border in Weld County, Colo-

rado. Two "populations' are known from

Boulder County: just north of Boulder on a

disturbed roadside and further east on the

plains. The first consisted of a single individ-

ual and the latter was transplanted there in

the late 1970s. The species is probably im-

pacted by domestic livestock grazing, and

several populations in Wyoming may be im-

pacted by development at military installa-

tions. The species occupies moist meadows
and gentle mid-slopes just above drainages

and below the drier uplands at elevations from

about 1,790 to 1,890 m. It is frequently associ-

ated with species ofScirpus and Carex.

Boulder County: TIN R71W: Weber &
Phipps 17471, 9/22/84 (COLO, CS, RM).

Larimer County: Location obscure: Cowan
1632, 7/1/95 (COCO, CS, US); Harrington

543, 8/4/44 (COLO, CS); T7N R68W: Cowan
s.n., 7/8/1895 (Holotvpe: NY; Isotype: GH);

Cowan & Crandall 1308, n.d. (ISC, NY).

Weld County: TUN R67W: Neese 16023,

8/4/84 (BRY, CS); Neese, Peterson & An-

drews 15969, 8/1/84 (CS); T12N R67W: Neese

& Andrews 16057, 8/14/84 (CS); Porter 9690,

8/64 (DS, MSC, RM, RSA).

Hackelia ^racilenta (Eastw.) I. M. Johnston,

Contr. Gray Herb. 68: 46. 1923.

Map 32

FAM I LY .—Boraginaceae.

Synonym.—Lappula ^racilcnta Eastw.

Federal STATUS.—None.

Uachclia firacilcnta is endemic to a small

area in Mesa Verde National Park where it

grows in loamy or sandy .soils of mesas, slopes,

and drainage bottoms. It j)refers the accumu-

lated litter beneath stands o^Qucrcus ^ambe-

lii or pin\'on and juniper. Elevations range

from 1,830 to 2,010 m. No threats are known,

but potential habitat outside the park in the

Ute Mountain I'te Tribal Park may be threat-

ened by grazing and b\ road construction for
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park development. This species, like other

Mesa Verde endemics of extremely limited

distribution, should be considered a Category

2 species. Inventories of national park and

adjacent tribal lands are needed.

Montezuma County': T33.5N R15W:
Friedlander s.n., 6/15/80 (CS); Friedlander

s.n., 6/22/80 (CS); Mesa Verde Explorers'

Camp 146, 7/6/44 (CS); Nelson 10414, 5/12/25

(MO, RM); Schmoll & Nusbaum 1660, 6/1/25

(RM); T34N R15W: Erdman 46, 6/16/59

(COLO); Buder 89, 6/8/29 (COLO); Eastwood

s.n., 6/1890 (COLO); Reveal, Gentry &
Davidse 843, 6/9/67 (COLO, KANU, NY,

RM); Weber 8711, 6/9/54 (COLO).

Haplopappus fremontii A. Gray ssp. mono-
cephalus (A. Nels.) H. M. Hall, Gen. Haplo-

pappus 87. 1928.

Map 33

Family.—Asteraceae (Compositae).

Synonym.—Oonopsis monocephala A. Nels.

Federal STATUS.—Category 2.

Haplopappus fremontii ssp. monocephalus

has a relatively large range. Furthermore, it is

probably not a good subspecies (G. Brown,

personal communication, W. A. Weber, per-

sonal communication). Populations are known
to contain both single- and multi-headed indi-

viduals. I have seen mixed specimens as well

as specimens of the typical variety and var.

monocephalus from the same locality col-

lected by the same person on the same day.

Status should be changed to Category 3B. The
taxon grows in clayey soils, often derived from

the Morrison Formation, in the juniper zone

in south central and southeastern Colorado.

Fremont County: T17S R70W: Neese
15948, 7/17/84 (CS); T18S R68W: Weber
8569, 5/21/49 (COLO); T18S R70W: Neese
15961, 7/18/84 (RM); T19S R69W: Weber &
Hogan 17537, 8/24/85 (COLO, RM). LasAnl
MAS County: T31S R61W: Archibald s.n.,

1902 (COLO); Archibald A257, 1900 (Iso-

types: COLO, RM); T33S R60W: Brooks

14334, 7/11/79 (MO).

Hymenoxys helenioides (Rydb.) Cockerel!,

Bull. Torrey Bot. Club 31: 481. 1904.

Map 34

Family.—Asteraceae (Compositae).

Synonyms.—Picradenia helenioides Rydb.

,

Du^aldia helenioides (Rydb.) A. Nels.

Federal STATUS.—Category 2.

In Colorado the Intermountain bitterweed

is found at elevations from 2,600 to 2,725 m
where it grows on grassy tloodplain terraces

above creeks and below forested hillsides.

This species resembles hielenium (Diigaldia)

hoopesii Gray—hence the specific epithet

—

but differs from that taxon by its shorter

stature, smaller capitula, and divided leaves.

The species in Colorado is known from La
Veta Pass, in Costilla County, and from near

Slumgullion Pass, Hinsdale County. In 1987

John Anderson relocated these populations,

which have not been seen since 1900 and
1940, respectively. Sangre de Cristo Creek
near La Veta Pass is the type locality. Several

populations are known from the Wasatch and
Aquarius plateaus in central Utah, one from

the Chuska Mountains of San Juan County,

New Mexico (Anderson & Heil 87-174 ASU),
and three from the Lukachukai Mountains of

Apache County, Arizona (Anderson & Heil

87-126, 87-141 & 87-142 ASU). Arizona and
New Mexico populations occur in openings in

ponderosa pine-oak-aspen forests; in Utah
the species grows on dry .sagebrush-covered

mounds within dry sedge meadows. Popula-

tions of the species invariably consist of few

individuals, often fewer than a dozen. The
habitat of the species, because of its high for-

age value, is usually grazed by domestic live-

stock. Because populations invariably consist

of few individuals, are infrequently found

across a large geographical area containing

much potential habitat, have inviable pollen,

and are found with both Hijmenoxijs richard-

sonii and Helenium hoopesii, Hymenoxys he-

lenioides may be of sporadic hybrid origin (J.

Anderson, unpublished data, personal com-
munication).

Costilla County: T28S R70W: Anderson
87-105, 7/22/87 (COLO). T29S R71W: Ryd-

berg & Vreeland 5495, 7/2/1900 (Holotype:

NY, Isotype: RM); Anderson 87-116, 7/23/87

(CS). Hinsdale County: T44N R3W: Pen-

land 1548, 7/7/40 (COCO).

Ipomopsis globularis (Brand) W. A. Weber,
Pflanzenreich, 4, Fam. 250: 120. 1907.

Map .35

Family.—Polemoniaceae.

Synonyms.—Gilia spicata Nutt. var. capi-

tata A. Gray, G. cephaloidea Rydb. of manu-
als, G. globularis Brand.

Federal STATUS.—Category 3C.



452 Great Basin Naturalist Vol. 48, No. 4

Globe gilia is a showy endemic of the

Mosquito Range, adjacent Hoosier Ridge,

and Boreas Pass where it grows on barer spots

in gravelly tundra and loose talus at elevations

of 3,475 to 3,965 m. It is often interspersed

with caespitose Salix species and Dryas oc-

topetala. The habitat of this species is usually

underlain with heavily mineralized Leadville

limestone or Manitou dolomite. Mining and

four-wheel-drive recreation present the ma-

jor threats to the species. Although not in

danger of immediate large-scale habitat loss,

this species should be monitored for de-

creases in population size and for habitat de-

struction.

Location OBSCURE: Brandegee s.n., 1871

(COLO); LAKE: TIOS R79W: Lewis 1741,

8/3/80 (US). Park County: T7S R77W: Lewis

1685, 7/31/80 (US); T8S R77W: Crandall s.n.,

7/31/95 (CS); Johnston & Kurling 136, 7/31/75

(COLO); Johnston & Lucas 7, 7/21/77 (CS);

Lewis 1578, 7/29/80 (US); Lewis 1872, 7/29/80

(US); Wojciechowski 1032, 7/23/80 (US); T8S
R78W: Hall & Harbour 461, n.d. (Isotypes:

GH, US); Huestis s.n., 8/14/05 (COLO, CS);

Johnston 2369, 7/18/80 (COLO); Lewis 1505,

7/25/80 (US); Lewis 1767, 8/23/80 (US);

O'Kane 2141, 7/16/85 (CS); O'Kane 2120, 7/

15/85 (CS); O'Kane 2174, 7/19/85 (CS); Yeatts

2067, 7/14/85 (KHD); T9S R78W: O'Kane
2153, 7/17/85 (CS); TIOS R78W: Neely 3068,

7/9/85 (CS); Neely & Johnston 3098, 7/16/85

(CS); TIOS R79W: Pillmore s.n., 8/13/55 (CS).

Summit County: T7S R77W: Cowan 1810,

8/2/95 (CS); Cowan & Crandall s.n., 8/2/95

(CS); Nelson 1052, 8/1/72 (CS); Wojcie-

chowski 1137, 7/31/80 (US); T8S R77W:
Weber & Thornburg 4450, 8/31/48 (COLO,
CS); T8S R78W: Komarkova s.n., 8/17/73

(COLO).

Ipomopsis polyantha (Rydb.) V. Grant var.

polyantha. Bull. Torrev Bot. Club 31: 634.

1904.

Map 36

Family.—Polemoniaceae.

Synonym.—Gilia polyantha Rydb. var.

polyantha.

Federal STATUS.—Category 2.

The Pagosa gilia is endemic to the area im-

mediately surrounding Pagosa Springs where
it grows on gray, fine-textured soils derived

from Mancos shale in oak and pondcrosa
communities. Elevations range from 2,070 to

2, 170 m. The few known populations have low

population densities. Threats include resi-

dential and commercial development in the

Pagosa Springs area associated with airport

expansion, and increased recreational use of

public lands in conjunction with two proposed

ski facilities located nearby. Grazing may also

impact the species. The species may be an

early successional species, as it is occasionally

seen growing on older road cutbanks. The
effects of continual or catastrophic distur-

bance are not known. Field surveys are still

needed to document the limited range of the

species, but unless additional populations are

found, it should be considered a candidate for

listing as a threatened species.

Archuleta Count\ : T34N R3W: O'Kane

2077, 8/5/85 (COLO, CS); T35N RIW: Har-

rington 8242, 6/13/56 (CS); Harrington 9981,

6/14/67 (CS); Higgins 3574, 7/3/70 (BRY);

O'Kane 2079, 6/5/85 (CS); O'Kane & Ander-

son 2081, 6/5/85 (COLO, CS); Weber & Liv-

ingston 6334, 6/20/51 (COLO, CS, MO);
T35N R2W: Bethel 7683, 7/2/17 (CS, RM);
Bethel s.n., 6/29/20 (CS); Bethel, Willev &
Clokey 4251, 6/30/21 (COLO, MO, RM);
Smith 23, 7/20/1873 (COLO); Baker 538,

7/28/1899 (MO).

Lesqtierella congesta Rollins, Contr. Grav

Herb. 214: 8. 1984.

Map 37

Family.—Brassicaceae (Cruciferae).

Federal STATUS.—Category 2.

The recently described Dudley Bluffs blad-

derpod is an extremely rare endemic of the

Piceance Basin where it grows on barren out-

crops of the Thirteen Mile Creek Tongue of

the Green River shale where it abuts the

Uinta Formation on ridgetops, benches, and

snouts of ridges. The taxon inhabits harsh sites

which, because of sparse vegetation, exposed

topographic positions, and light-colored sub-

strate, have a high-incident solar radiation.

Sites are characterized by a paxement of small

shale fragments. Astragalus lutosus, Machae-
ranthera grindelioidcs, and Aftcmisia are al-

ways present. Elevations range from 1,870 to

2,025 m. Habitat d(\structi()n associated with

oil shale extraction is the greatest potential

threat to the species. Recent surveys provide

enough information to list the species as

threatened or endangered.
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Rio Blanco County: Location obscure:

Weber 10895, 5/16/59 (COLO); TIN R98W:
O'Kane 2418, 6/5/86 (COLO, GH); TIS
R97W: O'Kane 2402, 6/2/86 (COLO, CS);

O'Kane & Sigstedt 82-125, 5/19/82 (CS, RM);

TIS R98W: O'Kane 2417, 6/5/86 (COLO,
GH); Walker & Sigstedt 82-31, 5/31/82 (CS);

Walker, Waters & Riefler 82-108, 6/2/82

(COLO, CS); T2S R97W: Baker & Naumann
82-191, 6/11/82 (CS); Rollins & Rollins 8394,

6/30/83 (Isotypes: COLO, CS, MO, RM).

Lesquerella parviflora Rollins, J. Arn. Arb.

64: 506-507. 1983.

Map 38

Family.—Brassicaceae (Cruciferae).

Federal STATUS.—Category 2.

The Piceance bladderpod is endemic to

outcrops of Green River shale in the Piceance

Basin and escarpments of the Roan Plateau

and Battlement Mesa. It grows on barren

ridgetops above steep, shifting talus slopes

and on unstable, oakbrush-covered side

slopes. Elevations range from 1,905 to 2,625

m. Several populations growing adjacent to

roads may be impacted by road maintenance

and by ORVs leaving established rights-of-

way. Oil shale extraction could severely affect

several other populations. The type locality

was recently patented by a shale-oil producer.

The species, like Lesquerella congesta, Pen-

stemon debilis, Physaria obcordata, and Thal-

ictrum heliophilutn, was discovered during

botanical inventories ofareas containing high-

quality oil shale. A recent survey indicates

that the species is more abundant and wide-

spread on the Roan Plateau than previously

thought (Mountain West Environmental Ser-

vices 1987).

Garfield County: T5S RIOOW: Kelley

83-134, 8/3/83 (CS). Rio Blanco County:
TIN R99W: O'Kane 2436, 6/15/86 (COLO);
O'Kane 2433, 6/15/86 (COLO, BRY); O'Kane
2427, 6/14/86 (COLO, GH); TIS R96W:
Baker & Naumann 82-231, 6/25/82 (CS, GH);
TIS RIOOW: Kelley & Naumann 82-155, 7/

22/82 (CS, GH); T2S R95W: O'Kane 2405,

6/3/86 (COLO, CS, RM); O'Kane 2403, 6/3/86

(COLO, NY); O'Kane 2407, 6/3/86 (COLO,
BRY); T2S R96W: Walker & Naumann
82-213, 6/16/82 (CS); T2S RIOOW: O'Kane
2447, 6/28/86 (COLO, GH); T3S R99W:
O'Kane & O'Kane 2095, 6/27/85 (CS); Rollins

& Rolhns 8395, 6/20/83 (BRY, CS, GH, RM);

Wiley-Eberle 1021, 7/27/83 (CS, RM); T3S
RIOOW: Baker & Sigstedt 82-308, 7/21/82

(Holotype: GH; Isotype: CS); Painter, Em-
rich & Pease 132, 7/24/78 (CS); Peterson &
Naumann 82-4, 7/16/82 (COLO, CS, RM);
Peterson et al. 1141, 7/5/78 (CS); Wilken
13866, 7/14/82 (COLO, CS, GH, RM). Mesa
County: T8S R95W: Anderson 87-87, 7/15/

87 (COLO, CS).

Lesquerella pruinosa Greene, Pitt. 4: 307-

308. 1901.

Map 39

Family.—Brassicaceae (Cruciferae).

Federal STATUS.—Category 2.

The Pagosa bladderpod is endemic to the

area around Pagosa Springs where it grows in

fine-textured soils derived from Mancos shale

at elevations of 2,095 to 2,290 m. This area is

being increasingly impacted by residential

and commercial development associated with

airport expansion, out-of-state vacationer

homes, and land speculation related to two

proposed ski areas near Wolf Creek Pass. The
species is found on open shale slopes in oak-

brush communities and, less frequently, open
stands of ponderosa. Known threats and lim-

ited distribution qualify the species as a

threatened species, although more fieldwork

is needed before a final determination can be
made.

Archuleta County: T34N RIW: Johnston

& Lucas 1724, 6/21/78 (COLO, RM); O'Kane
2080, 6/5/85 (COLO, CS); O'Kane & Ander-

son 2072b, 6/4/85 (CS); T34N R2W: O'Kane
2068, 6/4/85 (COLO, CS); T34N R3W:
O'Kane 2648, 4/5/87 (RM); O'Kane & John-

ston 2078, 6/5/85 (CS); T35N RIW: Bethel

s.n., 7/4/17 (CS, MO, RM); Bethel s.n.,

6/30/21 (CS); Bethel, Willey & Clokey 4132,

6/29/21 (RM); Johnston & Lucas 1719, 6/20/78

(RM); O'Kane 2063, 6/4/85 (CS); Penland,

Brown & Hartwell 2119, 6/15/48 (KHD);
035N R2W: Schmoll 1077, 6/16/24 (COLO,
RM).

Lomatium concinnum (Osterh.) Mathias,

Ann. Missouri Bot. Card. 25: 276. 1937.

Map 40

Family.—Apiaceae (Umbelliferae).

Synonym.—Cogswellia concinna Osterh.

Federal status.—Category 2.

The Colorado desert-parsley is endemic to
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the barren adobes and pinyon-juniper cov-

ered hills of Mancos shale from south of Mon-
trose to Delta and Hotchkiss. The species

grows in mat saltbush communities at eleva-

tions of 1,635 to 1,920 m and up to 2, 120 m in

pinyon and juniper. It is known to occur with

Penstemon retrorsiis, a Category 1 species,

and Eriogonutn pelinophilum, an endangered

species. The species is threatened with habi-

tat modification and destruction resulting

from residential and agricultural develop-

ment, canal systems, oil and gas exploration,

and ORV use. Searches for this species are

required to determine its status as few speci-

mens exist, most of these being at least 75

years old.

Delta Count\': Location obscure: Purpus

51, 5/1892 (F); Purpus 587, 5/1893 (F); T14S
R91W: Neese 13245, 5/11/83 (BRY, CS); Os-

terhout 4515, 5/21/11 (Isotype: COLO); T14S
R92W: Neese 13257, 5/11/83 (BRY, CS); T14S
R93W: Elhs s.n., 5/27/78 (CS); T14S R94W:
Neese 13267, 5/12/83 (BRY, CS, RM); T15S
R93W: Neese 13262, 5/11/83 (BRY, CS). Gun-
nison County: Location obscure: Baker 22,

6/6/01 (MO, RM). Montrose County': T49N
R8W: Weber 7483, 5/30/52 (COLO). Ouray
County: T R; Anderson and Fergeson 87-55,

6/1/87 (COLO, CS).

Lomatium latilobum (Rydb.) Mathias, Ann.

Missouri Bot. Card. 25: 281. 1937.

Map 41

Family.—Apiaceae (Umbelliferae).

Synonyms.—Cynoma rathrum latilohiim

Rydb., A/efe.s latiloba (Rydb.) W. A. Weber.
Federal status.—Category 2.

The Canyonlands lomatium is a Navajo

Basin endemic limited to the Entrada and
Wingate sandstones at elevations of 1,538 to

1,570 m. The species is known from a few

populations in Mesa County, Colorado, and
Grand and San Juan counties, Utah, where it

grows in sand and sandy silt on rimrock ledg-

es in the pinyon-juniper zone. Occasionally

plants are found as waifs in the canyons below
as seeds are washed down. Because of its inac-

cessible habitat and the protection most popu-

lations receive in (Colorado National Monu-
ment and Arches National Park, the species

is not currently threatened with extinction.

Because the species is known from very few
populations, however, it should remain a can-

didate for listing until field surveys are com-

pleted and threats, ifany, to other populations

are identified.

Mesa County: TIS RIW: Neese 13274,

5/13/83 (BRY, CS, RM); Siplivinskv 3298,

5/19/82 (COLO); TIS R2W: Rector 6, 7/12/80

(COLO); Riplev & Barnebv 5443, 5/23/43

(RM); Weber 15804, 5/24/80 (COLO); T2S
R2W: Anderson 372, 5/15/82 (BRY); TllS
R102W: Anderson s.n., 7/19/84 (BRY); Rector

s.n., 8/30/80 (COLO, CS, RM); Weber & Rec-

tor 16641, 5/26/83 (COLO, CS, RM); T12S
RIOIW: Siplivinsky 5033, 8/29/82 (COLO).

Lupinus crassus Payson, Bot. Gaz. 60: 376.

1915.

Map 42

Family.—Fabaceae (Leguminosae).

Federal status.—Category 2.

The Paradox lupine is known only from

western Montrose County where it grows at

elevations of 1,530 to 1,825 m. The species is

usually found growing beneath junipers on

fairly open ground but may also be found in

stands of mixed pinyon and juniper. Soils are

usually sandy and are derived from the Chinle

formation. Plants are, however, occasionally

seen on loamy to clayey soils and even on
adobe hills. This is a distinct taxon recognized

by its succulent herbage and prostrate habit.

Threats to the species include overgrazing,

landfills, road construction, and oil and gas

exploration and extraction.

Montrose County : T46N R15W: Beck &
Siplivinskv 3606, 6/4/82 (COLO, CS); Pavson

239, 4/21/14 (Holotype: RM; Isotvpes:

COLO, MO, RM); Pavson 985, 6/1/17 (MO,
RM); Peterson & Baker 83-49, 5/16/83 (BRY,

COLO, CS); T47N R18W: Peterson &
Kennedv 83-60, 5/18/83 (BRY, COLO, CS,

RM); Peterson & Kennedy 83-58, 5/18/83

(BRY, COLO, CS); Peterson & Kennedv
83-57, 5/18/83 (BRY, COLO, CS, RM); T47N
R19W: Weber & Wittman 16073, 5/29/82

(C:OLO); T48N R19W: Atwood & Thompson
8801, 5/20/82 (BRY); Conrad, Morris & Dunn
6627, 5/19/73 (BRY, COLO); Cox, Dunn &
Fleak 1986, 6/10/70 (MO); Peterson &
Kennedv 83-55, 5/18/83 (BRY, COLO, CS,

RM); Ratzloff s.n., 5/13/78 (COLO); Ratzloff

s.n., 5/13/78 (COLO); Walker 152, 6/21/12

(RM).

Lijgodesmia doloresensis Tomb, Svst. Bot.

Monogr. 1: 48-50. 1980.
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Map 43

Family.—Asteraceae (Compositae).

Federal status.—Category 2.

The Dolores skeletonplant is a narrow en-

demic of the Dolores River canyon near the

Colorado-Utah border at Gateway in Mesa
County. It grows in reddish purple, sandy

alluvium and colluvium of the Cutler forma-

tion between the canyon walls and the river in

juniper, shadscale, and sagebrush communi-
ties at elevations of 1,400 to 1,435 m. A small

population in adjacent Utah is reported (J.

Anderson, personal communication). Popula-

tions of this species are severely impacted by
domestic livestock grazing along narrow

canyon reaches and in blackbrush flats of

wider places in the canyon bottom. Individu-

als are limited to the protection of shrubs and

clumps of Optintia, and herbage projecting

beyond this protection is immediately

browsed. Few individuals are seen between
shrubs, and then only on small sites inaccessi-

ble to livestock. Unless the little additional

inventory needed indicates otherwise, this

species should be listed as endangered.

Mesa County: T15S R104W: O'Kane & An-

derson 2092, 6/20/85 (CS); T50N R19W: Har-

rington 4426, 6/11/49 (CS); O'Kane & Ander-

son 2091, 6/20/85 (CS); Ratzloff 1655, 6/21/79

(COLO); T51N R19W: Anderson 85-82, 6/20/

85 (BRY); Beck & Siplivinski 3669, 6/5/82

(COLO, CS, RM); Freeman & Wetter 1823,

5/18/83 (KANU); Harrington 3069, 5/27/47

(CS); O'Kane & Anderson 2090, 6/20/85 (CS).

Mentzelia argillosa J. Darl., Ann. Missouri

Bot. Card. 21: 153. 1934.

Map 44

Family.—Loasaceae.

Synonym.—Nuttalia argillosa (Darl.) W. A.

Weber.
Federal STATUS.—Category 2.

The Arapien stickleaf is known from two
small, widely separated areas ofendemism. In

Utah it is found at a few sites in Sanpete and
Sevier counties growing on Arapien shale. In

Colorado it grows only along escarpments of

Green River shale on the Roan Plateau,

Garfield County. The species occurs on steep,

barren slopes of shifting talus at 1,830 to 2,560

m in elevation and is typically found with

other oil shale endemics such as Astragalus

lutosus, Thalictrum heliophilutii, Penstemon

debilis, and Festtica dasijclada. While the

Utah distribution is not thoroughly known
(Welsh 1985), the species has been well inven-

toried in Colorado and many localities are

known. The major threat to the taxon is oil

shale mining and retorting.

Garfield County: T5S R96W: Harner
1530, 8/82 (COLO); T6S R91W: Nicholas 197,

7/17/81 (CS); T6S R96W: Nicholas 46, 6/20/81

(CS); Weber & Clark 16359, 8/28/82 (BRY,

COLO, CS, RM).

Mentzelia densa Greene, Pitt. 3: 99. 1896.

Map 45

Fam ILY.—Loasaceae

.

Synonyms.—Mentzelia multiflora (Nutt.)

A. Gray var. densa (Greene) A. Nels., Nuttal-

lia densa (Greene) Greene, Touteria densa

(Greene) Rydb.

Federal status.—Category 2.

The Royal Gorge stickleaf is limited to the

drainages and main canyon of the Arkansas

River between Caiion City and Cotopaxi, a

distance of 25 miles, where it grows on steep,

igneous canyon walls in mountain shrub com-
munities at elevations of ca 1,900 to 1,990 m.

Darlington enigmatically reports the species

from "southern Colorado " by citing specimens

from "Mesa County. " Darlington does not

place the species in the Arkansas canyon al-

though Greene described the taxon from

there. Specimens examined by Darlington

are probably best ascribed to M. multiflora

(O'Kane et al. 1988). Known localities are im-

mediately adjacent to highways, but other

threats are not known. Livestock probably

have little impact on the species because of its

inaccessible habitat. Inventories are needed
to document the status of this species.

Chaffee County: T49N R9E: Baker, Earle

& Tracy I41/2, 6/19/1898 (MO). Fremont
County: Location obscure: Engelmann s.n.,

9/1874 (MO); Redfield 466, 7/22/1872 (MO);

T18S R70W: Osterhout 3334, 8/15/06 (RM);

Osterhout 2094, 6/20/00 (NY); Shear 3782,

8/8/92 (NY); T18S R71W: Osterhout 6599, 6/

22/26 (RM); T18S R72W: Harrington 7636,

7/8/54 (CS); Jones s.n., 6/29/13 (RM); T19S
R73W: Brandegee s.n., 1872 (COLO); T48N
R12E: O'Kane & Anderson 2204, 7/31/85

(CS).

Mimulus gemmiparus W. A. Weber, Madroiio

21: 423-425. 1972.
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Map 46

Family.—Scrophulariaceae.

Federal STATUS.—Category 2.

This monkeyflower, unusual for the genus

in that it does not reproduce sexually, is

known from two areas of endemism, one near

Tarryall Reservoir in Jefferson County and

another consisting of a few populations in

Rocky Mountain National Park. Interestingly,

is has been located on the outwash from the

recent Lawn Lake flood (B. Jennings, per-

sonal communication). The species repro-

duces by forming "gemmae" ofswollen petiole

bases containing a reduced plant axis. These

gemmae fall free from the plant when leaves

dehisce in the autumn. Flowers are rarely

formed, and these are functionally sterile.

This precise mode of reproduction is not

known in any other plant species (J. Karron,

personal communication). The species pro-

vides an opportunity to study the evolution of

obligate asexual reproduction in an otherwise

sexually reproducing genus. Mimulus gemmi-

parus grows in crevices ofrock outcrops, often

with dripping water, in the spruce-fir zone at

elevations ranging from 2,560 to 3,050 m, of-

ten with other Mimulus species. Although

very rare and unusual, no threats are known
for the species.

Grand County: T2N R74W: Douglass

74-1, 7/23/74 (COLO); Douglass 62-33,

6/29/62 (COLO); Karron 1, 8/15/82 (COLO);
Nelson 6222, 8/2/50 (COLO); Willard 62119,

8/16/62 (COLO); Willard 61379, 8/12/61

(COLO); T4N R75W: Vickery 2735, 8/14/67

(MO). Jefferson County: TIOS R71W: Kar-

ron 5, 9/6/82 (COLO); Murphy 322, 8/9/79

(COLO). Larimer County: T5N R74W:
Weber & Grove 14062, 7/8/70 (Holotype:

COLO, Isotypes: CS, MO).

Mirabilis rotundifolia (Greene) Stand!.,

Field Mus. Nat. Hist. Bot. Ser. 8: 305. 1931.

Map 47

Family.—Nyctaginaceae.

Synonyms.—Allionia rotundifolia Greene,

A. polyatricha Standi., Oxyhaphus rotundi-

folius (Greene) Standi.

Federal STATUS.—Category 2.

Mirabilis rotundifolia is endemic to an area

along the Arkansas River between Canon City

and Pueblo where it grows on fine-textured,

white hills eroded from the Timpas Forma-

tion, a Niobrara equivalent. It occurs at 1,550

to 2,200 m and is often found associated with

Frankenia, Juniperus, Pinus edidis, and Afri-

plex. The species is threatened by mining for

cement products and by residential expan-

sion. The effects ofgrazing are not known, and

surveys for the taxon are incomplete.

El Paso County: T14S R67W: Loftfield

113, 7/18/24 (COLO). Fremont County:

T18S R70W: Brandegee 702, 7/28/1873 (UC);

Brandegee 437, 8/13/1872 (Type: UC); T19S

R68W: Locklear 11, 9/11/86 (COLO, NEB);

Locklear 8, 6/17/86 (COLO, NEB). Pueblo

CouNTk- T20S R65W: Ewan 14177, 6/12/42

(COLO); T20S R66W: Ripley & Barneby

7663, 5/23/47 (NY); T21S R68W: Barneby

13004, 6/1/61 (NY).

Neoparrya lithophila Mathias, Ann. Missouri

Bot. Card. 16: 393-394. 1929.

Map 48

Family.—Apiaceae (Umbelliferae).

Synonym.—Aletes lithophila (Mathias) W. A.

Weber.
Federal status.—Category 2.

