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Revisién Sistematica del Género Usnea Hill (1753) en México   

RESUMEN 

Este trabajo es el primer estudio sistematico de liquenes realizado en México y tiene 

  

como objetivo principal la revision del género Usnea de los bosques templados del pais, 1a 

cual comprende la descripcién de especies y su distribucion y la elaboracion de una clave 

para su identificacién. 

Se llevé a cabo una extensa recoleccion en los bosques templados de diferentes 

estados del pais localizados en distintas provincias fisiograficas: a) Provincia del Eje 

Neovolcanico Transversal (Colima, Michoacan, Estado de México, Distrito Federal, 

Tlaxcala, Puebla, Hidalgo y Veracruz), b) Sierra Madre Occidental (Chihuahua, Sinaloa, 

Durango y Nayarit); c) Sierra Madre Oriental (Nuevo Leén, Tamaulipas y San Luis 

Potosi); d) Sistema Montafioso de Baja California (San Pedro Martir, Baja California, 

Sierra de la Laguna, Baja California Sur); e) Sierra Madre del Sur (Guerrero); f) Sistema 

Montafioso del Norte de Oaxaca (Oaxaca) y g) Macizo Central de Chiapas (Chiapas). 

Ademas del material colectado, se estudiaron ejemplares de herbario de diferentes 

instituciones nacionales y extranjeras, lo que representa un total aproximado de 2700 

ejemplares analizados morfoldgica, anatomica y quimicamente. 

Se describen cuarenta y tres especies y cuatro agregados. Cinco son especies nuevas: 

U. ammannii P. Clerc y Herrera-Campos, U. halei P Clerc, y U. nashii Clerc, Herrera- 
  

  Campos _Usnea santaritae Clerc y Herrera~-Campos y U. vitrea Clerc y Herrera-Campos. 

Diez son nuevos registros para México: U. brasiliensis (Zahibr.) Mot., U. cornuta Koerb.s. 

str, U. esperantiana Clerc, U. fragilescens Lynge var. mollis (Vainio) Clerc, U. 

jamaicensis Ach., U. malmei Motyka., U. ramillosa s, str.Mot.,.U. scabrata Nyl., s. lat., U.   

subcabrosa Nyl. ex Motyka, U. wirthii Clere y dos son nuevos registros continentales: U. 

goniodes (Stirt.) Mot. y U. sanguinea Swinscow y Krog. 

Se proponen fas siguientes sinonimias: U. amblyoclada (Mull. Arg.) Zahlbr (Syn. nov. 

U. globularis Mot.), U. ceratina Ach. (Syn. nov. U. solida Motyka.), U. dasaea (Syn. nov. 
   



U. dotosa Mot., U. galbinifera Asah., U spinigera Asah , U. spinulifera (Vain.) Mot., U. 

undulata Stirt.), U filipendula Stirton (Syn. nov. U. sublaxa Vain. ex Motyka.),   
  

U. himantodes (Syn. nov. U. sericea Motyka.), U. malmei Motyka (Syn. nov. U. sorediata 
  

(Zahibr.) Motyka) y U. mexicana Vainio (Syn. nov. U. duriuscula Motyka). 

Los resultados obtenidos se presentan como descripciones, mapas de distribucién y 

claves de identificacion. Con esta informacién se ha integrado una base de datos sobre el 

género en México.



INTRODUCCION 

Entre jos macroliquenes fruticosos el género Usnea es uno de los grupos mas 
  

facilmente reconocibles; pero su sistematica a nivel de especie se ve complicada por su 

amplia variacién morfolégica. Desafortunadamente, son pocos los trabajos que se ocupan 

de la sistematica de este género, permaneciendo como fundamental la monografia de 

Motyka (1936-1938) El periodo moderno del estudio del género esta caracterizado por la 

observacién de las poblaciones en su ambiente natural, sin depender tnicamente de las 

colecciones de los herbarios y por el desarrollo y empleo de técnicas modernas de analisis 

(Clere 1991). 

En el estudio sistematico del género Usnea la especie se define como una combinacion   

tnica de caracteres morfolégicos, anatomicos y quimicos, mas que por la ausencia o la 

presencia de fos mismos, por lo que en este trabajo se describe dicha combinacion para 

cada una de las especies estudiadas. 

El objetivo principal de esta disertaci6n es la revision del género Usnea en México, la 
  

cual comprende la descripcién de especies y su distribucién, asi como la elaboracién de la 

clave para su identificacion. 

Los objetivos particulares son. 

- Definir los caracteres taxonémicos diagndsticos. 

- Elaborar un listado floristico de las especies o agregados del género Usnea en 
  

México. 

Esta disertacién responde a la necesidad de generar informacién basica acerca de las 

especies de liquenes mexicanos que facilite {a realizacion de diferente tipo de estudios 

acerca de estos organismos. 

Finalmente, esta tesis permite continuar con los trabajos de organizacion general de la 

coleccién liquénica del Herbario Nacional MEXU y es de utilidad para impulsar el 

intercambio con otros herbarios nacionales y extranjeros y promueve la formacién 

académica en una area de la biologia en la cual se requieren especialistas nacionales



1.- Antecedentes 

Son pocos los trabajos que se ocupan de la sistematica del género, permaneciendo 

como fundamental la monografia de Motyka (1936-1938) y diversos estudios de caracter 

particular que se mencionaran a continuacion. 

En el "Lichenum Generis Usnea Studium Monographicum" (Motyka 1936-1938) se 
  

describen 451 especies de distintas partes del mundo y representa el primer estudio 

taxondmico exhaustivo del género. Sin embargo, es una publicacién de dificil manejo 

debido a que se basa en caracteres extremadamente polimorficos como el color y la 

longitud del talo, la densidad de fa ramificacién, el desarrollo y la densidad de las fibrillas, 

forma de la papilas y presencia de foveolas, asi como el grosor y crecimiento de los 

apices. Sin un tratamiento pleno de la variacion infraespecifica, Motyka reconoce como 

nuevas especies a morfotipos con suficientes diferencias exteriores (Clerc 1991; Jorgensen 

1977; Swinscow y Krog 1979). Aunque en 1947 Motyka discute algunos de los caracteres 

considerados al asignar las especies a distintas secciones, no profundiza acerca de su 

variabilidad 

Asahina (1956) describe morfologica, anatomica y quimicamente 38 especies, 17 

subespecies, 7 variedades y 13 formas de usneas japonesas, pero las arregla de acuerdo a 

su semejanza morfoldgica, siguiendo el esquema de Motyka (1936-1938). 

Segun Clerc (1991), el periodo moderno del estudio del género esta caracterizado por 

la observacion de las poblaciones en su ambiente natural, ademas de las colecciones de 

herbaio, y por el desarrollo y empleo de técnicas modernas de andlisis. Asi el estudioso 

puede definir mejor los caracteres propios de cada especie al aproximarse a las 

modificaciones fenotipicas de los individuos de una misma especie expuestos a 

condiciones ambientales variables. 

El tratamiento sistematico y moderno del género se inicia realmente con los trabajos 

de Swinscow y Krog (1974-1979), quienes revisan los caracteres diagndsticos del género, 

registran y describen algunas especies de los subgéneros Eumitria y Usnea, colectadas en 
  

el este de Africa. Aportan claves, descripciones de nuevas variedades, sinonimias y 

enmiendas o adiciones a complejos como U. undulata Stirton, U. bornmuellerii Steiner y 

VU. articulata (L.) Hoffm., entre otros.



Krog (1976) segrega del género Usnea los subgéneros Lethariella y Protousnea y los   

trata como géneros independientes basandose en su distribucién, morfologia, anatomia y 

quimica. Ademdas presenta una diagnosis de las especies que los integran 

Walker (1985) realiza la revision taxonémica mundial de Neuropogon conservandolo 

como un subgénero de Usnea. 

Por otra parte, el estudio del género en Europa ha sido realizado por Clerc (1984a, b, 

1987 a, 1991, 1992), quien describe y discute la ecologia, la distribucidn, la variabilidad y 

los cambios nomenclaturales de complejos como U. florida (L.) Wigg. emed. Clerc y U. 

fragilescens Havaas ex Lunge y especies como U. madereirensis Mot. y U wirthii Clerc 
  

(Clerc 1984b, Clerc y Diedrich 1991), proporcionando claves para identificar las especies 

estudiadas en regiones como Escandinavia y las Islas Britanicas. 

Rogers y Stevens (1988) realizan la descripcién morfologica de dos especies del 

complejo U baileyi (Stirton) Zahlbr. en Australia, mismas que no presentan 

aparentemente diferencia alguna, sin embargo, encuentran que tienen diferentes 

compuestos quimicos representantes de vias biosintéticas separadas. 

Stevens (1991a) discute el origen y la distribucién de especies de los géneros 

Ramalina y Usnea, relacionandolas con la paleogeografia de sus forofitos. Presenta la   

distribucion mundial conocida para las especies estudiadas y establece que las verdaderas 

especies tropicales son las que crecen a bajas altitudes en los trépicos porque siguen 

principalmente la distribucién de los manglares o crecen en forofitos de origen tropical. En 

contraste, concluye que las especies de regiones montafiosas fiias y nubladas se originaron 

en la Antartida asociadas con fanerogamas como Araucaria y Nothofagus. 

Stevens (1991 b) describe una nueva especie endémica de Australia, U. elixii Stevens, 

con un continuo de morfos desde talos fértiles a unicamente isididados conteniendo Acido 

protocetrarico. Sin embargo, esta especie comparte semejanzas morfoldgicas con U. 

albomaculata Moy y U. submollis Steiner de Africa, aunque se distinguingue en la 

quimica y el habito de crecimiento. 

Stevens (1992) estudia la variacién morfologica, anatomica y quimica de cinco 

especies del complejo U. scabrida-U. moliiuscula y la considera como respuesta al clima. 
  

En este sentido, establece que cuando morfos similares coincieden en diferentes regiones 

geograficas con regimenes climaticos distintos, se trata de subespecies que se intergradan



en un grupo de amplia distribucién y cuya separacién se basa mas en una divisién 

geografica que en diferencias morfoldgicas 0 quimicas. Con este esquema, Stevens 

propone cambios nomenclaturales por sinonimia y reduccién de varias especies a 

subespecies. 

Entre los trabajos de indole nomenclatural podemos citar a James (1979), Awasthi 

(1985), Awasthi y Awasthi (1985), y Stevens (1990); este iltimo inchiye aspectos de la 

distribucién mundial de U. himantodes Stirton. 

Siguiendo el esquema planteado por Swinscow y Krog (1974-1979), Awasthi (1986) 

describe 54 especies de Usnea, subgéneros Eumitria y Euusnea de India, establece 
  

sinonimias y reporta varias especies nuevas. Discute detalladamente los caracteres 

diagnésticos incluyendo comentarios de orden evolutivo y agrupa las especies de cada 

subgénero, atendiendo en primera instancia a la naturaleza del eje central y al patron de 

ramificacion. Incluye claves y amplias descripciones que contemplan también la 

distribucion. 

Por otra parte, Hale (1962) reconoce la importancia del andlisis quimico en el 

entendimiento de la variacion en el género al estudiar las razas quimicas de U. strigosa 

(Ach.) A. Eaton, 

Fiscus (1972) identifica por cromatografia en capa fina 17 constituyentes quimicos en 

13 combinaciones distintas de 358 ejemplares del grupo U. florida en Norteameérica. 

Dey (1978) estudia los liquenes de los Apalaches del Sur y presenta una clave para 

reconocer las 10 especies de Usnea colectadas, pero enfatiza que, dadas las caracteristicas 
  

del género, varias de ellas pueden representar en realidad complejos de especies. Asi pues, 

menciona U. subfusca Stirt., U. strigosa (Ach.) A. Eat., U. ceratina Ach., U. subfloridana 
  

  

Stirt., U. hesperina, Mot., U. diplotypus Vain., U. confusa Asah., U. mollis Stirt, U. 

fulvoreagens (Ras.) Mot., y U. trichodea Ach. 

Basandose en la presencia de acido lecanérico, Culberson et al. (1983) describen una 

nueva especies , U. lecanorica Culb., Culb. y Fiscus, colectada en el Estado de México. 

Tavares (1987) en su trabajo sobre las especies del complejo U. strigosa en el este de 

Estados Unidos, compara U. florida var. major Michx., U. florida var. intermedia Michx. y 
  

U. florida var. rubiginea Michx. con U. strigosa (Ach.) A. Eaton, U. tristis Mot. y U.   
  

evansii Mot., y establece dos nuevas combinaciones y un nuevo nombre, U, michauxii,



sindnimo de U florida var. intermedia Michx Posteriormente, en 1998, presenta una 

clave preliminar para identificar las especies de Usnea de California.   

Carlin (1986) al analizar las razas quimicas de U. lapponica Vain. y U glabrescens 

(Nyi.) Vain. en Suecia, cuestiona el valor taxonomico de aquellas sustancias liquénicas 

que difieren sdlo en el grado de oxidacion, bajo la suposicion de que éste puede deberse 

mas a un estado metabdlico que afecte la actividad enzimatica del liquen que a diferencias 

genéticas. 

Desde 1979 Czeczuga ha considerado el contenido de carotenos de los talos en 

estudios taxonémicos y trabaja con especies de los géneros Cornicularia, Evernia, 

Ramalina y Usnea, continuando los trabajos de Czeczuga y Osorio (1989) con 

Concamerella fistulata (Taylor) W. Culb. Y C. Culb., U amaliae Mot. y U. densirostra 

  

  

Tayl. y de Czeczuga y Richardson (1989) con Menegazia terebrata (Hoffm ) Massal. y U.     

rubicunda Sirt. 

Finalmente, sobre el género en cuestién, en México sdlo se cuenta con el trabajo de 

Guzman y Gonzalez de la Rosa (1976) quienes presentan una lista de las especies o 

formas infraespecificas de origen mexicano que aparecen descritas en la monografia de 

Motyka (1936-1938) e incluyen los datos de los herbarios donde se encuentran 

depositadas. 

Por otra parte, Gibert (1935) cita, entre otras especies, once para el género presentes 

en el Valle de México. 

2.- Clasificacién del género Usnea (Ascomiceto liquenizado) 
  

Desde el punto de vista sistematico, los liquenes son hongos especializados al igual 

que los que forman micorrizas (Tehler 1996). Su integracién en la clasificacion fingica, 

principalmente en los Ascomycetes, ocurrié recientemente con su inclusién como hongos 

liquenizados en el Index of Fungi y el Dictionary of the Fungi en 1971. En el Codigo de 

Nomenclatura Botanica (1981) ya no son tratados como un grupo separado y en el trabajo 

de Erikson y Hawksworth (1983-91), se logra concenso entre micdlogos y liquendlogos 

sobre una clasificacin general de Ascomycetes liquenizados y no liquenizados (Tehler 

1996; Lutzoni y Vilgalys 1995 a, b).



De acuerdo al desarrollo del cuerpo fructifero, se dintinguen dos grupos principales de 

Ascomycetes’ ascohimeniales y ascoloculares, y unitunicados y bitunicados de acuerdo 

con la presencia de una o dos capas funcionales en las ascas. En el cuerpo fructifero 

ascohimenial las ascas se forman a patir de un himenio verdadero con parafisis verdaderas 

que se desarrollan del tejido basal, mientras que en el ascolocular el desarrollo de las ascas 

se lleva a cabo en léculos de un ascostroma preformado que presenta hifas interascales 

conocidas como parafisoides y pseudoparafisis formados a partir del tejido del ascostroma 

(Tehler 1995 a, b, 1996) 

El Orden Lecanorales es un taxén cosmopolita que crece en diferentes tipos de 

sustratos, Representa el orden mds grande de euascomicetes, integrado casi en su 

totalidad por ascomicetes liquenizados, algunas especies son parasitas de liquenes y muy 

pocas son saprobias. Los talos, segun sus formas de crecimiento, pueden ser costrosos, 

foliosos 0 fruticosos. Los fotobiontes son principalmente algas verdes unicelulares, 

cominmente Trebouxia presente en liquenes mas avanzados, aunque también se presentan 

cianobacterias como fotobiontes asociados (Poelt 1973, Hale 1983, Tehler 1996). 

De acuerdo con Poelt (1973) y Tehler (1996), el orden Lecanorales es un grupo muy 

heterogéneo integrado por liquenes que presentan apotecios de desarrollo ascohimenial, 

solitarios, con disco redondeado y abierto; pardfisis a menudo con puntas engrosadas, 

ascas bitunicadas con dehiscencia rostrada, tipicamente rostradas, amiloides, I + 

conspicuamente azul y de paredes gruesas. 

Este orden es un grupo parafilético definido por las caracteristicas de las ascas, sin 

  embargo, estudios recientes de la subunidad del ADN ribosomal en Lecanora, Lecidea y 

Cladonia apuntan a un origen monofilético (Tehler 1996), 

En el suborden Lecanorinaeae el apotecio es biatorino o lecideino, con margen talino. 

Las parafisis son libres, simples, ramificadas o estan formando una red. Las ascas 

presentan un tolus al menos parcialmente I + azul y un cuerpo axial en un rostro apical, sin 

estructura en forma de capucha; 8 ascosporas por asca, a veces mas, hialinas unicelulares, 

algunas veces bi- o multi-septadas o muriformes, ocasionalmente pigmentadas (Poelt 

1973, Tehler 1996). 

Es a nivel de familia donde los autores difieren en torno a la posicion de Usnea y 

géneros relacionados. Los caracteres que se interpretan de manera diferente son la forma



de crecimiento, la simetria de 1os talos, la anatomia de fa corteza y la distribucion 

geografica. 

Poelt (1973) reconoce dentro de los Lecanorales, entre otras, dos familias altamente 

heterogéneas. Parmeliaceae y Usneaceae. La primera agrupa liquenes principalmente 

foliosos, dorsiventrales, bicorticados, con rizinas en la corteza inferior (rara vez ausentes 0 

raducidas), pocos umbilicados, con apotecios ocasionalmente hundidos, mas comunmente 

laminares, pero también se observan marginales, las ascas con tolus amiloide; las 

ascosporas pequefias, rara vez largas; fulcra con células moderadamente largas; conidios 

cortos baciliformes, rara vez largos y filamentosos. Comprende a los géeneros Asahinea, 

Cetraria, Nephromopsis, Cetrelia, Dactylina, Omphalodium, Pannoparmelia, Parmeliopsis 

y Plastismatia, 

La familia Usneaceae esta caracterizada en el esquema de Poelt (1973) por liquenes 

con talo fruticoso que varia de erecto a péndulo, usualmente pigmentados, con simetria 

radial, algunas veces dorsiventral; la médula a menudo es laxa, atravesada 

longitudinalmente por uno o varios cordones; apotecios lecanorinos constrictos, sésiles, 

laterales o terminales; las esporas unicelulares y hialinas, rara vez muriformes Comprende 

a los géneros Alectoria, Evernia, Everniopsis, Himantormia, Letharia, Neuropogon, 
  

Oropogon, Sulcaria y Usnea. Reconoce que la familia no es homogénea y plantea la 
  

posibilidad de la segregacién de géneros como Alectoria, Bryopogon, Oropogon y 

Sulcaria en una familia independiente. 

Por su parte, Hale (1983) reconoce tres familias: Alectoriaceae, Parmeliaceae y 

Usneaceae. La familiaAlectoriaceae esta integrada por géneros con talos de simetria 

radial, sin cordén central, con apotecios lacanorinos con excipulo propio bien 

desarrollado, 2-4 ascosporas hialinas o cafés por asca, de simples a muriformes. Son 

principalmente corticolas y terricolas y crecen en regiones arcticas templadas y tropicales 

montafiosas. Comprende a los géneros. Alectoria, Bryoria, Coglocaulon, Cornicularia, 

Pseudephebe y Sulcaria. De acuerdo con este autor, Parmeliaceae es la familia mas grande 

y mas colectada entre los liquenes foliosos. Es una familia cosmopolita, con especies 

corticolas y saxicolas. Los talos son foliosos y dorsoventrales, con rizinas (excepto en 

Asahinea); psedocifelados, con epicorteza; los apotecios son lecanorinos y las esporas son 

unicelulares y hialinas. Compende a los géneros Asahinea, Bulbotrix, Cetraria,



Cetrariastrum, Cetrelia, Esslingeriana, Foraminella, Hypotrachyna, Masonhalea, 

Melanelia, Neofuscelia, Parmelia, Parmelina, Parmeliopsis, Parmotrema, Platismatia, 

Pseudevernia, Punctelia, Relicina, Tuckermanopsis y Xanthoparmelia. , 

Finalmente, para Hale, la familia Usneaceae se relaciona con Parmeliaceae por la 

ontogenia de los apotecios, pero difiere en la simetria radial del talo, a veces ligeramente 

dorsiventral, y por fa presencia frecuente de cordones medulares. Sin embargo, los 

apotecios también son lecanorinos y las esporas también son unicelulares y hialinas. 