Neoparrya lithophila was long sought in the

"Heufano Mts." of northern New Mexico until

it was rediscovered by W. A. Weber in 1957

on a volcanic dike near Silver Mountain in the

vicinity of the Spanish Peaks, Huerfano

County, Colorado. The species was found in

Saguache County on the eastern edges of the

San Juan volcanic area by C. E. Taylor in

1922. His specimens were filed under Pseudo-

cymopterus anisatus at the U.S. Forest Ser-

vice Herbarium until discovered by R. Hart-

man when the herbarium was moved to the

Rocky Mountain Herbarium. Several popula-

tions have subsequently been located from

northwest of Saguache to south of Alamosa.

These populations occur on la\a flows and

outcrops of igneous rocks with Artemisia,

Rihes, Symphoricarpos , and Pinus. An un-

usual population, growing on barren, nearly

white silt-loam of the Dry Union Formation,

was discovered near Salida in 1986 (O'Kane

et al. 1988). The total elevational range of the

species is 2, 130 to 3,048 m. The species is not

impacted b\' grazing because it grows on inac-

cessible rock outcrops with little forage value.

No other threats, other than some habitat

degradation of the Elephant Rocks population

near Del Norte from recreational activities.



October 1988 O'Kane: Colorado's Rare Flora 457

are known, and the species might best be

downgraded to Category 3C.

Chaffee County: T49N R9E: O'Kane &
Anderson 2218, 8/2/85 (COLO, CS). Conejos
County: T34N RUE: O'Kane, Anderson &
Dixon 2500, 7/10/86 (COLO, CS). Huerfano
County: T27S R69W: Hartman 3101, 5/25/71

(RM); Johnston 1406, 8/1/77 (COLO); Parry

83, 9/1867 (Holotvpe: GH, Isotypes: MICH,
MO); Weber &'Gaudreau 10571, 6/29/57

(BRY). Rio Grande County: T40N R6E: An-

derson s.n., 7/25/84 (COLO); Johnston 3038,

7/24/85 (RM); Johnston 3051, 7/24/85 (RM);

Johnston 3041, 7/24/85 (RM); O'Kane & An-

derson 2243, 8/8/85 (COLO, CS). Saguache
County: T41N R6E: O'Kane & Anderson

2241, 8/8/85 (COLO, CS); T43N R7E: O'Kane
2245, 8/9/85 (COLO, CS); T45N R5E: Hart-

man 17360, 9/18/83 (COLO, RM); Hartman
17350, 9/18/83 (COLO, RM, CS); Hartman
17360, 9/18/83 (CS, RM); Johnston 3058,

7/25/85 (RM); Johnston et al. 2776, 10/12/83

(RM); O'Kane & Anderson 2222, 8/7/85

(COLO, CS); O'Kane & Anderson 2221,

8/7/85 (CS); Taylor 475, 7/10/22 (RM); Taylor

476, 7/6/22 (RM); T45N R6E: Johnston 3062,

7/25/85 (RM); Johnston 3063, 7/25/85 (RM).

Oenothera acutissima W. L. Wagner, Syst.

Bot. 6: 153-155. 1981.

Map 49

Family.—Onagraceae.

Synonym.—O.flava (A. Nels.) Garrett var.

acutissima (W. L. Wagner) Welsh.

Federal status.—Category 2.

This evening-primrose is known in Colo-

rado only from Moflfat County where it grows

in sandy, moist soils. It is found in seeps,

adjacent to springs, along ephemeral water-

courses, and in cracks of outcrops of the Uinta

Mountain Group sandstones where micro-

sites are more mesic. Surrounding vegetation

may be ponderosa pine savanna, sagebrush,

grass-forb, or mountain brush. Elevations

range from 2,195 to 2,550 m. Known popula-

tions, because of nearby water and relatively

lush forage, are impacted by domestic live-

stock grazing. The effects of this grazing are

not known. Because the species is low-grow-

ing, light grazing could, in some situations, be
beneficial, as it reduces the cover of taller

species. Heavy grazing, with accompanying
trampling, is probably detrimental to the spe-

cies, especially around grassy springs. The

species is also known from a few populations

in adjacent Uintah and Daggett counties,

Utah.

Moffat County: T6N R104W: Harrington

9924, 6/7/66 (CS); Neese 11806, 6/20/82

(BRY); T7N RIOIW: Brown s.n., 1938 (BRY)
MacLeod & MacLeod s.n., 6/7/70 (COLO)
MacLeod & MacLeod s.n., 7/2/70 (COLO)
T7N, 102W: O'Kane & Neely 3052, 13/6/87

(COLO, MO, RM); T8N R102W: MacLeod
790, 8/8/69 (COLO); Wiley-Eberle 822,

5/14/81 (CS); Wiley-Eberle et al. 822, 6/3/81

(CS); TUN R103W: Peterson & Kennedy
83-360, 6/30/83 (BRY, CS).

Oenothera kleinii W. L. Wagner & Mill, Syst.

Bot. 9: 50. 1984.

Map 50

Family.—Onagraceae.

Federal status.—Category 2*.

The WolfCreek evening-primrose is known
only from the type collection from the Wolf
Creek Valley overlook on the south side of

WolfCreek Pass. This subalpine area is domi-

nated by subalpine fir and Engelmann spruce.

Immediately following its discovery the popu-

lation was destroyed by earthmoving equip-

ment widening Highway 160. Inventories in

the area have not located additional popula-

tions, and the species is presumed extinct, at

least at the type locality. The taxon has affini-

ties to other species of Oenothera in the

Mojave Desert (W. L. Wagner, personal com-
munication, W. A. Weber 1987) and may have

been introduced in a highway seed mix, as

several species from much lower altitudes are

present on the site.

Mineral County: T37N RIE: Wagner &
Wagner 4531, 9/18/81 (Isotypes: COLO, CS,

MO, RM).

Parthenium alpinum (Nutt.) T. & G. var.

alpinum, FI. N. Amer. 2: 285. 1840.

Map 51

Family.—Asteraceae (Compositae).

Synonym.—Bolophyta alpina Nuttall.

Federal status.—Category 3C.

The alpine feverfew is endemic to the plains

of northern Weld County, Colorado, and to

the southeastern quadrant of Wyoming. It

forms small mats in clayey soils derived from

mudstone. Cobbles eroded from conglomer-

ate of overlying strata are often found on the

soil surface. The species occurs at elevations
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of 1,675 to 1,770 m in sparsely vegetated areas

of blue grama grasslands. The effects of heavy

grazing on the species are not known. Because

of apparent rarity and lack of biological infor-

mation, the taxon should be considered a Cat-

egory 2 species until inventories indicate oth-

erwise. This species (and the following

species) illustrates the potential beneficial

uses of rare plant genomes. Parthenitmi

alpinum, P. tetraneuris, and P. Ugulatum (a

relatively rare species of the Uinta Basin) have

been crossed with guayule (P. argentatum) as

part of a study designed to transfer desirable

traits, particularly cold tolerance, into this

potentially valuable rubber-producing spe-

cies (Hashemi et al. 1986, 1987).

Weld County: TUN R65W: Harmon
8919, 6/4/77 (CS); Harmon 8810, 6/4/77 (CS);

Johnston & Lucas 1602, 5/30/78 (COLO, RM);

Johnston & Lucas 1626, 5/31/78 (COLO, CS,

RM); TUN R66W: Hartman 17370, 6/29/84

(RM); Hartman 17369, 6/9/84 (RM).

Parthenium tetraneuris Barneby, Leafl.

West. Bot. 5: 19-22. 1947.

Map 52

Family.—Asteraceae (Compositae).

Synonyms.—Parthenium alpinum (Nutt.)

T. & G. var. tetraneuris (Barneby) Rollins,

Bolophyta tetraneuris (Barneby) W. A.

Weber.
Federal status.—Category 2.

The Arkansas River feverfew occurs on the

rolling and dissected hills between Caiion

City and Pueblo in Fremont and Pueblo coun-

ties. It grows at elevations of 1,500 to 1,710 m
on limestone and shale derived from the Nio-

brara Formation in communities composed of

various mixtures ofpinyon, juniper, mountain

mahogany, sagebrush, and Frankenia. A dis-

junct population near Salida, Chaffee County,

grows on alluvium of the Dry Union Forma-
tion with Eriogonum hrandegei, pinyon, and

juniper at 2,225 m. Many populations are

threatened by residential expansion, mining

of limestone for cement production, and

ORVs. The effects of grazing are not known.

Inventories for the species are relatively com-
plete, but the full extent ofcurrent and poten-

tial impacts needs to be determined.

Chaffee Counit: T50N R8E: Anderson

85-109, 8/1/85 (CS). Fremont Counts: T14S
R69W: Johnston & Wittman 2034, 6/10/79

(COLO); T18S R67W: Baker & Deardorff"

83-123, 7/14/83 (CS); T18S R68W: Baker &
Deardorff" 83-124, 7/14/83 (CS); Baker &
Deardorff 83-121, 7/14/83 (CS); Baker &
Deardorff" 83-120, 7/14/83 (CS); Baker &
Deardorff" 83-122, 7/14/83 (CS); Hermann
23600, 6/1/71 (CS, RM); Johnston & Lucas

1628, 6/1/78 (RM); Weber 4680, 5/21/44

(COLO, CS, KANU, RM); T19S R68W:
Baker & Deardorff" 83-119, 7/13/83 (COLO,
CS); Baker & Deardorff" 83-111, 7/11/83

(BRY, CS); Harrington 9856, 5/17/65 (CS,

KSC); Johnston & Lucas 1630, 6/1/78

(COLO); Peterson & Kennedy 83-434,

7/12/83 (BRY, CS); Peterson & Kennedy
83-439, 7/13/83 (CS, RM); Peterson &
Kennedy 83-433, 7/12/83 (CS); Ripley &
Barnebv 7662, 6/1/46 (RM); Wittmann &
Wittmann 1575, 5/4/81 (COLO); T19S R69W:
Peterson & Kennedy 83-416, 7/11/83 (CS,

RM); Weber s.n., 5/60 (COLO). Pueblo
County: T19S R66W: Baker & Deardorff

83-125, 7/20/83 (CS); T19S R67W: Peterson

& Kennedv 83-119, 7/13/83 (COLO, CS);

Peterson & Kennedy 83-436, 7/12/83 (CS,

RM); T20S R65W: Peterson & Kennedy
83-438, 7/12/83 (CS); Riplev & Barnebv 8303,

5/23/47 (RM); T20S R66W: Baker & Kennedy
83-126, 7/21/83 (CS, RM); Peterson & Dear-

dorff 83-447, 7/21/83 (BRY); Peterson &
Kennedv 83-448, 7/21/83 (CS); Peterson &
Kennedy 83-448, 7/21/83 (BRY); T20S R67W:
Ripley & Barneby 7666, 6/1/46 (RM).

Pediocactus knowltonii L. Benson, Cac. and

Succ. J. 32: 193. 1960.

Map 33

Family.—Cactaceae.

Synonym.—Pediocactus hradiji L. Benson

var. knowltonii (L. Benson) Backbg.

Federal STATUS.—Endangered.

The Knowlton cactus is known from one

naturally occurring population on the New
Mexico-Colorado border in La Plata County,

C'olorado, and San Juan ('ounty. New Mex-

ico. A small population in New Mexico near

the type locality, consisting of eight individu-

als and presumably introduced by cactophiles

fearful of the effects of Navajo Reservoir on

the native population, has recently been re-

duced to three individuals by road construc-

tion (P. Knight, personal communication).

Another "population" has recently been cre-

ated in New Mexico from cuttings to study the



October 1988 O Kane: Colorado s Rare Flora 459

biology and to ensure the survival of the spe-

cies. This species is among the rarest in North

America as well as one of the most endan-

gered. Cactus collectors as far away as Ger-

many and Japan have poached the species for

their cactus collections. The type locality,

now owned by The Nature Conservancy, is

fenced to exclude domestic livestock. The one

hill that this species occupies is unusual in that

it contains a mixture ofjtinipertis osteospernia

and J. scopulorum. Juniperus scopulorum is

not found elsewhere within miles of the popu-

lation. Additionally, although at a relatively

low elevation of 1,950 m, other montane spe-

cies are found at the site. Soils are cobbly

riverine alluvium. This species poses interest-

ing questions concerning speciation and dis-

persal in the Cactaceae.

La Plata County: T32N R7W: Heil s.n.,

5/18/78 (UNM); Peterson & Knight 83-7, 5/2/

83 (CS).

Penstemon albifluvis England, Great Basin

Nat. 42: 367. 1982.

Map 54

Family.—Scrophulariaceae.

Synonym.—Penstemon scariosiis Pennell

var. albifluvis (Engldnd) N. Holmgren.
Federal STATUS.—Category 1.

The White River penstemon is known in

Colorado only from several small populations

on barren outcrops of Green River shale on

Raven Ridge, Rio Blanco County. No herbar-

ium specimens were located from the locality,

but the record is certain as the Colorado Natu-

ral Areas Program and the Bureau of Land
Management are currently conducting a pop-

ulation biology study of the species at this

locality. The species, in Colorado, grows in

pinyon-juniper communities. Welsh (1985)

questions whether this taxon should be con-

sidered a candidate for listing, although he
gives no justification for this view. A limited

range and potential threats from oil shale

production indicate that the species should

remain a candidate until inventories show
otherwise. The effects of grazing on the un-

stable substrate occupied by the species are

not known.

Penstemon debilis O'Kane & J. Anderson,
Brittonia 39: 412-416. 1987.

Map 55

Family.—Scrophulariaceae.

Federal status.—None.
The Parachute penstemon is known only

from Mt. Callahan, above the town of Para-

chute, where it occupies the steep southern

escai-pment of the ridge crest, and from a

small population on the Anvil Points near

Rifle. It grows on unstable, nearly barren

white talus ofdecomposing Green River shale

with Eriogomim lonchophyUum, Cymopterus
hendersonii, and Galium coloradense. Mount
Callahan also hosts Thalictruyn heliophilum,

Festuca dasyclada, Mentzelia argillosa, and
Astragalus lutosus, other oil shale endemics.

One of the two subpopulations on Mt. Calla-

han, ca 90 ha total, is protected as a Colorado

Natural Area. This taxon is likely limited to its

currently known range as inventories of oil

shale lands are relatively thorough. Because

ofextreme rarity, P. debilis should be listed as

an endangered species. Penstemon debilis and
Pediocactus knowltonii are among the rarest

plants in North America.

Garfield County: T7S R96W: O'Kane &
Anderson 2424, 6/11/86 (Holotype: COLO;
Isotypes: ASU, BRY, CS, NY, RM, UTC);
O'Kane 2443, 6/25/86 (KANU); Anderson
86-79, 6/25/86 (CS, SJNM); Anderson
86-118, 7/23/86 (COLO, RM).

Penstemon degeneri Crosswh., Amer. Midi.

Nat. 74: 434. 1965.

Map 56

Family.—Scrophulariaceae.

Federal status.—Category 2.

The Degener beardtongue is apparently

endemic to the canyon of the Arkansas River

from near Texas Creek to Caiion City and to

Wet Mountain Valley, but few specimens are

known. It grows in the duff of pinyon at eleva-

tions of 1,830 to 2,895 m. Until inventories are

conducted, the species should be considered

rare.

FremontCounty: T18S R71W: Peterson &
Kennedy 83-446, 7/14/83 (CS); Weber & Nel-

son 13360, 7/23/67 (COLO); T49N R12E: Har-

rington 7517, 7/5/54 (CS).

Penstemon gibbensii Dorn, Brittonia 34: 334.

1982.

Map 57

Family.—Scrophulariaceae.

Federal status.—Category 2.

The Gibbens beardtongue occurs in Sweet-

water and Carbon counties, Wyoming, and, in
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Colorado, from Browns Park in Moffat County
and the Piceance Basin of Rio Blanco County.

The species belongs to a polymorphic and

difficult group of species that includes P. pen-

landii and P. fremontii. In Browns Park the

species grows in sandy soils derived from the

Browns Park Formation. Populations in the

Piceance Basin grow on partially decomposed
shale of the Green River Formation. Pen-

sternon gibbensii is typically found with

Artemisia tridentata, but it is also found in

communities dominated by mountain ma-

hogany and Utah juniper. Populations in

Browns Park are threatened by heavy grazing.

Piceance Basin populations may be threat-

ened in the future by oil shale extraction;

some populations have been impacted by road

construction.

Moffat CouNTi': TION R102W: Peterson

et al. 1261, 7/20/78 (CS); TION R103W:
Wiley-Eberle s.n., 6/15/84 (CS); Neely 3668,

7/23/86 COLO, CS); Neely 3687, 7/23/86

(COLO, CS). Rio Blanco County: TIN
R97W: O'Kane 2409, 6/4/86 (BRY, NY); TIN
R98W: O'Kane 2445, 6/26/86 (COLO); TIN
R99W: O'Kane 2434, 6/15/86 (BRY, COLO,
GH, NY,RM); TIS R97W: Peterson & Rolhns

83-215, 6/20/83 (CS); O'Kane 2414, 6/4/86

(COLO, RM); T2N R98W: Baker & Naumann
82-184, 6/10/82 (CS); O'Kane 2441, 6/15/86

(COLO, NY, RM); O'Kane, Sigstedt & Peter-

son 82-322, 6/11/82 (CS); T2S R95W: O'Kane
2407, 6/3/86 (BRY, COLO, NY, RM); T2S
R97W: Baker & Naumann 82-197, 6/11/82

(CS); T3S R95W: Kelley & Riefler 82-37,

7/2/82 (CS); T3S R98W: Peterson et al. 1178b,

7/6/78 (CS); T4S R95W: Kelley & Sigstedt

82-88A, 7/8/82 (CS).

Penstemon grahamii Keck in E. Graham,
Ann. Carnegie Mus. 26: 331. 1937.

Map 58

Family.—Scrophulariaceae.

Federal STATUS.—Category 1.

The Graham beardtongue, in Colorado,

grows only west of Rangely on leaven Ridge, a

floristically important outcrop of Green River

shale that contains a number of endemic spe-

cies. It is found with J unifH'nis o.steospenna,

Cercocarpus intricatus, and C. niontanus at

1,780 m. The population, consisting of a few

small subpopulations, is monitored by the

Colorado Natural Areas Program and the

Bureau of Land Management. The Colorado

population is included in a Colorado Natural

Area/BLM Area of Critical Environmental

Concern. Elsewhere, the species is known
from a few populations in Carbon and Uintah

counties, Utah. The species is potentially

threatened by oil shale mining because it

grows on rich deposits of the Green River

shale. The effects of grazing on the unstable

habitat of this species are not known.

Rio Blanco County: T2N R104W: Shultz

& Shultz 5164, 5/28/81 (COLO); Weber et al.

1923, 5/27/79 (COLO).

MadronoPenstemon harringtonii Penland,

14: 153. 1958.

Map 59

Fam ILY.—Scrophulariaceae

.

Federal STATUS.—Category 2.

Harrington beardtongue occurs in a semi-

circular area adjacent to the Eagle, Colorado,

and Blue rivers from near Vail to Dotsero,

State Bridge, Kremmling, and to Green
Mountain Reservoir. It grows in sands and
fine sands in sagebrush communities at eleva-

tions of 2, 165 to 2,475 m. Because it increases

in open stands and decreases in closed stands

of sagebrush, it appears to be an early succes-

sional species. The species is similar to P.

osterhoutii, with which it is sympatric. Pen-

stemon osterhoutii tends to occur just above

the slightly more mesic sagebrush habitat of

P. harringtonii. Inventories of habitat from

Green Mountain Reservoir to Kremmling are

relatively complete, but surveys elsewhere in

the range are sketchy. Several populations,

especially along the Blue River, are threat-

ened by grazing and increased vacation-home

and ski-resort construction. If expanses of

habitat are found not to be threatened, the

species should be lowered to Category 3C.

Eacle Counts: T2S R82W: Harrington

8053, 6/28/55 (CS); Western Resource Devel-

opment, Co. s.n., 6/22/82 (COLO); T4S
R82W: Harrington 4935, 6/7/35 (CS); T4S
R83W: Western Resource Development, Co.

s.n., 6/22/82 (COLO); T5S R82W: Bunin 2,

6/17/85 (COLO); T5S R83W: Western Re-

source Development, Co. s.n., 6/24/82

(COLO). Grand Count\ : TIN R80W: Nau-
mann 11, 6/29/84 (CS, RM); TIS R80W: Nau-

mann 10, 6/28/84 (CS); Penland 4296, 6/19/52

(Isotvpes: COLO, RM); TIS R81W: Harring-

ton 8056, 6/28/55 (CS); Naumann 12, 6/29/84

(CS); Western Resource Development, Co.
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s.n., 6/22/82 (COLO); TIS R82W: Wiley s.n.,

6/4/79 (CS); Wiley s.n., 6/4/79 (CS). RouiT
CouNT\': TIS R84W: Norton & Norton s.n.,

6/29/51 (CS). Summit Count\-: T2S R79W:
Weber & Wittmann 16300, 6/24/82 (RM).

Penstemon parviflorus Pennell, Contr. U.S.

Nat. Herb. 20: 340. 1920.

Map 60

Family.—Scrophulariaceae.

Federal STATUS.—Category 2*.

This species is known only from the type

locality, "S. W. Colo., Mancos," collected by

Alice Eastwood in 1890. No further clues to

the type location are available because East-

wood's field books were destroyed in the 1906

San Francisco earthquake and fire. To my
knowledge, no in-depth searches have been
conducted for the species, although collectors

have frequented the general area. The species

is currently presumed extinct.

Montezuma County: T36N R13W: East-

wood s.n., 6/1890 (Isotypes: COLO, US, Phil.

Acad. Sci.).

Penstemon penlandii W. A. Weber, Phvtolo-

gia 60: 459-461. 1986.

Map 61

Family.—Scrophulariaceae.

Federal status.—None.
The Penland beardtongue is known only

from a small area along a country road just

northeast of Kremmling growing on selenifer-

ous clay hills of the Troublesome Creek For-

mation at 2,300 m in elevation. It is sympatric

with a small population of Astragalus oster-

houtii. The effects of grazing on the species

are not known. Also, the effects of increased

recreational use of the area, should a nearby

proposed reservoir be built, are not known.
Grand County: T2N R79W: Weber &

Dahnke 17830, 7/30/86 (Holotype: COLO,
Isotypes: MO, RM); Anderson 85-84, 7/1/86

(COLO).

Penstemon retrorsus Payson ex Pennell,

Contr. U.S. Nat. Herb. 20: 373. 1920.

Map 62

Family.—Scrophulariaceae.

Federal status.—Category 1.

The adobe beardtongue occurs on barren

grey adobe hills ofthe Mancos shale from near

Montrose north to Delta and Paonia. It grows

in sparsely vegetated communities dominated
by Artemisia nova, Atriplex confertifolia, A.

corrugata, and Tetradymia spinescens at ele-

vations of 1,530 to 1,830 m on strongly gypsif-

erous clay soils. The species is sometimes

found with Eriogonum pelinophilum and Lo-

matium concinniwi, two other local Mancos
shale endemics. Threats to the species in-

clude livestock grazing, habitat modifications

due to agricultural and residential develop-

ment, oil and gas exploration, construction

of irrigation ditches, and ORV activity. Al-

though the species is fairly abundant within its

limited range, the presence of these threats

indicates that it should remain a candidate for

listing. If listed, it should be considered

threatened.

Delta County: T14S R92W: Neese 13252,

5/11/83 (RRY, CS); Neese 15782, 6/19/84 (CS);

Ratzloff"s.n., 5/17/78 (COLO); T15S R92W:
Elhs s.n., 5/28/78 (CS); T15S R98W: Neely

2981, 6/27/85 (CS, UTC). Montrose County:
Location obscure: Dawson s.n., n.d. (COLO);
T49N R8W: Rollins 2125, 5/24/38 (RM);

Weber 7481, 5/28/78 (COLO, CS, MO, RM);
Weber & Murray 12379, 5/18/65 (COLO);
T49N R9W: Johnston, Ratzloff"& Lucas 1553,

5/15/78 (COLO); Pavson 673, 6/15/15 (RM);

T50N R9W: Ellis 7215, 4/27/72 (COLO);
T51N R9W: Neely 2894, 6/16/85 (CS, UTC).

Phacelia formosula Osterh., Bull. Torrey

Bot. Club 46: 54. 1919.

Map 63

Family.—Hydrophyllaceae.

Federal status.—Endangered.
The North Park phacelia is found on barren

sandy slopes near the North Platte and Cana-

dian rivers in North Park, a high-altitude

basin in Jackson County lying between the

Park Range on the west and the Medicine
Bow Mountains on the east. The sandy soils of

its habitat, derived from the Coalmont For-

mation, are easily shifted by prevailing winds

and by the hooves ofgrazing animals. Phacelia

formosula grows at ca 2,450 to 2,500 m in

elevation and is associated with species of

Artemisia and Chrysothamnus . In addition to

being rare and local, the species may be
threatened by domestic livestock grazing, by
energy exploration, and by habitat modifica-

tion for hay production. Studies currently be-

ing conducted by CNAP and the BLM are
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designed to identify threats, if any, and the

natural history of the species.

Jackson County: T8N R80W: Peterson et

al. 827, 6/4/81 (CS); T9N R79W: Atwood 1977,

7/16/69 (BRY); Atwood & Higgins 5830,

8/11/73 (BRY, RM); O'Kane 2096, 7/1/85 (CS);

Osterhout 5794, 8/6/18 (Holotype: RM, Iso-

types: GH, RM); Osterhout 312, 8/18/1894

(RM); Osterhout 7286, 8/6/30 (RM); Ripley &
Barneby 9008, 7/5/47 (BRY); Weber & Wiley

15488, 8/13/79 (COLO); Wiley & Weber s.n.,

8/13/79 (CS); T9N R80W: Peterson & Baker

814, 10/9/81 (CS); Peterson et al. 811, 10/8/81

(COLO, RM); Peterson et al. 812, 10/8/81

(CS); TION R80W: O'Kane 2103, 7/2/85

(COLO, CS); Peterson & Baker 813, 10/9/81

(CS).

Phacelia submutica J. T. Howell, Proc. Cali-

fornia Acad. Sci. 4th Ser. 25: 370. 1944.

Map 64

Fam ILY.—Hydrophyllaceae

.

Federal STATUS.—Category 2.

The DeBeque phacelia is limited to the

Atwell Gulch and Shire Members of the

Wasatch Formation at 1,540 to 1,890 m in

elevation. It is found only within eight miles of

DeBeque on both sides of the Colorado River

where it grows on erosive, barren or sparsely

vegetated, grey or dark brown, carboniferous

clay soils with a high shrink-swell potential.

Upon drying, these soils form deep cracks.

Seeds of the species are "self planted" by

falling into these cracks, which then close

when wetted, thus covering the seeds. Associ-

ated species are infrequently scattered and

are typical for xeric, clayey sites in the area.

Grindelia fastigiata is nearly always an associ-

ate. Threats to the species include oil and gas

exploration and extraction, ORV use, tram-

pling by livestock, and road construction and

improvement. Increased visitor use in tlie

DeBeque area is expected if Roan Creek
Reservoir is built. Phacelia submutica should

be listed as a threatened species.

Garfield County: T7S R98W: Ellis &
Hackney s.n., 5/13/82 (CS); T8S R97W: John-

ston 2551, 5/21/82 (COLO); T8S R98W: John-

ston 2542, 5/21/82 (COLO); Johnston 2547,

5/21/82 (COLO); O'Kane & Anderson 2349,

5/20/86 (CS). Mesa Counts': T8S R97W:
Barnebv 12738, 5/17/55 (COLO); Johnston

2539, 5/21/82 (COLO); Johnston 2512, 5/7/82

(COLO); Osterhout 4726, 6/22/12 (CAS,

COLO, RM); Osterhout 5978, n.d. (CAS
RM); Osterhout 4458, 5/19/11 (Holotype:

RM, Isotvpes: COLO, NY, RM); Peterson &
Baker , 4/27/82 (CS); Weber & Murray 12344,

5/15/65 (COLO, CS); Wingate & Weber 1365,

5/5/82 (KHD); T8S R98W: Kellev 83-20,

5/24/83 (CS); Kellev 83-16, 5/24/83 (BRY, CS,

RM); T9S R96W: O'Kane 2380, 5/23/86 (BRY,

COLO); O'Kane 2381, 5/24/86 (CS); O'Kane
& Anderson 2364, 5/21/86 (COLO, CS); T9S
R97W: Kellev 83-5, 5/12/83 (BRY, CS RM);
T9S R98W: O'Kane 2396, 5/26/86 (COLO,
CS); Peterson, Kelley & Walker 82-50,

5/22/82 (BRY, CS, RM); Peterson, Kelley &
Walker 82-52, 5/22/82 (CS).

Phlox caryophylla Wherry, Not. Nat. No.

146: 4. 1944.

Map 65

Family.—Polemoniaceae.

Federal STATUS.—Category 2.

Clove phlox is confined to an area from

Pagosa Springs southeast and southwest to

adjacent northern New Mexico where it

grows in pinyon-juniper woodlands, sage-

brush, and grassy meadows from 2,280 to

2,380 m in elevation. The species thrives in

communities in mild disclimax, often along

roads, but it is also found on pristine sites.

Soils are clayey and are derived from the Man-
cos shale. Herbivores apparently do not

utilize the species. Threats from increased

residential and recreational use of the area

associated with nearby proposed ski areas, an

improved airport, and increased popularity of

the area will probably not greatly impact the

species because of its wide occinrence in its

area of endemism and because the titxon can

tolerate mild disturbance. Spraying of road-

sides with herbicides, however, should be

discontinued where the species occurs. This

species should be downgraded to Category

3C.

Archuleta County: T34N RlW: Harring-

ton 8076, 7/1/55 (CS); T34N R2W: Wilken

14425, 5/23/85 (CS); T35N RIW: Harrington

9979, 6/14/55 (CS); Johnston, Johnston &
Johnston 2538, 5/16/82 (COLO); O'Kane
2062, 6/4/85 (CS); T35N R2W: Bethel 4967,

6/30/21 (CS); O'Kane 2055, 6/3/85 (CS);

O'Kane 2056, 6/3/85 (CS); O'Kane 2067, 6/4/

85 (COLO, CS); O'Kane & Anderson 2057,

6/3/85 (CS); Schmoll 1093, 6/15/24 (COLO,
RM); T36N RIW: O'Kane 2054, 6/3/85 (CS);
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T36N R2.5W: O'Kane et al. 2059, 6/3/85 (CS);

T35N R8W: Porter 2031, 6/25/35 (RM).