Comprende a los géneros Dactylina, Evernia, Letharia, Neuropogon y Usnea. 

De acuerdo con Krog (1982), la familia Parmeliaceae esta delimitada principalmente 

por las caracteristicas de los apotecios y los conidios, aunque a nivel de género los 

apotecios ofrecen pocos rasgos utiles, ya que la mayoria presentan discos simples 

morenos o negros y ocho esporas por asca. Sin embargo, considerando otros caracteres 

(anatomia de la corteza, simetria y presencia de tejido de soporte) se pueden reconocer 

cuatro grupos principales de géneros, a saber: hypogymnioides y parmelioides/cetrarioides 

que son foliosos y dorsiventrales; alectorioides y usneoides ambos con talos fruticosos y 

radiales, rara vez dorsiventrales, 

Entre los parmelioides sensu Jato las diferencias en la anatomia de la corteza superior 

separa a los estrictamente parmelioides de los parmotremoides. Los primeros (igual que 

los cetrarioides) presentan una corteza paraplenctenquimatosa sin epicorteza, mientras 

que en los parmotremoides la corteza es plectenquimatosa con una epicorteza con poros. 

Los liquenes cetrarioides y los parmelidceos se distinguen por la posicién de los 

picnidos en el talo, son marginales en los primeros y laminares, con algunas excepciones, 

en los segundos (Krog 1982) En Usnea, no se ha puesto atencién a estas estructuras, sin   

embargo, en algunas especies se han observado picnidios, pigmentados o no, en las puntas 

de ias ramas terminales. 

En la familia Parmeliaceae se reconocen diferentes tipos de conidios con algunas 

variantes: bifusiforme, sublageniforme, unciforme y filiforme La forma de los conidios se 

relaciona con las caracteristicas que definen a los géneros en la familia. Por ejemplo, 

Usnea, asi como algunas especies de Parmotrema y Platismatia, presenta conidios 

sublageniformes (hinchados cerca de un extremo) de 5 a 8 ym de largo.



Los liquenes alectorioides y usneoides se distinguen de los parmelioides por la 

presencia de un tejido de soporte, y entre ellos, por la posicion de dicho tejido en el talo, 

el cual en los alectorioides se localiza periféricamente, mientras que en los usneoides es 

central o interno con respecto a la capa algal. 

Krog (1982) considera que las esporas pigmentadas, septadas o muriformes y en 

numero menor a ocho por asca en los alectorioides, los separan de los parmeliaceos - 

incluyendo los usneoides- en los que las esporas son hialinas, simples y ocho por asca. Por 

ello, excluye los géneros alectorioides de la familia Parmeliaceae y los incluye en la familia 

Alectoriaceae. No reconoce 1a familia Usneaceae por considerarla artificial y deja a los 

usneoides como parte de Parmeliaceae, con base en la produccién de 8 esporas simples 

hialinas por asca y el tipo de conidios. 

Tehler (1996) define las caracteristicas de Parmeliaceae y Alectoriaceae de la siguiente 

manera. La familia Parmeliaceae tiene talo foliose o fruticoso, ascocarpo con margen 

talino, excipulo con hifas anticlinales y anastomosadas e¢ incluye, ademas de los géneros 

foliosos, a Usnea, Evernia, Letharia y Lethariella. Estos fueron considerados por Poelt 
    

(1973) como parte de Usneaceae que incluia a los alectorioides, y por Hale (1983) como 

Usneaceae, familia independiente de Alectoriaceae. 

La familia Alectoriaceae comprende liquenes con talo fruticoso, ascas grandes 

fuertemente amiloides; parafisoides anastomosadas, ascosporas aseptadas, largas y 

pigmentadas y con perisporio hialino; son corticolas o saxicolas y comprende a los 

géneros Alectoria, Oropogon y Sulearia, los cuales eran parte de Usneaceae (Poelt 1973) 

y de Alectoriaceae (Hale 1983). 

  

3.- Delimitacién del género Usnea 
  

Motyka (1936-1938) en su monografia mundial del género incluye todos aquellos 

parmeliaceos con cordén central y los sudivide en subgéneros y secciones. 

Los subgéneros son Protousnea, Neuropogon, Lethariella, Chlorea, Eumitria, Euusnea 

(=Usnea s. str.). Euusnea esta dividido en varias secciones: 

Foveatae, Articulatae, Barbatae, Setulosae, Elongatae, Straminae, Glabratae, Dendriticae 

y Laevigatae.



Sin embargo, dicha divisién agrupa especies muy disimiles en una misma seccién y no 

explica las relaciones entre ellas, Ademas, fue hecha con base en caracteres que resultaron 

imposible de aplicar practicamente, como el cambio de color de tos ejemplares en el 

herbario, el cual ocurre en ocasiones después de varios afios. 

Algunos de estos subgéneros han sido segregados de Usnea y erigidos como géneros 

independientes. La subdivision de Usnea en secciones no ha resultado de utilidad en la   

taxonomia del género, por lo tanto, no se presenta discusién alguna al respecto. 

Con base en caracteristicas apoteciales de color y pruinosidad, relacionadas con las 

tendencias quimicas y de distribucion, Krog (1976, 1982) segrega a Protousnea y 

Lethariella como géneros independientes y Chlorea como subgénero de Lethariella, 
  

confirma a Neuropogon como género independiente cercano a Usnea s. str. 
  

Usnea s. str, tiene apotecios discoides de color claro y pruinosos; Neuropogon y 

Lethariella tienen disco opaco de café a negro, en Letharia y Protousnea el disco es 

brillante de café a café obscuro. En Usnea s, str., Letharia y Neuropogon el excipulo   

talino presenta fibrillas, mientras que en Lethariella y Protousnea carecen de ellas. En 

todos estos géneros las esporas presentan_muy poca variacion; son simples, hialinas, 

subglobosas o elipsoides cortas, ocho por asca de 3-5 X 5-8 jm, ligeramente més largas 

en Usnea s. str. 

Algunos ejemplares fértiles de Protousnea y Letharia presentan picnidios negros; 

Usnea y Neuropogon tienen picnidios con aberturas claras y en Lethariella no son 

conocidos. 

El eje central muestra considerable variacion entre estos géneros y en los subgéneros 

de Lethariella. En Usnea subgen. Usnea, Protousnea y Lethariella subgen. Nipponica el eje 

es sdlido y elastico. En Eumitria el eje es tubular, total o parcialmente hueco, o sdlido con 

fisuras longitudinales, flexible o rigido. En Neuropogon y Lethariella subgen. Lethariella el 

eje central es parecido a Eumitria. En Lethariella subgen. Chlorea consiste de tejido 
  

condroide atravesado ocasionalmente por fibras longitudinales de pseudoparénquima hifal 

localizadas hacia el centro del eje, el cual es de didmetro variable, aunque regularmente 

muy grueso, flexible a rigido, no eldstico, tubular en las partes basales y sdlido en el resto 

del talo. 
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En Usnea y Neuropogon las papilas, pseudocifelas y fibrillas son comunes, pero 

Lethariella y Protousnea normalmente no las presentan. Una particularidad de Lethariella 

es la estructura cortical, la cual varia de poco organizada, mas o menos fibrosa, reticular y 

con costillas, hasta claramente acanalada. 

Los metabolitos secundarios medulares de Usnea s. str. son de la serie 8-orcinol, 

mayormente 8-orcinol depsidonas, pocas B-orcinol depsidas y rara vez 8-orcinol 

paradepsidas, pero nunca acido divaricatico. Neuropogon solo produce pocas B-orcinol 

depsidonas. Protousnea presenta principalmente acido divaricatico. Lethariella produce 

meta- y para-orcinol depsidas, B-orcinol depsidonas y una terfenil-quinona; Lethraria 

carece de sustancias medulares, pero en ocasiones el acido norestictico (8-orcinol 

depsidona) es detectado en los apotecios. 

En la corteza, Usnea, Neuropogon y Protousnea producen Acido usnico, aunque en   

algunas especies la atranorina también puede ser detectada; en Lethariella y Letharia la 

atranorina sustituye totalmente al acido usnico. Lethariella (incluyendo el subgénero 

Chiorea) a veces produce el pigmento acido canariénico y Letharia debe su color amarillo 
  

sulfureo a la presencia de acido vulpinico . 

El ultimo caracter considerado por Krog (1976, 1982) en esta segregacion es el de las 

diferencias en la distribucién geografica. Usnea s. str. es un género de distribucion 

cosmopolita, Neuropogon presenta una distribucién bipolar, mas extendida en la 

Antartida; Protousnea se limita al suroeste de América del Sur y a las Islas Malvinas; 

Lethariella tiene una distribucién fragmentada en Europa, Asia Central y Japon, y Letharia 

con el centro de distribucién en el oeste norteamericano, 

Walker (1985) no acepta la segregacién de Neuropogon porque considera que los 

caracteres en que esta basada no son suficientemente confiables, particularmente la 

pigmentacién del talo y el habitat, aunque también menciona que probablemente ni las 

caracteristicas apoteciales sean suficientes para distingir dichos taxa. 

4.- Caracteres diagnésticos del género Usnea 

Una opinién generalizada entre los liquendlogos es que Usnea es uno de los géneros 
  

mas compliejos taxonémicamente debido a que sus caracteres morfologicos son muy 

plasticos y confusos. El mismo Motyka (1947) decia: cest un genre 
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extraordinairement variable, abondant en formes et trés difficile a distinguer du point de 

vue systématique ..." 

Debido a la confusién que surgié con el estudio de Motyka, se hizo necesaria la 

revision critica de los caracteres que definen su delimitacion de las especies. Esta fue 

realizada por Herre en 1963 y sirvié de base a Swinscow y Krog (1974) para considerar la 

amplia variacién morfoldgica y quimica de los distintos complejos de especies. Las 

especies son delimitadas por la combinacién de caracteres de valor relativo, y no a por la 

presencia o ausencia de uno u otro caracter (Swinscow y Krog 1975). 

A continuacién se enlistan los caracteres diagnosticos reconocidos por los 

especialistas actuales. 

1.- Caracteres morfolégicos: patron de ramificacion; tronco o base (longitud, forma y 

color); ramas principales y secundarias (forma y diametro);, segmentos de las ramas (forma 
  

tanto en seccién longitudinal como transversal); papilas (forma, densidad y localizacién); 

tubérculos (densidad y localizacion); fibérculos (densidad y localizacién); fibrillas (forma, 
  

longitud y permanencia); soralios (origen, posicion relativa a la corteza, caracteristicas de 
  

la superficie soredial, tamafio, forma, densidad, margen y localizacién en el talo), 

  isidiomorfos 0 isidios (tipo, densidad y localizacién); apotecio (diametro y tipo de acuerdo 

a la posicién en la rama) (Clerc 1984a; 1987a, b; Clerc y Herrera-Campos 1997; Halonen 

et al. 1998; Herrera-Campos et al. 1998; Stevens 1992; Swinscow y Krog 1974-1979). 

2.- Caracteres anatomicos: corteza (pigmentaciOn, textura, dureza, grosor relativo al 
  

ancho total de la rama, presencia y tipo de grietas); médula (pigmentacién, tipo de 
  

acuerdo a su densidad y grosor relativo al ancho total de la rama); eje (pigmentacién, tipo 

de acuerdo a la constitucién del mismo y grosor relativo al ancho total de fa rama). Las 

dimensiones mencionadas de la corteza, la médula y el eje son referidas en la literatura 

como CMA (cortex, medulla, axis) y expresadas en porcentaje del total de la rama (Clerc 

1984a, 1987a; Herrera~Campos et al. 1998). 

Las esporas (forma y dimensiones) son otro caracter anatomico por considerar; sin 

embargo, hasta la fecha no existe un estudio que demuestre su importancia a nivel 

especifico. Clerc (1984) menciona una ligera diferencia entre las esporas de algunas 

especies del complejo U. florida (L.) Wigg. emend. Clerc en Europa. Se requiere de un 
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estudio comparativo profundo de las especies fértiles en el que se considere también el 

estudio de las caracteristicas himeniales. 

3.- Caracteres quimicos. El tipo de metabolitos secundarios producidos por los 

liquenes es un caracter diagnostico a diversos niveles taxondmicos (Brodo 1986, 

Culberson 1969, 1970, Culberson y Culberson 1976; Elix 1996, Hafellner 1988; 

Hawksworth y Hill 1984). Su importancia particular en la taxonomia del género Usnea es 

  

discutida en el capitulo sobre el complejo Usnea fragilescens Havaas ex Lunge en México. 

§.- Concepto de especie 

La taxonomia liquénica se basa en el concepto biolégico de especie, definida como un 

grupo interfértil de organismos con un acervo genético comun. Sin embargo, las 

descripciones de las especies liquenologicas corresponden basicamente a morfoespecies y 

se fundamentan en la evaluacién de las semejanzas y diferencias. Tedricamente la 

biosespecie y la morfoespecie debieran ser idénticas, pero esto raramente sucede en la 

practica (Jahns 1989 a). Los caracteres evaluados son principalmente fenéticos, como la 

morfologia y la quimica de los talos, aunque recientemente se han incorporado criterios 

vinculados a la genética de los organismos como las caracteristicas de las proteinas, las 

isoenzimas y el ADN; cuyo anialisis conjunto desde un enfoque cladistico permite la 

elaboracion de un concepto filogénetico de especie en liquenes (Jahns 1989 b; Kilias 

1987). 

Segun Poelt (1994) hay tres tipos de especies liquénicas: especies sexuales estables, 

especies sexuales genéticamente variables y especies apomicticas. Las primeras se 

reproducen regularmente por ascosporas que necesitan combinarse con el (los) fotobionte 

(s) adecuado (s). Estas especies muestran gran plasticidad debido a factores ecologicos, 

son monomorficas y distinguibles de otras especies relacionadas. Estos liquenes presentan 

variacién genética a lo largo de areas muy extensas, por ejemplo entre Europa y 

Norteamérica. 

Las especies sexuales genéticamente variables son comunes entre los liquenes 

costrosos saxicolas que desarrollan apotecios abundantes asi como espermogonios. 

Forman poblaciones grandes que se mezclan espacialmente con otros liquenes creciendo 

en la misma roca. Bajo condiciones ecologicas idénticas, desarrollan talos parecidos en los 
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caracteres principales, pero marcadamente variables en caracteres menos importantes, que 

a su vez, pueden presentarse en una gran variedad de combinaciones. Tales poblaciones 

parecen ser genéticamente homogéneas y los intentos por describir categorias 

infraespecificas han sido inutiles pues todas las combinaciones de caracteres ocurren sin 

una clara delimitacién. En estas especies los caracteres no han estado sujetos a fuertes 

presiones de seleccién y son interpretados como neutrales en la evolucién. Ejemplos de 

este tipo de especies son: Fuscidea cyathoides (Ach.)V. Wirth y Vezda, F kochiana 

(Hepp ) V. Wirth y Vezda, Graphis scripta Adanson em. Mull. Arg, Rhizocarpon 

geographicum (L ) D C. y Beilemerea alpina (Sommerf) Clauz y Roux. En géneros como 

Lecidea la situacién se complica considerablemente ya que ademas de la variabilidad 

morfoldgica existe una considerable variabilidad quimica, Umbilicaria cylindrica (L.) Del. 

Ex Duby y Parmelia omphalodes (L.) Ach. son ejemplos entre los liquenes foliosos. 

Finalmente, las especies apomicticas son aquéllas que se reproducen asexualmente a través 

de diasporas como filidios, isidios o soredios. La formacion de ascocarpos es rara, o de 

ocurrir no culmina en la produccién de ascas y/o ascosporas maduras. 

Otro concepto ampliamente aceptado en taxonomia liquénica es el concepto de par de 

especies planteado por Poelt (1972). Este concepto establece que los pares estan 

integrados por una especie sorediada o de reproduccién asexual y una especie fértil o de 

reproduccién sexual. Segin Mattson y Lumbsch (1989), la primera referencia a los 

criterios que definen un par de especies fue hecha en 1924 por DuRietz, quien discutid la 

importancia taxondémica de las diasporas y el hecho de que frecuentemente, entre taxa 

relacionados, los sorediados y los fértiles presentan diferencias ecologicas. En 1963 Poelt 

introdujo los términos primario y secundario para designar los taxa fértiles y los taxa 

soredio-isidiados, respectivamente, y postulé que las diferencias en frecuencia y 

distribucién de los mismos en Europa Central se deben a que la recolonizacion postglacial 

se llevé a cabo principalmente por poblaciones sorediadas o isidiadas. En 1970 postuld 

que cada taxén sorediado se originé a partir de uno fértil, y considera que los sorediados 

son lineas evolutivas muertas. Sin embargo no fue hasta 1972 cuando atribuy6 la categoria 

de especie a cada uno de los taxa integrantes del par (Mattson y Lumbsch 1989). 

El concepto de par de especies es rechazado por algunos liquendlogos, por ejemplo 

Robinson (1975) y Tehler (1982). El primero considera que en realidad se trata de 
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especies panmicticas Mientras que el segundo postula que los taxa sorediados son formas 

correspondientes de los fértiles y no especies distintas. Tehelr (1982) asume que entre 

ellos no existen diferencias genéticas suficientes para separlos y no reconoce la utilidad 

distribucién geografica en dicha separacion. 

Tanto Poelt como Tehler coinciden en afirmar que los taxa fértiles dan origen a los 

sorediados y que éstos conservan los caracteres ancestrales. Sin embargo, Mattson y 

Lumbsch (1989) consideran que las poblaciones apomicticas tienen 1a variabilidad 

genética suficiente para que la seleccién pueda seguir operando en el proceso evolutivo e 

inclusive mencionan la posibilidad de que un tax6n estéril dé origen a otro, cuestionando 

asi la afirmacién de que todos los taxa sorediados hayan tenido necesariamente un 

ancestro fértil y que representan lineas evolutivas finales. 

Los mismos Mattson y Lumbsch aceptan la importancia del aislamiento y la separacion 

como mecanismos de especiacion y de la distribucién geografica en el reconocimiento de 

verdaderos pares de especies. Presentan cinco casos de distribucion geografica y el rango 

taxondmico en cada uno: 

1, Ambos componentes del par tienen una distribucién simpatrica con la existencia de 

formas intermedias, en donde los soredios sdlo representan una modificacién, no deben 

separarse taxonomicamente. 

2. Los dos componentes tienen una distribucion alopatrica, o pero presentan formas 

intermedias cuando son simpatricas, entonces se considera el taxon sorediado como 

subespecie. 

3 Siel par es simpatrico, sin formas intermedias, es probable que no se trate de un par 

de especies. 

4.- Cuando ambas contrapartes son alopatricas sin formas intermedias, se trata de dos 

especies. 

5. En el caso en que sdlo la especie secundaria es conocida, evidentemente es 

considerada como especie. 

Por otra parte, Hale (1965) observé que en algunos casos las "contrapartes" fértiles 

presentan una distribucién reducida en las areas tropicales, mientras que las sorediadas 

son pantropicales. En otros casos la especie sexual tiene una distribucién pantropical 

mientras que la contraparte asexual se extiende a regiones templadas. 
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Un concepto que ha resultado muy controvertido es el de especies hermanas, definidas 

en liquenologia como aquellas razas que integran un agregado morfoldgicamente uniforme 

pero que varian en la presencia de metabolitos secundarios, fisiologia © ecologia 

(Culberson 1986b). De acuerdo a esta definicién, el grupo Ramalina siliquosa se considera 

integrado por siete especies que se distinguen principalmente por sus metabolitos 

secundarios. Rogers (1989) rechaza este enfoque y considera que dicho grupo en realidad 

est4 integrado por dos especies que presentan variacion quimica. Para él, la relacién entre 

la quimica y la distribucién y/o ecologia no es de utilidad taxondmica. El caracter quimico 

importante en taxonomia debe ser la ruta metabdlica y no los productos finales, ya que 

variaciones en una estructura molecular basica no puede demostrar aislamiento genético ni 

discontinuidad bioldgica. 

La opinion contraria es defendida por Feige y Lumbsch (1995), quienes sostienen que 

son precisamente los diferentes quimiotipos de la misma ruta metabdlica los que tienen 

significado taxondémico y no sustancias de distintas rutas metabdlicas cuya ocurrencia 

aislada o poco comin. 

El problema de interpretar y ponderar la variacion quimica de los liquenes no es 

nuevo. Hawksworth (1976) establece algunos lineamientos para interpretar fa variacion 

quimica. Los quimiotipos biogenéticamente cercanos son considerados especies si estan 

relacionados con diferencias morfologicas y de distribucién. Si dichas diferencias son sdlo 

geograficas locales, o condiciones ecolégicas o microambientales, ef rango 

correspondiente es el de variedad. En caso de que los quimiotipos sean biogenéticamente 

distantes, se les asigna el rango de especie si estan relacionados con diferencias 

morfoldgicas y/o ecoldgicas; o con diferencias geograficas mayores. 

Culberson y Johnson (1988) proponen los estudios de flujo de genes como alternativa 

a la discusi6n morfologia versus quimica. Concluyen que si no se detecta flujo de genes 

entre los quimiotipos, sean éstos biosintéticamente cercanos 0 no, puede asumirse que se 

trata de especies reproductivamente aisladas. Por el contrario, si ocurre flujo de genes, los 

quimiotipos representan un tipo de polimorfismo dentro de una poblacién, particularmente 

cuando no se detecta alguna relacién entre caracteres morfoldgicos y caracteres quimicos. 

En el género Usnea las especies son definidas por la combinacién de distintos 

caracteres morfolégicos, anatémicos y quimicos, en la cual al menos dos de estos 
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caracteres independientes se correlacionan Por ejemplo, la morfologia de los soralios y la 

quimica del talo, o ésta ultima y la anatomia (Herrera-Campos et al 1998). Es importante 

también incluir los patrones de distribucién geografica en la caracterizacion y definicién de 

las especies. , 

La delimitacion de la especies se complica debido a la variedad de quimiotipos y 

morfotipos que existen en el género y por numerosas formas intermedias entre especies 

cercanamente relacionadas En este estudio, a los quimiotipos de morfologia idéntica no 

se les reconoce rango taxondmico a menos que se compruebe que sus diferencias quimicas 

se correlacionan con otro caracter anatomico o con diferencias en la distribucién 

geografica, o cuando distintas rutas sintéticas estan involucradas. 

En Usnea, la intergradacién morfoldgica entre especies que crecen juntas, que parece   

ser mas la regla que la excepcién, hace mucho mas dificil su separacion y la delimitacién 

de fa combinacién de caracteres distintivos (Stevens 1992; Swinscow y Krog 1979), 

Particularmente interesantes son los morfos intermedios; son ejemplares con caracteres 

mezclados de dos especies morfoldgica, anatomica y quimicamente distinguibles, como en 

los casos de U, subfloridana Stirton y U wasmuthii Ras. (Clerc 1992), U. fragilescens y 

U. cormuta Koerb. (Tavares 1997), y U. fulvoreagens (Ras.) Ras. y U glabrescens (Nyl. 

Ex Vain.) Vain. (Halonen et al. 1998). Tales ejemplares han sido considerados como 

posibles “hibridos vegetativos” (Brodo 1978; Clere 1992; Fahselt 1996; Halonen et al. 

1998) aunque la hibridizacion liquénica ain no ha sido entendida. 

6.- Distribucién y ecologia 

-Usnea es un género cosmopolita cuyas especies se desarrollan principalmente en sitios 

himedos, frios o templados y bien iluminados. Son principalmente epifitas, tanto en 

coniferas como en arboles caducifolios, pero también pueden crecer en otros sustratos 

como madera muerta 0 roca, aunque son muy pocas las especies totalmente saxicolas. 

De acuerdo a la distribucion geografica conocida, las especies mexicanas de Usnea 

podrian agruparse en boreales y templadas, tropicales y endémicas. Aunque, refiriéndose 

al origen de las especies encontradas en los trépicos, particularmente en Australia y las 

islas de la region oeste del Pacifico, Stevens (1991) considera como tropicales unicamente 

a aquellas especies que crecen a altitudes bajas siguiendo la distribucion de los manglares 
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© creciendo en forofitos de origen tropical. Las especies que se desarrollan en elevaciones 

altas, en condiciones humedas y frias tienen un origen templado ya que inicialmente 

migraron de la Antartida siguiendo a géneros como Araucaria y Notophagus y deben 

referirse como especies templadas. 

La mayoria de las localidades mexicanas estan ubicadas entre los 1200 y los 4000 

msnm en bosques de coniferas puros o mixtos y mesdfilos de montafia, aunque hay dos 

localidades a altitudes bajas (360 m y 670 m) en las cuales ocurren bosques de Pinus- 

Quercus en las inmediaciones de bosques tropicales. Tales comunidades son consideradas 

de afinidades holarticas pero con una capacidad inusual de penetrar en zonas de 

condiciones climaticas mas cdlidas y secas (Rzedowskii 1981). 

Se recolecté material en distintas localidades del Desierto Sonorense donde sdlo unas 

cuantas especies estan bien representadas, pero también se estudiaron algunos ejemplares 

de herbario procedentes de localidades con vegetacién tropical o subtropical. Los 

forofitos mas comunes son Abies, Pinus, Quercus y Alnus, en menor grado Pseudotsuga y 

Cupressus; unas cuantas especies estan limitadas a rocas. No se encontro relacion entre la 

altitud y el sustrato, como la establecida por Swinscow y Krog (1978) en el este de Africa, 

ni tampoco preferencia alguna por un tipo de arbol como es mencionado por Halonen et 

al. (1998) en Columbia Britanica. 

Las especies de mas amplia distribucién y de mayor amplitud altitudinal son: a) entre 

las especies péndulas, U. ceratina Ach. (1300-3920 msnm), que es epifita, sdlo   

ocasionalmente saxicola, sigue claramente la distribucion de los bosques templados del 

pais, pero no ha sido colectada en Baja California. b) U. dasaea Stirt. , especie arbustiva 
  

que crece tanto en arboles como en roca, es la que tiene la mayor amplitud altitudinal, 

desarrollandose en zonas sitios con vegetacion xerdfila de Baja California (30-200 msnm) 

hasta el bosque meséfilo de montafia y bosque de coniferas entre 1550 m y 3000 msnm. 

Este tipo de distribucién sdlo es igualado por U. mubicunda, la cual también es 

principalmente corticola y ocasionalmente saxicola. U. cirrosa Mot., especie arbustiva 
  

apoteciada que alcanza los 3650 m de altitud presenta una distribucion similar a U. 

ceratina, pero esta mejor representada en los bosques secos de Chihuahua. 
  

Las especies de distribucion restringida corresponden a especies que alcanzan los 

limites de distribucién en nuestro pais, como es U. scabrata Nyl. que fue recolectada en 
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muy poeas localidades en zonas subalpinas del Eje Neovolcanico, siendo éste el limite sur 

de su distribucion en el continente. U. papillata, Mot. encontrada unicamente en una 

localidad, y reportada para Brasil, para la que México podria representar el limite norte de 

su distribucion. U. esperantiana Clerc y U. wirthii Clere han sido colectadas tan   

esporadica y escasamente que no se puede caracterizar su distribucién. 

Entre las especies conocidas solo para México, U.cristatula Mot. es la que tiene la mas 

amplia distribuci6n comparada con U. sanctaritae Clerc y Herrera-Campos, U. vitrea 

Clerc y Herrera-Campos, U. nashii Clerc y Herrera-Campos y U. ammannii Clerc y 

Herrera-Campos. 

U. angulata Ach. y U. transitoria Mot son ejemplo de especies morfologicamente muy 

similares, quimicamente distintas y con distintas tendencias de distribucion. U. angulata 

tiene un rango altitudinal mas estrecho que U transitoria y ha sido encontrada 

ptincipalmente al este y sur del pais en la Sierra Madre Oriental, Sistema Montafioso del 

Norte de Oaxaca y en el Macizo Central de Chiapas; mientras que U. transitoria se 

recolecto principalmente en el oeste, centro y norte de México en la Sierra Madre 

Occidental, Eje Neovolcanico Transversal y en las partes altas del Sistema Montafioso de 

Baja California, {a Sierra de San Pedro Martir al norte, y la Sierra de La Laguna al sur de 

esa peninsula. 
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METODOS Y MATERIALES 

Se recolectaron alrededor de 4000 ejemplares de Usnea en las principales zonas 
  

montafiosas del pais, en los bosques templados de las siguientes provincias fisiograficas’ a) 

Eje Neovolcanico Transversal (Colima, Distrito Federal, Estado de México, Jalisco, 

Michoacan, Hidalgo, Puebla, Tlaxcala y Veracruz), b) Sierra Madre Occidental 

(Chihuahua, Sinaloa, Durango y Nayarit), ¢) Sierra Madre Oriental (Nuevo Leon, 

Tamaulipas y San Luis Potosi), d) Sistema Montafioso de Baja California (San Pedro 

Martir, Baja California y Sierra de la Laguna, Baja California Sur), e) Sierra Madre del 

Sur (Guerrero); f) Sistema Montafioso del Norte de Oaxaca (Oaxaca) y g) Macizo Central 

de Chiapas (Chiapas). 

Cerca de 2700 ejemplares se usaron en los andlisis anatémicos y quimicos. En el 

estudio se incluyeron numerosos ejemplares recibidos en préstamo de los siguientes 

herbarios: ASU, BERN, COLO, DUKE, ENCB, FH, H, G, IBUG, LAM, LE, LUB, 

MEXU, NY, O, S, TUR, UPS, VT y W. 

La agrupacion inicial de todo el material se hizo con base al habito de los ejemplares, 

al tipo de reproduccién (sexual o asexual) y al tipo de médula, corteza y eje que 

presentan. Se reconocieron tres grupos artificiales principales: a) péndulos, b) arbustivos 

sorediados y/o isidiados y c) arbustivos apoteciados. En cada uno de estos grupos se 

separararon los ejemplares pigmentados y los no pigmentados. 

Los anélisis morfolégicos y anatémicos fueron realizados en un estereoscopio, los 

caracteres analizados se describen en los capitulos siguientes. La anatomia fue estudiada 

siguiendo el método de Clerc (1984a). En la parte mas ancha de la rama mas gruesa del 

talo, se hizo un corte longitudinal cuyo espesor sea la mitad del diametro de fa rama 

misma, exponiendo la corteza, la médula y el eje. Estas estratos se midieron y cada uno se 

referié relativamente como porcentaje del diametro total de la rama, Las tres mediciones 

corresponden a lo que se conoce como CMA, En las descripciones de las especies (n) 

representa el nimero de ejemplares analizados. En los articulos publicados, los 

porcentajes referidos para cada una de estas estructuras son los valores promedio + 

desviacién estandard; sin embargo, después del andlisis estadistico de las especies del 

20



complejo U. fragilescens, se decidié hacer la comparacion de ios valores porcentuales 

promedio considerando el error estandar de la media y no la desviacion estandard. 

Logs metabolitos secundarios fueron analizados siguiendo la técnica de cromatografia 

de capa fina estandarizada por Culberson y Ammann (1979) y modificada por Culberson y 

Johnson (1982). Se practicaron las pruebas de tincién convencionales (Hale 1979) 

practidas sobre la corteza y la médula expuestas en un corte longitudinal; ocasionalmente 

éstas se practicaron directamente sobre los soralios 

La técnica de cromatografia en capa fina utilizada fue la siguiente. Primeramente se 

extrajeron de los acidos liquénicos en tres cambios de acetona al 100%, llevando a 

sequedad cada uno de ellos. Al extracto se le afiaden unas cuantas gotas de acetona para 

colocar las muestras en placas de gel de silice para cromatografia en capa fina (BAKER 

Si25OF) de 250 ym de espesor, y de 10X10 cm. En cada una de las placas se incluyeron 

de dos a tres controles de composicion conocida y que servieron como referencia en la 

identificacién de las sustancias. 

Los cromatogramas y los pretratamientos se corrieron en tanques de vidrio bien 

sellados y en una campana de extraccion. 

Las mezias de disolventes utilizadas fueron A, B y C. La mezcla C fue usada 

principalmente por ser la de mas amplio espectro, mayor durabilidad y facil manejo. Las 

otras dos se utilizaron en los casos en que se necesitara informacién adicional sobre una 

sustancia, La composicion de los disolventes fue la siguiente: 

A: tolueno-dioxano-dcido acético (180:45:5) 

B: hexano-dietil éter-Acido formico (120:90:20) 

C: tolueno-dcido acético (200:30) 

Después de prepararlas, fue necesario esperar por lo menos dos horas antes de usar las 

mezclas, a fin de que fueran homogéneas. Las mezclas A y B debieron ser usadas y 

descartadas el mismo dia en que se prepararon. Asimismo, cuando se utilizaron las 

mezclas B y C se requirio practicar un pre-tratamiento a las placas. Cada placa se colocé 

en Acido formico al 60% durante 5 minutos, si se utiliz6 1a solucién B, y en acido acético 

al 100 % cuando se utilizé la solucion C. 

La solucién se dejé correr por la placa hasta que el frente alcanzo aproximadamente 1 

cm menos de la longitud de la placa. Esta se ley6 bajo fuz ultravioleta de onda corta (254 
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nm) y de onda larga (366 nm). Se marcaron las manchas observadas y se registraron su 

fluorescencia, color e intensidad de las mismas. 

Se utilizd acido sulfirico al 10% como revelador, aplicandolo a la placa con una 

brocha de esponja. Se dejé secar ligeramente y la placa fle colocada en un horno a 100 C, 

durante aproximadamente ocho minutos, o hasta que los colores de las manchas se 

hicieron visibles. Estos colores fueron registrados y se realizé una segunda lectura en UV 

de onda larga, anotando la fluorescencia, la intensidad y el color de las manchas. Cada 

mancha en la placa corresponde a una sustancia liquénica la cual es identificada con la 

informacion anterior y el Rf de cada una de ellas. Esta informacion se compara con la base 

de datos Mactabolites para verificar la identificacion de las sustancias liquénicas. 

EI tamafio relativo de la corteza, la médula y el eje con respecto al grosor de la rama 

principal, fue comparado de manera separada con ANOVA. Fue necesaria una 

transformacién logaritmica de los valores porcentuales de la corteza, y la elevacion al 

cuadrado de los del eje, para normalizar los datos. La prueba de Tukey HSD se usé para 

comparar las medias de cada especie después del ANOVA. 

La exploracién adicional de las similitudes y diferencias interespecificas usando los 

mismos caracteres, se llevé a cabo con un anilisis discriminatorio (Sharma 1996), Este 

tipo de anélisis ha sido practicado con éxito en problemas taxondmicos (e. g. Hess y 

Stoynoff 1998). Para este andlisis se emplearon 68 especimenes de U. cornuta s. lat., 60 
  

de U. brasiliensis, 66 de U. cirrosa, 38 de U. ramillosa s. str. y 44 de U. glabrata. Se   

usaron los valores reales de las tres variables en lugar de los porcentuales, aunque fue 

necesaria una transformacion logaritmica para satisfacer los requerimientos de normalidad. 

Ademis, debido a que la suposicion de la igualdad de las matrices de varianza-covarianza 

fue rechazada (prueba de Bartlett), se usd como regla de clasificacion una funcion 

discriminante cuadratica en lugar de una funcion lineal. El andlisis fue hecho con un 

programa SAS, haciendo uso de los procedimientos DISCRIM y CANDISC (SAS 1990). 

De acuerdo con la regla min {G-1, p}, donde G es el nimero de grupos (5 especies en 

este caso), y p es el numero de variables (3 caracteres), se trabajo con tres funciones 

discriminatorias. 

Finalmente se integraron dos bases de datos, la primera conteniendo la informacion de 

herbario y la segunda de la composicion quimica de los ejemplares estudiados. 
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Herrera-Campos, M. A., P Clerc, y T H Nash III 1998. Pendulous Species of Usnea 

from the Temperate Forest in Mexico. The Bryologist 101 (2); 303-329. 

Especies péndulas de Usnea de los bosques templados de México 

RESUMEN 

Este estudio representa el primer paso hacia un tratamiento moderno completo det 

género Usnea en México. Se describen las caracteristicas morfologicas, anatomicas y 

quimicas y 1a distribucion geografica de diecisiete especies péndulas mexicanas 

procedentes de bosques templados, cuyo espectro altitudinal fluctia entre 1300 y 1400 m 

Se reportan cuatro nuevos registros: U. goniodes (Stirt }) Mot. nueva para el continente 

americano; U. malmei Motyka., U. scabrata Nyl., s. lat. y U. subcabrosa Nyl. ex Motyka   

nuevos registros para México. Se proponen las siguientes sinonimias: U. ceratina Ach.   

(Syn. nov. U. solida Motyka.), U. filipendula Stirton (Syn. nov. U. sublaxa Vain. ex 

    Motyka.), U. himantodes (Syn. nov U. sericea Motyka.), U. malmei Motyka (Syn. nov. 

U sorediata (Zahlbr.) Motyka) y U. mexicana Vainio (Syn. nov. U. duriuscula Motyka). 

Usnea santaritae Clerc & Herrera-Campos y U. vitrea Clerc & Herrera-Campos son 
  

descritas como nuevas especies. 

En este articulo se definen e ilustran los caracteres diagndésticos del género y de las 

especies tratadas en particular, se incluye la descripcién de cada una con comentarios 

acerca de la variacion morfoldgica y quimica, tanto intraespecifica como interespecifica. 

Se presenta una clave para identificarlas, asi como los mapas de su distribucion en 

México. 
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ABSTRACT. This study is the first step towards a modern, thorough treatment of the 

genus Usnea in Mexico Morphological, anatomical, and chemical features as well as 
  

distribution of seventeen Mexican pendulous species from temperate forests (1300 to 

4000 m) are described U. malmei Mot, U. scabrata Nyl. s. lat., and U subscabrosa Nyl. 

ex Motyka are new records for the country. U. goniodes (Stirt.) Mot. is new for the 

  
  

American continent. The following synonyms are proposed: U. ceratina Ach. (Syn nov. 

U. solida Motyka), U. filipendula Stirton (Syn nov. U. sublaxa Vain. ex Motyka), U. 

  

  

himantodes (Syn. nov U. sericea Motyka), U. malmei Motyka (Syn. nov. U- sorediata 

(Zahlbr.) Motyka), and U. mexicana Vainio (Syn. nov U. duriuscula Motyka). 

Usnea santaritae Clerc & Herrera-Campos sp. nov., and U. vitrea Clerc & Herrera- 

  
  

Campos sp. nov are described. 

A key for Mexican pendulous species of Usnea is provided 
  

The genus Usnea is one of the most easily recognized of the fruticose lichens, yet it 
  

remains poorly understood at the species level due to the spectacular plasticity of such 

characters as color, length of the thallus, density of ramification, development and density 

of fibrils, shape of papillae, presence of foveolae, and thickness and growth of apices 

(Clere 1991). Motyka's monograph represents the only exhaustive taxonomical study of 

the genus. However, it is mainly based on the variable characters mentioned above. In 

many cases what may be simply morphological variants of one species are treated as 

multiple species (Clerc 1991; Swinscow and Krog 1978) 

Recent papers dealing with taxonomy of Usnea have put more weight on less variable 

characters, such as chemistry (Clerc 1987a; Swinscow and Krog 1978, 1979) morphology 

of soralia (Clerc 1987b), and several other morphological features (Swinscow and Krog 

1975, 1976, Clerc 1992). Attempts have also been made to include spore length (Clerc 
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1984), thickness of anatomical features, such as cortex, medulla, and axis (Clerc 1984, 

1994) as well as climatic and geographic data (Stevens 1992). 