Physaria bellii Mulligan, Canadian J. Bot. 44:

1662-1663. 1966.

Map 66

Family.—Brassicaceae (Cruciferae).

Federal status.—Category 2.

Bells twinpod, endemic to the Niobrara

Formation, grows on fine-textured soils

derived from black shale high in calcium in

the southern part of its range and from light-

colored, limey shale in the north. The species

is scattered along the foothills and hogbacks

from Fourmile Canyon near Boulder to Box
Elder Creek north of Owl Canyon. One old

collection, however, exists from Cheyenne
Mountain near Colorado Springs (Churchill

s.n. MO), and a 1988 report (J. Borland, per-

sonal communication, specimen verified by
W. A. Weber) places the species southwest of

Denver in Jefferson County on a small out-

crop of Niobrara shale at the mouth of Deer
Creek Canyon. As Cheyenne Mountain is

composed of Pikes Peak Granite, it is likely

that the collection locality is in error unless a

disjunct population occurred at the foot of the

mountain on Pierre Shale. Bells twinpod is

usually found in shrub communities domi-

nated by Rhus trilobata and Cercocarpus

montanus at elevations of 1,580 to 1,750 m.

Oryzopsis and species of Stipa are common
associates. Although not threatened every-

where in its range, threats to individual popu-

lations can be significant. Some populations

are threatened by road construction and
maintenance. The populations near LaPorte

could be impacted by mining for cement
products. The effects of grazing are not

known.

Boulder County: TIN R70W: Weber
3270, 4/10/47 (COLO, CS); T2N R70W: Nau-
mann 2, 6/7/84 (CS); Neely 2514, 5/5/85 (CS,

UTC); T2N R71W: Denham & Denham 1315,

4/16/67 (COLO); Gambill s.n., 5/7/84 (KHD);
Mulligan & Crompton 2898, 8/24/64 (Isotype:

COLO); Ramaley 1016, 5/30/05 (COLO);
Rolhns 7948, 5/24/79 (COLO, MO, RM);
Weber 3372, 5/22/47 (COLO, CS); Wiegand
& Upton 3320, 6/12/22 (MO); Wynn s.n. , 5/10/

83 (KHD); T3N R71W: Wilken 12887, 5/18/77

(CS). El Paso County: T15S R67W:
Churchill s.n., 6/22/12 (MO). Larimer
County: Location obscure: Osterhout 5616,

6/25/17 (COLO); T4N R70W: Popp s.n.,

6/18/83 (CS); T4S R69W: Robinson s.n.,

5/25/80 (COLO); T5N R69W: Naumann &
Trout 4, 7/2/84 (CS); T6N R70W: Popp s.n.,

6/29/83 (COLO); Schromberg s.n., 5/8/83

(COLO); T7N R69W: Naumann & Trout 3,

5/6/84 (CS); Popp s.n., 6/18/83 (CS); T8N
R69W: Crandall 212, 5/14/1890 (CS); Crandall

425, 5/2/1896 (CS, MO); Crandall 427,

6/7/1898 (CS); Crandall 426, 5/7/1898 (CS);

Wilken 14302, 5/6/85 (CS); T9N R69W: Lan-

ham s.n., 6/8/80 (COLO); Neely 2734, 6/2/85

(CS, UTC); Popp s.n., 6/17/83 (CS); TION
R69W: Ramaley 2743, 6/14/07 (COLO).

Physaria ohcordata Rollins, J. Am. Arb. 64:

494-496. 1983.

Map 67

Family.—Brassicaceae (Cruciferae).

Federal status.—Category 2.

The recently described Dudley Bluffs twin-

pod is limited to moderate or steep slopes in

the Piceance Basin. The species is restricted

to the Thirteen Mile Creek Tongue, which is

embedded in the Uinta Formation, and to the

more abundant Parachute Creek Member of

the Green River shale. Soils are fine textured

and usually have a large component of shale

fragments. These soils, because of topo-

graphic position and sparse vegetation cover,

are erosive. The species occurs in shrub com-
munities containing various mixtures ofAm^-
lanchier, Chrysothamnus, Atriplex, and

Artemisia at elevations of 1,815 to 2,270 m.

The surrounding vegetation is pinyon-juniper

woodland. Road and pipeline construction

and maintenance have impacted and could

potentially impact several populations. Her-

bicides should not be applied along stretches

of county road known to contain the species.

The species can colonize recently exposed

shale slopes, but the effects of continued dis-

turbance are not known. Oil shale mining on a

large scale could significantly impact the spe-

cies. Livestock do not utilize the species, but

the effects of trampling the unstable habitat of

the taxon are not known. Rarity and known
and potential threats indicate that P. ohcor-

data should be listed as a threatened species.

Rio Blanco County: TIN R97W: O'Kane

2410, 6/4/86 (COLO, GH); TIN R98W:
O'Kane 2419, 6/5/86 (COLO, GH); O'Kane &
Anderson 2444, 6/26/86 (COLO, CS); TIN
RIOOW: Walker & Riefler 82-361, 7/22/82
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(CS, GH); Walker & Riefler 82-363, 7/27/82

(COLO, CS, GH); TIS R97W: O'Kane 2413,

6/4/86 (COLO, CS); O'Kane 2399, 6/2/86

(COLO, RM); T2S R97W: Baker & Naumann
82-209, 6/17/82 (CS, GH); Baker & Naumann
82-210, 6/17/82 (CS); Baker & Naumann
82-211, 6/22/82 (CS); Baker & Naumann
82-193, 1982 (CS, GH); Baker & Naumann
82-277, 7/8/82 (Holotvpe: GH, Isotypes:

COLO, CS); Neese 11946, 7/9/82 (BRY);

O'Kane 2412, 6/4/86 (BRY, COLO, RM);

Rollins & Rollins 8390, 6/20/83 (COLO, CS,

GH, RM); T3S R95W: Weber 17806, 7/8/86

(COLO).

Potentilla effusa Douglas ex Lehmann var.

rupincola (Osterh.) Th. Wolf, Bull. Torrey

Bot. Club 26: 256. 1899.

Map 68

Family.—Rosaceae.

Synonym.—Potentilla rupincola Osterh.

Federal STATUS.—Category 2.

The Rocky Mountain cinquefoil, which

grows among granitic rocks from ca 2, 100 to ca

2,590 m in elevation, apparently occurs in-

frequently from Virginia Dale to Empire. Al-

though no inventories have been conducted

for the taxon, its range, as indicated by known
herbarium specimens, is relatively large. Be-

cause it grows in inaccessible habitats, the

species is probably not threatened. Unless

inventories indicate otherwise, this taxon

should be downgraded to Category 3C.

Boulder County: TIS R73W: Payson

1558, 7/6/19 (COLO, RM). Clear Creek
County: T4S R74W: Shear 755, 8/19/1895

(RM); Tweedy 748, 7/15/03 (RM). Larimer
County: T4N R74W: Ashton 172, 7/27/30

(RM); T5N R73W: Osterhout 1497, 7/28/1897

(RM); T9N R74W: Osterhout 1323, 8/1893

(RM); TUN R71W: Kunkel s.n., 6/23/73

(COLO); Osterhout 5132, 7/4/14 (COLO,
RM); Osterhout 2274, 9/7/00 (COLO, RM);
Osterhout 1780, 7/21/1898 (Holotvpe: RM);
Osterhout s.n., 7/20/1898 (RM, NY); Oster-

hout s.n., 7/19/1899 (RM); Osterhout 5524,

8/14/16 (RM); Osterhout 5602, 8/14/16 (RM);

Weber & Jones 12392, 6/9/65 (COLO); T12N
R71W: Stephens & Brooks 43467, 8/10/70

(KANU).

Ptilagrostis porteri (Rydb.) W. A. Weber,
Bull. Torr. Club 32: 599. 1905.

Map 69

Family.—Poaceae (Gramineae).

Synonym.—Ptilagrostis mongolica Trucz.

exTrin. ssp. porteri (Rydb.) Barkworth.

Federal STATUS.—Category 2.

The Porter needlegrass is endemic to the

mountains flanking the north end of South

Park where it grows in bogs with Deschamp-
sia, Salix, and Petitaphijlloides. The species is

found on small microhabitats on the tops of

hummocks formed from peat which elevate

the species a few centimeters above the water

table. Elevations range from 2,695 to 3,660 m.

Ptilagrostis porteri is closely related to the

Asiatic P. mongholica. Threats to the taxon

include peat mining and the ditching of bogs

for water diversion projects. The Geneva Park

population has apparently been extirpated by
peat mining. The effects of grazing are not

known, but trampling by livestock probably

disturbs the fragile microhabitat.

Park County: T6S R75W: Giersch &
Hickev 3102, 7/26/66 (COLO); Giersch s.n.,

9/8/70' (COLO); Johnston 2511, 8/14/81

(COLO); T8S R74W: Johnston 2497, 8/13/81

(COLO); Johnston & Hendzel 2655A, 10/4/82

(COLO); Johnston & Hendzel 2655, 10/4/82

(COLO); T8S R77W: Marr s.n., 8/3/86

(COLO); T9S R72W: O'Kane 47, 8/28/84

(BRY, COLO, CS, RM); T9S R73W: Johnston

& Hendzel 2658, 10/4/82 (COLO); O'Kane 53,

8/29/84 (COLO, CS, RM); Shubert 20-2,

7/20/54 (COLO, CS); Weber 12984, 9/25/66

(COLO); T9S R78W: Stevens 1, 9/3/59

(COLO, CS). Summit Counts': T8S R78W:
Price 403, 7/27/79 (COLO).

Rorippa coloradensis Stuckey, Sida 4: 303-

305. 1972.

Map 70

Family.—Brassicaceae (Cruciferae).

Federal STATUS.—Category 2*.

The Colorado watercress is known from a

single collection, the type, collected by T. S.

Brandegee in 1875. Stuckey (1972), by care-

fully reconstructing Brandegee s 1875 itine-

rary, surmised the collection locality to be

"the vicinity of the lakes of the San Luis Val-

ley " in Alamosa County. Searches by myself,

J. Anderson, and H. Dixon in 1986, and peri-

odically by others, did not relocate the spe-

cies. Wetlands in the San Luis Valley are con-

tinually modified by systems of canals, the

digging of artesian wells, and conversion for

agriculture. This species is presumed extinct.
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Location obscure: Brandegee 1069, 1875

(PH).

Saussurea weberi Hulten, Svensk Bot. Tid-

skr. 53: 200-202. 1959.

Map 71

Family.—Asteraceae (Compositae).

Synonym.—S. alpina DC. sensu Harring-

ton.

Federal STATUS.—Category 3C.

In Colorado this species is limited to the

Mosquito Range and contiguous Hoosier

Ridge where it grows on gravelly tundra

slopes and amidst scree, often on solifluction

lobes, at elevations ofca 3,200 to 4, 355 m. It is

most often found growing on exposed sites

with poorly developed soils derived from

Leadville limestone and Manitou dolomite.

Saussurea weberi is also known from a few

localities in west central Wyoming in Sublette

and Fremont counties (Dorn 1988) and from

west central Montana in Deer Lodge and
Granite counties (Dorn 1984). Threats in

Wyoming and Montana are not known, but in

Colorado some populations are threatened by
hard-rock mining in its mineral-rich area of

endemism.
Park County: T8S R77W: Weber & Thorn-

burg 4448, 8/31/48 (COLO); T8S R78W:
Huestis s.n., 8/14/05 (Isotypes: COLO, RM);
Penland 4254, 7/28/51 (BRY, COLO); TIOS
R78W: Neely 3070, 7/9/85 (CS); Weber
13304, 7/12/67 (COLO); TIOS R79W: O'Kane
& Anderson 2581, 8/6/86 (CS, NY, RM);
Weber & Hogan 17508, 8/16/85 (COLO).
Summit County: T6S R76W: Johnston 1479,

8/15/77 (COLO, RM); T8S R77W: Weber
4313, 7/24/48 (COLO).

Sclerocactus glaucus (K. Schum.) L. Benson,
Cact. Succ. J. (Los Angeles). 38: 53. 1966.

Map 72

Family.—Cactaceae.

Synonyms.—Sclerocactus whipplei (En-

gelm.) Britt. & Rose var. glaucus (J. A. Pur-

pus) Welsh, S. whipplei (Engelm.) Britt. &
Rose var. roseus (Clover) L. Benson sensu

lat., Echinocactus glaucus K. Schum.
Federal status.—Threatened.

The Uinta Basin bookless cactus occurs in

northeastern Utah as well as in Mesa,
Garfield, Delta, and Montrose counties, Col-

orado. In Colorado the species grows on fine-

textured soils that are often derived from the

Mancos shale in shadscale, greasewood, and
juniper communities at elevations generally

near 1,550 m. Welsh (1987) considers this

taxon to be a straight-spined form of Sclero-

cactus whipplei var. roseus, stating that

"specimens with straight spines have long

been known" and that "they differ in no other

discernible way from the body of the species."

Straight spines are "considered ... to be tax-

onomically negligible." Plants with straight

spines, as opposed to the usually hooked
spines of S. whipplei, occur through much of

the range of S. whipplei, although they are

more common in eastern Utah and western

Colorado. Whatever the taxonomic status of

this controversial taxon, it is relatively wide-

spread and abundant. Although threats to the

taxon exist, e.g., poaching by cactus collectors

and a proposed reservoir north of DeBeque,
the species is threatened in only a fraction of

its range and should, therefore, be reduced to

Category 3C, or perhaps 3B, status.

Delta County: T14S R94W: Neese 13206,

5/9/83 (BRY); T15S R96W: Heil s.n., 10/76

(BRY). Garfield County: T7S R98W: Arp
1017, 6/20/70 (COLO); Kelley 83-6, 5/18/83

(CS); Weber 13978, 5/15/69 (COLO); T8S
R97W: Arp 1006, 6/20/70 (COLO); Arp 1006,

6/20/70 (KHD). Mesa County: TIS RIE: Arp
1672, 7/8/71 (COLO); TIS R2E: Peterson

83-39, 5/11/83 (CS); T2S R2E: Baker 83-1,

5/11/83 (CS); Neese 13438, 5/27/83 (CS)

Peterson & Kennedy 83-288, 5/10/83 (CS)

T8S R97W: Kelley 83-14, 5/19/83 (CS)

Weber 12353, 5/15/65 (COLO); T13S R97W
Neese & Abbott 13580, 6/15/83 (BRY). Mon-
trose County: T51N R98W: Arp 1691, 9/4/71

(COLO).

Sclerocactus mesae-verdae (Boiss. & David-

son) L. Benson, Leafl. West. Bot. 6: 163.

1951.

Map 73

Family.—Cactaceae.

Synonyms.—Echinocactus inesae-verdae

(Boiss. & Davidson) L. Benson, Coloradoa

mesae-verdae Boiss. & Davidson, Pediocactus

mesae-verdae (Boiss. & Davidson) Arp.

Federal status.—Threatened.

The Mesa Verde cactus is limited, in Colo-

rado, to Ute Mountain Ute tribal lands in the

Four Corners area in Montezuma County
where it grows on barren Mancos shale hills
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and flats with Athplex corrugata and A. con-

fertifolia at elevations of 1,605 to 1,690 m.

The species is also known from a few^ scattered

stations in San Juan County, New Mexico.

This taxon experiences a substantial degree of

poaching from cactus collectors and is occa-

sionally trampled by domestic livestock. ORV
use of its barren habitat also accounts for some

mortality, and it is threatened by oil and gas

exploration and development.

Montezuma Counts': T32N R17W: Peter-

son & Baker 83-16, 5/5/83 (CS); T33N R17W:
Arp 1476, 9/6/70 (COLO); Peterson & Baker

83-10, 5/4/83 (CS); O'Kane & Jamieson 2631,

28/4/87 (KM); Weber s.n., 6/13/50 (COLO).

Senecio dimorphophyllus Greene var. inter-

medius T. M. Barkley, Trans. Kansas Acad.

Sci. 65: 363. 1962.

Map 74

Family.—Asteraceae (Compositae).

Federal STATUS.—Category 2.

The intermediate groundsel is known from

three areas of endemism: the La Sal Moun-
tains in Grand and San Juan counties, Utah;

near the town of Mont Lewis in Sanpete

County, Utah; and from the Uncompahgre

Plateau in Mesa, Montrose, and Ouray coun-

ties, Colorado. The species, in Colorado,

grows in wet meadows, often with Pentaphyl-

loides and Veratnmi, at elevations of 2,650 to

3,010 m. Surrounding vegetation is Engel-

mann spruce and aspen. The species is appar-

ently infrequent and threats have not been

identified. The effects of livestock grazing are

not known. This taxon should remain a Cate-

gory 2 species until thorough inventories are

conducted.

Mesa County: T51N R16W: Anderson

87-159, 9/1/87 (COLO). Montrose Counts:

T46N RllW: Anderson 86-147, 8/28/86

(COLO); T47N RUW: Anderson 86-146,

8/28/86 (COLO, CS); T47N R12W: Anderson

86-145, 8/28/86 (COLO); T48N R14VV: An-

derson 86-142, 8/28/86 (COLO); Douglass

54-349, 6/23/54 (COLO). Ouray Count*:

T46N RllW: Anderson s.n., 8/28/86 (COLO).

Sisyrinchium pallidum Cholewa & D. Hen-
derson, Brittonia 36: 361-362. 1984.

Map 75

Family.—Iridaceae.

Federal status.—None.

Pale blue-eyed-grass is known from a few

localities in central and north central Colo-

rado and southern Albany County, Wyoming.

The species grows in wet meadows with rich

organic soils. Sedges, grasses, and other wet-

land species such as Thglochin maritima,Jun-

cus balticus. Primula incana, and Dode-

catheon pulchellum are common associates.

Elevations range from 2,415 to 2,900 m. Pop-

ulations in South Park may be threatened by

the ditching of wetlands for water diversion

projects. The species is apparently rare, but

inventories for the taxon have not been con-

ducted. The species, because it inhabits

fragile wetland habitats and because it ap-

pears to be rare, should be considered a Cate-

gory 2 species until inventories better docu-

ment its status.

Larimer Count\: T5N R74W: Cholewa

572, 7/12/80 (ID); TUN R76W^: Wilken 14636,

7/9/86 (CS). Park Counts-: T7S R75W^ Beetle

2101, 8/4/37 (RM); T7S R76W: Ramaley &
Gambill 16878, 7/13/39 (COLO); Weber
17380, 7/20/84 (COLO, CS); Weber & Ran-

dolph 17380, 7/20/84 (COLO, CS); T8S

R75W: Cholewa 448, 7/13/79 (ID), Cholewa

150, 7/13/78 (ID); Cholewa 437, 7/12/79 (MO);

T8S R76W: Harrington 9084, 7/14/59 (CS);

TIOS R76W: Cholewa 454, 7/13/79 (MO);

TllS R76W: Cholewa 450, 7/13/79 (ID),

Cholewa 157 (ID); T12S R76W: Cholewa 456,

7/13/79 (Holotvpe: ID, Isotypes: CAN, CS,

MO, NY, RM); Jennings s.n., 7/4/85 (CS).

Spiranthes diluvialis Sheviak, Brittonia 36:

8-14. 1984.

Map 76

Family.—Orchidaceae.

Synonym.—Spiranthes porhfolia Lindl.

sensu Goodrich, Neese, and Welsh.

Federal status.—Category 2.

Dilu\ivun lady's tresses is known from

several wideK' di.sjunct localities in Colorado

(Boulder and Jefferson counties and the

"South Fork of the Platte"), Nevada (Lincoln

County), and Utah (Daggett, Ciaifield,

Tooele, Utah, Wayne, Salt Lake, and Weber
counties). The species occupies wet meadows
iu iloodplains and, at least in Colorado and

I'tah, does not tolerate heavy grazing (B. Jen-

nings, personal communication, Sheviak

1984). Localities in Salt Lake, Tooele, and

Utah counties, Utah, have been extirpated;

a Boulder County, Colorado, population has
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been impacted by grazing. The disjunct pat-

tern of distribution indicates that the taxon

may be found in suitable habitat in interven-

ing areas. Sheviak (1984) states that, because

of the complexity of the group, "a significant

number of specimens may be misdetermined

and the stations consequently undetected."

Inventories are needed to ascertain the status

of this taxon. Rydberg (1906) notes a locality

for Spiranthes porrifolia from "Camp Hard-

ing, near Pike's Peak. "The collection Rydberg
consulted has not been located (B. Jennings,

personal communication) but probably be-

longs to S. diluvialis as S. porrifolia is known
only from west of Colorado (Cronquist et al.

1977).

Location obscure (Probably Weld or Mor-
gan County): "South Fork of the Platte,

"

H. Engelmann s.n., 9/1856 (MO). Boulder
County: TIS R70W: Jennings 86-9, 8/12/86

(COLO, CS, NYS, RM); Jennings 86-6,

7/30/86 (COLO, CS, NYS, RM); Jennings

86-7, 8/2/86 (COLO, CS, NYS, RM); Sharps

s.n., 7/30/85 (COLO). Jefferson County:
T3S R69W: B. Anderson 1827, 7/25/81

(KHD); Jennings s.n., 8/8/84 (CS); Root

85-55, 8/26/85 (KHD); T3S R70W: Bye 9769,

9/6/80 (COLO); Sheviak 224, bloomed in hort.

(NYS), Sheviak 2313, 8/2/82 (NYS), Callas

s.n., 8/17/84 (KHD); Gambill et al. s.n., 7/23/

81 (COLO); Jennings s.n., 8/8/84 (CS); She-

viak, Jennings, Long & Wood 2257, 7/17/82

(Isotype: COLO); Smookler s.n., 8/18/80

(COLO).

Thalictrum heliophilum Wilken & DeMott,
Brittonia35: 156-158. 1983.

Map 77

Family.—Ranunculaceae.

Federal STATUS.—Category 2.

The sun-loving meadowrue grows on steep

talus slopes and ridges covered with broken,

shifting plates of the Parachute Creek Mem-
ber ofthe Green River shale. Associated vege-

tation is very sparse, typically with scattered

plants of Cijmopteriis hendersonii, Holodis-

cus diwiosiis. Astragalus lutosus, and Chnjso-
thamnus nauseosus. The species is limited to

the Piceance Basin, the Roan Plateau, and to

the ridge east of Horse Mountain and south of

the Colorado River. Thalictrum heliophilum

is occasionally found with another oil shale

endemic, Lesquerella parviflora. The popula-

tion on Mount Callahan is found with Festuca

dasyclada, Mentzelia argillosa, and Penste-

mon dehilis. This site has been designated a

Colorado Natural Area. Elevations range from

1,920 to 2,682 m. The species is unusual be-

cause it occupies windswept, harsh sites while

its congeners prefer mesic, usually shaded
conditions in the mountains. Oil shale compa-
nies have used the species for revegetation

following shale extraction with great success.

Inventories for the species are complete, and
the decision whether or not to list the species

as endangered or threatened depends, in

part, on the likelihood of extensive oil shale

extraction in the near future.

Garfield County: T5S RIOOW: Kelley

138, 8/3/83 (CS); T6S R95W: Nicholas 83,

6/20/81 (CS); T6S R96W: Harner 1918,

7/16/83 (COLO); T6S R97W: Mustard 3365a,

7/22/81 (COLO); T6S R98W: Camp, Dresser

& McKee, Co. 3666, 7/8/82 (COLO); Mustard

2760, 6/3/81 (COLO); T7S R96W: O'Kane &
Anderson 2421, 6/11/86 (COLO, NY, RM).
Rio Blanco County: T3S R99W: Allard &
Walker 607, 8/26/81 (CS); Erdman s.n.,

8/23/77 (COLO); Neese & Baker 11950,

7/10/82 (BRY); Popp & Waters 82-419, 8/2/82

(BRY, COLO, CS, RM); Waters s.n., 7/15/81

(CS); Wiley-Eberle 534, 7/17/80 (CS); T3S
RIOOW: O'Kane 3226, 1/7/87 (COLO, MO,
RM); Wilken 13864, 7/14/82 (Holotype: RM,
Isotypes: BRY, COLO, CS, NY);T4S RIOOW:
Baker & Naumann 82-286, 7/13/82 (BRY, CS,

RM). Mesa County: T8S R95W; reported by

Johnston in 1985 and J. Anderson in 1987.

Other Rare Taxa

The Colorado Natural Areas Program

(1988) includes two additional taxa on its list

of highest priority rare plants. At this time

neither taxon is recommended for federal

status as no threats are known that could

significantly affect them. They are, however,

biologically interesting endemics. These spe-

cies are not included in Figures 1 and 2.

Arabis vivariensis Welsh, Great Basin Nat.

46: 261-264. 1986.

Map 78

Family.—Brassicaceae (Cruciferae).

Synonyms.—Arabisfemaldiana Rollins var.

fernaldiana sensu lat., Boechera femaldiana
(Rollins) Weber sensu lat.

Federal status.—None.
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The park rockcress is endemic to Uintah

County, Utah, and Dinosaur National Monu-
ment in western Moffat County, Colorado.

The species grows on sandy soils derived from

the Weber Formation in Colorado. In Utah,

besides sandstone, it is known to occur on

limestone (Welsh et al. 1987). Its habitat is the

shade and duff beneath pinyon-juniper wood-

lands, these frequently with cryptogamic soils

and often on steep canyon slopes. Elevations

range from 1,525 to 2,150 m. Little is known
about the taxon because it has only recently

been the focus of a botanical inventory (Gala-

towitsch et al. 1988). Preliminary data from an

inventory conducted in the spring of 1988

(T. Naumann, personal communication) indi-

cate that the park rockcress may be more
abundant in the canyons of Dinosaur National

Monument than was previously thought. No
current threats to the species are known, and

the species is not recommended for federal

status. Dinosaur National Monument man-
agement plans will include consideration of

this species. Arahis vivariensis is similar to

A.fernaldiana from Nevada but differs in hav-

ing smaller flowers and a shorter stvle (Welsh

et al. 1987).

MoffatCounty: T6N RIOIW: Neelv 4069,

5/19/87 (COLO, CS, DINO); Neely 4053,

5/19/87 (COLO, DINO, RM); T6N R102W:
O'Kane 2829, 5/19/87 (COLO, CS, DINO);
Neely 4117, 5/28/87 (COLO, DINO, RM);
T6N R103W: Neely 4204, 6/1/87 (COLO,
DINO, RM); T6N R104W: O'Kane 3007,

6/1/87 (COLO, DINO, RM); O'Kane 3002,

6/1/87 (COLO, DINO, RM); T7N R103W:
Neely 4224, 6/3/87 (COLO, DINO, RM);
Neely 4405, 6/16/87 (BRY, COLO, DINO).

Gilia penstemonoides Jones, Zoe 4:279-280.

1893.

Map 78

Family.—Polemoniaceae.

Federal status.—Category 3C.

The Black Canyon gilia has its center of

distribution in the Black Canyon of the Gun-
nison and on Blue Mesa where it grows on

igneous and metamorphic rocks of vertical

cliff faces. The nature of the habitat of the

species and its occurrence in Black Canyon of

the Gunnison National Monument provide it

with protection from factors that threaten

other rare Colorado endemics. While not

abundant, the tiixon has a relatively large area

of endemism.

Gunnison County: Location obscure:

Flowers 659, 6/12/61 (CS); Hall 553, 7/15/61

(CS); Hall 576, 7/18/61 (COLO); T47N R3W:
Grey 41, 6/17/80 (COLO); Grev 158, 6/27/80

(COLO); Grev 196, 7/3/80 (COLO); Grey 520,

8/22/80 (COLO); Grev 212, 7/22/80 (COLO);
Grey 157, 7/28/81 (CS); Grev 1426, 7/28/81

(CS); Johnston 1790, 7/10/78 (COLO); T48N
R2E: Langenheim 4059, 8/12/55 (RM); T48N
R4W: Grey 290, 7/9/80 (COLO); Grey 697,

8/19/80 (COLO); Grev 705, 8/19/80 (COLO);
Grey 715, 8/21/80 (COLO); Grev 674, 8/19/80

(COLO); Grev 481, 7/21/80 (COLO); Weber
9356, 7/27/55 (COLO, CS, RM); T48N R5W:
Grev 437, 7/18/80 (COLO); Grev 480, 7/21/80

(COLO); Grev 1188, 6/22/81 (CS); Grey 720,

8/21/80 (COLO); T49N R4W: Ripley & Barne-

by 10208, n.d. (NY). Hinsdale County:
T44N R2W: Grev 746, 8/22/80 (COLO); Grey
930, 8/29/80 (COLO); Grev 939, 8/29/80

(COLO); Ratzloff 142, 8/23/78 (COLO). Mon-
trose Count\': T47N R6W: Rollins 1995, 8/37

(NY, RM); T49N R7W: Grey 465, 7/20/80

(COLO); T50N R8W: Grev 454, 7/19/80

(COLO); Grev 714, 8/20/80 (COLO); Grey
464, 7/19/80 (COLO). Ouray Count\': T44N
R7W: Osterhout 8365, 7/25/15 (RM).

Note Added in Proof

J. G. Harris, monographer of Bra|/a (1985),

recently annotated the specimens at CS (D.

Wilken, personal communication). Material

previously assigned to Braija humilis ssp. ven-

tosa is now divided between B. humilis var.

glabella and var. Iiuinilis. Although interest-

ing long-distance disjuncts, neither taxon

should be considered a candidate for U.S.

Fish and Wildlife Service endangered or

threatened status. Information on the status of

specimens at other herbaria is not currently

available; specimens at CS are as follows.

Braifa huiyiilis ssp. humilis: Neelv 3211,

3125, 3174, 3220a, 3311, O'Kane 2144, 2152,

2171 ; Peterson et al. 82-56; Walter 28; Weber
& Rollins 6491; Weber & Roloff" 16328.

Braifa hwinlis ssp. g,labella: Neelv 3170,

3174, 3183; Siems 1592, 7/31/87 "ca 15 mi
WSW of Buena Vista" (CS) is a new collection.
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Appendix

The maps on the following pages show the

geographical range of species treated in the

text. Map symbols are as follows:

Solid circles Unambiguous locations taken

from herbarium specimens.

Circles cover ca five townships

and, therefore, may represent

more than one collection lo-

cality.

Open circles Locations based on field sur-

veys for which no specimens

exist. Data from the Colorado

Natural Areas Program (CNAP)
data base. Specimen-based

localities always supercede

CNAP reports. Circles cover

ca four townships and, there-

fore, may represent more than

one reported locality.

Triangles

Star

Approximate locations based

on herbarium records. Locali-

ties cannot with confidence be

assigned to a particular town-

ship.

Indicates a specimen-based rec-

ord that can be placed only ten-

tatively in a county.
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Maps 7-12 Distribution of (7) Astragalus debequaeus, (8) A. deterior, (9) A. hamiltoniu (10) A. humillimus (11) A
iintjolius, and (12) A. microcy77ibus. '\

/
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Maps 25-30. Distril)uti()n ()1'(25) Eriogonum clavellattim, (26) E. ))rlinophiliim, (21) Eutrnna pcnlandii. (28) Festuca

dasijclada, (29) F. hallii, and (30) Frasera coloradensis.
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Maps 31-36. Distribution of (31) Gaura neoviexicana ssp. coloradensis, (32) Hackelia gracilenta (33) ii^vlopappus

fremontii ssp. rnonocephalus, (34) Hymenoxys heleioides, (35) Ipovwpsis glohulans, and (36) /. polyantha var.

polyantha.
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Maps 43-48. Distribution of (43) Lygodesmia doloresensis (44) Mentzelia argillosa, (45) M. d.nsa, (46) Mimulus

gemmiparus, (47) Mirabilis rotundifolia, and (48) Neoparrya lithophylla.
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Maps 55-60. Distribution of (55) Penstenion debilis, (56) P. degeneru (57) P. gibbensii, (58) P. grahamii, (59) P.

harringtonii, and (60) P. parviflorus.
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Maps 61-66. Distribution o{{6\) Pensternon penlandii (62) P. rptrorsus. (63) Phacelia fonnosula. (64) P submutica.
(65) Phlox caryophylla. and (66) Physaria hellii.
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Maps 67-72. Distribution of (67) Physaria obcordata, (68) Potentilla effusa var. rupincola, (69) Ptilagrostis porteri,

(70) Rorippa coloradensis , (71) Saussurea weberi, and (72) Sclerocactus glaucus.
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FOOD HABITS OF YOUNG-OF-YEAR LARGEMOUTH BASS
IN LAKE MEAD AND LAKE MOHAVE, ARIZONA-NEVADA

Gene R. Wilde' and Larry J. Paulson^

Abstract.—Young-of-year largemouth bass from lakes Mead and Mohave fed upon crustacean zooplankton, insects

(primarily chironomids), and fish. Largemouth bass smaller than 32 mm TL fed extensively upon zooplankton. In Lake
Mead, transition to an insect-dominated diet occurred at 32 mm TL; transition to an insect-fish—dominated diet did not

occur in Lake Mohave until a length of 56 mm was reached. Largemouth bass from Lake Mohave consumed
significantly more zooplankton than did those from Lake Mead, but largemouth bass from Lake Mead consumed
significantly more insects. Fish were most common in the diet ofyoung-of-year largemouth bass larger than 52 mm TL.

Lake Mead was formed in 1935 by im-

poundment of the Colorado River along the

Arizona-Nevada border. Largemouth bass,

Micropterus salmoides, were introduced into

Lake Mead from 1935 to 1940, and the lake

soon developed a nationally recognized large-

mouth bass fishery (Mofifett 1943, Wallis

1951). From 1935 until 1977 largemouth bass

was the primary sport fish in the lake (Mofifett

1943, Wallis 1951, Hoffman and Jonez 1973,

Allan and Roden 1978). Allan and Roden re-

ported that largemouth bass received 30 to

40% of angler efifort and contributed 24.5 to

79.5% of the sport-fish catch in Lake Mead
during the 20-year period, 1958-1977.

Striped bass, Morone saxatilis, has been the

primary sport fish in Lake Mead since 1977,

but largemouth bass is still an important com-
ponent of the fishery.

Lake Mohave was impounded in 1951 and
lies immediately downstream from Lake
Mead. Largemouth bass occurred in the Colo-

rado River below Lake Mead before im-

poundment of Lake Mohave (Mofifett 1942)

and has since become the second most popu-
lar sport fish in the lake. From 1962 to 1977

largemouth bass contributed between 8.8 and
39.8% of the sport-fish catch in Lake Mohave
(Allan and Roden 1978).

Despite the importance of largemouth bass

to the sport fisheries of lakes Mead and Mo-
have, little is known of its biology in these

lakes. The purpose of this paper is to describe

and compare diets of young-of-year (YOY)
largemouth bass in lakes Mead and Mohave.

Methods

Young-of-year largemouth bass were col-

lected from lakes Mead and Mohave by Ne-
vada Department of Wildlife personnel dur-

ing the spring (April-May) and summer
(June-August) of 1976 to 1979. A total of 648
largemouth bass was collected from Lake
Mead and 542 from Lake Mohave. Total

lengths (TL) ranged from 6 to 150 mm.
For dietary analysis, stomachs were re-

moved and each food item identified to the

lowest possible taxon. Results for each year

were expressed as mean number per occur-

rence and percent frequency ofoccurrence for

each prey type. Empty stomachs were not

included in the analyses. To study the associa-

tion between diet and length (TL), we
grouped fish less than 80 mm TL into 4-mm
size classes; larger fish were included in an

80+ mm size class. We have pooled samples

over the four-year study period and report

herein unweighted means for mean number
per occurrence and percent frequency of oc-

currence of major food items for each size

class.

Results

Zooplankton were the most frequently con-

sumed and most numerous prey ofYOY large-

mouth bass in lakes Mead and Mohave (Table

1). Rotifers were found in the stomachs of 16

largemouth bass in 1976 (11.3% frequency of

occurrence) but were not found again during

Department of Zoology, Oklahoma State University, Stillwater, Oklahoma 74078
Lake Mead Limnological Research Center, Environmental Research Center, University of Nevada at Las Vegas, Las Vegas, Nevada 89154.
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Table 1. Mean number per occurrence and percent frequency of occurrence (in parentheses) of prey in the diet of

young-of-year largemouth bass.
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Table 2. Spearman correlations (rj between total length (TL) and composition of the diet of young-of-year

largemouth bass. Fish greater than 80 mm TL were not included in the analyses.

Mean number of zooplankton per stomach

Frequency of occurrence of zooplankton

Mean number of insects per stomach

Frequency of occurrence of insects

* p < .05

** p<.01
***p< .001

Lake Mead
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Mead was limited by low availability of

zooplankton. Since that study, nutrient load-

ing into Lake Mead, especially via the Las

Vegas Wash, has been greatly reduced. This

has resulted in reduced phytoplankton abun-

dance (Paulson and Baker, in press) and

zooplankton density (Wilde 1984) in much of

the lake. The Colorado River via discharge

from Hoover Dam (Lake Mead) is the sole

source of nutrient loading into Lake Mohave;

phytoplankton abundance has decreased in

Lake Mohave since the late 1970s (Paulson et

al. 1980, Paulson unpublished data), and a

reduction in zooplankton density seems likely

given the generally strong relationship be-

tween phytoplankton and zooplankton abun-

dance (McCauley and KalfiF 1981). Our results

show that crustacean zooplankton comprise

the majority of the early diets of YOY large-

mouth bass in Lake Mead and Lake Mohave.

Reductions in zooplankton density will likely

have an adverse affect upon early growth and

survival (Aggus and Elliot 1975) oflargemouth

bass in both lakes.
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A MIXED POLLINATION SYSTEM IN
PENSTEMON PSEUDOSPECTABILIS M. E. JONES (SCROPHULARIACEAE)

William H. Reid', Pamela Sensiba', and C. Edward Freeman'

Abstract—A population oiPenstemon pseudospectabilis M. E. Jones (Scrophulariaceae) on Cave Creek in Cochise

County, Arizona, was used in an experimental test of reproductive fitness with three caging treatments; all flying

pollinators excluded, hummingbirds excluded, and no exclusion. Twenty plants were chosen and three shoots on each

usedin the experiment. The flowers were 25.6 (s.d. = 1.5) mm long, the end diameter was 8.5 (s.d. = 1.0) mm, the tube

opening was 6.5 (s.d. = 1.0) mm, and the greatest diameter, 75% distal from the receptacle, was 10.1 (s.d. = 0.8) mm (N
= 59). Floral nectar contained 11.7% (s.d. = 2.9%) fructose, 13.8% (s.d. = 2.7%) glucose, and 74.5% (s.d. = 5.4%)

sucrose (N = 74). There was some evidence, significant only for fructose, that nectar-sugar composition varies between

morning and evening. Larger floral dimensions were correlated with lower sucrose and higher hexoses. Casual

observation showed Xijlocopa sp., small bees, flies, and hummingbirds to be visitors. There was no sign of nectar

robbing. Five percent of flowers set seed with all pollen vectors excluded, 44% with hummingbirds excluded, and 63%
with no exclusion. Seed set per fruit was 2 with all excluded, 23 with hummingbirds excluded, and 46 with no exclusion.

Mean seed set on pollinated flowers was 60, with a range of 2 to 192. Multiple linear regression showed the fraction of

fruit setting seed when hummingbirds were excluded to be related to larger flower diameters and shorter flowers. With

no pollinator exclusion, fruits setting seed were related to larger diameters and nectar fructose. For seeds per fruit,

multiple regression gave similar, but less clear, results. We conclude that P. pseudospectabilis is pollinated by both

bees and hummingbirds, with other pollinators not to be excluded as possible contributors. We found no hard evidence

of selective forces currently at work.

In pollination biology, the weight of many
observations has led to recognition of unique

syndromes ofmorphological and nectar chem-
istry characteristics among plant taxa primar-

ily pollinated by a given animal group (e.g.,

Baker and Baker 1983b, Faegri and van der

Fiji 1971, Grant and Grant 1968). The chemi-

cal composition of floral nectars, especially

the sugar composition, has received attention

in this regard (Baker and Baker 1983a). How-
ever, demonstration of the selective forces

implied by such adaptation is needed for in-

sights to be more than pedagogical aphorisms.

Studies to assess the interaction of floral

nectar sugars and reproductive fitness in natu-

ral populations are needed. The large western

genus Penstemon, Scrophulariaceae, has a

wide range of nectar-sugar composition and

floral morphology and is pollinated by several

classes of animals. It is an excellent taxon

for experimental pollination biology (Baker

and Baker 1983a, Crosswhite and Cross-

white 1981).

Penstemon pseudospectabilis M. E. Jones

occurs from southeastern California to south-

western New Mexico in the desert or in open

woodlands. The flower color has been vari-

ously described: pink (Jepson 1925), deep
pink to rose-purple (Kearney and Peebles

1969), and pink, bearing darker guidelines in

the throat (Martin and Hutchins 1981). The
flowers are borne on numerous branching

shoots arising from the basal rosette. The
corolla tube is ampliate, reaching its greatest

diameter at about three-fourths of the length

distal of the receptacle. Nectaries are on the

abaxial surfaces of the upper two free stamens

near their bases (Straw 1966). The flower

opening is large enough to accommodate
some bees.

Straw (1956) describes some morphological

and colorimetric characteristics leading to flo-

ral isolation in four penstemon species, and,

in comparison, the flower of P. pseudo-

spectabilis appeared to have some features of

both bee- and hummingbird-pollinated spe-

cies. It seemed appropriate, therefore, to test

for mixed pollination systems. We here report

on results of an exclusion experiment provid-

ing initial data on floral morphology, nectar-

sugar composition, seed set, and the plant's

dependence on different pollinators.

Laboratory for Environmental Biology, University ofTexas at El Paso, El Paso, Texas 79968-0519.
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Materials and Methods

A population of P. pseudospectabilis in

Cave Creek Canyon of the Chiricahua Moun-
tains in Cochise County, Arizona, at about

1,370 m elevation was used for this study

(Voucher: UTEP 22491). This population

occurs within an open woodland on a south-

facing slope and adjacent riparian and road-

side areas of Cave Creek 150 m west of a U.S.

Forest Service station. There appears to be

little day-to-day human disturbance, but part

of the population is within a fenced pasture

occasionally used for horses or mules.

On 2 May 1987 we selected 20 plants for the

study, each separated by at least 2 m. On each

plant we chose three shoots for study. We
made flower measurements and nectar collec-

tions. The following measurements were

taken on one to six mature flowers on each

stem using a millimeter ruler: length, corolla

diameter at 25%, 50%, 75%, and 100% of the

axis of the flower, and diameter of the open-

ing. Nectar samples were taken from mature

flowers on most shoots. Nectar was removed
with a micropipette and placed on a filter

paper disk to dry. We then stripped opened
flowers from the shoots. The three treatments

for our experiment were: (1) exclusion of all

flying pollinators, (2) exclusion of humming-
birds, and (3) no exclusion to allow access by

all pollinators. (The available pollinating fauna

at Cave Creek, of course, varies greatly in

numbers and composition during the season.)

On each plant one shoot was enclosed with

an inverted half-gallon milk carton with cut-

out sides over which a stocking was stretched

(Radford et al. 1974). The stocking was drawn
over the base and gently tied shut. Another

was enclosed in a 30-cm diameter, 50-cm-tall

cage of 5-cm chicken wire. The cages were
supported by metal stakes driven into the

ground. A third shoot was marked but left

entirely open. After the exclosures were com-
pleted we remained to observe visitation by

potential pollinators. No attempt was made to

observe nocturnal activity of moths. The fol-

lowing day we again observed visitors, took

additional nectar samples, and left the cages

in place. On 19 June 1987 we returned, re-

moved the cages, and harvested the shoots.

For each collected shoot the total number
of fruits and the number of fruits with seed

were counted. Starting from the bottom ofthe

shoot, the first 10 fruits with seed were re-

moved and dissected and seeds were counted.

Our methodology for sugar analysis by
High-performance Liquid Chromatography
(HPLC) was the same as in previous studies

(Freeman et al. 1983, 1984, 1985, Reid et al.

1985). The paper disks holding dried nectar

were placed in Parafilm (R) pouches with 20 [xl

of water. After five minutes eluted sugars

were removed by squeezing the pouch and

collecting the solution with a microsyringe.

The sample was then injected into the chro-

matograph for analysis.

A Rainin Instrument Co. liquid chro-

matograph with a Knauer refractive index de-

tector and an Alltech amino bonded silica

column (5 \xm particle size and 150 mm long)

was used. The solvent was an acetonitrile:

water (75:25 v/v) system flowing at 2.0 ml/

min. For calibration, regressions based on re-

sponse to sugar standards were established.

The standard solution contains fructose, glu-

cose, and sucrose, each 10% by mass, injected

in volumes of 1, 2, 3, and 4 |xl. The response of

this system to sugar mass was nearly linear,

and second order, least squares regressions

were used for calibration curves. Regression

coeff'icients of 0.9995 (d.f. = 1, P < .02) are

obtained. A BASIC program by Reid com-
puted relative percent by mass of each sugar

from the chart responses.

Results were placed in data files and ana-

lyzed using Number Cruncher Statistical

Software (Hintze 1985) and a BASIC program

by Reid for the Kolmogorov-Smirnov test of

normality (Sokol and Rohlf 1983). In compar-

ing the floral tube and opening diameters to

other variables such as nectar composition or

seed set, we tested both diameter and diame-

ter squared (proportional to area).

Results and Conclusions

The floral measurements are summarized
in Table 1. Principal components analysis

(Hintze 1985) of the floral measurements re-

veals that the first component (44% of the

variance) is a positive correlate relation among
five floral dimensions: lengtii, diameter at

25% and 75% of length, opening, and end

diameter. Thus, when one of these is larger,

all are larger. The second component (19% of

variance) is the independent variation of the

diameter at 50% of length.
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Table L Summary measurements for 59 Penstemon psetidospectahilis flowers. Pearson product-moment correla-

tion coefficients significant at the P < .05 level are given. The standard deviation is indicated by s.d., range of

measurements by ( ), and nonsignificant correlations are shown as n.s.

# Measurement Mean s.d.

(mm) (mm)
Correlation with measurement #

5 4 3

1
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Table 3. Summary data on seed set in the Penstemon pseudospectabilis population. Treatment; A = shoot covered

with stocking, B = shoot caged with 5-cm chicken wire, C = no exclosure. ( ) encloses the range.

Treatment
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Table 4. Summary results of multiple linear regression analysis of Pejistemon pseudospectabilis fruits with seed/

fruits and seeds/fruit with the three treatments in comparison with the morphological and sugar composition data. The
first four variables selected and the cumulative regression coefficient are given. The sign of the correlative relationship

between each independent variable and the dependent variable is shown by + or -. Treatment: A = shoot covered

with stocking, B = shoot caged with 5-cm chicken wire, C = no exclosure.

Variable analyzed: fruit
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AN ERIGERON FROM NEVADA AND A PENSTEMON FROM IDAHO

N. Duane Atwood' and Stanley L. Welsh'

Abstract—Described as new species are Erigeron cavernensis Welsh & Atwood from the Schell Creek Range and
Currant Mountain, White Pine County, Nevada, and Penstemon idahoensis Atwood & Welsh from the Goose Creek
drainage. Cassia County, Idaho.

Continued exploration of the American
West yields new taxa almost on a yearly basis.

The productive regions are those not explored

previously due to difficulty of access or im-

proper timing during previous exploration.

Certain plants are difficult to discern other

than when flowering, and many are not recog-

nizably different except when flowers or fruit

are present. The two species described herein

were taken from poorly collected regions.

They are small and not especially showy but

distinctively attractive plants that grow in re-

stricted habitat types. The Erigeron occurs at

high elevations in limestone rubble and cliff

crevices. The Penstemon is known only from

peculiar white tufFaceous (?) outcrops along

the Goose Creek drainage.

Erigeron cavernensis

Welsh & Atwood, sp. nov.

A Erigerone unciali Blake sensu lato differt

in caulibus pubescentia hirsutis involucris

brevioribus et caudicibus longioribus.

Perennial herbs from a branching subter-

ranean caudex, the caudex branches clothed

at their summits with marcescent ashy to

black leaf bases; herbage copiously hirsute

with multicellular trichomes; stems slender,

erect, 1.7-6 cm tall; basal leaves (0.3) 0.8-2

(2.8) cm long, 1.5-6.5 mm wide, spatulate

to oblanceolate, petiolate, obtuse apically;

cauline leaves reduced upwards; heads soli-

tary; involucres 3.5-4.5 mm high, 5-10 mm
wide, subglandular, hirsute with multicellu-

lar hairs; bracts involucrate, somewhat thick-

ened, purplish, the inner ones with scarious

purplish margins; rays ca 16-23, puri^lish or

white, 3.5-4.5 mm long; pappus double, the

inner bristles ca 18-20, with shorter outer

setae; achenes 2-nerved, hairy.

Type.—Nevada, White Pine County, Schell

Creek Range, T15N, R66E, 25 air km SE of

Ely, ca2 km NE ofsummit ofCave Mountain,

3, 172-3,233 m elev. , limestone cliffs and rub-

ble, Pinus flexilis-P. longaeva community,
18 July 1981, B. Welsh, S. Goodrich, and

E. Neese 910 (Holotype BRY; Isotypes NY,
RM, US, POM, UT, UNLV).

Additional specimens.—Nevada, White
Pine County, Schell Creek Range, T15N,
R66E, 25 km due SE of Ely, near summit of

Cave Mtn, at ca 3,264 m elev., crevices of

limestone cliffs, bristlecone pine, limber

pine, spruce community, 18 July 1981,

E. Neese, S. Goodrich, B. Welsh 10778

(BRY); do, ca 3 km N of summit of Cave Mtn,

at 3,233 m elev., limestone rubble and cliffs,

limber pine, bristlecone, Engelmann spruce

community, 18 July 1981, E. Neese,

S. Goodrich, B. Welsh 10758 (BRY); Currant

Mountain, on east slope below VABM 11513,

T12N, R58E, Humboldt National Forest,

between 3,050 and 3,355 m elev., in bristle-

cone pine community, 30 June 1987, N. D.

Atwood and W. Swensen 13063 (BRY).

This is a handsome dwarf plant that is evi-

dently allied to E. simplex Blake, from which

it differs in its hirsute vesture, in its shorter-

than-average involucres, and in the more
elongate caudex branches. This latter feature

might be an ecological response to the habitat

in rubble and crevices. However, E. simplex

Blake is also a plant of crevices in limestone,

but the caudices are seldom well developed.

The plant is named for its locality on Cave
Mountain in the Schell Creek Range of Ne-

vada. Naming of the plant at this time was

stimulated by recognition of a second locality

for the species on Currant Mountain, at the

Intermountain Region, Forest Service, U.S. Department of Agriculture, Ogden, Utah 84401.

Life Science Museum and Department of Botany and Range Science, Brigham Young University. Provo, Utah 84602.
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Fig. 1. A, Erigeron cavernensis Welsh & Atvvood; B, leaf; (;, disk flowi-r; I), ra\ tlovvor.

western margin of" White Pine Connty. The Penstemon idahoensis

voucher material for the second known local- Atwood & Welsh, sp. nov.

ity was taken by N. D. Atwood and W. Similis Penstemon scarioso Pennell sec-

Swensen (see above). tion Glabri (Hydb.) Pennell sed glanduliferis
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Fig. 2. A, Penstemon idahoensis Atwood & Welsh; B, stamen; C, staminode; D, calyx with sand grains adhering to

the glandular surface.
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omnino et detritis obtectis staminodia glabro

et folia marginibus crassioribus differt.

Perennial herbs, 8-20 cm tall; stems several

from a semiwoody caudex, ascending to erect,

glandular; leaves entire, surficially glandular,

glistening, bearing adherent soil particles, the

margins revolute, thickened, sessile, the

basal and lower cauline ones oblanceolate,

3.5-7 cm long, 1.4-4.2 (8) mm wide, the up-

per cauline ones linear to elliptical, 3.4-5.5

cm long, 2.4-5.3 mm wide; inflorescence

glandular, congested, 3-9 cm long, secund,

the cymes 1- to 5-flowered; calyx 5.4-8.5 mm
long, glandular, the lobes 3-5 mm long,

acuminate, inconspicuously scarious mar-

gined; corolla 1.7-2.1 cm long, ventricose-

ampliate, blue to blue purple, glabrous exter-

nally, the palate glabrous, the lobes rounded,

2.6-4.5 mm long, undulate; fertile stamens

included to slightly exserted, the anthers pur-

plish, the sacs 1.5-2 mm long, divaricate,

moderately white-bearded with slender flexu-

ous hairs about equal to or surpassing the sac

width, opening across the distal ends but not

across the connective; staminode glabrous, in-

cluded, bluish.

Type.—Idaho, Cassia County, T16S, R21E,

S35 NW, 17 air mi SW of Oakley, 1 mi N of

Idaho/Utah line. Goose Creek drainage, near

Shoe Spring, in scattered juniper, 22 June

1982, D. Atwood (with S. Goodrich) 8958

(Holotype BRY; 13 isotypes distributed previ-

ously as Penstemon).

Additional specimens.—Idaho, Cassia

County T16S, R21E, S28 SW/SW, white

tuffaceous outcrops, at 5,100 ft elev., 10 June

1985, D. Atwood [with R. Rosentrater 11163

(BRY)]; do, T16S, R221E, S2 SW, 14 air mi S

of Oakley, Goose Creek, near Devine Can-

yon, 22 June 1982, D. Atwood [with S. Good-

rich 8954 (BRY)].

This attractive species of penstemon is evi-

dently confined to siliceous tuffaceous out-

crops in Cassia County, Idaho, not far from

the state boundary juncture of Utah, Nevada,

and Idaho. The tuffaceous outcrop is evi-

dently a portion of the Tertiary Salt Lake For-

mation. Fragments of the tuffaceous material,

evidently siliceous in nature, cling to the glan-

dular surface of the herbage but do not ob-

scure the surface.

Relationship of this plant is apparently with

members of section Glabri. The anthers are

clothed with hairs that approximate the width

of the sacs in length. Dehiscence is in the

proximal portion of each sac only. In the pro-

tologue the species is compared to P. scario-

sus, which occurs along the high plateaus of

Utah. The Idaho penstemon differs from that

species as outlined in the protologue. It is

named in recognition of the state of origin.

Illustrations of the two species are provided

by Kaye Hugie Thome, to whom our grati-

tude is expressed.



STATUS OF THAMNOPHIS SIRTALIS
IN CHIHUAHUA, MEXICO (REPTILIA: COLUBRIDAE)

Wilmer W. Tanner'

Abstract—This is a study of the populations of Thamnophis sirtalis that occur in Chihuahua, Mexico, and the

adjoining U.S. state of New Mexico. Reference is made to previous studies deahng with geographical and systematic

relationships. Additional data are provided for the New Mexico subspecies (dorsalis), and the relationship of T. s.

parietalis to the New Mexico population is discussed. The Chihuahua population is described as a new subspecies.

During the summer of 1899, Nelson and

Goldman collected a specimen oiThamnophis
sirtalis in north central Chihuahua. It was

reported by Goldman (1951) to have been

collected at Casas Grandes. Smith (1942) ex-

amined the specimen (USNM 46371) and re-

ferred it to the subspecies Thamnophis sirtalis

parietalis (Say 1823). Smith's examination of

this female specimen provides the following

characters: scale rows 19-19-17, ventrals 152,

tail incomplete, supralabials 7-7, infralabials

10-11, preoculars 1-1, and postoculars 3-3. It

is further stated that the spots in the upper
row are fused together, with those in the

lower row confluent with the upper row but

not with each other, and with spaces between
red.

Since the Smith report, a number of studies

have been made concerning the identity of

specimens presumably collected in the Rio

Grande basin (ofwhich the Rio Casas Grandes
and Rio Santa Maria in northern Chihuahua
were a part during the recent pluvial period).

Smith and Brown (1946), after an examination

of the literature and available data, concluded

that T. ornata (Baird 1859), which was sup-

posedly collected between San Antonio and

El Paso, Texas, was indeed a synonym of T. s.

parietalis. Fitch and Milstead (1961) reexam-

ined the status of Thamnophis dorsalis (Baird

& Girard 1853) and concluded that Tham-
nophis cyrtopsis (Kennicott 1860) is a syn-

onym of Thainnophis sirtalis dorsalis . Fitch

and Maslin (1961), in their study of Tham-
nophis sirtalis in the Great Plains and Rocky
Mountains, concluded that dorsalis was a syn-

onym of Thamnophis sirtalis ornata Baird,

referred the specimen from Casas Grandes,

Chihuahua, to the subspecies ornata, and
placed specimens from the Rio Grande valley

of New Mexico, which had previously been
designated as Thamnophis sirtalis parietalis,

within the distribution area of ornata . Webb
(1966), in his study by Thamnophis cyrtopsis,

concluded that Eutaenia dorsalis is applicable

to the upper Rio Grande population of garter

snakes designated by Fitch and Maslin (1961)

as Thamnophis sirtalis ornata.

In spite ofmuch uncertainty concerning the

type locality and the loss of the type speci-

men, Fitch (1980) accepted (with reserva-

tions) the subspecific name dorsalis as pro-

posed by Webb for the population of sirtalis

presently occurring in the Rio Grande valley

ofNew Mexico.

Not until Van Devender and Lowe (1977)

reported a series of Thamnophis sirtalis col-

lected at or near Yepomera, in central Chi-

huahua, was there sufficient material to

provide a basis for a study of the Chihuahua
population. Since the study by Fitch and

Maslin (1961), considerably more compara-

tive material has become available from New
Mexico. Through the courtesy of Dr. C. H.

Lowe, I have had the privilege of examining

the recently collected series of 13 specimens

of T. sirtalis from Yepomera or nearby, 1 spec-

imen from Nuevo Casas Grandes, and 3 speci-

mens from near Galeana (one of these from

Dr. R. Coiiant); in addition, USNM 46371

from Casas Grandes, Chihuahua, has been
reexamined. A large series from New Mexico,

loaned by Dr. W. G. Degenhardt, is now
available. The series from Kansas (KU) and

Life Science Museum, Brigham Young University, Provo. Utah 84602
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Utah (BYU) collections were also used as com-

parative material. Although there are many
similarities to the population along the Rio

Grande in central New Mexico, when com-

pared to the population in central Chihuahua

some significant variations are apparent (Tan-

ner 1986). Differences are seen not only in

some scale patterns, but also in color pattern.

Furthermore, the Chihuahua population is

several hundred miles removed from the

nearest known populations in New Mexico

and Texas. This isolation from the main body

of this widespread species, which has appar-

ently existed since the recent Ice Age, has

resulted in character modifications suffi-

ciently significant to recognize the Chihuahua

population as a subspecies. It is, therefore,

named in honor ofone who has added much to

the herpetology of southwestern United

States and northwestern Mexico.

Thamnophis sirtalis lowei, n. subsp.

Type.—An adult female, UAZ 34879,

Yepomera, Chihuahua, Mexico; collected

8 June 1972, by T. R. Van Devender. See

Figure 1.

Parattpes.—UAZ 34066, 34070, 34230,

34880-82, Yepomera; UAZ 34071, 3 km N
Yepomera; UAZ 34067-69, 34399, 5 km N
Yepomera; UAZ 34149, 6 km N Yepomera;

UAZ 34434, 0.5 km N Nuevo Casas Grandes;

USNM 46371, Casas Grandes, Chihuahua,

Mexico.

Diagnosis.—A subspecies similar to T. s.

parietalis and T. s. dorsalis but with 21 rows of

dorsal scales on the anterior part of the body,

with the first reduction to 20 rows above the

10th to 19th ventral or the 10th to 19th scale

posterior to the parietals in the middorsal

stripe; ventrals male 158-166 (160.6), female

157-164 (160.7); subcaudals male 84-89

(86.5), female 73-78 (75.4); supralabials 7 or

8, infralabials 9-12. Color pattern (Fig. 1)

similar to that of T. s. parietalis but diflFering

noticeably from T. s. dorsalis as illustrated bv

Fitch and Maslin (1961, Fig. 4).