  The literature available for Mexican species of Usnea is limited to scattered reports of 

species in floristic investigations, such as those from Bouly de Lesdain (1914, 1929, 1933) 

who reported for Mexico approximately thirty three species identified by Motyka. Gilbert 

(1935) mentions eleven species of Usnea from the Mexican Valley. Imshaug (1956) listed 

forty six species (subspecies, varieties, and forms were not considered). Guzman and 

Gonzalez de la Rosa (1976) published a list of the Mexican species and infraspecific forms 

that were cited by Motyka (1936-1938) From different localities in the country, Gonzalez 

de la Rosa and Guzman (1976) reported five species of Usnea, including the pendulous 

species: U. angulata Ach , U. cavernosa Tuck, and U. trichodea Ach. Coutifio and Mojica 

(1982; 1985) respectively, reported five species of this genus on their study of corticolous 

lichens from Hidalgo and listed six different Usnea from the region Perote-Xalapa in 

Veracruz. In the latter two papers U. dasypoga (Ach.) Motyka was the only pendulous 

species mentioned. None of these publications used TLC in the identification of the lichen 

substances; consequently, the determination of all these specimens needs revision. 

Culberson et al. (1983) described a new shrubby species from the Estado de México, U. 

lecanorica W. Culb , C. Culb. & Fiscus based on the presence of lecanoric acid in the 

  

  

  

medulla. 

This paper is the first of a series to discuss Mexican species of Usnea. For practical 

reasons, species have been first grouped artificially according to their growth habit and the 

presence or absence of apothecia versus soralia and/or isidiomorphs, following the general 

approach of Swinscow and Krog (1978, 1979) The main purpose of this paper is to 

describe the pendulous species, characterized by pendulous or subpendulous thalli with 

parallel branches on most of their length. These species occur typically in coniferous 

(Abies or Pinus dominated), mixed forests (Pinus-Quercus), or montane cloud forests. 

  

  
  

MATERIALS AND METHODS 

The specimens examined are primarily the senior author's personal collections made 

from numerous field trips to the temperate forests of the primary montane areas of 

different physiographic provinces in Mexico (Rzedowski 1981, Fig. 1) between 1992 and 

1996, Materials from the following herbaria are also included in this study: ASU, BERN, 

COLO, DUKE, ENCB, FH, H, G, IBUG, LAM, LE, LUB, MEXU, NY, 0, S, TUR, 

UPS, VT, and W. Most of the types of the 140 Usnea species reported from the Americas, 

and all of the species occurring in Europe (Motyka 1936-1938) have been studied as well. 
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The specimens were morphologically and anatomically analyzed under a 

stereomicroscope. Anatomical analyses were performed following Clere (1984) by 

measuring the relative thickness of the cortex, medulla, and axis (CMA) at the widest part 

of the main branch under the stereoscope at 40X, and are expressed as percentage of the 

total width of the branch In the descriptions, (n) stands for the number of individual thalli 

measured. 

The chemistry was studied by TLC following the technique standardized by Culberson 

and Ammann (1979) and modified by Culberson and Johnson (1982). The usual spot tests 

(Hale 1979) were performed on the exposed medulla of a longitudinal section of the main 

branch 

SPECIES CONCEPT 

In lichens, genetic evaluation of characters by crossing experiments is thus far 

impossible for technical reasons, Therefore, lichenologists have no choice but to seek 

discontinuities in characters that are assumed to be independent and genetically fixed. 

Each species accepted in this paper is a unique combination of morphological, anatomical, 

and chemical characters The correlation of at least two characters that are postulated to 

be independent (e.g. soralia morphology and chemistry, or cortical structure and 

chemistry) is the minimum condition for a population or a group of populations displaying 

these characters to be considered as good species. As a consequence, we do not consider 

morphologically identical chemotypes to be good species but to result from chemical 

variation within a taxon. In their revolutionary, for lichenology, gene flow study in 

Cladonia, Culberson et al. (1988) showed that closely related secondary metabolites are 

not necessarily an indication of close association. So, without experimentation, it makes 

no sense to overburden nomenclature by describing chemical races as species. 

One exception to this taxonomic species concept is used when considering primary 

versus secondary species (Poelt 1970, 1972). For these pairs, the unique difference is 

sometimes the presence versus the absence of soralia or isidiomorphs in secondary species 

and primary species respectively. For such cases, we agree with Durietz (1924) and 

Mattson and Lumbsch (1989) that looking at the distribution patterns of the fertile and 

asexual morphs in a species pair is an important step when considering how to rank them. 

The general distribution pattern of each one of the species pairs discussed here is given in 

Fig 2 Although many uncertainties remain due to lack of knowledge or differences in the 

taxonomic concepts used in previous studies, it is evident (Table 1) that in four out of the 

six species pairs considered, the asexual morph has a much wider distribution than the 

sexual morph, Each morph is given species rank. The same concept is applied to the two 
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species pairs (U._himantodes/U. mexicana and U. goniodes/U transitoria) where reliable 

  

information about their world distribution is not yet available. 

MORPHOLOGY 

Thallus 

Species described in this paper are up to 250 cm long with well developed points of 

attachment, except in U. cavernosa which often hangs loosely on twigs. Some species, 

such as U ceratina and U. subscabrosa, also have shrubby forms whose length ranges 

from 3 to 15 cm. Thallus color varies from pale yellow-green to dark olive green. 

Sometimes older branches become darker (e.g. U. filipendula). Although few species 

display a characteristic color, perception and description of this character are very 

subjective. Therefore, we agree with Swinscow and Krog (1978) that it is not an 

  

important diagnostic character in Usnea. 

Ramification 

Branching pattern in pendulous species is mostly isotomic dichotomous or 

filamentosic-dichotomous (Hawksworth 1972), with branches running parallel to each 

other. Density of ramification of the thallus (ie number of branches) strongly affects its 

general appearance (habit) and has been used in the past as a very important diagnostic 

feature (Clerc 1991). However, this feature is also very variable within Mexican species; 

therefore it is not regarded here as a good specific character. 

Trunk 
The trunk (Fig. 3) is defined as the part of the thallus which extends from the point of 

attachment to the main ramification. It may be very short and thus indistinct or well 

developed, or short (3-5 mm) to long (up to 28 mm). It is variously pigmented at the base, 

a diagnostic character regarded as very important. For instance, well developed black 

pigmented trunk occurs in U. _filipendula, whereas an orange-reddish pigmented base often 

occurs in U. subscabrosa and U. hesperina. 

Branches 

Branches in Usnea are usually more or less conspicuously segmented. In some species 

the frequency of segmentation is a good taxonomical character. Branches are i) tapered 

with the diameter slowly and regularly decreasing towards the apices, ii) cylindrical with a 

constant diameter over most of the length but decreasing rapidly close to the apices, or iii) 

irregular with the diameter varying along the length of the branch. 

Main branches are those which arise directly from the trunk and are usually the 

thickest ones (Swinscow and Krog 1978). Their shape in cross section is terete as in U. 

merrillii, U. hesperina, and U subscabrosa (Fig. 4a), flattened (Fig.4b), striated (Le. 
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delicately ridged without deforming the segments) as sometimes in U_ scabrata; irregular 

(.e. deforming the segments) as in U. cavernosa (Fig. 4c), ridged as in U. transitoria (Fig. 

4d), or alate as in U angulata (Fig. 4e) In longitudinal secton the segments are cylindrical 

as in U_ hesperina, U. subscabrosa, and U. filipendula (Fig. 5a,b,e), ridged as in U 

transitoria (Fig. Sc), trapezoidal as in U. angulata (Fig. 5d), + "sausage-like" i.e. swollen in 

the middle part as in U. scabrata (Fig. 5f). Finally, the segments can be deformed by the 

  

  

presence of depressions in the cortex like foveolae or transverse furrows as in U. 

cavernosa (Fig. 5g). 

Papillae and tubercles. 

The distinction made by Swinscow and Krog (1979) between papillae and tubercles is 

also followed in this study: papillae as protuberances of cortical material, whereas 

  

tubercles are composed of cortical and medullary material. It is common to find both 

structures on the same thallus. The presence, type, and distribution of these structures is 

variable among species; some being commonly papillate and/or tuberculate (U. ceratina, 

U subscabrosa, and U,_transitoria) (Fig. 6 a, b) Other species are rarely papillate or 

tuberculate (U. hesperina), yet others lack papillae and tubercles entirely (U._cavernosa). 

Shape and frequency of papillae have been found to be of no taxonomical significance 

Fibrils are lateral appendages composed of cortex, medulla, and a central axis that may 

function as diaspores (e.g. U. filipendula). Their average length is 3-5 mm, but may reach 

up to 15 mm. In the pendulous species, it is particularly common to find the so called 

“fish-bone" pattern of arrangement, in which fibrils are more or less regularly distributed 

on both sides of the branches, giving an appearance of vertebrae of a fish. This pattern is 

particularly clear in U. angulata, U filipendula, and U. transitoria (Fig. 5 d, e). 

Fibercles 

These structures are basically the scars left after the fibrils detach (Clerc and Herrera- 

Campos 1997), and as with the fibrils, they are composed of cortex, medulla, and central 

axis. Fibercles may also become sorediate and/or isidiate. Among the pendulous species 

studied they are characteristic of U. filipendula (Fig. 8 e). 

Pseudocyphellae. 

In Usnea we restrict the use of the word pseudocypheliae to those structures that are 

thin, elongated, fusiform discontinuities of the cortex that do not develop into soralia. 

Pseudocyphellae are constant and conspicuous in U cavernosa and U. malmei, and may 

sometimes be inconspicuous in other species (Fig. 7). 
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Soralia 

Soralia in these species produce farinose or granular soredia, usually in the gaps left 

after the detachment of isidiomorphs. . 

Soralia provide reliable characters, because their production and morphology correlate 

with variations of chemistry, distribution, and several morphological and anatomical 

features (Clerc 1987b). The following features are considered: origin (cortex, tubercles or 

papillae, fibril scars, cracks in the cortex, or nodules); situation with respect to the cortex 
  

(superficial, raised, or excavate); surface (plane, concave, convex, or capitate); size 

relative to the width of the branch bearing them (smail, less than half of the branch, more 

than half of the branch, or surrounding the whole branch), shape (punctiform, circular, 

longitudinally and/or transversely oblong, irregular); density (separated, partially 

  

  confluent, or totally confluent); margin (present or absent), location (on main branches, 

secondary branches, terminal branches, or fibrils) (Fig. 8 a-k). 

Isidiomorphs 

The thin and small isidia-like structures observed in Usnea are not homologous to the 

isidia s. str. found in other lichens. They are morphologically and anatomically identical 

with the “isidiod spinules" in Bryoria (Brodo & Hawksworth 1977) and may grow in the 

soralia (Hawksworth 1972; 1984), cracks of branches and rarely on cortex. Except for U. 

cavernosa, all sorediate species treated in ‘this paper have the potential to produce 

isidiomorphs mainly on soralia; rarely on cortex or on cracks of the branches. 

Apothecia 

Usnea filipendula, U. subscabrosa, and U, merrillii were never found with apothecia. In 

most other sorediate species, apotheciate specimens were rare, however, in few specimens 

  

apothecia were abundant, as in U. transitoria (caperatic acid strain). When present, 

apothecia are terminal, subterminal, lateral, or serial (Fig. 9 a-d), with pruinous, circular 

to somewhat irregular discs, located on terminal or tertiary branches, or on fibrils. 

  

ANATOMY 

The cortex, medulla, and central axis have various characteristics that are often 

diagnostic in species delimitation (Clerc 1984, 1987). 

Cortex 

Cortices vary from mat and soft as in U. hesperina; to shiny and hard as in U. ceratina; 

or to vitreous as in U. subscabrosa, which has the thickest cortex (14% of the total width 

of the branch). U. mexicana and U._cavernosa have the thinnest cortex (5.5%) (Table 1, 

Figs. 10) Some specimens of U. subscabrosa have a reddish pigment in the cortex 

distributed as discrete points, but this feature is of no taxonomical value. 
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Longitudinal and transverse cracks in the cortex may occur in several species, 

sometimes with calcium oxalate (?) excretions. Similar excretions also occur between 

segments, as at the base of main branches in U. hesperina. 

Medulla 

Medullary tissues (Clerc 1987) may be loose with few separated and conspicuous 

hyphae (Fig. 10 b), dense with agglutinated and individually visible hyphae (Fig. 10 a), or 

compact with agglutinated but not individually visible hyphae (Fig 10 c and d). - 

Usnea transitoria and U. angulata have a compact and thin medulla, which is 

sometimes hard to see. These species have the thinnest medulla among all the species 

observed: 11% and 15%, respectively. On the other hand, U. scabrata has the widest 

medulla (31%) (Table 1). Pink or yellow pigments are usually present in the medulla of U. 

ceratina, although they may be patchy 

Central Axis 
The thickness of the central axis is inversely proportional to the thickness of the 

  

  

  

medulla in the species studied. 

  The axis may be sinuous as it is often the case in U. cavernosa or straight as in all 

other species. Sometimes the axis is_fistulose as occurs in U. transitoria (Fig. 10 c) and in 

U. mexicana, but it is solid in other species The brownish to ochraceous central axis of U. 

mexicana is a constant and characteristic feature for this species, The medullary 

pink/yellow pigment of U ceratina sometimes extends into the axis.   

CHEMISTRY 

To the best of our knowledge, we provide the first report on the chemistry of 

  pendulous Usnea in Mexico (Table 2). Usnic acid is present in large amount in the cortex 

of all species. These species produced mainly depsidones, of which salazinic acid was 

found in thirteen species. Protocetraric acid was detected in three species. U. hesperina, 

U. subscabrosa, and U. mexicana. This latter species, with three chemotypes, showed the 

largest chemical variability. Norstictic acid is diagnostic for U. angulata 

Other secondary products included caperatic acid, the fatty acid found in U. 

transitoria, The B-orcinol paradepsides diffractaic and barbatic acids are present only in U. 

ceratina and U. mexicana. 

The species that showed a distinct chemistry were U. ceratina, U. cristatula, U 

  

angulata, U. malmei, and U. papillata. 

The large infraspecific chemical variation found by Swinscow and Krog (1978) for the 

pendulous Usnea in East Africa, was not observed in the Mexican species, except for U. 

  

  

mexicana. 
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ECOLOGY AND DISTRIBUTION 

All species occur commonly on Abies, Pinus, Quercus, and Alnus, and to a minor 

  

extent on Pseudotsuga and Cupressus. Occasional saxicolous specimens of U. ceratina, U. 

hesperina, and U. subscabrosa can also be found (Clerc and Herrera-Campos 1997). 

Most collection sites ranged from 1300 to 4000 m (Fig. 11), although there were two 

lower collection sites (360 and 670 m) at which Pinus-Quercus forests occurred. The 

latter communities have holarctic affinities, and are unusual in their ability to penetrate into 

zones where warmer and dryer climatic conditions prevail (Rzedowskii 1981). 

Usnea ceratina has the widest geographic and altitudinal (1300-3920 

m) distribution, although it is not found in the forests of Baja California (Figs. 11, 12 c). 

One species with a very restricted distribution is U. scabrata, which is found mainly in 

subalpine localities at 3800 m in the Eje Neovolcanico (Figs. 11, 12 b). U. angulata and U. 

transitoria are superficially similar species that are chemically distinct and have clear 

differences in their geographical and altitudinal distribution. U. angulata's altitudinal range 

is narrower that of U. transitoria (Figs. 11, 12 j, 1). The former species is found mainly in 

the east and south of the country in the Sierra Madre Oriental, Sistema Montaiioso del 

Norte de Oaxaca, and Macizo Central de Chiapas. U. transitoria was collected in the west, 

center, and north of Mexico at Sierra Madre Occidental, Eje Nevolcanico Transversal, and 

the highlands of Sistema Montafioso de Baja California. Distributional overlap is so far 

  

  

limited to just one locality. 

KEY TO MEXICAN PENDULOUS USNEA 
  

1. Soralia (sometimes immature, and looking like small circular 

_ pseudocyphellae), and/or isidiomorphs present; apothecia absent or 

  

to many apothecia ...... : Fee ene ee ceneeeeteteestaetenane 6 ssteeteeneteeaeee 11 

  2. Central axis ochraceous brown, brittle ..... . 11 U. mexicana 

    

2. Central axis not ochraceous broWN wc ce eee cee te teense 3 

3. Medulla with pink or yellow pigment (sometimes very faint), CK* deep 

yellow-orange, diffractaic acid present... ccs eeceeeererereerereeeeee 3. U. ceratina 

3. Medulla without pigments; CK- or CK+, never with diffractaic acid 0.0.0. 4 
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4. Medulla K-, P+ red-orange; protocetraric acid as the main secondary 

      substance.. fee fees 3 

4. Medulla K+ yellow or red, P+ + yellow or red, or K- P-, protocetraric acid 

never present 00.0.0... eee See ee eee se 6 

Cortex vitreous and hard, base often tinged with red..... .... ... 15. U. subscabrosa 

  

vives 8. U hesperina   Cortex mat and soft; base often tinged with orange.... 

6 Branch segments distinctly ridged or angulate; medulla very thin (10-15%), and 

compact; axis very thick (45-65%)......... .. Lo eesecerseerettnenstsneteneesen sees . 7 

6 Branch segments without distinct ridges or wings, at most striate; medulla 

thicker (20-30%), dense to compact; axis thinner (30-40%) 0 cece eee 8 

Branch segments distinctly alate, with trapezoid-like segments; edges 

of wings eroded, opening longitudinally, and exposing the medulla; 

norstictic acid present... cesses eerste bee eeteete cae 1. U. angulata 

Branch segments not alate but distinctly ridged, edges of segments not 

opening longitudinally, medulla not visible; salazinic acid or caperatic acid 

PFESEME cere centers cee ce teres eee Lenten esesteees 16. U. transitoria 

8. Branches regularly and conspicuously segmented, with distinct regeneration 

areas between the segments 0.00060 cee cet eteeeeeeeenes ceeernninierieeeene 9 

8. Branches irregularly segmented, without regeneration areas between segments10 

Pseudocyphellae conspicuous, often in patches on main branches; longitudinal 

cracks present; cortex vitreous and hard; stictic acid or unknown secondary 

substances UP1 and UP2 present... ice. cece teers eeeserereeeeaens 9.U. malmei 

Without conspicuous pseudocyphellae; longitudinal cracks absent, cortex 

mat to shiny, and soft, salazinic acid present... cette 10 U. merrillii 
  

10. Branches irregular; segments slightly to distinctly swollen; soralia on 

low tubercles; fibrils few to numerous, irregularly disposed on 

branches oe eeeeeeeeeeteees nee se aneeeesesesesrereneeeeesens 14. U. seabrata 

10. Branches tapering; segments cylindrical: soralia on fibercles; fibrils 

numerous in fish-bone pattern oii ceeeesceeteeereenetereneees 5. U. filipendula 
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1k. 

11. 

13. 

13. 

15. 

15. 

17. 

17, 

Longitudinal cracks with involute edges ....... ....6. e+ 

  

  Longitudinal cracks without involute edges or absent. ....... feeeeeeeeeneees 12 

12. Branches distinctly foveate; papillae absent, cortex thin (4-8 %); 

central axis often sinuose we tte . 2 U. cavernosa 

12, Branches not foveate; papillae usually present; cortex thicker; axis 

rarely SINUOUS 0) eee ceeeereeee eee reenter ne 13 

Central axis ochraceous brown, brittle 

    

Central axis neither ochraceous brown nor brittle © ce cette 14 

14. Medulla with pink or yellow pigment (sometimes very faint), CK+ 

deep yellow orange, diffractaic acid present 0.0.0.0 0. eee 4. U. cristatula 

14. Medulla not pigmented; C-, CK-, or CK+ reddish orange, diffractaic 

acid absent... icccccccsescseceeees eee ceeeeseseseneeteres 0 fstaesetessesesenaeas we ES 

Medulla K-, protocetraric acid as main secondary substance . 

Medulla K* yellow or red, protocetraric acid never present .. 

     

  

16. Cortex mat and soft; base conspicuously annulated, tinged with 

orange . beeen teaeeeneereenee b beeeeeseenseee . 6. U. firma. 

16. Cortex vitreous and hard: base not conspicuously annulated, tinged 

with red. cee ceteeeeteeetes 0 teaeaeeeneenes . oo ee 17, UW vitrea, 

Branch segments distinctly ridged or angulate; medulla very thin (10-15%) 

and compact; axis very thick (45-65%)... ese fe seeteeeesetetetettee cee eee 18 

Branch segments without distinct ridges or wings; at most striate, medulla thicker 

(20-30%), dense to compact; axis thinner (30-40%) 0... 0. eee ce ree 19 

18. Branch segments distinctly alate, with trapezoidal segments, edges of 

wings eroded, opening longitudinally and exposing the medulla; 

norstictic acid present 0 cece ce ceeeeeseeeetetetee ce eereees 19. U. alata 

18. Branch segments not alate but distinctly ridged, edges of segments not 

opening longitudinally, medulla not visible; salazinic acid or caperatic 

acid present 0.00 Lo eer Feat vereteteee seeeneeers 7 U. goniodes



19. Pseudocyphellae conspicuous , often in patches on main branches, with 

longitudinal cracks; cortex thick, vitreous, and hard; papillae frequent; 

unknown secondary substances UP1, and UP2 present ...........0.005 12. U papillata 

19. Conspicuous pseudocyphellae and longitudinal cracks absent, cortex 

thin, mat and soft; salazinic acid present ..0...0.0 cece sete ceeeeeee 13. U. sanctaeritae 

TAXA 

1. Usnea angulata Ach. Synops. Lich.: 307. 1814. TYPE. America septentrionalis, 

Muhlenberg (holotype, H-ACH 1800!). %C/%M/%A: 8/4.5/74. Chemistry: usnic, and 

norstictic acids (thin layer chromoatography by O. Vitikainen). 

Usnea sulcata Lich, Gen. Usnea Stud. Monogr. Pars Syst. 2: 478. 1938. TYPE: 

BRASILIA. Minas Geraés, Sitio, 1885, Vainio (holotype, TUR-V 00450 !) 

%MC/IMM/MA. 8.5/14.5/55. Chemistry: usnic, and norstictic acids. 

Thallus pendulous 10-90 (160) cm long, rigid, glossy, sparsely to moderately branched 

with anisotomic dichotomous and parallel branches; often with many points of attachment; 

trunk indistinct, sometimes up to 10 mm long, brownish, concolorous with or paler than 

the branches; branches [(0.4)-0.50-0.7-0.9-(1.7)} mm thick (n = 35), cylindrical, tapering 

only close to the apices, distinctly segmented; segments weakly to strongly alate, 

trapezoidal when optimally developed, edges of wings eroded and opening longitudinally 

exposing the medulla, apices thin, with few ramifications; papillae absent to numerous 

especially on main branches, large, cylindrical to truncate-conical; tubercles absent; fibrils 

numerous, 2-4 (6) mm, spinulous, in fish-bone arrangement; pseudocyphellae thin and 

elongated, inconspicuous, scattered; soralia arising on small and low elevations on the 

cortex of fibrils and small lateral branches, almost circular to longitudinally oblong, 

punctiform to wider than half of the branch, slightly to distinctly tuberculate, with a 

conspicuous cortical margin when mature; isidiomorphs on soralia, sparse, and not 

conspicuous; cortex thin [(4.5)-6-8 5 %-11-(15), n = 35], vitreous, sometimes producing 

schizidia, especially on the wings; medulla thin ((2)-8-14 %-20-(28.5), n = 35], compact; 

axis thick [(31)-41-53 %-65-(83), n = 35]; chemistry: usnic, and norstictic acids (n = 35). 

Variation _ The variable features of U. angulata are the frequency of papillae and the 

development of soralia from absent to well developed 

Distinctive features _ Among the sorediate pendulous Usneae, this species is the only 

one having typically alate and trapezoidal segments that open at the top exposing the 

medulla. Other typical features are the glossy cortex, the anisotomic dichotomous 
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branching pattern with fibrils in a fish-bone pattern, the very thick central axis, and the 

presence of norstictic acid as a main secondary substance. 

A very similar species, U. transitoria, differs mainly in its branch segments, which are 

more frequently ridged rather than trapezoidal, thinner medulla (11%), type of soralia, and 

the presence of salazinic acid or caperatic acid as main medullary secondary substances. 

Distribution and ecology The synonym U. sulcata, a very robust morphotype, is 

reported from Cuba, Jamaica, Mexico, Honduras Costa Rica, Colombia, Ecuador, 

Venezuela, Peru, Brasil, Argentina, Paraguay, and Africa (Motyka 1938). Two other taxa, 

U. asahinai, and U torquescens, given as synonyms by Awasthi (1986) are reported from 

  

Japan, New Zealand, Australia, and Tasmania (Motyka 1938, Asahina 1971). U angulata 

has also been reported from Mexico and United States (Motyka 1938; Fink 1971; Hale 

1979), and India (Awasthi 1986). In Mexico it was collected in Chiapas, Guerrero, 

Hidalgo, Jalisco, Nuevo Léon, Oaxaca and San Luis Potosi (Fig. 12 j). Although it is 

predominately epiphytic on Quercus, Pinus, and Pyrus, it has also been found growing on 

Prosopis in tropical deciduous forests. Its altitudinal range is (360 m) 1500-2200 m (Fig. 

11). 

Exsiccatae examined. Lich. Exs. COLO 316 (ASU); Lich. Can Exs. CANL 218 

(ASU); Kurokawa and Kashiwadani, Lich Rar. et Crit. Exs. 350, 450, 550 (ASU). 

Selected specimens examined. MEXICO. CHIAPAS. km 11 of the road to Huiztlan, 

Herrera-Campos 4889 (MEXU). GUERRERO. Zihuaqueo-Filo Mayor, Hinton 9300 

(COLO). HIDALGO. 100 km S$ of the bridge at Tamazunchale, along hwy. 85, Hellwigh 

1240 (DUKE) JALISCO. North of Talpa, Garcia 226. (BUG). NUEVO LEON. 

Galeana, Hinton 18664 (ENCB); Cumbres de Monterrey. Puerto El Tejocote, Zambrano 

11/29/1992. OAXACA, Along Pan-American Highway (km. 493-4), Iltis et al. 3039 

(ENCB); Cerro del Veinte, Herrera~-Campos 4884 (MEXU). 

  

  

2, Usnea cavernosa Tuck., Agassiz, Lake Superior, p. 171. 1850. TYPE: America 

Septentr. ad oras Lacus superioris, Tuckerman (holotype, F!) YCIMMM/MA: 3 5/36/21 

(thallus a), 4/35/22 (thallus b). Chemistry: usnic acid (both specimens). 

Thallus pendulous with parallel branches, up to 60 cm, isotomic dichotomously 

branched, flaccid, hanging loosely on branches and twigs, sometimes with several 

attachment points; trunk indistinct to short (1-2 mm long) paler than or concolorous to the 

branches; branches thick [(0.3)-0.45-0.6-0.75-(0.85)] mm (n = 39), cylindrical to irregular, 

tapering very slowly, commonly conspicuously foveolate, segments terete, striate, or 

  

  

weakly ridged, cylindrical; apices long, capillary, and sinuous; papillae absent; tubercles 

absent; fibrils absent to scarce and irregularly distributed, 1-3 (5) mm_ long; 
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pseudocyphellae fusiform to elongate-sinuous; soralia and isidiomorphs absent; cortex thin 

[(2 5)-4-6 %-8-(10.5), n = 39], shiny and smooth, with thin transverse cracks; medulla 

[(10.5)-19-25 %-31-(40.5), n = 39], dense, axis thick [(7.5)-27.5-38 %-48.5-(62.5), n= 

39], straight to typically sinuous, apothecia rare, small (1-3 mm diam ) subterminal; spores 

  

subglobose, (5)7-11 X 5-9 ym; chemistry’ usnic acid and salazinic acid (n = 45). 

Variation. The shape of the branch segments is the most variable character of U. 

cavernosa; specimens from dryer areas seem to be more foveolate with irregularly 

deformed segments in cross section, in contrast with specimens from more humid, 

probably more protected areas, which have terete and distinctly striate segments with 

almost no foveolae. 

Distinctive features. The distinctive features of U cavernosa have mostly slender   

branches with numerous elongate-sinuous pseudocyphellae not developing into soralia and 

lacking papillae 

Some thalli may look superficially similar to U. trichodea and U. merrillii, which differ 

in their distinctively and regularly segmented branches with cylindrical, not foveolate 

segments, straight axis, and the presence of fibrils, soralia, and isidiomorphs. The colored 

axis and the chemistry also make U. trichodea different. 

Distribution and ecology Usnea cavernosa is a circumpolar, boreal to temperate 

species (Thomson 1984), reported from Central Europe to Northern Central Asia, and 

North America from Alaska to Mexico, and Cuba (Motyka 1938; Thomson 1984) 

However James et al. (1992) mention that reports of this species for the British Isles may 

be based on specimens collected outside the isles. Halonen et al. (1998) report this species 

from British Columbia scattered along the coast at low elevations under 500 m and less 

frequent towards inland areas, Hale (1979) refers it from the conifers from the 

northeastern United States and Canada, and also from the front ranges of the Rocky 

Mountains through Colorado, New Mexico, and Arizona. 

In Mexico, it grows on Pinus, Abies, and Alnus from 1800 to 3900 m (Fig. 11), and 

ranges from northern Baja California, northwestern Sierra Madre Occidental (Chihuahua, 

Sonora, Sinaloa, and Durango) to the Eje Neovolcanico Transversal (Estado de México, 

Jalisco-Colima, Michoacan, and Puebla). Its southern limit is in the southern Sierra Madre 

Oriental (Hidalgo) (Fig. 12 a). Its presence in Baja California Norte is consistent with that 

flora's affinities to western North America, as clearly established for vascular plants by 

Rzedowskii (1981, 1993) and for mosses by Delgadillo (1993). 

Selected specimens examined _ MEXICO. BAJA CALIFORNIA NORTE. San Pedro 

Martir, Nash 14656. ( COLO); Herrera-Campos 4581 (MEXU). DISTRITO FEDERAL. 

Mountain Tlaloc, Antipovich 121 (COLO). NUEVO LEON Vertiente NE del Cerro 
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Potosi Mpio. de Galeana, Rzedowski 27163-A (ENCB) CHIHUAHUA, Nash 36435 

(ASU). Road Basaseachic-San Juanito, Herrera-Campos 2427 (MEXU). ESTADO DE 

MEXICO. Volcan Popocatepetl, Ruiz Oronoz 6/8/1957 (MEXU). 8 km from El Paso de 

Cortés, Herrera-Campos 2332 (MEXU). SONORA, Felger et al. 92857 (ARIZ). 

PUEBLA. Pico de Orizaba, Smith 2/24/1892, (LAM). DURANGO 2 km from the border 

with Sinaloa, ! km from Barranca de Liebre, Herrera-Campos 2574 (MEXU). 

  

  

  

  

3. Usnea ceratina Ach Lichen. Univ 610. 1810. TYPE: (Poland) Silesia, Mosig 

(holotype, H-ACH 1890 !). %C/%M/%A: 9.5/23/35. Chemistry: usnic, diffractaic, 

barbatic, and squamatic acids. 

Usnea solida Motyka, Lich. Gen. Usnea Stud. Monogr Pars. Syst. 2: 382. 1938. TYPE: 

MEXICO, Veracruz, Jalapa, 1840, Galeotti (holotype,W !). %C/%M/A%: 12.5/21/33. 

Chemistry: usnic, diffractaic, and barbatic acids, and several unknown substances from the 

diffractaic group 

Thallus erect to pendulous, 3-70 cm long, isotomic to anisotomic dichotomously 

ramified, branches divergent or parallel; trunk 25-13 mm, rarely up to 25 mm, 

concolorous with or paler than the branches, or yellow to dark brown pigmented, branches 

[(O 5)-0.7-1.0-1.3-(2.3)] mm thick (n = 123), cylindrical to irregular, slightly or 

conspicuously foveate or transversely furrowed; segments terete, striate, or weakly ridged; 

cylindrical or slightly swollen; apices short and thick to long and slender, papillae absent to 

numerous, from indistinct to verrucose; tubercles always present, usually abundant, 

conspicuous; fibrils numerous, spinulous (1-3 (4) mm) and long (10 mm), irregularly 

distributed; pseudocyphellae absent; soralia arising from the cortex, on tubercles or 

striations, located mainly on the fibrils, plain to convex, frequently capitate, occasionally 

excavate, punctiform to wider than half of the bearing branch, with margin, rarely 

confluent, when crowded curving the tips of fibrils; isidiomorphs mainly on soralia, also 

cortical, and along the edges of longitudinal cracks; cortex [(3)-6.5-9 %-11.5-(18), n = 

123] thick, shiny to vitreous, hard, smooth to densely cracked; medulla [(12.5)-19-24 %- 

29-(38.5), n= 123] thick, dense to compact, rarely loose, pink, and/or yellow pigmented; 

axis [(9)-26.5-34,5 %-42.5-(57), n = 123] thick, white, translucent, wine red, pink or 

yellow pigmented; apothecia rare, terminal or subterminal, 1.5-5 mm diameter; chemistry: 

usnic, diffractaic, + barbatic, + squamatic acids, + unknown fatty acid (C: 3-4), + 

unknowns C: 1-2, 5 (n= 75). 

Variation This is the most polymorphic of the sorediate pendulous species. The 

    

  

  

  

  

  

  

  

variable features include the growth habit, ramification pattern, thickness of the branches, 

segment shape, and abundance of tubercles, soralia, isidiomorphs, and fibrils The general 
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appearance of the thallus varies from extremely coarse to slender, and its consistency from 

rigid to flaccid. There is a continuum of morphs from very rigid, coarse, erect thalli to 
long, slender, pendulous ones, that may have isotomic, anisotomic or filamentous 

dichotomous ramification The segments of the branches vary from terete to moderately 

ridged in cross section, and in longitudinal section they may be circular, swollen or 

sometimes deformed by the presence of depressions in the cortex like transverse furrows. 

The soralia vary in size from punctiform to very broad, with more than half of the 

branches bearing them. The isidiomorphs, besides being present on the soralia, can also 

develop on the cortex or along the edges of longitudinal cracks. The concentration of the 

pigment in the medulla and axis is also variable. 

Distinctive features. Usnea ceratina is characterized by the rigidity and coarseness of 

the thallus, its very hard and shiny to vitreous cortex, the presence of conspicuously 

sorediate tubercles, its pinkish pigmented medulla and axis, and the occurrence of 

diffractaic acid as the main secondary substance. 

The pendulous thalli of U. ceratina can be distinguished from U. filipenduia in that the 

latter species has smaller soralia arising on fibril scars (fibercles) that are distributed over 

the entire thallus, its softer, and mat cortex, its unpigmented medulla, and the occurrence 

of salazinic acid as the main secondary substance in the medulla. 

Usnea subscabrosa also is similar to U ceratina, but the medulla of the former species 

is never pigmented, the soralia are smaller and do not arise on large tubercles, the basal 

    

  

    

part is often reddish, and protocetraric acid is produced as the main secondary substance. 

Under non-favorable conditions, such as in polluted environments, the shrubby forms 

of U. ceratina resemble normal thalli of U. cornuta Kérber, with typically curved apices 

Games et al. 1992). This was observed in collections from environs of Mexico City. U. 

cornuta is a smail, shrubby species that has a very characteristically loose unpigmented 

medulla and thin axis, and it does not produce diffractaic acid. 

    

  

Usnea solida is a morphotype in which the medullary pigment is not visible. 
  

Distribution and ecology. Usnea ceratina has a wide world distribution. In the 

Northern Hemisphere, it occurs in Europe from the British Islands (James et al. 1992) to 

Russia (Motyka 1938; Schindler), and in North America from Canada to Mexico (Hale 

1979, Halonen et al. 1998; Motyka 1938), and in Asia (Asahina 1965, 1973). 

Its synonym U. solida has been cited for México, Costa Rica (Motyka 1938), and from 

Venezuela (Lopez 1986). . 

In Mexico, U. ceratina has the widest geographical and altitudinal distribution of all 

the species considered herein. Although it is not found in the forests of Baja California, it 

clearly follows the distribution of the mainland temperate forests in the physiographic 
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provinces described by Rzedowski (1981) (Fig. 1). Although it grows better in the more 

humid woodlands in the Eje NeovolcanicoTransversal, and Sierra Madre Oriental, it has 

occasionally been found in subtropical forests. It has been collected in Chiapas, 

Chihuahua, Durango, Estado de México, Hidalgo, Jalisco, Jalisco-Colima, Mexico City, 

Michoacan, Morelos, Nayarit, Nuevo Leon, Oaxaca, Puebla, Querétaro, San Luis Potosi, 

Tlaxcala, and Veracruz (Fig, 12 c). Its altitudinal range is (670) 1300-3920 m (Fig. 11) 

mainly on Abies, Quercus, Pinus, Alnus, Pseudotsuga, members of the Compositae, 

Prunus and Pyrus, and occasionally on rocks (Clerc and Herrera-Campos 1997). 

Selected specimens examined._ MEXICO, OAXACA. Mpio. Ixtepeji. Sierra Juarez, 

Iltis 27180. (MEXU). MORELOS. Serrania del Ajusco, Iltis et.al. 1666 (ENCB). 
PUEBLA. Esperanza, 2400 m, Arséne 4268. (COLO) HIDALGO. El Chico, Ruiz- 

Oronoz 1948; Herrera~Campos 657, 4369 (MEXU); Nash II] 38038 (ASU). DISTRITO 

FEDERAL, Desierto de Los Leones, Herrera~-Campos 1452 (MEXU). ESTADO DE 

MEXICO. Road to Sultepec 2 km from La Guacamaya, Herrera-Campos 1602.4 

(MEXU). MORELOS. Lagunas de Zempola. Camino Santiago Tianguistengo-Huitzilac, 6 

km from the detour to Huitzilac, Herrera~-Campos 1723 (MEXU). DURANGO. 2 km 

from the border with Sinaloa, 1 km from Barranca de Liebre, Herrera-Campos 2568 

(MEXU). MEXICO. Volcan de Colima, Kerba 3015 (BERN). 

  

  

4. Usnea cristatula Motyka Lich. Gen. Usnea Stud. Monogr. Pars. Syst. 2: 641. 1938. 

TYPE: MEXICO, Michoacan, Morelia, Cerro Azul, 3300 m, Brouard (holotype, LUB !). 

%CAM/MA: 13/16.5/41, Chemistry: usnic, diffractaic, and squamatic acids. 

Thallus erect to pendulous, 3-70 cm long, isotomic to anisotomicaly dichotomous 

ramified, branches divergent or parallel; trink 2.5-13 -(25) mm, concolorous with or paler 

than the branches, yellow to dark brown; branches [(0.6)-1-1.4-1.8-@.1),n = 27] mm 

thick, cylindrical to irregular, slightly or conspicuously foveate and/or transversely 

furrowed; segments terete, striate to weakly or strongly ridged, cylindrical, slightly 

swollen or trapezoidal; apices short and thick to long and fine, papillae absent to 

numerous, from indistinct to verrucose; tubercles always present, regularly abundant, 

conspicuous; fibrils numerous, spinulous (1-3 (4) mm) and long (10 mm), irregularly 

distributed; pseudocyphellae punctiform, elliptical, on the cortex or on top of tubercles; 

cortex [(6)-8.5-1L5 %-14.5-(16.5), n = 27] thick, shiny to vitreous, hard, smooth to very 

cracked; medulla [(12)-17-21.5 %-26-(33), n = 27] thick, dense to compact, rarely loose, 

pink and/or yellow pigmented; axis [(21.5)-27-34 %-41-(48.5), n = 27] thick, white, 

translucid, wine red, pink or yellow pigmented; apothecia terminal or subterminal, 1.5-5 
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mm diameter, chemistry: usnic, diffractaic, + barbatic, + squamatic acids, + unknown fatty 

acid (C: 3-4), + unknowns C; 1-2, 5 (n = 27). 

Variation Except for those characters related to soralia, U. cristatula has similar 

variation to that found in U ceratina. 
  

Distinctive features... The pigmented medulla together with the presence of large   

tubercles, shiny to vitreous cortex, and distinct chemistry make this species easily 

recognizable among the pendulous taxa without soralia. We consider U. cristatula to be 

the primary species of U. ceratina. 