Descrifiion of type.—Top of head a dark

olive brown, becoming darker on temporals,

the expanded dark oftemporal area narrowing

to become a dark stripe 2-3 scale rows wide
and sharply edging the middorsal cream-col-

ored stripe, laterally being separated from the

large dark spots by narrow longitudinal stripes

of pink or reddish markings that usually sur-

round the spots dorsally and laterally; ven-

trally the dark spots contact the light lateral

stripe on the edge of the 3rd scale row. There

are 66 lateral dark spots extending from nape

to vent, distinct for the length ofthe body, but

not extending onto the tail; dorsal stripe

sharply defined and two scales wide, occupy-

ing the middorsal row and half of the adjacent

rows, extending from parietals well onto tail

before becoming indistinct near its end; lat-

eral stripe distinct, but paler than dorsal and

on rows 2 and 3; lower labials, chinshields,

gulars, and anterior ventrals cream colored;

ventrals a lead grey and without dark spots

except for a few irregular shaped and spaced

spots edging onto the ventrals from the first

scale row.

Lepidosis generally normal for the species,

with nasal divided, anterior section largest,

one loreal, one preocular, 3—4 postoculars,

1-^2 temporals, supralabials 7-7, infralabials

11-12 with 5-6 on right side divided, scale

rows 21-19-17, reduction to 20 rows above

14th ventral, ventrals 157, subcaudals 78, anal

single; except for the ventrals, subcaudals,

head, and temporal scales, all scales have

keels.

Comparisons.—The reduction to 20 scale

rows may occur from the 10th to the 19th

ventral, with an average for the series of 13.73

ventrals. In the middorsal stripe the reduc-

tion occurs between 10-20 scales posterior to

the parietals, with an average of 13.9 scales. A
comparison of these data to specimens of sir-

talis from all other areas of distribution in the

United States provides a reduction usually by

or before the 8th ventral. A series of 61 speci-

mens from the Rio Grande valley ofNew Mex-
ico (Valencia, Bernalillo, Socorro, Sierra, and

Rio Arriba counties) gives the following on the

reduction of the scale rows: above the 5—11

ventral, average 7.7; below the 7-14 scale in

the middorsal stripe posterior to the parietals,

average 9.6.

The reduction to 20 scale rows in the New
Mexico series provides more variation than in

other populations or subspecies (Table 1). Ac-

tually T. s. dorsalis is an intermediate seg-

ment of the species between T. s. parietalis to

the north and T. s. lotvei to the south. This is

reflected in the reduction of the scale rows,

number of subcaudals, and slight increase in

supralabials and infralabials.
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Fig. 1. A, dorsolateral view of the color pattern of the type oi Thamnophis sirtalis lowei, UAZ 34879, taken at

Yepomera, Chihuahua, Mexico, bvT. R. Van Devender, 8 June 1972; B, dorsolateral view ofa paratype of T/iamnop/its

sirtalis lotvei, UAZ 34881, Yepomera, Chihuahua, Mexico.

The color pattern is a variation between the

diagrammatic drawings of Fitch and Mashn

(1961) for r. ,s. parietalis (Fig. 3) and T. s.

ornata (dorsalis) (Fig. 4). There is a reduction

of the dark brown or black when compared to

T. s. parietalis and considerably more than in

T. s. dorsalis as previously described. A dark

border two scales wide is lateral to the mid-

dorsal stripe, in turn bordered by a narrow.

broken, pink to reddish stripe, which usually

separates the large lateral spots from the dark

band between them and the dorsal stripe. In

T. s. dorsalis, as described and figured by

Fitch and Maslin (1961), the dark lateral spots

are more often than not surrounded dorsally

and laterally by the pink color, which may be

a scale or more wide. In T. s. lotvei there

are irregular, small, dark extensions that may
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Table 1. Scale pattern relationships between four subspecies of T. s. sirtalis. Scale row reductions occur above

ventrals, with variations ranging from the 3rd to 19th.

Number
examined
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Laguna de Guzman). This isolation has pro-

duced variation between the two sirtalis pop-

ulations of Chihuahua. Three specimens from

south of Galeana have fewer ventrals (151 and

152) and less pink laterally.

I have seen the three specimens from 1-3

miles S of Galeana. All other Chihuahua spec-

imens have ventrals ranging from 154 to 166.

In the one provided by Dr. Conant (1 mile S)

the reduction to 20 scale rows and color pat-

tern is similar to lowei; in the others the scale

rows reduce above 7-9 ventral, and the color

pattern is darker, with a noticeable reduction

of the pink that tends to obscure the dark

lateral spots so prominent in lowei. Until addi-

tional specimens are available, it is impossible

to determine ifthe population in the Rio Santa

Maria basin has the basic characters relating it

to either lowei or dorsalis or if it may repre-

sent a distinct population that should be rec-

ognized as a subspecies.

The subspecies T. s. dorsalis is, according

to Fitch and Maslin (1961), Fitch (1980), and

Stebbins (1985), recognizable by its color pat-

tern. This subspecies designation at present

includes only specimens occurring in the Rio

Grande basin ofNew Mexico. An examination

of New Mexico specimens, however, indi-

cates that there are two distinct color pat-

terns, one occurring in the southern counties

(southeastern Valencia, Socorro, and Sierra)

and one to the north (northwest Valencia,

Bernalillo, and north into Rio Arriba). A typi-

cal color pattern for dorsalis (Fig. 2) consists of

small spots above the lateral stripe, involving

1-5 scales and with a light space (with pink or

blended colors) between them and a narrow

dark stripe lateral to the middorsal stripe.

This pattern gives specimens a much lighter

ground color than is seen in specimens from

northern New Mexico or in the subspecies

parietalis or lowei.

In specimens from the northern counties,

the pattern consists basically ofa series ofdark

brown columns extending from the lateral line

dorsad to fuse with a wide, dark area lateral to

the dorsal stripe. Between these columns is a

series of 3 or 4 oblong pink spots (Fig. 3). In

only a few specimens are there additional light

or pink spots radiating dorsad into the dark

area as is common in parietalis. This pattern

has a distinctness not often seen in other sub-

species, but one that is easily related to pari-

etalis.

In northeastern Valencia and extreme
southern Bernalillo counties, some specimens

do not conform to either ofthe above patterns.

In this relatively narrow area, seemingly cen-

tered near Isleta and Los Lunas, specimens of

either pattern and all gradations between oc-

cur. A typical intergrade has more pink and
light colors between the spots that are partly

or narrowly separated from the dark area lat-

eral to the dorsal stripe. Some specimens have

larger spots and a narrower dark area lateral to

the dorsal stripe or various gradations in

which lighter or darker patterns occur. Usu-
ally specimens with intergrading color pat-

terns have more red in the pattern than pari-

etalis and less than in dorsalis.

It is not a rarity for subspecies to have vari-

able color patterns (Sonora semiannulata or

Lampropeltus getulus californiae) nor to have

narrow areas of intergradation. However, in

this case there may have been other factors

involved. All evidence indicates that Tham-
nophis sirtalis was once more widespread in

south central United States and adjoining

Mexico than at present. Based on present iso-

lated populations in this wide area and data

from the specimens available, one is inclined

to wonder if the present population in the Rio

Grande basin of New Mexico was derived

from two sirtalis invasions into the basin.

There is reason to believe that much of

Colorado and northern New Mexico was not a

suitable habitat for sirtalis during the last plu-

vial period. This is not because of cool or cold

temperatures, for sirtalis is well adapted to

these conditions. Instead, it would seem that

the mountains extending from southern Colo-

rado into northeastern New Mexico served as

a barrier during the Ice Age; thus, sirtalis may
at that time have entered the Rio Grande
valley by moving south along the western

edge of the Great Plains. To the south an

entirely different and suitable habitat must
have been present, particularly in most of

northern Chihuahua, western Texas, and

southern New Mexico. These southern val-

leys served as catchment basins for the

streams flowing south from New Mexico and

north from the mountains in central and west-

ern Chihuahua. Apparently, sirtalis inhabited

a wide area while these valleys were the recip-

ient of major stream flow that provided suit-

able habitat along streams, lakes and adjoin-

ing meadows. As desiccation slowly changed
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Fig. 2. Dorsolateral views of the color pattern oi Thamnophis sirtalis dorsalis: A, UNM 15464, collected 3 miles S

Isleta (Hwy. 47), Valencia County, New Mexico; B, UNM 32523, collected at Basque del Apache headquarters,

Socorro County, New Mexico.
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oJ}^'
^'

^ff^' ^"^ dorsolateral views of Thamnophis sirtalis parietalis: A, UNM 15583 2 miles S junction Hwy
85/45, Bernalillo County, New Mexico; B, UNM 14697, 1.5 miles S junction NM Hwy. 54 and U.S. Hwy 85 Valencia
County, New Mexico.
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this area into desert, sirtalis moved into the

major drainage basins. In Chihuahua, two

basins, Rio Santa Maria and Rio Casas

Grandes, were inhabited and in southern

New Mexico the Rio Grande to the north.

It appears that the southern population of sir-

talis was divided into north (Rio Casas

Grandes and Rio Santa Maria) and south

(Yepomera area) populations at an early date,

and later the northern segment subdivided

into the two river basins in northern Chi-

huahua.

The population in south central New Mex-
ico (dorsalis) and the population in west cen-

tral Chihuahua (lowei) show several relating

characters. The color pattern is easily derived

from either (dorsalis from lowei or lowei from

dorsalis). Available data suggest that the an-

cestral population present during or immedi-

ately after the pluvial period was spotted, not

with dark lateral columns as in the northern

population of New Mexico or as is seen in

some parietalis. Also, the dorsal rows are re-

duced to 20 rows more often at 9-11 ventrals

than in the northern New Mexico population

or parietalis.

The northern population seems closely re-

lated to parietalis. The similar color pattern

may have come from parietalis entering the

Rio Grande basin at a later period when condi-

tions in northeastern New Mexico permitted a

movement from eastern valleys (Arkansas or

Canadian) into the headwaters of the Rio

Grande. Such an invasion by parietalis would
explain the color pattern differences and pro-

vide at least a tentative explanation for the

divergence in pattern seen in the Rio Grande
basin of central New Mexico.

Ifwe conclude that the southern segment of

the New Mexico population of sirtalis is a

recognizable subspecies and retain it as the

subspecies dorsalis based on what has been
described by previous authors as a color pat-

tern variable in the species, then it becomes
necessary, based on available data, to deal

with it as a subspecies and provide a diagnosis

distinguishing it from lowei, to the south, and

parietalis, to the north.

Thamnophis sirtalis dorsalis (Baird & Girard)

Rio Grande Garter Snake

Diagnosis.—A subspecies with 19-19-17 or

occasionally 21-19-17 scale rows, supralabials

7 or occasionally 8, ventrals 156-178, males

159-178 (166.0), females 156-166 (160.2),

subcaudals 65-87, males 78-87 (83.5), fe-

males 65-78 (72.6), dorsal and lateral light

stripes distinct on two scale rows, dorsal stripe

edged laterally by a narrow dark area, irregu-

lar on its lateral edge, varying from 1 to 1 1/2

scales wide and with a wide area of pink or

olive to light brown on both skin and scales

separating the dark dorsal area from the small,

lateral, dark spots (Fig. 2). Lateral spots small,

involving 1-5 scales but not usually involving

an entire scale, and usually in contact with the

lateral stripe; ventrals and first row of scales

with small, irregular, dark spots but not uni-

formly spaced.

Distribution.—Sierra County: 18 speci-

mens from Elephant Butte Reservoir are

badly darkened by preservative. By submerg-

ing in clear fluid most show small lateral spots

and a narrow dark edging lateral to the dorsal

stripe. In a few the color pattern cannot be
clearly seen. At least 13 can be determined to

have the dorsalis color pattern (KU 5479-

5497). Socorro Countv: 2 miles S Belen (UNM
17800); 7 1/2 miles S 1/2 mile W San Antonio

(UNM 15965); Basque del Apache headquar-

ters (UNM 32523, 35795). Valencia Countv:

(UNM 383 no data); Isleta Marsh (UNM
14818-9, 14873); 3 miles S Isleta Hwy. 47

(UNM 15464-5); 2.4 miles S intersection

Coors and U.S. 85 (UNM 19747); 8 miles N
Belen Hwy. 6 (UNM 33922); (UNM 39597 no
data). Bernalillo County: 3.5 miles S junction

NM Hw\'. 45 and US 85 (UNM 15212).

The specimens from southeast Valencia

County have a color pattern characteristic of

T. s. dorsalis as described by Fitch (1980).

The lateral spots are small, involving 5 or

fewer scales and spots not contacting the nar-

row dark margin lateral to the dorsal stripe.

The body spots range from 75 to 88 and aver-

age 80 spots. This is a noticeable increase

when compared to either lowei or parietalis.

The following specimens from Valencia and

Bernalillo counties do not have the dorsalis

color pattern as seen in Figure 3. I consider

them to be either dorsalis -parietalis inter-

grades or a southern extension of parietalis;

Valencia Countv: 2 miles N Los Lunas on

Hwy. 85 (UNM'4631); marsh 4 miles N and

1/2 mile E Los Lunas (UNM 5224-6); 1 1/2

miles SE Belen (UNM 7606); 4 miles N Los

Lunas (UNM 10897-9); 2 miles N Los Lunas

(UNM 10962); 3 miles N Isleta marshes (UNM
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15130); Los Lunas (UNM 11410); 14.7 miles

from UNM S Hwy. 10 at Isleta Pueblo (UNM
11552); 1.5 miles S junction NM 45 and US 85

(UNM 14696-7); 4 miles N Peralta on Hwy.
47 (UNM 19777); 20 miles S Alb swamps along

Hwy. 85 (UNM 19782); 10 miles N junction

Hwys. 6 and 57 (UNM 31653-4); 3 miles N
Lunas Hwy. 85 (UNM 32709); Hwy. 47 14

miles N junction 6 and 47 (UNM 37813).

Bernalillo County: (UNM 375 no data); Albu-

querque, Perea Rd. (UNM 384); 1 km N cen-

tral on US 66 (UNM 5440); Albuquerque, W
Rio Grande near Rt. 66 (UNM 8414); 2 miles S

junction Hwys. 45 and 85 (UNM 15583); 3

miles SW Isleta along Hwy. 85 (UNM
5429-32); Pyle Beach, Albuquerque (UNM
10238-9); Isleta Indian Reservation (UNM
11063-4); 10 miles S Hwy. 66 on Hwy. 45

(UNM 11101); S Hwy. 55 bridge (UNM
11317-20); 9 miles N Albuquerque (UNM
12137); Beach Road NW Albuquerque (UNM
12314); Isleta Reservation (UNM 12209);

Isleta Pueblo (UNM 12981); 3/4 mile S Coors

intersection Hwy. 95 (UNM 12986); Hwy. E
Coerales Bridge (UNM 14820); and 2 miles S

junction Hwys. 85 and 45 (UNM 15583). Rio

Arriba County: Espanola (UNM 31908); Riv-

erside Lake, Espanola (UNM 36458-9).

The New Mexico populations do not vary

significantly in scale patterns and are summa-
rized as a unit in Table 1. Although the series

is small for the subspecies sirtalis and pari-

etalis, an east to west cline in all scale patterns

is evident. In dorsalis and lowei the cline is

north to south. These clines may be best ex-

pressed by percentages in the reduction ofthe

dorsal scale rows to 19. The sirtalis from east-

ern U.S. all reduce by or before the 8th ven-

tral; in 22 specimens from Kansas (parietalis),

1 reduces at the 10th ventral, the rest (95%)
before the 10th; in 72 specimens of dorsalis,

10 reduce at the 10th ventral (approx. 14%),

while all others at the 9th or before; and in

lowei 93% reduce between the 10th to 19th

ventral, with one reducing at the 9th. A
relationship between parietalis, dorsalis,

and lowei is not only indicated by the scale

patterns but also by trends in color pattern,

particularly in the similar pattern between the

northern New Mexico populations and pari-

etalis as well as dorsalis in southern New Mex-
ico and lowei in Chihuahua.
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ENGELMANN SPRUCE CONE LOSSES
CAUSED BY INSECTS IN NORTHERN UTAH
IN A YEAR OF LOW CONE PRODUCTION

D. E. Cameron' and M. J. Jenkins'

Abstract—The impacts and timing of insect infestation were determined in developing Engelmann spruce cones

throughout the summer of a year of low cone production in northern Utah. The major insects found were the western

spruce budworm, Choristoneura occidentalis Freeman (Lepidoptera: Tortricidae); fir coneworm, Dioryctria abieti-

vorella Grote (Lepidoptera: Pyralidae); and the spruce seed moth, Laseyresia youngana Kearfott (Lepidoptera:

Olethreutidae). Insects reduced the survival ofcones to 11.48 cones out of 100. The high percentage ofseeds and cones

lost to insect predation supported previous studies of a similar nature.

Engelmann spruce (Picea engehiiannii

Parry ex Engelm.) is a widely distributed spe-

cies of the western United States and Canada.

It is a major component of Rocky Mountain

high-elevation forests (Fowells 1965). Engel-

mann spruce seed and cones are subject to

various insect predators, but much of the pre-

vious research on the seed and cone insects of

spruce has been done on other spruce species

such as white spruce {Picea glauca (Moench)

Voss) in Canada. Additional research informa-

tion is needed on the impacts ofseed and cone

insects on Engelmann spruce in Intermoun-

tain subalpine spruce/fir forests.

Insects are often major biotic agents, reduc-

ing seed survival in developing cones of

conifers and, at times, destroying an entire

seed crop. The amount of damage an insect

species causes to a seed crop depends on the

relative abundance of the insect population,

the timing of the damage with respect to cone

phenology, and the size of the cone crop. It

has been suggested that cone crop periodicity

is an adaptive mechanism reducing the impact

of cone predators (Mattson 1971, Miller et al.

1984). This study examined the impact and

timing of several seed and cone insects ob-

served on Engelmann spruce in northern

Utah during a year oflow cone production.

Materials and Methods

This study was conducted on the Utah State

University Experimental Forest located on

the Wasatch-Cache National Forest, approxi-

mately 15 km south of the Utah-Idaho border

in Rich and Cache counties. The elevation

ranged from 2,500 m to 2,700 m. The general

moisture regime is semiarid, with most pre-

cipitation occurring as snow.

The predominant tree species are Engel-

mann spruce and subalpine fir {Abies lasio-

carpa var. lasiocarpa [Hook.] Nutt.), which

are late successional, climax species, and

lodgepole pine {Pinus contorta var. latifolia

Dougl. ex Loud.) and quaking aspen {Populus

tretnuloides Michx.), which form early succes-

sional stands. Open meadows are intermin-

gled among the forested areas. Detailed eco-

logical descriptions of the area are presented

inSchimpfetal. (1980).

Sample trees were selected and tagged for

periodic cone collections conducted through-

out the growing season. Ten Engelmann
spruce trees were chosen throughout the

USU Experimental Forest on the basis of po-

tential cone crop, climbing safety, and ease of

access.

Ten cones per tree were collected every

four weeks, beginning in late June and contin-

uing until late September in 1986. In 1985

only one collection was made in late Septem-

ber. Each tree was climbed and branches

were clipped until a sufficient sample size of

cones was obtained. Two cones were ran-

domly collected from each of five branches

uniforml)' distributed in the upper third of the

crown. Brandies with cones, as well as any

loose cones, were bagged, marked, and refrig-

erated until the cones were analvzed. The last

Department of Fore.st Resources, Utah .State University, Logan, Utah 84322-5215
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Table 1.

1985.

Percentage cone losses to frost and insects in Table 2. Percentage ofEngelmann spruce cones dam-
aged by insects in 1986.

Mortality agent Cones lost to agent

%

Frost
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Table 3. Ocular estimates of internal and external damage caused by insects to Engelmann spruce cones in 1986.

Collection
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Table 4. Partial life table of mortality factors affecting cones of Engelmann spruce in 1986.

Developmental

stage

X cones

surviving

D,F
Mortality

factors

Number dying

within X

100 q,

D, as a

percent of L,

Survival rate

within X

Conelet I

Conelet II

Conelet III

Conelet IV

Normal cones

100

60.15

34.92

14.43

11.48

WSB



ELEVATIONAL CHANGES IN WOODY VEGETATION
ALONG THREE STREAMS IN

WASHINGTON COUNTY, UTAH

G. Merrill Webb' and Jack D. Brotherson'

Abstract.—Patterns of change in the woody vegetation (trees and shrubs) of the riparian communities of three

streams draining the slopes of the Pine Valley Mountains in Washington County, Utah, were examined. Thirty-nine

study sites were established adjacent to the streams along an elevational gradient where vegetation, plant population,

and species data were taken. Vegetation and species patterns varied with respect to elevation and geographical

location. Vegetation of the high- and low-elevation areas was distinctly different, while that of the mid-elevations was

transitional to both. Geographical patterns showed a north-south transition in vegetation between the Mojave and

Great Basin deserts. Size-class distribution curves for 1 1 tree species showed varying degrees of survival with respect to

age and location. Root sprouting was highly important in the reproductive effort of sLx of the trees. Species distribution

patterns followed transriparian and intrariparian gradients within the riparian community.

Riparian areas are terrestrial zones associ-

ated with surface water that reveal, through

the vegetative complex, the influence of that

water (Platts 1978). Riparian communities are

critical-use areas for a large segment of the

human population and yet are often subjected

to abuse by such users. The arid regions of

southwestern Utah are presently experienc-

ing rapid growth in human population. Be-

cause of the rising numbers of people and

increased demands for water, the riparian

communities of these desert regions will

likely be heavily impacted.

Woody vegetation is an important environ-

mental feature to small streams in desert areas

because of its large size and overhanging

canopies. Fisheries and wildlife biologists

have suggested that riparian zones are critical

habitats in maintaining populations of fish,

birds, and small and big game animals (Ames

1977, Hubbard 1977). The overhanging cano-

pies provide shade during the hot summer
months, which helps to stabilize water tem-

peratures, thereby benefiting all acjuatic or-

ganisms (Behenke 1979).

These areas are also important sources oi

forage and water for domestic livestock

(Phillips 1965, Cook 1966) and play an integral

role in water quantity and (juality (Horton and

Campbell 1974). The early autiunn leaf fall is a

source of mineral nutrients and carbon for

shredder organisms of the aquatic food chain

(Russell-Hunter 1970).

The streams in southwestern Utah have his-

torically provided water for irrigation and

culinary or domestic use. Recreational uses,

including fishing and boating, as well as wild-

life uses, have been secondary in importance.

But as the human population increases, de-

mands for more water for culinary and recre-

ational purposes will also increase, and com-

petition will be greater for this important

natural resource.

To establish baseline data on the conditions

existent in the riparian habitat, we studied the

woody plant species (trees and shrubs) associ-

ated with three streams in southwestern Utah

with respect to species along an elevation gra-

dient. Our purpose was to examine trees and

shrubs associated with three riparian commu-
nities and to determine patterns of distribu-

tion with respect to elevation. The population

dynamics of trees and shrubs along the eleva-

tional gradient were also investigated.

Study Site

Our three stud\' streams have their origin in

the Pine Valley Mountain area, Washington

County, Utah. The Pine Valley Mountains

(3,200 ni high) are largely composed of de-

roofed monzonite porphyry laccolith, which

has an exposed extent of LSI km" and is Ter-

tiary in age (Cook 1960). The soils along the

streams are classified as Riverwash (USDA
1977) and consist of stratified, dominantly

'Biol(>K> I)fp.irtm<-nt. Provo High Sclux)!, Provo, Utah 84604

^Department of Botany and Range Science, Brigham Young Univer.sit\ . Provo. I'tah 84602.
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Study Area

Fig. 1. Map of study location in Washington County, Utah.

coarse-textured, and gravelly, cobbly, or

stony material in the washes and narrow

drainageways. The material varies consider-

ably over short distances and is moved from

place to place during periods of high runoff.

On the flood plains the soils are classified as

Fluvaquents and Torrifluvents (USDA 1977).

These are moderately well-drained to poorly

drained, highly stratified soils ranging in tex-

ture from fine sands to silt loams. Layers of

gravel and cobbles are common.
Ash Creek has its origin on the northeast

side of the mountain at 2,418 m elevation near

the small hamlet of New Harmony. The
stream flows east and then south for 45 km,
joining the Virgin River near LaVerkin at an

elevation of 918 m, resulting in an elevational

drop of 1,500 m. There is a single impound-
ment on this stream formed by U. S. Interstate

Highway 15 about 8 km north of Pintura.

Leeds Creek originates on the south side of

the mountain at an elevation of approximately

2,015 m and flows south 20 km past the town

of Leeds to its confluence with the Virgin

River at 837 m elevation. This is a 1178-m

drop in elevation. A single impoundment on

this stream. Quail Creek Dam, was con-

structed in 1984 and has now filled with water.

Santa Clara Creek originates on the north

side of the Pine Valley Mountains at an eleva-

tion of 2,635 m and flows west past Veyo and

then south past the towns of Gunlock and

Santa Clara. It joins the Virgin River south of

St. George at an elevation of 775 m. Total

length of this stream is 68 km. Three im-

poundments as well as diversion dams alter

and influence the flow of this stream.

Ash Creek and Santa Clara Creek flow

through sections of steep lava rock canyons

where the canopy extends from rim to rim in

some segments. When the canyon (gorge)

opens out, vegetation becomes more sparse.
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Due to the influence of humans and the

vagaries of weather, stream flows vary on aU

three streams. Some stream sections are de-

watered below diversion dams, while at other

times of the year the channels are scoured by

raging torrents of flash floods. Summer lows

for Ash Creek are 6.5 cfs and for Leeds Creek

1.5 cfs, while portions of Santa Clara Creek

are entirely dewatered for irrigation. On the

average, 78% ofthe stream flow is diverted for

irrigation on all three streams; thus, on some

stretches a sandy or rock-strewn stream bot-

tom is all that exists (USDA 1977). Riparian

vegetation, as a consequence, is subjected to

extremes of flooding and drought conditions.

All three streams are accessible by car and two

have U.S. Forest Service campgrounds lo-

cated near their headwaters. Portions of all

three streams flow through private property

with resultant grazing and human impacts.

Ash Creek flows through plant communi-
ties dominated by cottonwood, ash, and wil-

low. Leeds Creek originates in a ponderosa

pine-scrub oak habitat, flows through a zone

of thick mountain brush and river birch, and

then through a lower zone of willow and cot-

tonwood. Santa Clara Creek has three distinct

zones beginning with mountain shrub, then

ash, and finally cottonwood and willow in its

lower reaches.

Elevation within the study area ranges from

2,635 m down to 775 m. This wide range in

elevation has a marked influence on the cli-

mate ofthe streams. For example, annual pre-

cipitation rates vary from a maximum of 500

mm a year in the higher elevations to 150 mm
at the lowest elevations. Most precipitation

occurs during winter and early spring when
storms from the Pacific Ocean move across the

intermountain area. A secondary precipita-

tion maximum occurs in summer during July

and August when occasional thunderstorms

develop because of the moist air moving

northward across the region from the Gulf of

Mexico (USDA 1977).

Methods

Thirty-nine study sites were established

from August through December 1983 in the

riparian zones of Ash Creek, Santa Clara

Creek, and Leeds Creek. The number of

study sites on each stream varied depending

on the length of the stream. Sites were placed

along an elevational gradient in 93-m incre-

ments from the mouth of the stream to its

headwaters. A 31-m belt transect was estab-

lished at each site across the flood plain as a

study zone. Within this zone the following

data were taken. Elevation was determined

using uses 7.5- and 15-minute topographic

maps with 40- and 80-foot intervals, respec-

tively. Trees were identified, and all indi-

viduals within the transect boundaries were

counted and measured for diameter at breast

height (DBH). Size-class distributions for

each species were determined from the DBH
data. Density of trees was determined by ran-

domly selecting five individual trees and tak-

ing measurements to the nearest neighbor

(Phillips 1959). Shrubs were identified and

their frequencies determined by placing two

4.5 X 9-m quadrats along each side of the

stream. The quadrats were placed parallel to

the stream within the 100-m transect. Each

4.5 X 9-m quadrat was then subdivided into

three 3 X 4.5-m units. Species were recorded

as being present or absent within each of the

12 subunits.

Cluster analysis (Sneath and Sokal 1973)

was applied to similarity index values (Ruzicka

1958) that were generated between all possi-

ble pair combinations of the vegetative

stands. The analyses were based on un-

weighted pair-group clustering (UPGMA).
The UPGMA method computes the average

similarity of each unit to the cluster using

arithmetic averages because it introduces less

distortion than other methods (Kaesler and

Cairns 1972). The vegetative stands were also

ordinated and grouped into three-dimen-

sional space following Orloci (1966).

Niche breadth and overlap values were

computed for individual plant species (Col-

well and Futuyma 1971). Species were then

clustered from niche overlap values following

Sneath and Sokal (1973). Niche breadth and

overlap values were based on relative density

figures for trees and relative frequency data

for shrubs. Interspecific association patterns

between plant species were computed using

Cole's (1949) Index. Diversity indices were

computed following Shannon and Weaver

(1949) and MacArthur (1972). Plant nomen-
clature follows Welsh et al. (1987). Voucher

specimens for plant species included in the

study are deposited in the Brigham Young
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Table 1. Prevalent species list for woody plants grow-

ing in the riparian zones of Ash Creek, Leeds Creek, and

Santa Clara Creek in Washington County, Utah, along

with relative dominance values for the trees and relative

frequency values for the shrubs.

Species
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Table 2. Woody plant species found growing in the riparian zones of Ash Creek, Leeds Creek, and Santa Clara

Creek in Washington County, Utah. The figures represent relative dominance values for the trees and relative

frequency values for the shrubs.