Distribution and ecology._Usnea cristatula is only known from Mexico (Motyka   

1938). Among the pendulous primary species, U. cristatula has the widest distribution 

range in the country. As might be expected, U. cristatula has a slightly more restricted 

distribution than U. ceratina. Both were collected in the same localities and substrata in alt 
  

physiographic provinces, except in Chiapas, where U. cristatula was not found (Figs. 11, 

12 d). 

According to their known worldwide distribution in Fig. 2, it is probable that U. 

cristatula and U. ceratina have arisen in Mesoamerica and only U. ceratina succeeded in     

invading other continents. 

5. Usnea filipendula Stirton, Scott. Naturalist 6: 104. 1881, s. lat. TYPE: America 

borealis. Roy (holotype BM, not seen). 

Usnea sublaxa Vain. ex Motyka, Ann. Univ. Marie Curie-Sklodowska, Sect. 3, Biol. I, 9: 

217, 1936 TYPE. FINLAND Tavastia’ Lammi, Evo. In betulis, Norrlin (holotype, TUR- 

V 34747 !). %C/M%M/%A: 10/21/38. Chemistry usnic acid. 

Thallus pendulous, up to 60 cm long, with anisotomic to isotomic dichotomous 

branching, and parallel branches; trunk usually well developed, over 1-15 mm, with 

distinct annular cracks sometimes attenuated at point of attachment, distinctly jet black 

pigmented, branches [(0.35)-0.5-0,75-1.0-(1.25)] mm thick (n = 35), tapered to 

cylindrical, distinctly segmented, often exposing the medulla or the axis, main branches 

distinctly darker than the rest of the thallus, segments terete and cylindrical; apices clearly 

anisotomic dichotomous, often capillary, with few ramifications; papillae cylindrical to 

  

  

  

conical, sparse to numerous, mostly on main branches, tubercles absent, fibercles 
  

abundant; fibrils 2-10 mm long, numerous and conspicuous, arranged in fish-bone pattern, 

frequently detaching and leaving fibercles, pseudocyphellae inconspicuous, linear on small 

branches; soralia arising from fibercles, + punctiform, rarely enlarging, and reaching more 
  

than half of the bearing branch, plane to convex, circular, without margin, rarely confluent; 

isidiomorphs conspicuous and numerous, mostly on young soralia; cortex [(6.5)-7.5-9 5 
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%-1] 5-(13), n = 35] thick, mat to slightly shiny, medulla [(11)-17-22 %-27-(30 5), n= 

35] dense to compact; axis [(21.5)-26.5-365 %-46.5-(S8), n = 35] thick, apothecia 

absent; chemistry usnic acid, and salazinic acid (n = 51). 

  

Variation... Usnea filipendula is a very variable species with many different   

morphotypes that vary in characters such as the thickness of the branches, the pattern of 

ramification, the abundance of isidiomorphs, soralia, papillae, and fibrils as well as the 

density of the medulla, and the appearance of the cortex. A world revision of this group is 

necessary to decide if it includes different species or not. 

Distinctive features. Usnea filipendula s lat, is characterized by a black base, main 

branches that are distinctly darker than the rest of the thallus, cylindrical segments, fish- 

bone pattern of the fibrils, numerous fibril scars or fibercles on which isidiomorphs and 

soralia develop (Clerc and Herrera-Campos 1997). Pendulous thalli of U. madeirensis 

resemble U. filipendula but have distinct and numerous annular cracks at the base, a 

    

thinner, and more compact medulla, and larger soralia arising ab initio on the cortex, and 

not on fibril scars. U. scabrata is sometimes difficult to separate from U filipendula but it 

has irregular branches often with weakly sausage-like segments, a different type of soralia 

mainly arising on small eroded tubercles, and fibrils that are not in fish-bone pattern. 

Distribution and ecology. The distribution of this species is circumpolar in boreal to 

northern temperate regions (Thomson 1984). It has been reported from southern to 

northern Europe, northern Asia (Siberia), western North America, and Mexico (James et 

al. 1992; Motyka 1936-38). In the United States (Hale 1979 as U. dasypoga) it is present 

on the west coast and other inland locations, as well as in the northeastern part of the 

country where it is coastal, down to the southern Appalachians. 

  

Thomson (1984) mentions that this species occurs more commonly on the West coast 

than on the East coast, but in Mexico it was collected mainly along the eastern side of the 

country, in the Eje Volcanico Transversal (Jalisco-Colima border, Morelos, Estado de 

México, Mexico City, Estado de México-Michoacén border, Hidalgo, Puebla, and 

Veracruz) Sierra Madre Oriental (Veracruz and Nuevo Ledn), and Sistema Montafioso del 

Norte de Oaxaca as its southern limit (Fig. 12 i). 

Selected specimens examined. MEXICO. DISTRITO FEDERAL. Desierto de los 

Leones, Ruiz-Oronoz January 1940 (MEXU). VERACRUZ. Nash 35775 (ASU). 

HIDALGO Presa Jaramillo, Rzedowski 29-VI-1978 (ENCB). El Chico, Herrera- 

Campos 678 (MEXU). Laguna de Atezca, Herrera~Campos 28] (MEXU). ESTADO DE 

MEXICO, Road to Sultepec, 2 km from the detour to La Guacamaya, Herrera-Campos 

1689 (MEXU). 8 km from El Paso de Cortés 2350 (MEXU). VERACRUZ. Cofre de 

Perote, Nash 35775 (ASU). 
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6 Usnea firma Motyk, Lich. Gen. Usnea Stud. Monogr Pars. Syst. 2: 410. 1938. 

TYPE’ BRAZIL. Teresiopolis, Wawra (W, holotype, not seen; LBL nr 005218! isotype). 

%CHMM%A. 8/17/59. Chemistry: usnic and protocetraric acids. 

Thallus pendulous up to 55 cm long, isotomicaly to anisomicaly dichotomous 

  

  

branched, with branches mostly parallel; trunk conspicuously annulate, 2-12 mm long, 

usually orange-brown pigmented; branches [(0.6)-0,8-0 9-1 0-(1.1) mm thick (n = 12), 

distinctly annulated in the basal parts, cylindrical, tapering very slowly, segmented, 

  

  

segments terete and cylindrical, apices thick, papillae absent; tubercles absent, fibrils long 

(5) - 10-20 -(30) mm, curved, few, and irregularly distributed to numerous, and in a fish- 

bone arrangement; pseudocyphellae absent; soralia absent; isidiomorphs absent; apothecia 

lateral, (1.5)-2.5-12.5 mm diameter, on small branches and fibrils; spores 7 5-10 5 X 4.5- 

7.5 wm; cortex [(7)-8-10.5 %-13-(13.5), n = 12] thick, mat; medulla [11)-12-14.5 %-17- 

(19), n = 12] thick, compact; axis [(43 5)-46 5-50 %-53.5-(55), n = 12] thick; chemistry 

usnic and protocetraric acids (n = 8). 

Variation..The variation of the characters is the same as in U_hesperina, with the 

exception that soralia that are absent in U. firma. 

  

Distinctive features. Usnea firma is the primary species of U. hesperina, It has a very 

similar morphology, anatomy, and chemistry. Among the other pendulous, esorediate 

species, it is fairly well characterized by the cortex, orange-brown annulated base, 

cylindrical and terete segments, and by the production of protocetraric acid as the main 

secondary substance in the medulla. U. vitrea has the same chemistry, but has a thick and 

vitreous cortex and a not so conspicuously annulated base with a dark reddish pigment. 

As in U hesperina, U. firma is characterized by a thick axis, mat cortex, orange-brown 

annulated base, cylindrical segments, and protocetraric acid as the main secondary 

medullary substance. 

It is distinguished from U. vitrea, which may have the same chemistry and a does have 

reddish base, mainly because U firma has a mat, and soft cortex and lacks soralia. 

Distribution and ecology.— It is collected in Chiapas, Hidalgo, Oaxaca, and Veracruz 

in conifer and oak forests on Alnus, Quercus, and Abies at an altitudinal range of 1500- 

2730 m (Fig, 11, 12-h). 
Selected specimens examined. MEXICO. HIDALGO. Parque Nacional El Chico, 

Herrera-Campos 637, 4554, 4555 (MEXU), VERACRUZ. Cruz Blanca, Herrera-Campos 

14 (MEXU). Santa Rita, Herrera~-Campos 396, 403, 5482 (MEXU). Road Naolinco- 

Misantla, detour to Landero, and Coss, Herrera~-Campos 260 (MEXU). 
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7, Usnea goniodes (Stirt.) Motyka, Lich. Gen. Usnea Stud. Monogr. Pars. Syst. 2 396. 

1938, 

Usnea angulata Ach. subsp. goniodes Stirt., Scott. Nat. 6: 108. 1881. TYPE: SOUTH 

AFRICA, Bolus s n et d. (holotype, BM!). %C/%M/%A: 5.5/15/59. Chemistry: usnic and 

caperatic acid. Thallus pendulous, up to 250 cm long, rigid, poorly to moderately 

  

  

branched, with anisotomic dichotomous and parallel branches; often with many points of 

attachment; trunk indistinct, sometimes up to 10 mm long, brownish, concolorous with or 

paler than branches, annulate; branches [(0 3)-0.5-0,8-1.1-(1.7)] mm in diameter (n = 30), 

cylindrical, tapering only close to the apices, sometimes areolated, and cracked, rarely 

  

  

with erose cortex; segments + weakly to strongly ridged, slightly alate, cylindrical to 

slightly trapezoidal; apices thin, with few ramifications; papillae absent, tubercles 

conspicuous, abundant, large, cylindrical to truncate-conical, paler at the top, often 

eroded, irregularly distributed on main and secondary branches; fibrils short (0.5-2 mm), 

and long (3-10 mm), mostly spinulouse, in a fish-bone arrangement; pseudocyphellae 

linear, inconspicuous; soralia absent; cortex [(1.5)-5.5-8.5 %-11.5-(15), n = 30] thick, 

shiny, medulla [(1.5)-4-9.5 %-14 5-(26), n = 30] thin, compact; axis thick [(18.5)- 49 5- 

64 5 %-79,5-(94), n = 30], often fistulose at the base of main branches; apothecia up to 2 

cm in diameter, lateral; spores 10.5-12.5 X 7 chemistry: 1, usnic acid and salazinic acid, 

  

2, usnic and caperatic acid (n = 34). 

Variation._ The thickness of the main branches and the density of fibrils are quite 

variable in this species. A gradation can be observed between segments being from weakly 

to strongly ridged, sometimes slightly alate in cross section, and longitudinally cylindrical 

to trapezoidal. 

Distinctive features. Usnea goniodes is the primary species of U. transitoria, from 

which is differentiated by the absence of soralia and isidiomorphs. Swinscow and Krog 

(1978) did not separate the species. Their figure 26, showing thalli with soralia and 

isidiomorphs suggests U. transitoria, which may then be new for Africa. Among the non- 

sorediate pendulous Usneae, U. goniodes is characterized by segment shape, anisotomic 

dichotomous branching with fibrils arranged in fish-bone pattern, a thick axis, and salazinic 

  
  

acid or caperatic acid as the main secondary substance. 

Distribution and ecology Usnea goniodes has been reported previously only for 

Africa (Motyka 1938; Duvigneaud 1952, Dodge 1956, 1957; Herre 1960; Swinscow, and 

Krog 1978), and is first reported here for the American continent. The connection 

between the African and Mexican flora is recognized for bryophytes and phanerogams 

(Delgadillo 1993; Rzedowski 1993). 
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In Mexico U. goniodes has a more restricted distribution than its secondary species U. 

transitoria, It is only found in few localities where the latter species has not been collected, 

for example north in Monterrey, and further south in Oaxaca Both species are the only 

pendulous ones present in Baja California Sur (Figs. 11, 12] and m) 

Selected specimens examined._ MEXICO. BAJA CALIFORNIA SUR. Sierra de Laguna, 

Herrera-Campos 4667 (MEXU); JALISCO. Volcén Nevado de Colima, Herrera~-Campos 

4662, 4664 (MEXU); Real Alto La Bufa, Y. Mexia 1603-a (G), MICHOACAN, Volcan 

Tancitaro. Barranca del Cuartel, Herrera-Campos 4665 (MEXU); 33 km E of Uruapan on 

the road to Patzcuaro, Culberson and Culberson 18078 (DUKE). 

    

  

8 Usnea hesperina Motyka, Lich. Gen. Usnea Stud. Monogr Pars. Syst. 2: 383. 1938. 

TYPE: ESPAGNE [SPAIN], ILES CANARIES, Tenerife, La Laguna, Monte Las 

Mercedes, Lomo del Boqueron, 740-780 m, dans la pente boisée en exp. SW, Laurisylva- 

Fayal-Brezal, sur les branches de Laurus, 12 september 1986, P. Clerc (neotype, G !). 

WCIAMIMA. 9.5/24/34 Chemistry: usnic, and protocetraric acids. (Clerc, 1997). 

Usnea subgracilis Vainio, Ann. Acad. Sci. Fenn., Ser. A. 6. 7. 1915, TYPE. Jamaica, in 

ramibus arborum, 1906, Boergesen (holotype, TUR-V 513 1!) %C/%M/%A: 12 5/16/43 

Chemistry: usnic, and protocetraric acids 

Note - U. hesperina is a laater hoonym of U. subgracilis (Clerc 1997) and a proposal to 

conserve U. hesperina will be made elsewhere. 

  
  

  
  

Thallus pendulous up to 55 cm long, isotomic to anisotomic dichotomously branched 

with branches mostly parallel; trunk conspicuously annulate, 2-12 mm long, usually orange 

brown pigmented, branches [(0.5)- 0.55-0.70-0.85-(1.12)} mm (n = 53), segmented, 

tapering very slowly, distinctly annulated in basal parts; segments terete and cylindrical; 

apices thick; papillae absent; tubercles absent; fibrils long (5)- 10-20 -(30) cm long, 

curved, few, and irregularly distributed to numerous, and in a fish-bone pattern; 

pseudocyphellae absent; soralia punctiform, arising at the surface of the cortex often on 

  

  

  

small elevations and then very slightly tuberculated, convex, sometimes confluent, often 

immature and resembling pseudocyphellae, rarely mature and enlarged; isidiomorphs very 

small, on young soralia and regenerative parts, apothecia absent or rare, on small branches 

and fibrils, subterminal; cortex [(3.5)-8 5-115 %-14.5-(20.5), n = 53] thin, mat; medulla 

[(6.5)-10 5-14.5 %-18.5-(23), n = 53] thin, compact; axis [(27)-37-47.5 %-58-(80), n = 

53] thick; chemistry: usnic and protocetraric acids (n = 44). 

Variation... In U. hesperina the most variable characters are the frequency, and 

arrangement of fibrils, from nearly absent and irregularly distributed to frequent and in 
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fish-bone pattern, the presence of everted meduila rings, (calcium oxalate ?), and the 

density and development of soralia from absent to enlarged with isidiomorphs. 
Distintive features Morphologically, anatomically, and chemically U hesperina is a   

very distinctive species in the genus. It is mainly characterized by cylindrical branch 

segments, mat and soft cortex, thick axis, conspicuously annulated base that usually is 

orange-brown, and the production of protocetraric acid as main secondary substance in 

the medulla. 

In comparison with U subscabrosa, which may have the same chemistry and a reddish 

base, it is mainly distinguished on the basis of cortex and different type of soralia. 

Distribution and ecology __ Motyka (1936-1938) reported U hesperina from western 

Europe, some Atlantic islands (Canary and Madeira Islands), from eastern North America, 

and Jamaica Clerc (1997) reported that this species was new for Africa and South 

America (protocetraric strain) as well as for Asia (stictic acid strain). It has also been 

collected on conifers in British Columbia in very maritime conditions (Halonen et al. 

1998). 
Its distribution in Mexico is mainly on the east side in the Sierra Madre Oriental 

(Nuevo Leon, San Luis Potosi, Hidalgo, Puebla, and Veracruz), Sonora, central and 

eastern part of Eje Volcanico Transversal (Morelos, Estado de México-Puebla border), 

Sistema Montafioso del Norte de Oaxaca, and Sierra, and Macizo Central de Chiapas (Fig. 

12 g). It is mostly corticolous, although a few specimens were found growing on rocks; it 

was collected mainly in Quercus forests and Liquidambar cloud forests, Pinus, and mixed 

forests at altitudinal range of 1500-3690 m, and at 360 m in a relic Pinys-Quercus forest 

adjacent to a tropical rain forest. This distribution pattern suggests that it is a species that 

reflects Mexican flora affinities with eastern North America and the Caribbean area, a 

pattern also described for vascular plants (Rzedowski 1981) and bryophytes (Sharp 1939; 

Delgadillo 1993). 

Selected specimens examined _ MEXICO. COAHUILA. Cd. Acufia. Heeds April 1949, 

ex. L. H Bailey Hortorium. (NY). -PUEBLA. Huachinango, Fréderstrom and Hultén, 

12/20/1932. (COLO), PUEBLA-ESTADO DE MEXICO. Los Volcanes. Paso de Cortés, 

Hetrera-Campos 1972 (MEXU). HIDALGO. El Chico, Herrera~Campos 636 (MEXU). 

Zacualtipan, Herrera-Campos 1366 (MEXU). MORELOS. Lagunas de Zempoala. 

Ocoyotongo, Herrera-Campos 1726 (MEXU). NUEVO LEON. Cumbres de Monterrey. 

El Tejocote, Zambrano 11/29/1992 (MEXU). SAN LUIS POTOSI El Potosi. Cafiada 

Grande, Zambrano 11/28/1992 (MEXU). VERACRUZ. Cruz Blanca, Herrera~-Campos 5 

(MEXU). 
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9. Usnea malmei Motyka, Lich. Gen. Usnea Stud. Monogr. Pars. Syst 2: 381. 1938. 

TYPE. BRAZIL, Rio Grande do Sul, Hamburgerberg, 26.X.1892, Malme (holotype, UPS 

1), %C/%M/%A: 13.5/13.5/45. Chemistry’ usnic, salazinic, and norstictic acids, unknown 

sibstances UP1, UP2 

‘Usnea sorediata (Zahlbr.) Motyka Lich Gen. Usnea Stud. Monogr. Pars. Syst. 2: 382. 

1938. TYPE: BRAZIL. Mono de St. Sebastiano, Serra do Proto, Damazio (holotype,W 

7446!). %C/%M/%A: 17/7.5/51. Chemistry: usnic, stictic, constictic, cryptostictic acid, 

and norstictic (trace?) acids, unknown substances UP1, UP2 

Thallus pendulous with parallel branches up to 75 cm, anisotomic dichotomously 

branched, rigid; trunk 1-5 (7) mm, annulate, paler than main branch to brownish; branches 

[(0.7)-0.7-0.8-0.9-(.0.95)] mm thick (n = 5), cylindrical, tapering very slowly, with 

numerous transverse cracks (3-7 cracks/0.5 cm), distinctively paler margins (regenerating 

cortex), and short longitudinal cracks connected to the transverse ones; segments terete 

    

  

  

  

and cylindrical; apices slender with few ramifications; papillae indistinct to verrucose, 

irregularly distributed, tubercles absent; fibrils sparse, on main and secondary branches, 

long 3-15 (20) mm; pseudocyphellae very abundant and conspicuous, somewhat 

irregularly distributed in patches, irregularly shaped, punctiform, fusiform to elongate; 

soralia punctiform, slightly tuberculate, plane to convex, + circular, without margin, 

sometimes confluent; arising on cortex or at the edge of annular cracks; isidiomorphs on 

mature soralia sparse; cortex thick [(6.5)-8-13 %-18-(18), n = 5], vitreous; medulla 

compact, hardly distinct ((9.5)-9-14.5 %-20-(24 5), n = 5]; axis thick [(32.5)-35-45 %-55- 

(60) n = 5]; apothecia absent; chemistry: usnic acid, unknowns UP1, and UP2, terpenes, + 

  

  

stictic acid gr. 

Variation... The variable features of U malmei are the density of ramification and 

fibrils, the size of its main branches, and the length of the mature thalli. 

Distinctive features... Among the pendulous species, U. malmei is easily recognized by 
  

its very hard and vitreous cortex, its conspicuous pseudocyphellae characteristically 

arranged in patches, its soralia type, its very thin and compact medulla, and the presence 

of the unknowns UP1 and UP2 in the medulla. 

Usnea subscabrosa also has vitreous and hard cortex, but lacks the type of 

pseudocyphellae present in U. malmei, and its main secondary substance is protocetraric 

acid. U. ceratina as well may have a very thick, and vitreous cortex but also lacks the 

pseudocyphellae, and has a larger pink-pigmented medulla, a different type of soralia, and 

a different chemistry. In addition, U. papillata is mainly distinguished from U. malmei by 

  

the absence of soralia and the presence of apothecia. 
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Distribution and ecology... U. malmei and its synonym U. sorediata had previously 

only been known from Brazil (Motyka 1938). Thus, U._malmei is new for Mexico where it 

has been collected at an altitudinal range of 1500-2500 m in coniferous and cloud forests 

in Chiapas, Guanajuato, Hidalgo, Jalisco, Oaxaca, and Veracruz, states which also have 

important stands of more tropical vegetation (ie. tropical deciduous or rain forests), U 

  

  

malmei and U mexicana have their northern limit at the Eje Neovolcanico. In contrast to 

U mexicana and U angulata, U malmei was not found growing in tropical woodlands 

(Figs. 11, 12 p). 

Selected specimens examined. MEXICO CHIAPAS, Grutas SE from San Cristdbal 

de las Casas, Herrera-Campos 5483 (MEXU); km 11 road to Huixtan, Herrera-Campos 

2748 (MEXU). JALISCO. Manantlin. Las Joyas, Herrera-Campos 5484 (MEXU). 

OAXACA. Cerro del 20, Barranca del Aguacatillo, Herrera-Campos 2754 (MEXU) 

  

  

  

  

10. Usnea merrillii Motyka, Lich. Gen. Usnea . Stud. Monogr. Pars. Syst. 2. 371. 1938. 

TYPE USA, Maine, Matinicus Island, viit. 1909 G. K. Merrill, Lich. Exs. G. K. Merrill 

Nr. 64, U. ceratina (lectotype, W 4785 |!) %C/%M/%A: 13/16/41. Chemistry usnic, and 

salazinic acids. 

    

  

Thallus decumbent to pendulous with parallel branches, up to 50 cm, isotomic 

dichotomously branched, flexible, hanging loosely on branches and twigs or with several 

attachment points; trunk indistinct to long (up to 7 mm), sometimes annulate, concolorous 

with or paler than the branches, sometimes blackish; branches thin [(0.35)-0.45-0,56-0.67- 

(0.85),] mm (n = 60), cylindrical, all of them almost of the same diameter, tapering very 

slowly, distinctly sinuous, densely segmented and annulately cracked (up to 12 cracks/0.5 

  

  

cm), with areas of regeneration of the cortex in between segments looking like irregular 

beads; segments terete and cylindrical; apices long, capillary, sinuous, anisotomic 

dichotomous; papillae absent to scattered, indistinct; tubercles absent; fibrils long (5-12 

mm), irregularly distributed; pseudocyphellae irregularly fusiform; soralia arising on cortex 

or on eroded papillae, punctiform, slightly tuberculate, convex, circular to irregular, rarely 

confluent; isidiomorphs on soralia, inconspicuous, sparse, cortex thin [(6)-10-13 %-16- 

(21), n = 60] mat to slightly shiny; medulla thin [(7.5)-14-18 %-22-(28.5), n = 60], 

compact, axis thick [(25)-32-38.5 %-45-(53), n = 60]; apothecia rare; chemistry: usnic and 

salazinic acids, + unknown yellow C: 5-6 (n = 66). 

Variation. The most variable characters of U. merrillii are the frequency of soralia 

from few to numerous, the size of the thallus, the density of branches, and the degree to 

which regeneration areas between segments are developed. 
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Distinctive features. The characteristic features of this species are its entangled 

growth habit with many attachment points, its slender, cylindrical, conspicuously 

segmented branches with terete segments, its very distinct pattern of cortical regeneration 

  

between the segments, and its slightly raised, small, convex soralia. 

Usnea merrillii shares the same segmentation pattern as U. malmei, with bead-like 

cortical regeneration among the segments, but it differs from the latter species by its 

growth form (decumbent with many attachment points), its absence of large 

pseudocyphellae, its non-vitreous cortex, and its chemistry. U. merrillii resembles U. 

trichodea, but the latter species has an ochraceous axis, a branch segmentation pattern 

without conspicuous regeneration areas, and a different chemisty. U. merrilli may also be 

similar to U. hesperina, but the latter species does not have multiple attachment points, 

and has thicker branches, a segmentation pattern without conspicuous regeneration areas, 

  

  

a mat cortex, and protocetraric acid as main secondary substance in the medulla. 

Distribution and ecology... Usnea merrillii has been reported from Canada, eastern and 

southern United States (Motyka 1938). Asahina (1965) also mentions it from southern 

Mexico (Chiapas) and Japan, but he wrote that U. merrillii "coincides completely" with U. 

cribrosa Asah, However, the latter species is a synonim of U. malmei (Clerc unpublished). 

    

  

Therefore, the specimens of U. merrillii reported herein are thus the first verified material 

for Mexico This species shows the affinities between Mexican and eastern United States 

flora, a pattern that is well documented for vascular plants and bryophytes. In the absence 

of reports from other areas, it is assumed that U. merrillii originated on the American 

continent, perhaps in tropical latitudes, and then migrated northwards. It is known that 

some tropical bryophytes have extended their distribution in eastern North America into 

formerly glaciated territory (Sharp 1939). 

In Mexico, its distribution range is on the east slope of the country, where more humid 

and warmer climatic conditions prevail. Typically, it occurs in cloud forests characterized 

by the presence of the genus Liquidambar, which is restricted to areas protected from 

wind and intense insolation, but it also occurs in places where Quercus is dominant. 

Although it seems to be a mesophilic species, it can also tolerate the colder conditions of 

some Abies and southern Pinus forests (Figs. 11, 12 n). 

Selected specimens examined__ MEXICO. VERACRUZ. Mpio. Yecutla, Barranca dei 

Sedral, Gutiérrez (MEXU). El Volcancillo, Juarez 8/15/1979 (ASU). Santa Rita, Herrera- 

Campos 378 (MEXU), Road Noalinco-Misantla, detour to Landero y Coss, Herrera- 

Campos 246 (MEXU). Cruz Blanca, Herrera-Campos_1 (MEXU). HIDALGO. 

Zacualtipan, Herrera~Campos 1361 (MEXU); 5 km N de Tlalchinol, Rzedowski and 

    

  

  
  

  

48



Madrigal 29433 (ENCB). PUEBLA Encimadas, Zacatlan, Castorena 51. (ENCB). SAN 

LUIS POTOSI. El Potosi, Cafiada Grande. Zambrano 11/28/1992. 

Exsiccatae examined. Lich Exs. COLO 488 (COLO, 0). 

11. Usnea mexicana Vain. Dansk Botanisk Arkiv. 4° 3, 1926. TYPE: MEXICO, Paso de 

Dofia Juana, in arboribus, 2 1241, Liebman 7703 (lectotype, here selected, TUR-V 381 '). 

WCIYM/%A: 5,5/6.5/76. Chemistry usnic, diffractaic, and constictic acids. 

Usnea duriuscula Motyka, Lich. Gen Usnea Stud. Monogr. Pars. Syst. 2° 401, 1938 

TYPE. BRAZIL, Serra de Caldas, ad arbores loco aprico, 1895, Mosén (holotype UPS!). 

%CI*MIMA: 4.5/11.5/68/ CHEMISTRY: usnic and protocetraric acids. 

The syntypes of U. mexicana are mixed collections of two species, One has a pale axis 

  

and protocetraric acid in the medulla, and the other a brown pigmented central axis and 

diffractaic acid in the medulla. Both taxa are included in the protologue: “Axis albidus aut 

pallescens aut saepe demum, obscurus" (Vainio 1926). The former species is U_hesperina 

and we decided lectotypify U mexicana on the specimen with pigmented axis and 

diffractaic acid in the medulla. 

Thallus pendulous, up to 80 om, stiff, barely ramified, anisotomic dichotomously 

  

ramified with parallel branches, often with multiple attachment points; trunk indistinct to 

long (2.5-3 cm), concolorous with the branches, brownish or even black, branches [(0.5)- 

0.6-Q 8-1 0-(1.1)] mm thick, cylindrical, only narrowing towards the apices, distinctly 

segmented, with eroded edges; segments terete, slightly ridged to weakly alate, smooth to 

  

conspicuously cracked and areolated, with an eroded cortex in some places, and 

cylindrical; papillae indistinct to conical, irregularly distributed on the thallus, from 

scattered to abundant, tubercles low, and + subhemispherical, scattered to abundant, 

irregularly distributed, fibrils abundant, long 5-15 (20) mm, usually in fish-bone pattern; 

pseudocyphellae long and narrow on thin branches, inconspicuous; soralia arising on 

  

  

eroded tubercles or papillae, usually slightly tuberculate, punctiform; isidiomorphs on 

cracks and erose parts, cortex thin [(2)-3-6 5 %-10-(15)] (n = 10), mat to shiny; medulla 

[(12)-16-20 %-24.5-(26)] (n = 10) thin, compact; axis [(30)-36.5-48 %-59.5-(71 5)] (n= 
10) thick, ochraceous brown, fistulose in the thickest branches, brittle; apothecia mostly 

absent or rare, lateral, 3 mm diameter, chemistry: |. usnic, diffractaic, + salazinic, + 

constictic acids; 2. usnic, salazinic acid, + protocetraric (accessory) acids, 3. usnic, and 

protocetraric (main) acids (n = 10). 

  

Variation... The most variable characters of U. mexicana are the shape of the branch 

segments, the frequency of papillae and tubercles, and the chemistry, similar to those 
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characters discussed for U. gigas and U. himantodes by Swinscow and Krog (1978) and 

Stevens (1990) 

Distinctive features. In our concept, U mexicana is a secondary species, and U. 
  

himantodes is the corresponding primary species, both characterized by their brown 

pigmented and fistulous central axes, which distinguish them from all other species, 

primary or secondary, treated in this study. 

Distribution and ecology... Motyka (1938) reported U. mexicana from Mexico, Belize, 

Costa Rica, and Cuba. Its synonym, U. duriuscula, is recorded for Mexico, Costa Rica, 

Jamaica, Brazil, and Paraguay (Motyka 1936-1938, Weber 1993). 

In Mexico it is found between 1200 and 1850 m in Chiapas, Jalisco, Oaxaca, and 

Guadalupe Island (Figs 11, 12 k). It occurrs on vegetation types ranging from Pinus- 

Quercus forests to Quercus forests, and in tropical deciduous forests, which are 

comparable with the humid monzonic woodlands of Asia (Rzedowskii 1981). The 

presence of U mexicana in vegetation of tropical characteristics suggests that its 

distribution range in Mexico probably would be wider if collections were extended to the 

tropical forests of the country. 

Exsiccatae examined — Lich, Can. Exs. CANL 221 (0). 

Selected specimens examined. MEXICO OAXACA. Cerro Gavilan, Cuyamecalco, 

Distrito de Cuicatlan, Conzatti y Gomez 3493. (MEXU); JALISCO Entre Los Lobos y 

Arroyo Verde, Gonzalez Tamayo 575 (ENCB, MEXU); MANANTLAN. Las Pilitas, 

Herrera~Campos 4671, 4673 (MEXU). CHIAPAS. Tuxtla Gutiérrez. El Sumidero, Ortega 

and Ruiz Oronoz 5/24/1954 (MEXU); La Trinitaria, Parque Nacional Lagunas de 

Montebello, J Wolf and H. Sipman 2142 (B). MICHOACAN-GUERRERO, Monte de las 

Seneguias, De Candoille 85 (G), BAJA CALIFORNIA NORTE, Isla Guadalupe, Howell 

36 (COLO). 

  

  

  

12 Usnea papillata Motyka, Lich. Gen. Usnea Stud. Monogr. Pars, Syst. 2. 376. 1938. 

TYPE: BRASILIA, Minas Geraés, Regnell (holotype, UPS L-72218!). %C/&M/%A: 

4.5/12.5/66. Chemistry: usnic, stictic, constitctic, cryptostictic, menegazziaic, norstictic 

acids, unknown substances UP1, and UP2. 

Thallus pendulous with parallel branches up to 15 cm, anisotomic dichotomously 

branched, rigid; trunk indistinct, | mm long, paler than the main branch; branches [0 7-0 9] 

mm, cylindrical, tapering very slowly, annulated, with numerous transverse cracks with 

  

    

exposed axis; segments terete and cylindrical; apices slender with few ramifications; 

papillae verrucose, numerous, regularly distributed, often whitish at the top; tubercles 

absent; fibrils abundant, (3- 15 (20) mm long; pseudocyphellae rare, inconspicuous, 
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fusiform; cortex thick (12 %, n= 1), vitreous, medulla compact, hardly distinct (20 %, n= 

1); axis thick (36 %, n = 1), apothecia up to 11 mm diameter; spores 7-9 x 5.5-6 p, 

chemistry: usnic acid, UPI, and UPII , 

Variation. _ Although similar variation to that found in U malmei might be expected in 

U papillata, we do not have with enough material to confirm it. 

Distinctive features... The characteristics that distinguish this species from other 

  
  

  

esorediate pendulous Usnea are its pseudocyphellae; the cracking pattern of its cortex, its 
  

vitreous and thick cortex, its very thin medulla, and the presence of UPI and UP2, two 

unknown secondary products. It is inferred that U papillata is primary species of U 

malmei. This is supported by the morphological similarity and chemical unknowns 

exclusive to these two taxa. U. subscabrosa also has a vitreous cortex, but it lacks the type 

of pseudocypheliae mentioned, and its main secondary substance is protocetraric acid. 

Distribution and ecology... Collected only in Veracruz in a mountain cloud forest at 

1500 m. (Figs. 11, 12 q). 

Observed specimen MEXICO. VERACRUZ. Santa Rita, Herrera-Campos 409 

(MEXU). 

13 Usnea sanctaeritae Clerc & Herrera-Campos sp. nov. 

Speciei Usnea merrillii Mot. similis, sed soralia desunt. Apothecia 1-5 mm diametro, 

lateralia et serialia, Sporae 9-12 x 5-7. Substantiae lichenum: Acida usnica et salazinica, 

substantia ignota lutea (TLC C: 5-6). 

Similar to U. merrillii except: soralia absent; apothecia 1-5 mm in diameter, lateral to 

serial; spores 9-12 X 5-7 p; cortex [(8)-10-13 %-16-(17), n = 20], medulla [(12)-14-17 

%-20-(22.5), n = 20}; axis [(30)-33-39,5 %-46-(53), n = 20]; chemistry: usnic and 
salazinic acids, + unknown yellow C: 5-6, n = 20. 

    

Variation The only feature that actually varies in this species is the frequency of 

apothecia. Except for soralia and isidiomorphs, the other characters vary as in U, merrillii. 

Distinctive features. We consider U. sanctaeritae to be the primary species of U. 

merrillii, since the only difference between them is the absence of soralia. For differences 

with other pendulous taxa, the reader is referred to the discussion under U. merrillii. 

Distribution and ecology U. sanctaeritae was collected only in two localities in 

mesophilic cloud forest, growing epiphytic on Quercus and Alnus (Figs. 11, 12 0). 

TYPE: MEXICO, VERACRUZ. Santa Rita. 19°50'N, 96°49'W. Bosque meséfilo de 

montafia. 1500 m. Corticola. 18. 01. 1992. Herrera-Campos 364 (MEXU, holotype; ASU, 

G, isotypes). %C/Y%M/%A: 8/21/42 (holotype). Chemistry: usnic and salazinic acids, + 

unknown yellow C: 5-6. 
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Additional specimens studied MEXICO VERACRUZ. Santa Rita, Herrera-Campos,   

Landero y Coss, Herrera-Campos 252, 251 (MEXU)_all paratypes. 

14, Usnea scabrata Nyl., Flora 58: 103 1875, s lat. (Incl. U. alpina Mot., U. barbata (L.) 

Wigg., U. prostrata Vain., U. scabiosa Mot.) TYPE: [AUSTRIA] TIROLIA, Waldrast. 

An Fichtenzweigen, 5200', 9. 1874, Arnold (holotype, H-Nyl 36517!). %C/“%M/%A° 

5.5/33/23. Chemistry: usnic, and salazinic acids. 

  

Thallus pendulous, up to 55 cm long, with mixed branching pattern and parallel 

branches; trunk from 1 to 30 mm long, concolorous with branches or black pigmented 

near the attachment point; branches cylindrical to irregular, deformed by foveolae,   

papillae, or tubercles; with segments of various lengths, annular cracks conspicuous, 

exposing the axis, or with regenerating cortex; segments terete to striated, irregular and 

slightly swoilen or sausage-like in longitudinal section; apices long, ++ sinuous, often 

isotomic dichotomously branched at the ends, or running parallel and densely packed; 

papillae numerous, indistinct to verrucose, often eroded and tuming into soralia, 

sometimes confluent and forming striations; tubercles sparse to abundant, often eroded; 

fibrils short (05-4 mm), often appearing as very small (0.5 mm) spinules, few to 

numerous, irregularly disposed along the branch; pseudocyphellae absent; soralia 

punctiform, irregularly shaped, slightly raised, arising on top of eroded papillae or 

  

  

tubercles; isidiomorphs present on young soralia, not conspicuous; cortex thin [(5)-6-9 %- 

13-(19), n = 20], mat to slightly shiny, medulla [(21)-25-30.5 %-36-(41.5), n = 20] thick, 

loose to dense; axis thin [(12)-20-29.5 %-39-(49), n = 20]; apothecia infrequent, 

subterminal, 1-12 mm in diameter; spores globose to subglobose, or elliptical, 5.5-9 X 4-7 

u; chemistry: usnic acid and salazinic acid (n = 20), 

Variation. Usnea scabrata is a very variable species, especially in the following 
  

characters: the ramification pattern, the shape of the branches and segments, the frequency 

and development of papillae, tubercles, soralia, foveolae, and striations. Although many 

different morphotypes are apparent, they are connected by transition forms. 

Distinctive features _ Usnea scabrata is considered here in a broad sense. 
    

Among the sorediate and salazinic acid producing species, the characteristic features 

of U scabrata are its irregular and slightly swollen branch segments with papillae that turn 

into isidiate soralia, and its thin axis 

  

Some collections have a very smooth cortex with sparse papillae only on main 

branches and without soralia; these specimens look very much like U. cavernosa, which 
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differs from U. scabrata in the total absence of papillae and the irregular angulate branches   

which are not swollen 

Distribution and ecology — According to Galloway's definition (1996), U. scabrata is a 

boreal/arctic alpine species known from central and northern Europe, western Siberia, and 

western North America (Motyka 1936, Thomson 1984) 

In Mexico, it is an uncommon species collected mainly in areas with subalpine type of 

  

vegetation like Pinus hartwegii forests at the limits of Puebla and Veracruz. In Sierra 

Madre Occidental at high altitudes in Chihuahua and in Abies forests in Morelos. Although 

older herbarium materials indicate its presence in the environs of Mexico City, we have 

not found recent collections from that area. Its altitudinal range is 3450-3800 m (Figs. 11, 

12d). 

Usnea scabrata is clearly a holarctic species, for which the Eje Neovolcanico   

Transversal in Mexico appears to represent the southern distribution limit. New to this 

country. 

Selected specimens examined MEXICO. CHIHUAHUA. Cascada de Basaseachic. 

Herrera~-Campos 2410 (MEXU). DISTRITO FEDERAL. Desierto de los Leones, Cuarto 

Dinamo, Garcia 338 (ENCB). ESTADO DE MEXICO. Road to Coatepec, detour to La 

Pifiuela, Herrera-Campos 1589 (MEXU). MORELOS. Lagunas de Zempoala, Los 

Alumbres, Ruiz-Oronoz 10-XI-1957 (ENCB, MEXU). VERACRUZ. Coffe de Perote, 

Herrera-~Campos 5467, 5468 (MEXU). 

Exsiccatae examined.- Lich, Exs. COLO 298 (COLO, 0). 