Species Ash Creek
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Abies concolor

Pinus ponderosa

Populus angustifolia

Juniperus scopulorum

Quercus gambelii

Acer negundo

Pinus edulis

Celtis reticulata

Juniperus osteosperma

Fraxinus velutina

Elaeagnus angustifolia

Prosopis pubescens

Salix gooddingii

Populus fremontii

Salix laevigata

o
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Symphoricarpos oreophilus

Sallx bebbiana

Physocarpus monogynus

Salix lutea

Acer glabrum

Toxicodendron rydbergil

Pachystima myrsinites

Prunus Virginiana

Mahonia repens

Ceanothus greggii

Ameianchier ainifolia

Cornus stolonifera

Rosa woodsii

Clematis ligusticifolia

Artemisia fillifolia

Salix lasiolepis

Betula occidentalis

Garrya flavescens

Vitis arizonica

Cerocarpus ledifolius

Artemisia tridentata

Rhus trilobata

Purshia glandulosa

Purshia tridentata

Ephedra viridis

Eriodycton angustifolium

Quereus turbinella

Artemisia ludoviciana

Brickellia californica

Prunus fasciculata

Ameianchier utahensis

Gutierrezia sarothrae

Pluchea sericea

Chrysothamnus nauseosus

Salix exigua

Tamarix ramosissima

Baccharis glutinosa

oooooooooooooooo(DCDCDCDCOCDCDCDCDCDCDCDCDCDCDCD
en r^ 05 CNJ LO 00 >-

CM c\j CNj n ro ro •^
t^OCOCDOiCMLOCO
•^lOLnLDLOCDCDCD

ELEVATION (in feet)

Fig. 3. The relationship of shrub species to an elevational gradient along Ash, Leeds, and Santa Clara creeks in

Washington County, Utah.
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PERCENT SIMILARITY

K>
23 30 43 ^0 60 70 80 90 100

Leeds Creek
Mid Elevation

Leeds & Santa

Clara Creek

Mid to high

elevation

Ash & Leeds

Creek

High elevation

Group I

J

Ash, Leeds &

Santa Clara

Creeks

Low to

mid-elevation

Ash Creek

Low to

mid-elevation

Santa Clara &

Leeds Creek

Low elevation

Santa Clara &

Ash Creek
Mid to high

elevation

Ash & Leeds
Creek

Mid-elevation

Group II

Group

J

species. Numbers 1-39 identify study sites.

turbinella, and Rhus trilohata .
At the higher

elevation sites Abies concolor, Pinus pon-

derosa, Populus angustifoliajuniperus scop-

ulorum, Salix lasiolepis, Betula occidentalis,

and Rosa woodsii were the more important

species. The species distribution patterns

show that while some are restricted in distri-

bution to a single elevational level (Figs. 2, 3),

the majority peak in importance at specific

points along the gradient^and then declme as

elevations change (Table 3).

Species whose relative density or relative
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Table 3. Elevational patterns of woody plant species found growing in the riparian zones of Ash Creek, Leeds
Creek, and Santa Clara Creek in Washington County, Utah. The figures represent relative dominance values for the

trees and relative frequency values for the shrubs. Group I of the table corresponds to Group II of Figure 4 and is

composed of stands from the lower elevations. Group II of the table corresponds to Group III of Figure 4 and is

composed of mid-elevation stands. Group III of the table corresponds to Group I of Figure 4 and is composed of mid-
and high-elevation stands.

Group

Species II III

Abies concolor

Acer negundo
Elaeagnus angustifolia

Fraxinns velutina

Junipertis osteosperma

Juniperus scopulorum
Pinus edulis

Pinus ponderosa

Populus angustifolia

Populusfremontii
Quercus gambelii

Salix laevigata

Salix lasiolepis

Salix gooddingii

Acer glabrum
Amelanchier alnifolia

A rtemisia filifolia

Artemisia ludoviciana

Artemisia tridentata

Baccharis glutinosa

Betula occidentalis

Brickellia californica

Brickellia microphylla

Ceanothus gregii

Celtis reticulata

Cercocarpus ledifolius

Chrysothamnus nauseosus

Clerruitis lingusticifolia

Cowania mexicana
Cornus stolonifera

Ephedra viridis

Eriodycton angustifolium

Garrya flavescens
Guttierrezia sarothrae

Mahonia repens

Opuntia .sp.

Pachystima myrsinites

Physocarpus monogynus
Pluchea sericeae

Prosopis glandulosa

Prunus fasciculata
Prunus virginiana

Purshia tridentata

Quercus turbinella

Rhus radicans

Rhus trilohata

Rosa woodfii

Ruhia tinctoria

Salix behbiana
Salix exigua

Symphoricarpos sp.

Tamarix ramosissima

Unknown species No. 1

Unknown species No. 2

Unknown species No. 3
Vitis arizonica

Yucca angustissima

0.1

7.4

0.1

0.1

65.1

6.1

3.6

15.6

0.8

0.4

5.6

4.6

24.2

7.3

1.7

12.8

0.2

0.2

6.4

1.6

2.2

2.2

0.6

1.1

3.0

0.2

14.1

11.9

0.6

1.1

1.5

0.6

Trees

7.9

35.2

6.2

3.0

0.1

7.1

41.0

0.4

2.2

Shrubs

2.1

17.4

8.1

5.4

5.9

0.3

0.7

13.6

0.5

0.4

0.3

1.0

1.1

LO
1.8

2.4

0.3

4.7

11.6

4.2

11.3

2.2

2.6

0.9

4.9

0.4

1.4

2.2

0.1

11.3

15.0

0.1

23.7

13.5

0.1

29.0

2.6

13.5

0.2

7.4

1.5

6.5

10.7

1.1

2.4

0.4

5.2

0.5

2.9

0.2

10.3

2.0

0.2

4.6

0.4

2.3

0.2

1.7

1.9

0.6

4.6

11.2

0.4

0.3

1.6

8.4
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PERCENT NICHE OVERLAP

Artemisia ludoviciana

Rhus trilobata

Pinus ponderosa

Brickellia californica

Salix lasiolepis

Clematis ligusticifolia

Rosa woodsii

Quercus turbinella

Mahonia repens

Prunus virginlana

Amelanchier ainifolia

Populus angustitolia

Cowania mexicana

Salix laevigata

Betula occidentalis

Vitis arizonica

Juniperus scopulorum

Cercocarpus leditolius

Quercus gambelii

Garrya flavescens

Artemisia tridentata

Acer negundo

Juniperus osteosperma

Unknown sp

Baccharis glutinosa

Salix exigua

Salix gooddingii

Populus Iremontii

Tamarix ramosissima

Chrysothamnus nauseosus

Fraxinus velutina

Prunus lasciculata

Guttierrezia sarothrae

}

High Elevation

Mid-elevation

VII

Low Elevation

Fig. 5. Cluster dendrogram of plant species occurring along Ash, Leeds, and Santa Clara creeks in Washington

County, Utah. Cluster is based on niche overlap values relative to a species geographical distribution.

frequency values across all sites exceeded

1.0% were clustered on the basis of niche

overlap data (Colwell and Futuyma 1971)

(Fig. 5) to more fully assess their geographical

and elevational association patterns. Seven

groups clustered together. Groups I and II

consist of species generally found on high-

elevation sites characterized by Pinus ponder-

soa and Populus angustifolia. Though these

and their associated species occupy high-

elevation sites along streams in the Pine Val-

ley Mountains, elsewhere in the state they

occupy mid-elevation areas. Groups III, IV,

and V generally contain species from mid-

elevation sites along the streams and are char-

acterized by Salix laevigata, Quercus gambe-

lii, and Acer negundo. Again, where these

taxa are mid-elevation species in Washington

County, they are mid- to low-elevation in

other areas of Utah. Groups VI and VII con-

tain mostly low-elevation species, both in

southern Utah and in other parts of the state,

and are characterized by Salix nigra, Populus

fremontii, Fraxinus velutina and Baccharis

glutinosa. When all species in the cluster are

considered, it becomes clear that in moving

from high-elevation to low-elevation groups,

there is a general increase in the number of

species included in those groups whose distri-

butions are Southwest-desert related. Con-

versely, from the low- to the high-elevation

groups, the high-elevation clusters include

greater numbers ofspecies whose distribution

patterns have more northern affinities.

Cole's (1949) Index of interspecific associa-

tion (Table 4) was used to define the interrela-

tionships among the species more precisely.
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Table 4. Results of Cole's Index analyses with respect to the interspecific association patterns of woody species

found growing in the riparian zone ofAsh Creek, Leeds Creek, and Santa Clara Creek in Washington County, Utah. All

significance levels of the Chi-square tests above .05 are included. Numbers within the parentheses following the

species names are Cole's interspecific association constants. They range from +1 to —1 with a +1 indicating high

positive association and a — 1 indicating non-association.

Species Positive association Negative association

Amelanchier alnifolia

Artemisia ludoviciana

Artemisia tridentata

Baccharus glutinosa

Betula occidentalis

Brickellia californica

Cercocarpus ledifloius

Chrysothamnus nauseostis

Clematis ligusticifolia

Cowania mexicana

Cowania mexicana (.46)

Mahonia repens (.22)

Finns ponderosa (.39)

Populus angustifolia (.22)

Prtinus virginiana (.22)

Querctis gambelii (.46)

Salix lasiolepis (.55)

Brickellia californica (.48)

Chrxjsothamnus nauseosus (.44)

Cercocarpus ledifolius (.29)

Garrya flavescens (. 16)

Rhus trilobata (.45)

Populusfremontii (.66)

Salix exigua (.55)

Salix gooddingii (.76)

Tamarix ramosissima (.63)

Clematis ligusticifolia (.46)

Cowania mexicana (.46)

Garrya flavescens (.29)

Juniperus osteosperma (.44)

Rosa woodsii (.36)

Salix lasiolepis (.70)

Vitis arizonica (.59)

Guttierrezia sarothrae (.42)

Prunus fasciculata (.46)

Rhus trilobata (.66)

Cowania mexicana (.46)

Garrya flavescens (.29)

Prunus virginiana (22)

Quercus gambelii (.59)

Rosa woodsii (.53)

Cowania mexicana (.46)

Garrya flavescens (.29)

Rosa woodsii (.53)

Salix lasiolepis (.85)

Vitis arizonica (.59)

Juni])erus scojmlorum (49)

Piiius ponderosa (.39)

Populus angustifolia (.33)

Querctis gambelii (.46)

Baccharis glutinosa (
— 1.0)

Populusfremontii (—61)
Salix laevigata (—1.0)

Baccharis glutinosa (-.80)

Salix exigua ( - . 77)

Salix gooddingii ( - . 79)

Cercocarpus ledifolius (—1.0)

Cowania mexicana (—1.0)

Juniperus scopulorum (
— 1.0)

Quercus gambelii (—1.0)

Rosa woodsii (—1.0)

Salix lasiolepis (- .75)

Poptdusfremontii (-.61)

Salix exigua (-1.0)

Fraxinus velutina (—58)
Poptdusfremontii (—.80)

Salix exigua (-1.0)

Salix gooddingii (—1.0)

Cowania mexicana (—1.0)

Pinus ponderosa (—1.0)

Quercus turbinella (-1.0)

Salix lasiolepis (—1.0)

Poptdus fremontii (- .61)

Salix gooddingii (^1.0)

Tamarix ramosissima (-1.0)

Fraxintis veltttina (—1.0)

Popttltts fremontii ( — .80)

Salix fxigtta (
- I.O)

Salix gooddingii (-1.0)

From the analysis two major groups are appar-

ent (Fig. 6). Group 'A* contains two subgroups

representing low- to mid-elevational sites.

One subgroup centered around Salix good-

dingii contains five species that reach their

highest importance only on the low-elevation

sites. The second subgroup contains species

that are important on low- to mid-elevation

areas. The pivotal species between these two

subgroups is Populus freinontii. Group 'B'
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Table 4. Continued

Cowania mexicana

Fraxinus velutina

Garrya flavescens

Guttierrezia sarothrae

Juniperus osteosperma

Juniperus scoptilorum

Mahonia repens

Pintis ponderosa

Populus angustifolia

Populusfremontii

Prunus virginiana

Quercus gambelii

Quercus turbinella

Rosa woodsii

Rhus trilobata

Salix exigua

Salix lasiolepis

Salix gooddingii

Rosa woodsii (.84)

Salix lasiolepis (.85)

Vitis arizonica (.32)

Juniperus osteosperma (. 16)

Populusfremontii (.35)

Prunus fasciculata (. 19)

Rhus trilobata (.31)

Quercus gambelii (55)

Salix lasiolepis (.75)

Vitis arizonica (.55)

Populusfremontii (.74)

Prunus fasciculata (.40)

Prunus virginiana (.32)

Pinus ponderosa (.39)

Populus angustifolia (.44)

Rosa woodsii (.80)

Salix lasiolepis (.43)

Pinus ponderosa (.69)

Prunus virginiana (.72)

Quercus gambelii (.66)

Populus angustifolia (.52)

Prunus virginiana (.36)

Quercus gambelii (.61)

Rosa woodsii (.78)

Salix lasiolepis (.57)

Quercus gambelii (.66)

Rosa woodsii (1.0)

Salix exigua (.19)

Sa/tx gooddingii (-30)

Tamarix ramosissima (.35)

Quercus gambelii (1.0)

Rosa woodsii (.69)

Sa/ix lasiolepis (.40)

Sa/ti lasiolepis (.63)

Sa/tx lasiolepis (.57)

Vi^ts arizonica (.25)

Sa/ix gooddingii (.58)

Tamarix ramosissima (.57)

Vifts arizonicus (.48)

Tamarix ramosissima (.87)

Tamarix ramosissima (-1.0)

Ptnus ponderosa (-1.0)

Poptdus angustifolia (-1.0)

Prunus virginiana (—1.0)

Quercus gambelii ( - . 79)

Rosa woodsii (- . 56)

Saifx gooddingii (- .52)

Sa/ix laevigata (-1.0)

Populusfremontii (-.75)

Sa/tx gooddingii (—1.0)

Tamarix ramosissima (—10)

Populusfremontii (-1.0)

Populus freTTiontii (—10)

Populusfremontii (-10)

Prunus virginiana (-1.0)

Quercus gambelii (-10)
Rosa woodsii (—.86)

Salix lasiolepis (—.55)

Salix exigua (—10)
Salix laevigata (-1.0)

Salix gooddingii (-1.0)

Tamarix ramosissima (—10)

Salix exigua (-10)
Salix gooddingii (-10)
Tamarix ramosissima (—10)

Salix gooddingii (-61)

Salix lasiolepis (-1.0)

Salix gooddingii (- . 72)

Tamarix ramosissima (—.75)

contains species that are important at mid-

and high-elevation areas. It is a complex clus-

ter, and yet when examined closely, sub-

groups of geographical significance become
apparent. For example, Betula occidentalis is

the center of a mid-elevational subgroup gen-

erally restricted to Leeds Creek (Table 3).

Possible explanations for the restricted nature

of this subgroup to the Leeds Creek drainage

are the lack of grazing on the watershed, the
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Fig. 6. Cluster of plant species associated with riparian communities of" Ash, Leeds, and Santa Clara creeks in

Washington County, Utah, as determined by C:oles (1949) Index. The more lines between the species, the greater the

association. All associations are statistically significant (p < .0.5). Only those plant species with relative values of 1.0%

are included in the analysis. Croups A and B are the subgroup clusters. Amal Amelanchier ainifolui. Arlu =

Artemisia ludoviciana, Artr Artemisia tridcntata. Bagl Baccluiris ^lutinosa. Beoc Betula occidrntalis, Brca =

Brickellia californica, Cele ^ Cercocarfnisledifolitis, C:hna Chrijsothainnus miuseosus. Clli Clemutis lifiusticifo-

/ia. Come ^ Cowaniamexicana, Frve Fraxiiius velutina, GaS\ = Carryaflavcscens. Gusa Guttierrezia sarothrae,

Juos = Juniperus osteospenrui, Jusc Juniperus scopulorum. Mare Mahonia repcns. Pipo Pinus potulerosa. Pofr

= Populus frenumtii, Poan Populus angitstifolia, Prfa Prtinus fasciculata, Prvi Prunus virfiiniana. Quga =

Querc«.vgamfot'/ii, Qutu ^ Put'rtn.vfw r/;inf'//a, Rhtr Rhustrilohata.Kowo Rosa woocisii , Sac\ S«/i.v('xi^ua, Sago

= Salix gooddingii, Salas = Salix lasiolepis , Tara Tamaiix raiiwsissima, Viar Vifii «n;onita.
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continuous flow of cold spring water in the

stream, and cooler ambient air temperatures

due to the northern exposures of the canyon

walls along the upper reaches ofthe stream. A
second subgroup of geographical significance

is centered around Finns ponderosa and is

located on the upper reaches of Santa Clara

Creek. Species included within this subgroup

are plants whose distributions are characteris-

tic of riparian, mountain brush, and aspen

zones of the eastern Great Basin (Welsh et al.

1987).

Size-class distributions for 11 of the tree

species found in the riparian zones of the

three streams are shown in Figures 7A-7K.
Not all species were found within the sample

plots on all three streams. For example, Celtis

reticulata was restricted to Ash Creek, and

Populus angustifolia was found only on the

upper reaches of Santa Clara Creek. The ab-

sence ofjuniperus scopulorum and Pinus pon-

derosa on Ash Creek is best explained by the

fact that the headwaters of the creek occur at

elevations below the habitat of these two spe-

cies. Sampling was terminated because the

stream played out and the creek bed became
dry and difficult to delineate.

Examination of the size-class distribution

curves for each species shows varying degrees

of survival with respect to age and location.

Species showing many young individuals in

their populations include Celtis reticulata,

Fraxinus velutina, Quercus gambelii, Fopulus

angustifolia, F. fremontii, and Salix laevigata

on Leeds Creek. Populations with a general

lack of reproductive recruitment of young in-

dividuals are Acer negundo on Ash Creek,

Juniperus scopulorum and Finns ponderosa

on Leeds Creek, and Salix laevigata and S.

gooddingii on Ash and Santa Clara creeks.

This variation in recruitment of young into

some populations and not into others needs

explanation. Modes of reproduction are

known to influence seedling numbers enter-

ing a population (Irvine and West 1979). For
example, our observations indicated that

seedlings of P. angustifolia, F. fremontii, Q.
gambelii, S. laevigata, S. gooddingii, and F.

velutina often arise from root sprouts. Sprout-

ing was most prolific in the stream channels

where flooding effects were most severe. The
high numbers of individuals in the first size

class of most populations in the above species

are a result of such sprouting. However, there

is a noticeable decrease in the number of

young trees in the second age class. These
differences are likely due to periodic fluctua-

tions in stream flow related to severe flooding

from spring runoff and summer thunder-

storms (Irvine and West 1979). Loss of plants

in the second age class during flooding could

be caused by inundation, uprooting and wash-
ing away of seedlings, seedling burial by fresh

alluvial deposits, and direct injury due to

movement of rocks and debris. An additional

factor affecting these numbers may be grazing

pressure by domestic cattle. Our observations

indicated that on stream banks adjacent to

private land, major portions of the streamside

communities of Ash, Santa Clara, and lower

Leeds creeks were subjected to such grazing.

Studies by Boles and Dick-Peddie (1983),

Glinski (1971), and Hamilton and Hamilton

(1965) showed that the absence ofcottonwood

reproduction along streams in Arizona and
New Mexico was due to overgrazing by cattle.

Our observations further indicated that cattle

were also grazing on young willow and ash

seedlings. Literature (U.S. Forest Service

1937, Dayton 1931) substantiates these obser-

vations and indicates that such impact is great-

est where cattle tend to concentrate.

Johnson and Lowe (1985) describe two ma-
jor environmental gradients with respect to

riparian ecosystems of the Southwest: a trans-

riparian continuum and an intrariparian con-

tinuum. The transriparian gradient extends

from the aquatic habitat of the stream channel

across the riparian zone and into the adjacent

uplands. Across this gradient one traverses

sequentially several vegetative zones based

on water availability. The intrariparian gradi-

ent exists within the stream channel influence

and extends from the mouth of a stream to its

headwaters. Moving along this gradient from

a stream's mouth to its headwaters one also

traverses sequentially several vegetative

zones. Each zone is dominated by species

specific to that zone. It is worth noting that the

influence of these two gradients can be ob-

served in operation within the riparian com-

munities of Ash, Leeds, and Santa Clara

creeks. The major patterns discussed with re-

spect to elevation changes along the streams

constitute vegetative relationships defined

by the intrariparian concept. The transripar-

ian gradient is best exemplified on the lower

elevation areas of the streams where higher
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NOTEWORTHY FLEA RECORDS FROM UTAH, NEVADA, AND OREGON

Harold J. Egoscue'

Abstract.—Collections from several scattered western localities have (1) extended the ranges in Nevada of two

sagebrush vole fleas, Oropsylla bacchi johnsoni and Megabothris clantoni princei, (2) provided a second record for

Utah of the rarely collected flea, Delotelis telegoni, and (3) included additional examples of unusual and seldom

reported host-flea relationships for the area.

The geographical distribution, ecology,

host preferences, and seasonal occurrence of

many western fleas are still imperfectly

known. Presented here are range extensions,

additional data about rare fleas, and uncom-

monly recorded host-flea associations.

Scientific and common names of mammals
follow Hall (1981) except for Sorex monticolus

ohscurus (see Hennings and Hoffmann 1977).

Fleas in the family Ceratophyllidae are ac-

cording to a revision by Smit (Traub, Roth-

schild, and Haddow 1983). The name combi-

nation Sternopsylla distincta texana as new
usage was first proposed by Johnson (1957).

One or more voucher specimens of most

host species, except deer mice and the shrew

listed as Sorex sp. , were deposited in the Uni-

versity of Utah, Museum of Natural History,

Salt Lake City. Hosts collected by me were

caught in Museum Special snap traps except

the spotted skunk, which was livetrapped.

Fleas were permanently mounted on slides,

and all but Orchopeas sexdentatus are pres-

ently in my possession.

Sorex merriami merriami Dobson

Epitedia stanfordi Traub, 1944. 1 9 , Har-

ney Co., Oregon: 16 km S of Crane, 1,318 m,

25 October 1984.

This host association is no doubt accidental;

E. stanfordi was also collected here from

Lagurus curtatus, Peromyscus maniculatiis

,

P. crinitus, and Reithrodontomys ynegalotis,

most of which are generally regarded as nor-

mal hosts for this flea. Flea records from the

Merriam shrew are few. Specimens identified

only as "common rodent fleas" were reported

from S. merriami in central Washington

(Johnson and Clanton 1954). Fleas specific to

this soricid are unknown.

Sorex vagrans vagrans Baird

Epitedia stanfordi Traub, 1944. 1 c? 1 9

,

Tooele Co., Utah: mouth of South Willow

Creek Canyon, east base Stansbury Mts., 8

km S of Grantsville, 1,610. 4 m, 21 February

1980.

Sorex monticolus obscurus Merriam

Corrodopsylla curvata obtusata (Wagner

1929). 1 9, Tooele Co., Utah: head of Mack
Canyon, Stansbury Mts., 2,470.5 m, 28 Sep-

tember 1967; 1 9 , oudet of North Willow

Lake, Stansbury Mts., 2,562 m, 17 July 1968.

The first and only other published Utah

records of C. c. obtusata are from the water

shrew, Sorex palustris, collected in the

Oquirrh Mts., Tooele Co. (Egoscue 1966).

Several other species of small mammals in-

cluding Sorex monticolus (then S. obscurus)

caught in the same traplines there did not

have this flea, thus leading me to wonder if

C. c. obtusata might be host specific to water

shrews in the intermountain area. This notion

was dispelled by the Mack Canyon record

ex S. monticolus collected on a dry, sage-

brush hillside some distance from the nearest

S. palustris populations. Left unexplained is

why all C. c. curvata collected to date in Utah

are from the Wasatch cordillera while every

C. c. obtusata is from isolated mountains of

the Bonneville Basin. Additional collecting is

clearly recommended.
The taxonomic status of C. c. obtusata re-

mains unresolved. Holland (1985 and else-

where) strongly suggested that it be accorded

full species status.

'Box 787, Grantsville, Utah 84029.
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Sorex sp.

Corrodopsylla curvata curvata (Rothschild

1915). 16 dd 12 9 9, Salt Lake Co., Utah:

Red Butte Canyon, Wasatch Mts., 1,830 m,

July 1982.

The specific identity of the host (not saved)

is in question, but it was not a water shrew.

Twenty-eight fleas from either a dusky or a

wandering shrew are highly unusual. Shrew
fleas from Utah are rare in collections.

Tadarida brasiliensis mexicana (Saussure)

Sternopsylla distincta texana (C. Fox 1914).

10 9 9 , White Pine Co. , Nevada: Rose Guano
Cave, west base of the Snake Range, 1,952 m,
24-26 August 1965; Idem. ,1^399,5 Octo-

ber 1966; Idem., 1 d, 12 July 1967; Idem.,

but from guano collected on the cave floor, 1

S2 9 9, 4-5 July 1985.

Rose Guano Cave, sometimes referred to as

Rosebud Cave, harbors a maternity colony of

Brazilian free-tailed bats estimated to number
several thousand. To my knowledge, these

are the first records of S. d. texana from Ne-
vada.

Ochotona princeps cinnainonea J. A. Allen

1. Ctenopsyllus artnatus (Wagner 1901). 9

(J (J 9 9 9 , Sevier Co. , Utah: Johnson's Reser-

voir, 2,745 m, 31 May 1965. 2. Megabothris

abantis (Rothschild 1905). 1 6, Idem., 31

May 1965. 3. Amphalius runatus necopinus

Qordan 1925). 1 9, Idem., 31 May 1965.

Ochotona princepsfuscipes A. H. Howell

1. Ctenopsyllus armatus (Wagner 1901). 3

c?(5 5 9 9, Kane Co., Utah: 3.2 km E of

Navaho Lake, 2,745 m, 10 June 1965. 2. Am-
phalius runatus necopinus (Jordan 1925). 3

c? (J, Idem., 10 June 1965.

Ochotona princeps lasalensis Durrant & Lee

1. Ctenopsyllus armatus (Wagner 1901). 7

6 6 149 9, San Juan Co., Utah: Warner
Ranger Station, La Sal Mts., 2,806 m, 21 May
1965. 2. Amphalius runatus necopinus (Jor-

dan 1925). 1 9, Idem., 21 May 1965.

Ochotona princeps uinta Hollister

Ctenopsyllus armatus (Wagner 1901). 9

6 6 16 9 9, Summit Co., Utah: Smith and
Moorehouse Canyon, 1.6 km S of Smith
and Moorehouse Guard Station, Uinta Mts.,

2,745 m, 5-13 June 1965.

Stark (1958) had less than two dozen pika

flea records to report from Utah. The rodent
flea, Megabothris abantis, has been found
with some regularity as a stray on Ochotona in

Canada (Holland 1985), Utah (Stark 1958),

and several other western states (Hubbard
1947).

Microdipodops megacephalus ambiguus Hall

Meringis hubbardi Kohls 1938. 1 6 , Hum-
boldt Co., Nevada: 14.5 km N of Winne-
mucca, 1,342 m, 30 July 1965.

Hubbard (1949b) reported this flea from
kangaroo mice collected in northern Nevada
but gave no specific localities. Microdipodops
sp. rarely has fleas.

Microdipodops megacephalus nasutus Hall

Meringis hubbardi Kohls 1938. 2 66 19,
Mineral Co., Nevada: 1.2 km NE of Lucky
Boy Pass Summit, Wassuk Mts., 2,455 m,
10-11 September 1980.

Although M. hubbardi has been found on a

wide variety of small mammals, Perognathus

parvus appears to be the preferred host. No
Great Basin pocket mice were caught in asso-

ciation with kangaroo mice at either of the

above-mentioned Nevada localities, although

suitable habitat was present at both places.

Peromyscus maniculatus sonoriensis

(Le Conte)

Delotelis telegoni (Rothschild 1905). 19,
Utah Co., Utah: 7.2 km NE of the summit of

Mt. Nebo, Wasatch Mts., 2,580 m, 31 July

1985.

The first Utah record of this rare flea was

collected by D Elden Beck and reported by
Stark (1958). My specimen came from a host

trapped in an aspen-snowberry association

with a heavy understory of grasses and herba-

ceous plants. Other small mammals caught

here were Sorex monticolus, Eutamias min-

imus, Microtus longicaudus, and Zapus prin-

ceps.

Lagurus curtatus intermedius (Taylor)

1. Oropsylla bacchi johnsoni (Hubbard

1949). 6 6 6 3 9 9, Eureka Co., Nevada:

Garden Pass Summit, 56.3 km N of Eureka,

2,039 m, 22 July 1985. 2. Megabothris clan-

toni princei Hubbard 1949. 3 6 6 10 9 9,

Idem., 22 July 1985. 3. Malaraeus telchinus

(Rothschild 1905). 1 9, Idem., 22 July 1985.
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The 23 fleas listed above came from one

host. None of several other kinds of rodents

including deer mice collected here was in-

fested with either O. b. johnsoni or M. c.

princei. Garden Pass Summit is about midway
between Vya, where Hubbard (1949a) found

these two Lagurus fleas in extreme NW Hum-
boldt Co., Nevada, and Johnson Pass, Tooele

Co. , the only place in Utah were M. c. princei

has been collected (Egoscue 1977).

Spilogale putorius gracilis Merriam

1. Orchopeas sexdentatus ssp. 3 d d 9 9 9 ,

Tooele Co., Utah: White Sage Flats, 1.6 km E
of Simpson Buttes, 1,372.5 m, 18 November
1965. 2. Anomiopsylhis amphiholus Wagner,
1936. 5 6 6 10 9 9, Idem., 18 November
1965. 3. Meringis dipodomijsY^6\\\s, 1938. 1 6
3 9 9, Idem., 18 November 1965. 4. Dactij-

lopsijlla ignota utahensis (Wagner, 1936). 1 6
4 9 9, Idem., 18 November 1965.

Fleas recovered from spotted skunks reflect

their catholic food habits and investigative be-

havior; they have no fleas peculiar to them in

the Great Basin.

All the fleas listed were collected from an

adult male spotted skunk caught at a vacant kit

fox den. This situation provides a classic exam-
ple ofthe epidemiological involvement poten-

tial a small carnivore can have for acquiring

and disseminating ectoparasites. Here we have a

small mustelid living in the den of a canid and
carrying four species of rodent fleas, all pre-

sumably picked up in the course of its recent

foraging or denning activities. The kangaroo

rat fleas could have come from the immediate
vicinity where the skunk was captured, but

the nearest woodrat and gopher populations

were at least one mile distant. AnomiopsyUus
amphiholus is a host-specific nest flea of

Neotonui, suggesting that the skunk had re-

cently spent time in a wood rat house.
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FOODS AND WEIGHTS OF THE ROCK PTARMIGAN
ON AMCHITKA, ALEUTIAN ISLANDS, ALASKA

William B. Emison' and Clayton M. White^

Abstract—We examined the crop contents from 129 Rock Ptarmigan (Lagoptts mutus) collected between 1967 and
1971 on Amchitka, Aleutian Islands, Alaska. On a yearly basis two plant species, Empetrum nigrum and Equisetum
arvense, made up 87% ofthe diet. Only in July and August were they less than 90% ofthe diet, and in those months they

constituted 65% of the diet. During the warmer months (May-October) when a variety of plant species were available,

the Amchitka ptarmigan fed upon growth forms of plants high in nutritive value (particularly Equisetum strobili). Its

main winter food was the vegetative portions oi Empetrum, one of the few abundant evergreen vascular plants on the

island.

The Rock Ptarmigan (Lagopus mutus), is

one of the most abundant and widely dis-

tributed terrestrial vertebrate herbivores re-

siding permanently in arctic and subarctic re-

gions. Its circumpolar distribution covers

most of the northern regions of Europe, Asia,

and North America and extends southward

as far as northern Japan and the Pyrenees

Mountains of northern Spain. Throughout
this extensive range, the Rock Ptarmigan is

primarily a browser upon leaves, twigs, and
buds of various plants (cf. Cramp and Sim-

mons 1980). In many areas it is sympatric, at

least for part of the year, with the Willow
Ptarmigan {Lagopus lagopus) and may also

share available food resources with other,

primarily mammalian, browsing animals.

However, neither Willow Ptarmigan nor ter-

restrial herbivorous mammals occur in the

western Aleutian Islands.

In contrast to many other areas where Rock
Ptarmigan occur, Amchitka Island in the

western Aleutians (Fig. 1) consists of a small

land area, in which the climate is maritime

with little winter snow accumulation in the

lower elevations and a somewhat depauperate

flora (Hulten 1960). Many foods reportedly

eaten by Rock Ptarmigan in other areas (Gelt-

ing 1937, Watson 1964, Weeden 1969, Gar-

darsson and Moss 1970, Cramp and Simmons
1980) are rare or absent. In particular, birch

(Betula) and alder (Alnus), which make up
90% (dry weight) of the winter diet of cen-

tral Alaskan birds (Weeden 1969), are not on

Amchitka; and willows (Salix), which are

sometimes eaten by Rock Ptarmigan in other

areas, are rare on the island. Other unusual

features of Rock Ptarmigan on Amchitka in-

clude its moult (Jacobsen et al. 1983) and its

breeding phenology (White et al. 1977). This

paper describes the food and shows weights of

the Rock Ptarmigan on Amchitka Island.

Materials and Methods

Retween August 1967 and October 1971,

crop contents were removed from 129 Rock
Ptarmigan collected on Amchitka (Table 1). In

most cases a specimen was processed on the

day of collection as follows: at the time of

collection the date, location, time, general

weather condition, general ground condition

(dry, wet, snow covered, etc.), and flock size

were recorded; the specimen was then taken

to the field laboratory where the crop and its

contents were removed and placed in a bottle

containing 8% formalin. The bird was then

weighed and gonad measurements made.

About 75% ofthe collected birds were aged by

the method ofWeeden and Watson (1967).

The preserved crop contents were sorted

into component food species, thoroughly

dried at 80 C, and weighed to the nearest

0.001 gram. Samples of vegetation from one

bird were used to determine nitrogen and

phosphorus content. These samples were re-

moved from the crop, sorted, and air-dried

in the field laboratory before shipment (no

Chesapeake Bay Center for Environmental Studies, Smithsonian Institution, Edgewater, Maryland 21037. Present address: Arthur Rylah Institute for

Environmental Research, 123 Brown Street, Heidelberg, Victoria 3084, Australia.

Department of Zoology, Brigham Young University, Provo, Utah 84602.
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Fig. 1. Rat Islands and surrounding Bering Sea and north Pacific Ocean areas.

preservatives used). They were analyzed by

Donald W. Fisher at the U.S. Geological

Survey, Water Quality Laboratory, Washing-

ton, D.C.

Results

Body weights

Weights in relation to collection dates of

adult and juvenile females and of adult and

juvenile males are shown in Figures 2 and 3.

Foods

Yearly foods: The year-round diet of

Rock Ptarmigan on Amchitka was composed
primarily of two plant species, Empetrum
nigrum (crowberry) and Equisetum arvense

(horsetail). Together these constituted 89% to

97% (dry weight) of the total diet in all months
except July and August, when they formed

about 65% of their diet (Fig. 4). On a yearly

basis these two plants formed 87% of the diet

(Table 2).

Food plants and their growth patterns:

In the following discussions, abundances of

plants were based both on personal observa-

tions and on abundance and ground coverage

studies by C. C. Amundsen (unpublished

manuscript and 1977) of important plant spe-

cies in various habitats on Amchitka.

Empetrxim nigrum was an evergreen plant

that occurred over the entire island and

formed extensive mats several cm high. It

probably had the greatest gross biomass ofany

of the island species (Amundsen 1971, 1977)

and, at least visually, was the dominant vascu-

lar plant on Amchitka. Berries were produced

in profusion in May and were mature in Au-

gust. Ptarmigan ate most berries in August

and tapered off through the autumn and early
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Fig. 2. Seasonal changes in body weight (less crop weight) of female Rock Ptarmigan on Amchitka Island, Alaska.

Birds in their second August (and older) are classed as adults. Lines fitted by inspection.

Table 1. Number of Rock Ptarmigan collected from Amchitka Island for crop content analyses.
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Fig. 3. Seasonal changes in body weight (less crop weight) ofmale Rock Ptarmigan on Amchitka Island, Alaska. Birds

in their second August (and older) are classed as adults. Lines fitted by inspection.

Table 2. Percent composition of Rock Ptarmigan crop

contents (dry weight) on a yearly basis (all months
weighted equally).

Food plants
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Fig. 4. Percentages of major food plants in the crop contents of Rock Ptarmigan on Amchitka Island, Alaska. The
results are expressed in two-month periods for Jan—Feb, Mar-Apr, Sep-Oct, and Nov-Dec; and in one-month periods

for May, Jun, Jul, and Aug.

plants withered, and strobili were not eaten

between late June and the emergence ofsome
new cones in September.
The new sterile plants of Equisetiitn

emerged in late April, and ptarmigan fed

heavily on the tips of the new growth (apical

meristems) during May and early June (Fig.

4). After the plants branched out in late June
they were rarely eaten, but a few newly grown
tips appeared in crops of ptarmigan in Sep-

tember-October. Sterile plants withered in

the autumn and were not a food source until

the following spring when new plants again

emerged.
Analyses of plant remains taken from the

crop of a female collected on Amchitka in late

April showed that Equisetum strobili con-

tained 2.54% nitrogen and 0.42% phospho-

rus, while Empetrum vegetation had only

1.25% nitrogen and 0. 14% phosphorus.

Plants other than Empetrum and Equise-

tum were seldom eaten by ptarmigan except

during July and August (Fig. 5). New leaves of

Lupinus nootkatensis (common in disturbed

gravel areas) were fed upon mainly in June

(trace) and July, and older leaves were less

commonly taken in August-October. The

flowers ofCarex macrochaeta (one ofthe most

abundant sedges) were eaten in June and July,

and Carex achenes occasionally occurred in

crops from August through December.

Leaflets of ferns, which were probably either

Athyrium felix-fefnina or Dryopteris dilatata

(common in riparian meadows), were eaten in

July-August. Achenes and a few leaves of the

locally common buttercup (Ranunculus occi-

dentalis) were eaten in August, and a few

crops also contained some flowers in July.

Cerastium (common in disturbed areas) cap-

sules filled with seeds were eaten in limited

quantities in September-October. The ever-

green leaves of Sihhaldia procumhens (un-

common in disturbed areas such as old

roadbeds) were eaten in small amounts from

November through May. Salix and Polygo-
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Fig. 5. Percentages of miscellaneous plants in the crop contents of Rock Ptarmigan on Amchitka Island, Alaska. The
results are expressed in two-month periods for Jan-Feb, Mar-Apr, Sep-Oct, and Nov-Dec; and in one-month periods

for May, Jun, Jul, and Aug.

num rarely occurred in crops, probably be-

cause they were rare on the island.

Discussion

The diet of the Rock Ptarmigan on Am-
chitka Island was very simple, consisting of

only two main foods, Empetrum nigrum and

Equisetum arvense. During winter (Novem-
ber through April) its main food was the vege-

tative portions of Empetrum, one of the few

abundant evergreen vascular plants on the

island. The less abundant and more difiTicult to

obtain Equisetuin strobili also were taken

throughout these months, but in smaller

quantities than Empetrum. This pattern of

winter feeding was similar to that of Rock
Ptarmigan populations studied in other wide-

ly separated areas, such as central Alaska

(Weeden 1969, Moss 1973, 1974), Greenland

(Getting 1937), Iceland (Gardarsson and Moss

1970), and Scotland (Watson 1964). All of

these studies showed that winter foods con-

sisted of one to three plants occurring abun-

dantly in the winter habitat.

Summer foods, although more varied, were
generally composed of either reproductive

structures or parts of plants undergoing

growth. Examinations of the crop contents of

Amchitka Rock Ptarmigan taken between
early May and mid-October revealed that

developing strobili and apical meristems of

Equisetum were being eaten. This resulted in

two peaks of Equisetum consumption, one in

May and June before the plants matured and

the other in September-October when new
strobili began appearing. Between these two

peaks (in July and August) only mature growth
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forms of Equisetum were available, and these

were rarely eaten. At this time Equisetum was

replaced in the diet by new Empetrum vege-

tation, Empetrum berries, and various other

plants, most of which were exhibiting either

new growth or mature fruits. Such selective

feeding during the growing season is well doc-

umented for ptarmigan populations in other

areas and has been shown to be related to the

high nutritive values of plants undergoing

growth and development (Gelting 1937, Moss
1968, Gardarsson and Moss 1970). In Iceland,

where Equisetum arvense and Empetrum ni-

grum both occur, detailed chemical analyses

by Gardarsson and Moss (1970) revealed that

during May E. arvense strobili were consider-

ably more nutritious and digestible than were
leaves and shoots of£. nigrum. Considered to

be ofimportance were the high percentages of

nitrogen and phosphorus. Samples of Equise-

tum strobili and Empetrum vegetation taken

from the crop of a female collected on Am-
chitka in late April were analyzed for both

nitrogen and phosphorus and the results were
similar to those of Gardarsson and Moss
(1970). Thus, during the warmer months
(May-October) when a variety of plant spe-

cies were available, the Amchitka ptarmigan

fed upon growth forms of plants high in nutri-

tive value.

The body weights of all ages and sexes of

ptarmigan collected on Amchitka increased

during September and October. Another pe-

riod of rapid weight increase occurred in fe-

males during June when they were forming

and laying eggs; during June and July females

weighed more than males. Other than during

these two periods the average adult body
weights remained either unchanged or de-

clined. Both periods of weight increases coin-

cided with the two periods ofmaximum intake

of nutritious Equisetum strobili. This pattern

of body weight changes was similar to that of

the Svalbard Rock Ptarmigan in the high lati-

tudes (77-81°N) north of Norway (Steen and
Unander 1985). However, the increase in

the September-October weights was much
greater in the Svalbard Rock Ptarmigan, pre-

sumably because they lay down heavy de-

posits of fat prior to periods of continuous

darkness during winter (Mortensen and Blix

1985).

When major food plants eaten in each

of five diJBTerent geographic areas (Amchitka

Island, Scotland, Iceland, Greenland, and
central Alaska) were compared, it was appar-

ent that the Rock Ptarmigan was a flexible

species capable of exploiting a variety of plant

species, although within any one area it was
considerably more selective. There appeared
to be three major factors involved in winter

food selection. (1) The abundance and
availability of a suitable winter food. Gener-
ally, important winter foods were also some of

the most important plants, in terms of abun-

dance, in the winter habitat. (2) The nutritive

value of winter plants. In some areas where
more than one suitable food plant occurred

abundantly, the more nutritious species pre-

dominated in the diet. This was shown to be
the case in Iceland where Salix, Betula, Em-
petrum, and Calluna all occurred commonly,
but the birds fed mainly on Salix, which was
the highest quality food. (3) The presence of a

closely related competitor within the winter

habitat of the Rock Ptarmigan. In Iceland and
Greenland where the Rock Ptarmigan was the

only species of Lagopus present, the major

winter food was Salix. However, in central

Alaska where the Willow Ptarmigan was also

present, the Rock Ptarmigan subsisted on

Betula, while the Willow Ptarmigan fed on
Salix.

Based upon examination of the foods eaten

between April and November by Rock
Ptarmigan in these studies, it appeared that

plant abundance and nutritive values contin-

ued to be important factors influencing food

selection, but that competition was of little

importance because of nesting habitat separa-

tion between the two ptarmigan species

(Weeden 1969). While a variety of plants and

plant parts were eaten during these months, it

was significant that parts of plants high in

digestibility and nutritive value were se-

lected; this was particularly evident at times

when growth and development ofyoung birds

was occurring and when females were forming

and laying eggs. In Iceland, Greenland, and

central Alaska selection was primarily for

Polygonum bulbils, but on Amchitka where

this plant was rare, selection was for Equise-

tum strobili. However, in Scotland, plants

high in digestibility and nutritive value were

not available, but despite this, the Rock

Ptarmigan was capable of maintaining breed-

ing populations (Moss 1968). Thus, the Rock

Ptarmigan was an adaptable species in terms
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of food requirements and was successful in

areas where the nutritive values of winter

foods were low (as on Amchitka), where win-

ter food competition with Willow Ptarmigan

occurred (as in central Alaska), or where the

year-round foods were relatively low quality

(as in Scotland).
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POPULATION CYCLES OF WAHWEAP MILKVETCH ON THE
HENRY MOUNTAINS AND SEED RESERVE IN THE SOIL

M. H. Ralphs' and V. L. Bagley'^

Abstract—A population outbreak of Wahweap milkvetch (A. lentiginosus var. wahweapensis Welsh) occurred in

the Henry Mountains area of southeastern Utah in 1985 and 1986, causing extensive locoweed poisoning in cattle

grazing these winter ranges. Weather conditions supporting this population outbreak included above average precipi-

tation in the fall of 1984 and 1985, which presumably allowed germination of seed lying dormant in the soil. Above
average spring precipitation in the subsequent year supported the population growth. Part ofthe population died in the

summer of 1985, and nearly all plants died in the summer of 1986. Historically, population outbreaks occurred every six

to eight years: 1949, 1957, 1965, 1973, 1979, and 1985-1986. Correlation with weather records indicated that

population outbreaks occurred in years of high spring and total annual precipitation. Wahweap milkvetch seed lying

dormant in the soil ranged from 940 to 4,346 seed/m" where old stands occurred, and 20 to 40 seed/m^ where old plants

were not evident. SufiRcient seed remains in the soil to cause future population outbreaks.

Locoweed poisoning oflivestock is the most

widespread poisonous plant problem in the

western United States (Kingsbury 1964). It is

a particularly difficult problem because of the

cyclic nature oi Astragalus species on desert

and semidesert rangeland. When environ-

mental conditions are favorable, populations

of some species explode and dominate entire

regions (James et al. 1968, Williams et al.

1979, James and Nielsen 1987), causing exten-

sive livestock losses, i.e., poor livestock per-

formance, reduced weight gains, impaired re-

production, and deaths. Even though the

genus Astragalus is generally characterized

by narrow endemism associated with arid

microsites (Barneby 1964), population out-

breaks may be associated with specifically

timed periods of high precipitation (Marsh

1909).

A population outbreak of Wahweap milk-

vetch (A. lentiginosus var. wahweapensis
Welsh) (nomenclature follows Welsh et al.

1985) occurred in the Henry Mountains area

of southeastern Utah in the spring and sum-
mer of 1985 and spring of 1986. This caused

great concern among stockmen because ofthe

potential for locoweed poisoning. The desert

and foothill areas surrounding the Henry
Mountains are used as winter and spring

range for large numbers of cattle and sheep.

The green, actively growing Wahweap milk-

vetch generally does not cause problems be-

cause other green forage is available during

the late spring. Poisoning occurs from cattle

grazing the dry, senescent plants during the

winter and early spring. Thus, poisoning lags

the population outbreaks by one to two years.

A grazing study was conducted during

the winter of 1987 to evaluate cattle grazing

behavior with respect to the dry, senescent

Wahweap milkvetch plants to determine

when, how much, and why cattle graze loco-

weed (Ralphs et al. 1988). Part of the study

that is reported in^ this paper describes the

weather conditions associated with the most

recent population outbreak. Outbreaks of

Wahweap milkvetch during the last fifty years

were also related to historical weather pat-

terns. Seed in soil was evaluated to determine

potential for future population outbreaks.

Materials and Methods

Wahweap milkvetch is a localized variety

of freckled milkvetch or spotted locoweed

{Astragalus lentiginosus Dougl. ex Hook.).

Freckled milkvetch is a large polymorphic

complex comprising 36 varieties (Barneby

1964). It grows from a caudex with incurved

ascending stems 1.5-6 dm high. Leaflets are

small, elhptic to ovate, 4-20 mm. It has a

short raceme with 11-30 pink-purple to blue

colored flowers. Pods are bilocular, inflated,

and oblong, 12-26 mm long and 5-20 mm

'USDA/ARS Poisonous Plant Research Laboratory, 1150 E. 1400 N., Logan, Utah 84321.

Utah State University Cooperative Extension, Loa, Utah 84747.
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thick, and purple to red-tinged mottled, be-

coming stiff, papery, or almost leathery.

Welsh et al. (1987) classifies the plants in the

Henry Mountains area as Wahweap milkvetch

(A. lentiginosus var. wahweapensis Welsh). It

is distinguished from varieties araneosus

(Sheldon) Barneby and diphysus (Gray) Jones

by transparent or diaphanous pods and mod-

erately elongate racemes. It grows in the

pinyon-juniper or mixed-desert shrub vegeta-

tion types from 1,860 to 2, 135 m on the Henry
Mountains and Four Mile Bench in Kane

County (Welsh et al. 1987).

Wahweap milkvetch grew in dense concen-

trations on the benches of the Henry Moun-
tains in 1985 and 1986. Dense concentrations

were limited to the semidesert, stony clay

loam range site. It was especially dense on

gravel and cobble outcroppings. Vegetation

on this site was dominated by galleta grass

[Hilaria jamesii (Torr.) Benth], shadscale

[Atriplex confertifolia (Torr. & Frem.) S.

Wats], and broom snakeweed [Gutierrezia

sarothrae (Pursh) Britton & Rusby]. Minor

grasses included Indian ricegrass {Stipa hij-

menoides Roem. & Schult), squirreltail [Si-

tanion hystrix (Nutt.) J. G. Smith], and blue

grama [Bouteloua gracilis (HBK) Lag.). This

range site was limited to the gravelly benches

surrounding the Henry Mountains.

Wahweap milkvetch was also observed in

localized areas in the semidesert, sandy loam

range site along Coleman Draw. Vegetation

included a sparse overstory of Utah juniper

[Juniperus osteosperma (Torr.) Little] and un-

derstory dominated by galleta grass, rabbit-

brush {Chrysothamnus spp.), and a variety of

forbs.

The weather conditions (daily precipita-

tion, maximum and minimum temperature,

and soil moisture) relating to this most recent

population outbreak were obtained from the

Buck Canyon remote weather recording sta-

tion, which is located in the higher elevation

of the Wahweap milkvetch zone (2,130 m)

about 64 km southwest of Hanksville, Utah.

Ranchers in the Henry Mountains area

were interviewed in 1987 to determine when
Wahweap milkvetch outbreaks had occurred

in the past. Continuous weather records were
collected from the Hanksville weather record-

ing station for the past fifty years to see if

weather patterns were related to Wahweap
milkvetch outbreaks. Hanksville is located at

a lower elevation than the bench areas where
Wahweap milkvetch occurred and thus had

lower precipitation and more extreme tem-

peratures, but the weather patterns should be

similar.

Soil cores were taken in the spring of 1987

to determine density of Wahweap milkvetch

seed lying dormant in the soil. A 4 X 12.5-cm

hand soil sampler was used to extract soil

cores to 3-cm depth. Core samples were taken

at 1-m intervals along transects established on

two range sites at three locations. Transects

were established at the King Ranch on cobble

outcroppings and at the base of their slope.

Another set of transects were established on

the flat, gravelly bench tops of the stony clay

loam site at the King Ranch and Applebush

Bench. Transects were also established on the

sandy loam site at the King Ranch and Cole-

man Draw. Old Wahweap milkvetch plants

were not present on the sandy loam site at the

King Ranch. Wahweap milkvetch stalks were

present on one set of transects at Coleman
Draw but were absent on the other set of

transects.

Results and Discussion

Weather Requirements

Over 40 mm of precipitation was recorded

in October of 1984 and over 150 mm in the fall

of 1985 at the Buck Canyon recording station

(Fig. 1). We speculate that this moisture was

sufficient to germinate Wahweap milkvetch

seed lying dormant in the soil. Precipitation in

the spring of 1985 was over 100 mm, and over

130 mm in the spring of 1986. Soil moisture

recorded at 20-cm depth indicated that soil

moisture was not limiting throughout the

spring of 1985 or 1986 (Fig. 2). Soil moisture

stress was less than 1 bar, indicating nearly

saturated soil throughout the spring growing

season. Mean spring temperature was above

average for both years. It appears that

weather conditions were suitable for germi-

nation and establishment of Wahweap milk-

vetch, and supported the population outbreak

in 1985 and 1986.

A large tuunber of the Wahweap milkvetch

plants died during the summer of 1985, and

very few survived the summer of 1986. There

was an abundance of weathered black plants

that grew in 1985 and brown senescent plants

that grew in the spring of 1986. No living
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Fig. 1. Monthly precipitation at Buck Canyon remote weather recording station at 2,130-in elevation on the Henry
Mountains.

plants or seedlings were observed in the fall of

1986 during the preparation and initiation of

the grazing study. Very few living plants were
observed on the gravelly benches in the

spring of 1987, although a few plants were
observed in localized areas along sandy

washes. Precipitation was fairly high in the fall

of 1986, but mean monthly temperatures

were much lower than in the previous year.

Weather conditions apparently were not suit-

able for germination and establishment of a

new crop of Wahweap milkvetch in the fall of

1986.

The varieties of freckled milkvetch are

classified as perennials (Barneby 1964, Welsh
et al. 1988), but they often function as bienni-

als. Welsh (1988) described the life cycle of

potential perennials on arid or semiarid sites:

Perennials also tend to germinate in autumn, following

storms of late summer and early autumn. They persist

like annuals through the winter and some will flower as

annuals in the first springtime of their existence. Many
do not flower in the first year, continue active growth as

long as water is available, become dormant in the hot

dry portions of the year, and often grow again in the

autumn. In the spring of the second year they are

sufiiciently mature to produce flowers and fruit. If the

spring of the second year is dry and moisture is inade-

quate, many of the potentially perennial plants die,

having been functionally biennial. When conditions of

moisture are adequate, however, those that have sur-

vived to flower in the second year become dormant

following fruiting and persist to the spring of the third

year. Seldom is precipitation adequate for continued

perennation of more than a few years.

Ziemkiewicz and Cronin (1981) also stated

that environmental factors influence germina-

tion and survival of juvenile locoweed plants

and largely determine population densities.

Late summer and fall precipitation and warm
temperatures are apparently necessary for

germination of Wahweap milkvetch. Abun-

dant spring precipitation is necessary for con-

tinued growth and production of a population

outbreak.

Population Cycles

Ranchers reported the occurrence of

Wahweap milkvetch outbreaks in 1949, 1957,
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Fig. 2. Soil moisture stress at 20-m depth at the Buck Canyon remote weather station at 2, 130-m elevation on the

Henry Mountains.

1965, 1973, 1979, and 1985-1986 (Fig. 3).

Population outbreaks occurred every six to

eight years. Wahweap milkvetch grew in

years of high total precipitation, except for

1973 (Fig. 3), during which it grew but not

abundantly. The fall of 1972 was extremely

wet, with over 130 mm of precipitation being

recorded in Hanksville. The abundant fall

precipitation may have carried over and sup-

ported a moderate population of Wahweap
milkvetch in 1973. Spring precipitation was

above average in every year Wahweap milk-

vetch outbreaks were reported (Fig. 4). Wah-
weap milkvetch grew in most years of peak

spring precipitation.

Seed Reserve in Soil

Wahweap milkvetch seed was most abun-

dant on the stony clay loam site (Tal)le 1). The
cobble outcroppings and base of the outcrop-

pings had the highest seed density, 4,346 and

3,119 seed/m^ respectively. Old dead Wah-
weap milkvetch plants from the recent popu-

lation were very abundant on the cobble out-

croppings. The flat gravel benches of the

stony clay loam site had 650 and 1,300 seed/m"

at the King Ranch and Applebush Bench,

respectively. Old senescent Wahweap milk-

vetch plants were also present on these sites.

Wahweap milkvetch seed density was

much lower on the sandy loam site (20 to 40

seed/m") where old plants were not present.

Where old senescent plants were present,

there were 940 seed/m". It is logical to assume

that where plants were abundant during the

previous two years, seed density in the soil is

likely to be very high ifthe plants matured and

produced seed. It is interesting to note that

Wahweap milkvetch seed existed in soil

where the plants were not present.

Seed density of other locoweed species in

soil ranges from 400 to 1,500 seed/m" (Ralphs

and Cronin 1987). Germination of spotted lo-

coweed seed and seed of other locoweeds is

very low (Ziemkiewicz and Cronin 1981,

Baskin and Quarterman 1969, Green 1973,
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Fig. 3. Seasonal and total annual precipitation (expressed on a water year basis, October-September) recorded at

Hanksville, Utah. Mean annual precipitation (x) was 5.53 inches. * indicates years of\Vahweap milkvetch outbreaks.

Table 1. Density ofWahweap milkvetch seed in soil on the Henry Mountains.

Location
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Fig. 4. Spring precipitation (April-June) recorded at Hanksville, Utah. Mean spring precipitation (x) was 1.25

inches. * indicates years ofWahweap milkvetch outbreaks.
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FOOD HABITS AND NEST CHARACTERISTICS OF
BREEDING RAPTORS IN SOUTHWESTERN WYOMING

Patricia A. MacLaren' ~, Stanley H. Anderson', and Douglas E. Runde'"'

Abstract.—Food habits and nest site features of the Golden Eagle (Aqtiila chrysaetos), Prairie Falcon {Falco

mexicanus), Red-tailed Hawk {Buteo jamaicensis), and Ferruginous Hawk (B. regalis) were studied near Medicine

Bow, Wyoming, during 1981 and 1982. Foods consisted primarily of leporids and sciurids. The Wyoming ground

squirrel {Spemiophilus richardsonii) dominated the diet of Prairie Falcons, while Golden Eagles preyed on leporids

more than did the other raptors. Diet overlap ranged from 59 to 99% between the species. Mean height of Golden

Eagle nests was greater than nest height of other species. Most raptor nests (78%) were not visible from other active

nests and were in view of roads. Prairie Falcons were the most specialized and Ferruginous Hawks the most versatile

raptor species in terms of food habits and use of nest sites.

Ecologists recognize raptors as indicators of

environmental quality because raptor popula-

tions are among the first to noticeably decline

when habitats are either lost or degraded

(Hickey 1969, Newton 1979). Energy and

agricultural developments in the western

United States may have negative impacts on

populations ofbreeding raptors (Phillips et al.

1984). Development can cause loss of nest

sites and foraging sites, nest abandonment,

and death due to shooting or electrocution by

transmission lines (Becker and Ball 1983,

Evans 1983, U.S. Bureau of Land Manage-
ment 1979, Howard and Gore 1980).

Interaction such as nest site selection and

use of prey between raptor species in a com-
munity could be altered by changes that occur

as a result of human impact. If this is true,

population surveys may not provide adequate

information on changes in raptor communi-
ties.

Our purpose was to examine how four diur-

nal birds of prey partition the food and nest

site resources in southwestern Wyoming, an

area of proposed wind energy development.

The species were: Golden Eagle (Aquila chrys-

aetos), Prairie Falcon {Falco mexicanus).

Red-tailed Hawk (Buteo jamaicensis), and
Ferruginous Hawk (B. regalis).

The questions we asked were: (1) What are

the prey items of each species? (2) What over-

lap in prey occurred among them? (3) What
were the nest site characteristics ofeach ofthe

four raptor species? (4) Could community par-

titioning be inferred from data on prey used

and nest site selection?

Study Area

The 712-km"' study area was predominantly

mixed sagebrush habitat in Albany and Car-

bon counties, southeastern Wyoming. Topog-

raphy varied from gently undulating prairie

to steep ridges, canyons, and sandstone

outcrops. Elevations ranged from 1,993 to

2,234 m.

Big sagebrush {Artemisia tridentata) was

the dominant shrub. Other common shrubs

included Douglas and rubber rabbitbrush

{Chrysothamnus visciniflorus and C. nause-

osus), black sagebrush (A. nova), silver sage-

brush (A. cana), and mountain mahogany
{Cerocarpus montanus). In addition, snow-

berry {Symphoriocarpus montanus) grew
along ridges, while black greasewood {Sarco-

hatus vermiculatus) and saltbush {Atriplex

spp.) were in alkali depressions. Ponderosa

pine {Pinus ponderosa) and juniper {Junipe-

rus spp.) occurred on ridge slopes. Cotton-

wood {Populus spp.) and willow {Salix spp.)

dominated riparian areas.

The semiarid climate was characterized by

cool temperatures, low precipitation, and

high evaporation (U.S. Bureau of Reclamation

1980). Most annual precipitation (27.5 cm)

occurred in the spring and early summer

'Wyoming Cooperative Fi.sherv and Wildlitc Research Unit, Box 3166, University .Station. Ijraniie, Wyoming 82071,

Present Address: Florida Natural Areas Inventory, Nature Conservancy. 2.54 K;i,st Sixth Avenue, Tallahassee, Florida .32303.

Present Address: Florida Game and Freshwater Fish Department, Nongame Wildlife Section. 620 South Merridian, Tallahassee, Florida 32399.
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months as rainfall. Annual temperature aver-

aged 14 C. January temperatures averaged

8 C while July temperatures averaged 18 C.

Westerly winds averaged 24 km (U.S. Bureau

of Reclamation 1980).

Methods and Materials

Raptor nests were located by systematic

flights over the area in 1979 and 1980. Ground
searches were also conducted. A previous

study (Oakleaf 1978) provided locations of

many nests. To determine if nesting was suc-

cessful, we monitored active raptor nests

weekly from April through August in 1981 and

1982 or until fledging occurred.

Food Habits

Prey remains and regurgitated pellets were
collected during weekly visits from within and

below each nest with eggs or young. Pellets

were separated into bone fragments, feathers,

and hairs. Cranial material was identified with

a skull key (Glass 1973). A study skin collec-

tion of local mammal species was prepared to

identify prey remains collected from nests.

Skeletons were cleaned and used to identify

bones. Hair was identified by following the

methods of Moore et al. (1974).

Estimates of raptor food habits by pellet

analysis were probably biased toward over-

estimation of large prey items (Sherrod 1978).

For instance, one large rabbit may have been
consumed by several nestlings and so be

represented in more than one pellet. There-

fore, caution was taken in interpreting results

of diet comparisons between species (see

Greene and Jaksic 1983 for a discussion).

Nest Sites

Nest site locations were plotted on 7.5-min

U.S.G.S. topographic maps. Characteristics

of the nest sites of each species were mea-
sured in August and September after young
birds had fledged. Nest substrate type (cliflF,

tree, pillar) and diameter at breast height of

trees (dbh) were recorded. Nest height was
estimated visually. Aspect and nest exposure

were determined by compass. Degree of

slope, nest elevation, and distance of the nest

to nearest permanent water and dirt or paved
road were recorded from topographic maps.

Analytical METHODS.—Statistical analyses

were conducted with SPSS (Nie et al. 1975).

Food niche breadth (diet diversity) was calcu-

lated for each species using Levins' (1968)

formula:

B = 1/Spf

where Pj was the relative occurrence of prey i

in the diet. Index values ranged from 1 to n,

where 1 indicated the narrowest value for food

niche breadth.

Diet overlap was calculated using Pianka's

(1973) formula:

o = p.q,/(2P'2qr

where Pj equaled the relative frequency of

taxon i in the diet ofone raptor species, and q;

was the relative frequency in the diet of the

second raptor species. This index ranged from

(no overlap) to 1 (complete overlap in diets).

Cliffs and trees were the only nest sub-

strates common to all raptors. Therefore, only

cliff and tree nests were used in the calcula-

tions of nest substrate similarity. Throughout

this paper the level of statistical significance

was P < .05.

Results

Food Habits

A total of951 pellets and prey remains were

collected and identified (Table 1). Prey items

were identified to species where possible.

Prey of these raptors based on number ofprey

items included 90% mammals and 10% birds.

Leporids (white-tailed jack rabbit, Lepus

townsendii, and desert cottontail, Sylvilagus

audubonii), Wyoming ground squirrels, thir-

teen-lined ground squirrels, and white-tailed

prairie dogs were the mammals most com-

monly taken by the raptors (Table 1). Sage

grouse was the most common avian prey of

Golden Eagles, while passerines were more

common in the diets of the other raptors.

Wyoming ground squirrels dominated

Prairie Falcon diets, both in frequency of

occurrence (59%) and biomass (53%). White-

tailed prairie dogs ranked second, contribut-

ing 19% to frequency of occurrence and 38%
of the biomass (Table 1). Thus, 98% of the

Prairie Falcon diet was mammals.

Golden Eagles took 40% leporids, 27%
prairie dogs, and 18% ground squirrels.

In terms of total biomass, leporids accounted
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Table 1. Diet of four raptors in 1981 and 1982. Numbers in parentheses indicate first nests and second pellets

analyzed. (The symbol tr indicates the total less than 1%).

Prey Species
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Table 2. Diet overlap indices for raptor species calculated with Pianka's (1973) formula.

Golden

Eagle

1981

Red-tailed

Hawk
Ferruginous

Hawk
Golden

Eagle

1982

Red-tailed

Hawk
Ferruginous

Hawk

Prairie Falcon

Golden Eagle

Red-tailed Hawk

.589

.829

.894

.865

.986

.558 .799

.930

.932

.816

.960

degrees. Seventy-eight percent of most Fer-

ruginous Hawk nests faced westerly (78%),

yielding a mean aspect of278 degrees. Golden
Eagle nests commonly faced northwesterly

(47%) while 33% faced southeasterly. Mean
nest aspect was significantly different from

random for Ferruginous Hawks and Golden
Eagle nests alone and for the raptor assem-

blage as a whole.

Most raptors (78%) nested out of sight of

another raptor nest. A significant proportion

(77%) nested within sight of a road. Ferrugi-

nous Hawks had the widest diversity of nest

substrates (B = 3.03) (Levins 1968). Prairie

Falcons used the narrowest diversity of nest

substrates (B = 1. 15), while Golden Eagles (B

= 2.12) and Red-tailed Hawks (B = 1 . 92) were
intermediate. Using Pianka's (1973) niche

overlap formula, we found that Ferruginous

and Red-tailed Hawks shared the highest

overlap in their use of nest substrates (0.937),

while Red-tailed Hawks and Prairie Falcons

were least similar (0.618). Ferruginous Hawks
and Golden Eagles overlapped the most on

their use of nest habits (0.918), while Red-

tailed Hawks and Prairie Falcons were least

similar (0.382). Red-tailed and Ferruginous

Hawks also had a high overlap (0.904).

Discussion

Raptors are generally very opportunistic,

selecting a wide variety of prey (Jaksic and
Braker 1983, Sherrod 1978, Smith and Mur-
phy 1973). The year-to-year food habits of

raptors in the Medicine Bow assemblage,

however, exhibit differing degrees of oppor-

tunism (Table 1). Prairie Falcons were the

most specialized raptor, feeding primarily on

prairie dogs and ground squirrels. Other stud-

ies, however, have shown that Prairie Falcons

have a diverse diet (Smith and Murphy 1973).

Ferruginous Hawks at Medicine Bow were
generalists in terms of diet diversity; how-
ever, in Utah, Ferruginous Hawks had a more
specialized diet (Smith and Murphy 1973).

Gharacteristics of the nest sites used by
the four raptor species were very similar

(Table 3); however, variation in nest substrate

did occur. The only significant differences

among the species were greater mean nest

and nest substrate heights for Golden Eagles.

Golden Eagle nest trees (mainly ponderosa

pine) accounted for this difference. Golden
Eagles and Prairie Falcons used the same nest

sites interchangeably as did Ferruginous and
Red-tailed Hawks. Nest site availability may
have been constrained by the proximity of

other territorial pairs of breeding raptors

(Newton 1979).

Our results are comparable to others that

show Ferruginous Hawks to be the most ver-

satile in their use ofnest substrates (Olendorff^

1973, Gilmer and Stewart 1983). Generally,

Ferruginous Hawk nest sites are associated

with an elevated observation site such as a

tree or hill (Janes 1985). Smith and Murphy
(1973) found Ferruginous Hawks restricted

their use of nest substrates in Utah. These

conflicting results were likely due to study

area differences. The Utah study area was a

desert basin with junipers on the foothills, and

Ferruginous Hawks nested in trees or on the

ground. Our study area was a shortgrass

prairie in which Ferruginous Hawks utilized a

greater diversity of nest substrates. Con-

versely, Prairie Falcons had the narrowest

nest substrate breadth and nested almost ex-

clusively on cliffs (Olendorff" 1973, Smith and

Murphy 1973, Cade 1982). In Iowa, Bednarz

and Dinsmore (1982) found Red-tailed Hawks
nested in taller trees (17 m) with larger dbh

(49 cm). Their study area, however, was

comprised of larger trees along fields and in

riparian habitats.

In this study the mean aspect of all nests

was 300 degrees. In central Utah the majority

of raptor nests had a westerly orientation

(Smith and Murphy 1973). Lokemoen and

Duebbert (1976) speculated that nest place-

ment on certain exposures allowed incubating
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Table 3. Nest characteristics of Prairie Falcons, Golden Eagles, and Red-tailed and Ferruginous Hawks from

southeastern Wyoming, 1981-1982. Sample size in parentheses following first listing of bird species.

Variables Range

Substrate height (m)

Prairie Falcon (14)

Golden Eagle (30)

Red-tailed Hawk (10)

Ferruginous Hawk (23)

Nest tree dbh (cm)

Prairie Falcon

Golden Eagle

Red-tailed Hawk
Ferruginous Hawk

Nest height (m)

Prairie Falcon

Golden Eagle

Red-tailed Hawk
Ferruginous Hawk

Nest elevation (m)

Prairie Falcon

Golden Eagle

Red-tailed Hawk
Ferruginous Hawk

Slope (°)

Prairie Falcon

Golden Eagle

Red-tailed Hawk
Ferruginous Hawk

Distance water (km)

Prairie Falcon

Golden Eagle

Red-tailed Hawk
Ferruginous Hawk

Distance road (km)

Prairie Falcon

Golden Eagle

Red-tailed Hawk
Ferruginous Hawk

7.12
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RODENT WEIGHTS IN MODIFIED PINYON-JUNIPER WOODLANDS
OF SOUTHWESTERN NEW MEXICO

K. E. Severson' and B. J. Hayward^

Abstr\CT.—Changing habitat structure in pinyon (Pintts ediilis)-one-seed juniper (Jiiniperus monosperma) stands

by (1) pushing trees down with a bulldozer and leaving them in place, (2) pushing, then piling and burning slash, or (3)

thinning to a spacing of 6. 1 m and leaving slash did not affect weights of individuals of nine rodent species. Previous

studies have shown that habitat modifications influence kinds of species and numbers of individuals, but changes in

total rodent biomass are a function of sizes of different species occupying different habitats, not changes in weights of

individuals.

Studies reporting small mammal popula-

tion changes resulting from habitat altera-

tions are common. Considering only pinyon-

juniper woodlands, for example, small mam-
mal density changes due to overstory

removal have been reported for Utah (Baker

and Frischknecht 1973), Colorado (O'Meara

et al. 1981), Arizona (Turkowski and Reynolds

1970), and New Mexico (Severson 1986a).

Information relative to treatment effects on

small mammal biomass is less common. Grant

et al. (1977, 1982), working on shortgrass

prairie, examined effects of water, nitrogen,

and grazing treatments on small mammal bio-

mass; and Smith and Urness (1984) studied

small mammal biomass and densities on na-

tive and altered foothill ranges in Utah. Sulli-

van (1979) reported weights of individual deer

mice {Peroinijscus maniculatus) from burned

and unburned forest in British Columbia.

Generally, however, studies reporting effects

of habitat treatment on individual weights

are lacking. Such information can provide a

basis for comparing relative condition of indi-

viduals in different habitats and, when con-

sidered with densities, can furnish a more

complete data base for analysis of effects of

habitat manipulation on biomass distribution

for energy flow studies (e.g., predator-prey

relationships).

This paper describes influences of three

pinyon-juniper overstory treatments and un-

treated control stands on rodent biomass and

mean individual weights 13 to 18 years after

treatment. Effects of these treatments on

rodent densities were reported in an earlier

paper (Severson 1986a).

Study Area

This study was conducted on the Fort

Bayard Allotment, Gila National Forest, 16

km east of Silver City, New Mexico. Impor-

tant trees and shrubs are pinyon {Pinus

ediilis), one-seed juniper (Juniperiis mono-

sperma), alhgator juniper (/. deppeana), gray

oak {Quercus grisea), and hairy mountain ma-

hogany (Cercocarpus breviflorus). Abundant

herbaceous species include blue grama

(Boiiteloua gracilis), sideoats grama {B . cuti-

pendula), and globemallow (Sphaeralcea

spp.). Elevation ranges from 1,806 to 2,070 m.

Annual precipitation averages 393 mm, with

55% falling as rain from July through Septem-

ber. Mean annual temperature is 12.8 C, with

mean monthly extremes of3.5 C (January) and

22.6 C (July).'

Three pinyon-juniper control treatments

and untreated plots, where trees were not

disturbed, were randomly established in each

of two blocks, one in 1965 and the other in

1970, to determine effects on deer and elk

habitat use. Treatments included thinning

(pinyons and junipers were cut to a minimum
spacing of 6. 1 m and left in place), bulldozing

(all pinyons and junipers were pushed over

and left in place), and bulldozing/piling/l:»urn-

ing (all pinyons and junipers were pushed

over and piled with a bulldozer, then burned).

All plots were about 120 ha.

Pinyon-juniper densities averaged 359,

664, 52, and 74 stems/ha on the untreated,

thinned, bulldozed/piled/burned, and bull-

dozed onl\ plots, respectively, in 1983. Den-

sities ofother small trees and shrubs that were

'R(Kky Mountain Forest and Range Experiment Station. Arizona State University, Tempe. Arizona 85287.

^Department of Natural Science, Western New Mexico University, Silver City, New Mexic-o 88061.
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not controlled, primarily gray oak and hairy

mountain mahogany, were 834, 481, 302, and

474 stems/ha in each respective treatment

(Severson 1986a). Vegetation of treated areas

is more completely described by Short et al.

(1977) and Severson (1986b).

Methods

Each plot was divided into six sampling

areas, and a set of two transects was randomly

placed in each. Beginning points of transects

were 50 m apart and extended in opposite

directions. Each plot and area were buffered

by 100- and 35-m zones, respectively, to in-

sure that transects were no closer than 200

and 70 m between plots or between areas,

respectively. Transects consisted of 17 trap-

ping locations spaced 10 m apart. Each loca-

tion contained two traps—a standard rat trap

and a museum special. Traps were baited with

a mixture of peanut butter, oatmeal, and an

ant repellent, dimethylphthalate (Anderson

and Ohmart 1977). Traps were run in one

transect within each plot segment in Septem-

ber 1981, the other in September 1982, and

the first set again in September 1983. Three

transects were trapped in each treatment for

four consecutive days; then the traps were
moved to the remaining three transects and

run for the next four consecutive days. Traps

were left set for 24-hour trap sessions and

were checked daily. Captured individuals

were tagged, double-wrapped in plastic bags,

frozen, identified, and weighed after each

trapping period. Specimens were weighed in

plastic bags, and bag weights deducted, to

insure that they were not affected by moisture

loss due to freezing.

Analyses

A two-factor (treatments within blocks)

multivariate analysis of variance with years as

repeated measures was used to test the hy-

pothesis that there were no differences in total

weights of all small mammals trapped among
treatments or among years. Weights of indi-

viduals were analyzed with a one-way analysis

of variance to test the hypothesis that there

were no differences in weights of individuals

within each sex and age class among treat-

ments. Four tests were possible for each spe-

cies since adults and subadults of each sex

were analyzed separately. Only those treat-

ments in which three or more individuals of

each species/sex/age class were trapped were
included in the analysis. Among-years and
between-block differences were tested for

adult male and female white-throated wood-
rats {Neotoma alhigula ) and for adult male and
female brush mice (Peromyscus hoylii). None
of these eight tests yielded significant results;

therefore, we pooled blocks and years for

analysis of individual weights.

Multivariate and one-way analyses of vari-

ance were conducted using SPSS/PC + (Noru-

sis 1986a, 1986b). Mean separation was done
using Least Significant Differences method
via SPSS/PC -I- for individual small mammal
weights among treatments (from one-way
ANOVA) and via Multiple Comparison Proce-

dures (developed by R. King, Rocky Mtn.

For. and Range Expt. Sta. , Fort Collins,

Colorado) for total weights from multivariate

ANOVA.

Results and Discussion

Total biomass oftrapped animals was signif-

icantly higher (P < .05) on the thinned (41.4

kg) and bulldozed-only (42.2 kg) treatments.

These two treatments, along with the bull-

dozed/piled/burned treatment, supported the

highest numbers (Severson 1986a). Total bio-

mass on the bulldozed/piled/burned treat-

ments (32.3 kg) was significantly lower be-

cause the larger rodents, woodrats {Neotoma

spp.), were less abundant than on the other

two treatments. The smaller species that

favored more open habitats, e.g., white-

footed mouse (Peromyscus leucopus), south-

ern grasshopper mouse (Onychomys areni-

cola), and Ord's kangaroo rat (Dipodomys

ordii), were relatively more abundant on bull-

dozed/piled/burned plots (Severson 1986a).

Untreated areas produced the lowest total

weight (23.5 kg) as well as the fewest animals

(Severson 1986a).

Total weight of all rodents trapped in 1981

was 42.2 kg. It increased to 65.8 kg in 1982 but

decreased to 31.4 in 1983. This trend gener-

ally followed total numbers trapped (381, 849,

and 279 individuals in each respective year).

All weights among years differed significantly

(P < .05). The mean weight per individual was

lower in 1982, but this is likely attributed to

proportionately fewer trappings of the larger
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Table 1. Mean individual weights of rodent species by sex and age classes, from four pinyon-juniper control

treatments, Fort Bayard, New Mexico.
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influence weights of individual animals.

These results are in general agreement with

those of Sullivan (1979).
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SPRING DENITRIFICATION RATES IN SOILS OF FOUR EASTSIDE
SIERRA NEVADA PLANT COMMUNITIES'

S. E. Hixson-, R. F. Walker^ andC. M. Skau"

Abstract—Denitrification rates in soils offour subalpine plant communities in the Sierra Nevada were determined

by the acetylene blockage method. The study area included riparian, meadow, forest, and barren sites. Data were

collected during dawn-to-dusk measurements in April 1987. Soil atmosphere samples were analyzed for NjO content

using gas chromatography. Generally, temporal variability in denitrification rate within each plant community was

insubstantial. Denitrification rate and soil temperature were found to be significantly correlated only in the riparian and

barren sites. Of the four communities, the riparian site was found to have the lowest rate of denitrification overall.

However, differences among sites in denitrification rate could not be conclusively attributed to variation in soil

temperature, moisture, organic matter, total C and N, C:N ratio, NO3-N, or pH.

Past research has yielded conflicting con-

clusions regarding soil denitrification rates

and the parameters affecting them. Neverthe-

less, several studies agree that spatial and

temporal variability in denitrification rates ex-

ists (Burford and Stefanson 1973, Dowdell

and Smith 1974, Biggar 1978, Ryden et al.

1978, Folorunso and Rolston 1984, Robertson

and Tiedje 1984, Mosier et al. 1986a).

While denitrification is a process generally

believed to be inhibited by the presence of

oxygen, even very dry soils have anaerobic

pockets in which denitrification occurs. Soil

moisture is believed to affect denitrification

rates by governing the diffusion ofoxygen and

thus the number of anaerobic sites (Alexander

1977, Rolston 1981). Soil temperature may
alter the effect of soil moisture on denitrifica-

tion rates (Mosier et al. 1986b) by modifying

N2O solubility in water (Blackmer et al. 1982).

Contrary to the data presented by Focht

(1978) and Terry and Tate (1980), Hussey et

al. (1985) suggested that there is a positive

relationship between the number of denitrify-

ing bacteria and denitrification rates. Soil

organic matter content is often positively cor-

related with denitrification (Stefanson 1973,

Dowdell and Smith 1974, Rolston et al. 1982,

Parkin 1987). However, Muller et al. (1980)

found no correlation between denitrification

and organic C, total N, or exchangeable NH4.
Some studies have demonstrated that soil

NO3 concentration does not limit denitrifica-

tion (Ryden and Lund 1980, Bremner and

Blackmer 1981).

The acetylene blockage method has proven

a feasible technique for measuring field deni-

trification rates (Balderston et al. 1976, Yo-

shinari et al. 1977, Yeomans and Beauchamp
1978, Ryden et al. 1979a, Ryden et al. 1979b).

During denitrification, NO3 is reduced to Nj

by the reaction

N03->N02->N20-+N2.

The presence of acetylene (CgHj) inhibits the

reduction of N2O to N2, thus permitting mea-

surement of the soil atmosphere concentra-

tion of N2O. Balderston et al. (1976) con-

cluded that the effects of C2H2 are reversible

and that measurement ofNoO is an acceptable

method for the determination of denitrifica-

tion rates and quantities in either soil or wa-

ter.

Most research on denitrification rates has

been conducted in the laboratory or on agri-

cultural soils. This study was designed to

provide baseline data on field denitrification

rates in soils of four plant communities of a

subalpine Sierra Nevada watershed. These

measurements were concentrated during

mid-April 1987 in order to quantify denitrifi-

cation during seasonal snowmelt flushing of

the soil profile.

'Research supported through the Nevada AsrUiiltural Kxperiiiieiit Station and Mclntire-Stennis Ooopcrative Korestr>' Research Program Projects 619 and

674, University of Nevada at Reno.

^Department of Range, Wildhfe and Forestry'. University of Nevada at Reno. Reno. Nevada 89.512.
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Materials and Methods

Site Description

The study site containing the four plant

communities is located at an elevation of

2, 134 m near the base of an 80-ha watershed

on the east slope of the Carson Range in Ne-

vada immediately over the crest from the

Lake Tahoe Basin (39°7'28"N, 119°52'47"W).

The plant communities include a riparian,

meadow, forest, and barren site. A dense

stand ofAlnus tenuifolia dominates the ripar-

ian site, but Cornus stolonifera , Juncus sp.,

Agrostis sp., and Poa sandbergii are also

present. The principal vegetation of the mea-

dow site consists of F. sandbergii, Agrostis

sp. , and J . ensifolius . Abies concolor and Pi-

nus jeffreyi dominate the forest site, and the

barren site is devoid of any vegetation.

Field Equipment and Procedures

Three soil chambers, constructed accord-

ing to the design of Denmead (1979) as modi-

fied by Greenlee (1985), were installed in

each ofthe four plant communities. Acetylene

was supplied to the soil atmosphere through

probes consisting ofdrip irrigation tubing per-

forated on one side at 5-cm intervals and in-

serted 1 m into the ground (Greenlee 1985).

Four probes were installed per chamber. The
12 probes on each site were simultaneously

supplied with C2H2.

Acetylene was continuously supplied to the

soil at a rate of 600 ml/min. The addition of

C2H2 to the soil began 30 min prior to the start

of the sampling period to permit its diffusion

into the profile. The evacuation of N2O from

the chambers and its adsorption onto 5A
molecular sieve material was accomplished as

described by Greenlee (1985). Nitrous oxide

gas samples were suctioned from the cham-
bers through vials containing the molecular

sieve material. This occurred during alternate

hours from 6:00 a.m. to 7:00 p.m. at a rate

of approximately 300 ml/min (Ryden et al.

1979b). After each sampling period the vials

of molecular sieve material were capped and
replaced. Chamber covers were removed to

facilitate aeration between each sampling

period.

Soil moisture and soil and air temperatures

were measured at the midpoint of each one-

hour sampling period. Soil moisture was mea-
sured with a Campbell Pacific Neutron Model

503DR hydroprobe moisture depth gauge
(CPN Corp., Pacheco, California). A neutron
access tube, constructed of 0.13-cm thin-

walled aluminum tubing with a 4.83-cm I. D.

,

was installed near the chambers in each plant

community by augering holes of slightly

larger diameter and then backfilling. The
probe was lowered down the tube, and read-

ings were taken every 15 cm to a depth of 105

cm below the soil surface. Soil temperature
was measured at depths of 5, 10, and 25 cm
using three Reotemp Model H bimetal coil

thermometers per chamber (Reotemp Instru-

ment Corp., San Diego, California). Air tem-

perature was measured 0.5 m above the

ground.

Five soil subsamples were collected near

each chamber to a depth of 20 cm and com-
bined into one composite sample per cham-
ber. These samples were kept on ice until

arrival at the lab, oven-dried at 38 C for 48

hours, and ground to pass through a No. 10

(2-mm opening) sieve. Soil texture was deter-

mined by the hydrometer method; organic

matter and total C by the Walkley-Black

method, colorimetric and titration modifica-

tions, respectively; total N by macro-Kjeldahl

digestion; NO3-N by use of a specific ion elec-

trode after extraction with CaS04; and pH by

glass electrode on a 1:1 mixture (by weight) of

soil and distilled water (American Society of

Agronomy 1965). All analyses were done by
A & L Agricultural Laboratories (Memphis,

Tennessee). Total C and N values were used

to calculate C:N ratios.

Soil water samples were collected at 10- and

25-cm depths from two lysimeters installed

near the chambers in each plant community.

These samples were transported on ice to the

Desert Research Institute (Reno, Nevada),

where NO3 analyses were done using cadmium
reduction (U.S. Environmental Protection

Agency 1979).

Laboratory Equipment and Procedures

Laboratory procedures were based on

those described by Ryden et al. (1978) as

modified by Greenlee (1985). Nitrous oxide

gas samples of 0.5 ml were injected into a gas

chromatograph column of 80/100-mesh Pora-

pak Q material (500 cm long by 0.21 cm I.D.)

heated to 50 C. Argon was the carrier gas with

a flow rate of 25 ml/min Nitrous oxide was

detected by a *^Ni electron capture detector
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heated to 350 C. Standards of 13.2 ppm N2O
were run after every sample. Each sample and

each standard was injected at least twice, or

until values were within 10%, and an average

value calculated. Quantification of sample

N2O peak heights was based on comparison

with standard peak heights. The field equip-

ment set-up was duplicated in the lab using

the standard NoO tank as the gas source in

order to calculate recovery rates. Recovery

rates were approximately 70%.

Statistical Methods

All data were subjected to analyses of vari-

ance, and differences among means were

evaluated using the LSD test (a = .10). Log

normal transformation was performed on all

denitrification values as proposed by Parkin et

al. (1988), and the arcsine transformation on

soil organic matter, total C and N, and C:N
ratio values. The analyses included compari-

sons among sampling periods within each

plant community for denitrification rate and

soil temperature at each measurement depth,

and comparisons among plant communities

for all variables. Also, a stepwise regression

was performed to evaluate the relationship

between denitrification rate and soil tempera-

ture within each plant community. The Statis-

tical Analysis System (SAS Institute Inc.,

Gary, North Garolina) was used for all statis-

tical analyses.

Results

Overall, denitrification rates within each

plant community did not vary appreciably

among sampling periods. The lone exception

was in the forest site, where a significantly

lower rate was observed during the 6:00 to

7:00 p.m. sampling period. There was a posi-

tive correlation between denitrification rate

and soil temperature at the 25 cm depth in the

riparian site (r^ = .22, p = .03), while denitri-

fication rate and soil temperature at the 10 cm
depth were negatively correlated in the bar-

ren site (r^ = .25, p = .02). Denitrification rate

and soil temperature were not significantly

correlated in these two sites at any other

depth oftemperature measurement. Further-

more, there was no apparent relationship be-

tween these two parameters, regardless of

temperature measurement depth, in the

meadow or forest site.

The mean denitrification rate in the ripar-

ian site was significantly lower than those of

the forest or barren sites by approximately 9%
in either comparison (Table 1). The meadow
site exhibited an intermediate rate that did

not differ significantly from that of any other

site. The soil of the forest site was frozen

during these measurements, but the effect on

denitrification was negligible. Soil tempera-

ture differences were substantial between the

forest and barren sites, but the denitrification

rates were essentially equivalent. Percent soil

moisture by volume differed significantly

among all sites. Lower denitrification rates

were generally associated with higher soil

moisture contents, but no conclusive relation-

ship could be established from these data.

Mean air temperatures ranged from 5 C at the

barren site to 9 C at the meadow site, while

intermediate values were observed at the

other two sites.

Soil content of organic matter and total

G and N were significantly greater in the ri-

parian site than in the other sites examined

(Table 2). Gonversely, the values for these

three parameters were generally lowest in the

barren site. Among the four plant communi-
ties, G:N ratios generally paralleled denitrifi-

cation rates, with the C:N ratios and denitrifi-

cation rates being lower in the riparian and

meadow sites and higher in the forest and

barren sites. Soil NO3-N differences among
sites, although in some cases significant, were

small. Nevertheless, sites with higher NO3-N
concentrations exhibited lower denitrification

rates overall. The soil of the forest site was

significantly more acidic than that of the other

sites, but soil reaction within the range of

values observed had no apparent effect on

denitrification. Soil texture in all four plant

communities was classified as either loamy

sand or sandy loam. Soil water analyses for

NO3 indicated low concentrations in all sites of

< 0.002 mg/1.

Discussion and Gonclusions

Many studies have shown soil denitrifica-

tion rates to be affected by soil temperature,

soil moisture, or both (Black 1968, Blackmer

et al. 1982, Filler\' 1983, Greenlee 1985,

Mosier et al. 1986b). This study reveals a

site-dependent relationship between soil deni-

trification and temperature with a positive
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Table 1. Soil denitrification rate, temperature, and moisture in four subalpine Sierra Nevada plant communities.
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ADDITIONAL RECORDS OF THE SPOTTED BAT
{EUDERMA MACULATUM) FROM CALIFORNIA

Vernon C. Bleich' and Andrew M. Pauli^

Abstract—Additional records of the spotted bat {Euderma inaculatum) from Inyo County and Shasta County,
California, are reported. The latter record represents the northernmost locale for this species in California.

A live adult male spotted bat {Euderma
maculatum) with a fractured humerus was
found on the ground at Lone Pine, Inyo

County, California, on 10 August 1986. It

later died in captivity. The specimen (CSULB
11834) was prepared as a skin with skull, fluid-

preserved carcass, and stained glans penis and

is deposited in the Mammal Collection at

California State University, Long Beach.

Standard measurements are: total length. 111

mm; tail length, 51 mm; hind foot, 11 mm;
ear, 41 mm; forearm, 49 mm. The spotted bat

had previously been reported from the Owens
Valley, 60 miles north of Lone Pine at Bishop,

Inyo County (Constantine et al. 1979).

Vegetation in the Owens Valley is typical of

the Great Basin, consisting primarily of sage-

brush (Artemisia tridentata), saltbush {Atri-

plex spp.), greasewood (Sarcobatus vermicu-

latus), and rabbitbrush (Chrysothamnus
nauseosus). The Owens Valley is in the rain-

shadow of the Sierra Nevada and is extremely

arid.

Another spotted bat was found alive in a

garage at a residence in Palo Cedro, Shasta

County, California, on 14 March 1983 and was
taken to the Redding Office of the California

Department of Fish and Game where the

identification was confirmed by T. P. Stone.

Final disposition of that specimen is un-

known. This record extends the reported dis-

tribution of this species about 245 km NV^
from Reno, Washoe County, Nevada (Hall

1935), and 400 km SW from the Alvord Basin,

Harney County, Oregon (McMahon et al.

1981). Vegetation at Palo Cedro consists

largely of oak savannah (Quercus spp.); the

area is more mesic than the Owens Valley.

We thank E. and M. Muniz for calling our

attention to the Lone Pine specimen and
D. G. Huckaby for preparing it for deposition

in the CSULB Mammal Collection.
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