  

  

  

  

15. Usnea subscabrosa Nyl. ex Motyka, Lich. Gen. Usnea. Stud. Monogr. Pars. Syst. 2: 

313. 1937. TYPE: PORTUGAL. 1877 Newton (holotype, H!). %C/Y%M/%A: 14/13.5/45. 

Chemistry: usnic acid, and protocetraric acid 

  

  

  

Thallus erect to pendulous, up to 22 cm long, anisotomic or isotomic dichotomously 

ramified with branches divergent or parallel; trunk annulate, 9-11 mm long, red-brown 

pigmented at the base, rarely partially black, branches [(0.4)-0.7-0.9-1.1-(1.3)] mm 

diameter (n= 72), tapered, segmented; segments terete and cylindrical; apices fine, short or 

long, divergent; papillae absent to abundant, verrucose or cylindrical; tubercles present, 

fibrils absent to numerous, mostly spinulous, short 3-5 mm or long 5-10 (12) mm, 

irregularly distributed; pseudocyphellae ellipsoid or linear, inconspicuous, soralia 

punctiform to half the width of the branch bearing them, arising from the cortex and/or the 

  

  

  

tops of papillae or tubercles, plane, convex or capitate, rarely slightly concave, circular, 

irregular, transversely or longitudinally oblong, totally confluent or remaining individual 

sometimes with numerous isidiomorphs; isidiomorphs absent to abundant, on young and 
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mature soralia, seldom on cortex; apothecia absent, cortex [(9)-11.5-15 %-18.5-(24.5)] 
  

thick, vitreous, and smooth, occasionally with longitudinal cracks, seldom red-spotted; 

medulla [(4.5)-7-9 5 %-12-(15)] thick, compact, rarely dense; axis [(21.5)-33-40.5 %-48- 

(55)] thick (n = 72); chemistry: usnic and protocetraric acids, + fumarprotocetraric, + 

hypoprotocetraric, + barbatic acids, ++ unknown fatty acid (C: 5-6) (n = 82). 

Variation. The variable features are the growth habit from shrubby to pendulous 

(Clerc 1992); the relative abundance of papillae, tubercles, fibrils, and isidiomorphs, and 

the shape of the soralia which vary from circular or punctiform to transversely or 

longitudinally oblong. 

Distinctive features... Usnea subscabrosa is characterized by a mostly thick, hard, and 

vitreous cortex, compact medulla, frequent reddish pigmentation of the base, cylindrical 

branch segments, and the presence of protocetraric acid as the main substance. 

The differences among U. subscabrosa, U. ceratina, and U hesperina are mentioned 
  

under the descriptions of those species. 

Usnea glabrata chemically similar, differs from U_ subscabrosa in its bushy-erect habit, 

lax medulla, large soralia that usually wider than half of the branch (Clerc 1992), and 

lateral branches distinctly constricted at the attachment points. 

Distribution and ecology. According to Clerc (1992), the world distribution of U. 

subscabrosa is similar to that of U. hesperina. However, U_ subscabrosa has not yet been 

reported from the West Indies and the west coast of United States. It has been reported 

from British Columbia by Halonen et al. (1998) and from Cuba and Jamaica by Clerc 

(1997). 

This is the first report of U subscabrosa from Mexico. It is mainly epiphytic, rarely 

saxicolous, and found mostly in the western mountains from 1300-3910 m (Figs. 11, 12 

e). 

Selected specimens examined__ MEXICO. DISTRITO FEDERAL. Desierto de los 

Leones, Bautista. (ENCB). -HIDALGO. Camino a Tlahuelompa 2 km NE from junction 

with road 115, Johansen y Mojica 6/19/1981. (MEXU). DURANGO Sierra Madre 

Occidental El Salto, Herrera~-Campos 2570 (MEXU). ESTADO DE MEXICO. Road to 

Coatepec, detour to La Pifiuela, Herrera-Campos 1588 (MEXU). CHIAPAS. Grutas SE 

from San Cristébal de las Casas, Herrera~Campos 4672 (MEXU) OAXACA. Certo del 

20, Barranca del Aguacatillo, Herrera~Campos 4526 (MEXU), JALISCO. Manantlan. Las 

Joyas, Herrera-Campos 4521(MEXU). 

  

  

  

  

  

16, Usnea transitoria Motyka, Lich. Gen. Usnea . Stud. Monogr. Pars. Syst. 2: 375. 1938. 

TYPE. COSTA RICA, Santiago de Cartago, 1200 m, potrero supra Rio Birris, 1929, 
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Dodge (holotype, LBL!) %C/“%M/%A- 2/6/84. Chemistry usnic, stictic, constictic, 

cryptostictic, menegazziaic, and norstictic (faint) acids. 

Thallus pendulous, up to 250 cm long, rigid, poorly to moderately branched, with 

anisotomic dichotomous and parallel branches, often with many points of attachment; 

trunk indistinct, sometimes up to 10 mm long, brownish, concolorous with or paler than 

branches, annulate, branches [(0.4)- 0.5-0.7-0.9-(1.5)] mm thick (n = 32), cylindrical, 

tapering only close to the apices, with small to extensive areas where the cortex is erose; 

  

segments weakly to strongly ridged, cylindrical to slightly trapezoidal, apices thin, with 

few ramifications, papillae absent, tubercles conspicuous, abundant, largely cylindrical to 

truncate-conical, paler at the top, often eroded, irregularly distributed on main and 

secondary branches; fibrils short (0.5-2 mm), and long (3-10 mm) mostly spinulous, in a 

fish-bone arrangement, pseudocyphellae linear, inconspicuous; soralia arising on the cortex 

  

or tubercles and/or ridges; punctiform, circular to irregularly shaped, often becoming 

confluent and thus looking like large convex to capitate soralia, without a definite margin; 

isidiomorphs on both young and mature soralia, conspicuous; cortex [(2.5)-4-8 %-12- 

(20), n = 32] thick, shiny; medulla [(2 5)-6-11 %-16-(29,5), n = 32] thin, compact; axis 

thick [(27.5)-49-62 %-75-(88), n = 32], often fistulose at the base of main branches; 

apothecia up to 6 mm in diameter, spores 6-8 X 10-12 1; chemistry: 1. usnic acid, and 

  

salazinic acid, 2, usnic and caperatic acid (n = 32). 

Variation. The most variable characters of this species are the degree of development 

of the ridges along the branch segments, density of the fibrils, soralia, and isidiomorphs, 

and the degree of erosion of the cortex. The chemistry seems to be variable as well, since, 

including the type, there are at least three chemotypes known. 

Distinctive features. Among the species studied, U. transitoria has the thickest axis 

{up to 88% of the branch) and is characterized by ridged segments with an erose cortex, 

punctiform confluent soralia, anisotomic dichotomous branching, fibrils arranged in fish- 

  

bone pattern, and salazinic or caperatic acid as the main secondary product. U. angulata 

has segments which are distinctly trapezoidal, with open margins at the edge, broader 

marginate soralia, and norstictic acid as the main secondary product in the medulla. 

Furthermore, U longissima is not known from Mexico, has a completely eroded cortex, 

cylindrical segments, mostly a different chemistry, and is only very rarely sorediate. 

Distribution and ecology — Usnea transitoria is known from Mexico, Central America, 

and the Caribbean Islands (Motyka 1938). In Mexico, it was collected mainly on the Sierra 

Madre Occidental and, together with U. goniodes, it is the only pendulous species found 

in Sierra de La Laguna, Baja California Sur, a region considered floristically related to 

Sierra Madre Occidental (Rzedowski 1981). It is also known from Isla Socorro, in the 
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Revillagigedo Islands U. transitoria has a more restricted distribution than U. angulata, 

which grows in Mexico mainly in Sierra Madre Oriental 

Usnea transitoria is not known to occur further south than the Eje Neovoleanico. In 

spite of its more restricted distribution, U goniodes, the corresponding primary species, is 

found south to Oaxaca (Figs 11, 12 1 and m). 

Selected specimens examined. MEXICO. MICHOACAN. Bosques de San Francisco, 

Iltis et_al. 1816. (ENCB); Morelia. Cerro San Miguel, Arséne 8249. (COLO); Arséne 

12/1910 (LAM), Miiller A 1855 (NY); VolcanTancitaro Barranca del Cuartel, Herrera- 

Campos 4669 (MEXU) PUEBLA. Honey, Castorena 4 (ENCB). SAN LUIS POTOSI. El 

Potosi Cafiada Grande, Zambrano 11/28/92 (MEXU); CHIHUAHUA. Sierra 

Tarahumara. Divisadero El Gallego, Herrera-Campos 4670 (MEXU). JALISCO Nevado 

de Colima, Herrera~-Campos 4668 (MEXU); Pringle 28 (VT, MEXU). 

Exsiccatae examined — Zahlbruckner and Redinger, Lich Rar Exs. 356 (BERN); Lich. 

Exs. COLO 51 (MEXU, O, VT). 

  

  

  

  

  

17, Usnea vitrea P. Clerc & M A. Herrera-Campos sp. nov. 

Speciei Usnea subscabrosa ex Nyl., Mot. similis, sed soralia desunt. Apothecia 2-7 mm 

diametro, subterminalia. Sporae 8-12 x 5-8 u. Cortex crassus,vitreus, durus. Medulla 

crassa, compacta, raro densa. Axis crassus. Substantiae lichenum: Acida usnica et 

protocetrarica, adsunt; acida fumarprotocetrarica, hypoprotocetrarica et barbatica, adsunt 

vel desunt; acidum aliphaticum, ignotum adest (TLC C: 5-6). 

Thallug erect to pendulous, up to 30 cm long, anisotomicaly or isotomicaly 

dichotomous ramified with divergent or parallel branches; trunk annulate, 9-11 mm long, 

red-brown pigmented at the base, seldom black; branches [(0.6)- 0.6-0.9-1 2-(1.6)] mm 

diameter, tapered, segmented; segments terete and cylindrical; apices fine, short or long, 

divergent; papillae absent to abundant, verrucose or cylindrical; tubercles present; fibrils 

absent to numerous, mostly spinulous, short (3-5 mm) also long 5-10 (12) mm, irregularly 

distributed; pseudocyphellae ellipsoid or linear, inconspicuous; apothecia subterminal 2-7 

mm diameter, spores 8-12 X 5-8 pm, colorless, elliptical; cortex thick [(9.5)-13-18 %-24- 

(27) n = 8], vitreous, occasionally with longitudinal cracks, sometimes with red spots; 

medulla thin [(11)-12.0-14 %-15 5-(16.0), n = 8], compact, rarely dense; axis thick 

[(24.5)-26-35.5 %-45-(50), n = 8]; chemistry: usnic and protocetraric acids, + 

fumarprotocetraric, + hypoprotocetraric, + barbatic acids, + unknown fatty acid C: 5-6, n 

=8, 
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Distribution and ecology... It is collected in Pinus-Quercus forests at Oaxaca-Chiapas 

border at 360 m, and in the coniferous and cloud forests of Durango and Hidalgo 

between 1300 and 2500 m. Epiphytic on Pinus and Quercus (Figs. 11, 12 f). 

TYPE: MEXICO HIDALGO. Zacualtipan. Turbera. 20° 37'N, 98° 39'W. Bosque de 

Pinus-Quercus, 1800 m. En pino. 26 01 1992, Herrera-Campos 1376 (MEXU, 

holotype). %C/%M/%A: 10/7/66.5. Chemistry usnic and protocetraric acids, + 

fumarprotocetraric, + hypoprotocetraric, + barbatic acids, + unknown fatty acid C: 5-6. 

Additional specimens studied. MEXICO. DURANGO. 9 km WSW from El Salto, 

Herrera~-Campos 2573 (MEXU). HIDALGO. Zacualtipan, Herrera-Campos, 1375_(G) 

1377 (ASU); Laguna de Atezca, Herrera-Campos 1249 (MEXU). Highway 105 to ~ 

Tlahuelompa, June 19, 1981. Johansen and Mojica (MEXU). OAXACA-CHIAPAS. 

Herrera-Campos 5485 (MEXU)..all paratypes. . 

  

  

18. Usnea sp 1 

An undetermined morphotype characterized by the presence of longitudinal craks with 

involute edges, thin and shiny cortex, and salazinic acid as the main medullary substance 

We do not have enough material to make any conclusive determination. 

Excluded species 

19, Usnea alata Motyka, Motyka Lich. Gen. Usnea. Stud. Monogr. Pars. Systm 2:395, 

1938. TYPE: BRAZIL, MINAS GERAES, Chequeira, 1885 (holotype, TURKU!). 

%C/MM/%A. 9/15/52, Chemistry: usnic, norstictic, connorstictic acids. 

This South American taxon is the primary species of U. angulata. It has not been 

found so far in Mexico, but it is included in the key. 

20. U. himantodes Stirton Scott. Natur. 7:75, 1883. TYPE: AUSTRALIA, NEW 

SOUTH WALES, Illawarra, 1882, Kirton (holotype, BM!). %C/%M/%A: 8.5/13.5/56. 

Chemistry: stictic, menegazziaic, cryptostictic, constictic, trace norstictic and usnic acids. 

U. sericea Motyka, Lich. Gen. Usnea Stud. Monogr. Pars. Syst, 2: 413. 1938. TYPE: 

MEXICO, Los Bafios, heisse Schwefelquellen, 18 Meilen gen Vera Cruz, feucht und 

warm, an Béumen 1000'. Heller, (holotype, W !). %C/%M/%A: 9.5/10.5/60. Chemistry: 

usnic acid, constictic acid, diffractaic acid. 

  
  

  

  

U. himantodes, considered here to be the primary species of U. mexicana, has not 

been collected so far in the temperate forests in Mexico, but it is included in the key since 

its synonym U. sericea Mot. is reported from a warm location in Veracruz (Motyka 1936-   

1938). No recent collections were available during this study. 
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Usnea longissima Ach., Lich. Univ 626, 1810 

This taxon was mentioned for Mexico by Gomez-Peralta (1992). The specimens 

proved to be U ceratina and U transitoria. Therefore, U. longissima is considered so far 
  

not to occur in Mexico. 

Usnea trichodea Ach., Method. Lich. 312. 1803. 

The reporting of this exclusively eastern North American species in Mexico (De 

Lesdain 1929; Gonzalez de la Rosa and Guzman 1976) was based on misidentifications of 

U. hesperina, U. mexicana, and U _merrillij. Therefore, this species is also excluded from 

Usnea species occurring in Mexico 
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  Austra | Aina 
Asta 

IU, cristatula 
1 ceratina 

U. alata 
U. angulata 

IU, firma 

UW hesperina 

JU goniodes 
IU. transitoria 

UU himantodes: 

iU_ mexicana 

LU papitlata 
U_ maimei 

  

  

  

    
  

Ficure {. Pertinent physiographic provinces. 1. Sis- . . 
tema Montaiioso de Baja California. 2. Sierra Madre Oc- Fiaure 2, Comparison of known world distribution of 
cidental. 3. Sierra Madre Oriental. 4 Eye Neovolcdmico Some primary and secondary species of Usnea. North 
Transveisal. 5. Sierra Madre det Sur 6. Sistema Montafi- America: Canada and United States. Mesoamerica’ Mex- 
oso del Norte de Oaxaca. 7, Macizo Central de Chiapas, ico and Central America. Primary species are mentioned 
(Modified ftom Rzedowski 1981), first im each pair. 
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Pewee 3. Trunk of Uniwa subscabrosa, Herr 
Campos 1588 (etexu). Seale { cm. 
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TaBLeE 1. Cortex, medulla, and axis (CMA) percentages of the pendulous species of Usnea in Mexico* * 
standard deviation values, and extreme values are given, 7 = total) of individual thalli measured. 

Percentages relative to the total width of the branch Mean, 

  
  

Species 

angulata 

cavernosa 
ceratina 
cristatula 
flrpendula 
vfirma 
goniodes 
hesperina 
maimet 
merrilhi 
mexicana 

papillata 

sanctaeritae 
scabrata 

. subscabrosa 
transitonia 
vitrea s

e
s
e
e
s
c
e
s
c
e
c
e
s
c
s
e
g
e
g
s
 

Cortex 

[(4 5)}-6-8.5%-11~(15)] 
((2.5)-4-6%-8-(10 5)] 
[(3)-6 5-9%-11 5-(18)] 
[(6)-8.5-T1 5%-14 5-(16 5)) 
[(6.5)-7.5-95%-11,5-(13)] 
[(7)-8-10 $%-13-(13.5)] 
{(1.5)-5.5-8.5%-11 5~(15)] 
{G.5)-8.5-I1.5%-14 5-(20.5)) 
[(6.5)-8-15%-18-(18)] 
[(6)-10-13%-16-~(21)] 
[(2)-3-6.5%-10-(15)] 
13% 
{B)-10-13%-16-17)] 
[S)-6-9%-13(19)} 
((9)-113-15%-18 5~(24 5)] 
{(2 5)-4-8%-12(20)} 
1(7)-9~14%-19-(21) 

  

Medulla 

((2)-8-14%-20~(28.5)] 
[(10.5)-T9-25%~3 1-(40 5)] 
{(12.5)-19-24%-29-(38 5)] 
[0.2)-17-215%+26-~(33)] 
[1-17 
((11)-12-T4 5%-17-(19)] 
{(1.5)-4-9%-14.5~(26)) 
[(6.5)-105-14 5%-18.5-(23)] 
[@.5)-9-14 5%-20-(24 5)] 
[(7 5)-14-18%--22-(28.5)} 
[(12)-16~-20%-24.5-(26}] 
145% 
1(12)-14-17%-20-(22.5)] 
[(21}-25-30.5%-36-(41.5)} 
[(4.5)-7-9 5%-12~(15)] 
[(2.5)-6-11%-16-(29 5)} 
[(13.5)}-145-16%-17,5-(i8)] 

   

  

  

  

  

6s 

Axis 

(31)-41-53%-65-(83)] 
((7.5)-27 5-38%—48 5-(62 5)} 
[(9)-26-34.5%-42 5~(57)] 
((21 5)-27-34%~41~(48 5)} 
[21 5)-26.5=36 5%-46 5~(58)] 
((43 5)-46 5-50%-53 5-(55))} 
[18 5)-49 5-64 5%-79 5-(94)] 
[(27)-37-47 5%-58-(80)] 
((32.5)-35-45%-55-(60)] 
{(25)-32-38.5%-45~(53)} 
[(30)-36 5-48%-59.5—(71.5)] 
45% _ 
[30)-33-39 5%~46-(53)] 
((12)-20-29.5%-39-(49)] 
[(21.5)-33=46 5%-48-(55)} 

      

  

    

((30)-31~40%—49~(53)] 

35 
39 

123 

35 
12 

30 
53 

60 
10 

20 
20 
72 
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Ficure 4. Shape of branch segments in transverse sec- 
tion. — a. Terete (U. hesperina) — b. Flattened. — c. 
Irregular, foveolate or furrowed with deformed segments 
(U. cavernosa). — d. Ridged i.e., deforming the segments 
(U. transitoria). — e. Alate (U. angulata). 
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Figure 5. Shape of branch segments in longitudimal section. —~ a. Main branch of U. hesperina with longitudinally 

cylindric segments, Herrera-Campos 269 (Mexu). — b. Main branch of U. subscabrosa with ldfgitudinally cylindne 
s, note the numerous papillae, Herrera-Campos 2623 (MEXL). —~ ¢. Main branch U. transitoria with ridged 
Arrow pomting at ri Herrera-Campos 4669 (Mex). —~ d Main branch of U. angulata with wapezoidal 

segments. Arrow pointing at wing, note the fish-bone arrangement of the Abrils, Zambrano, November 29, 1992, (mexu). 
~~ @. Main branch of & filipendula with longitudinally cylindric segments scabrare with slightly * e-hke” 
segments, Ruiz-Oronoz, November 10. 1957 (mexu). g. Mam branch of U, cavernosa with segments deformed by 

depressions and foveolae in the cortex (arrow), Nash 14636 (caLo). 

6% 
    

   

     



  
     

   

   
   Ficurs 6 Main branches — a Usnee tanstiona with 

tuberetes, Herrere-Campos $45} (MBXU) = b UW subsca- 
prose with papllac, Her rera-Campos 2623 (Menu), Seale 
023 mo 

  

Figure 7. Psendocyphellae of U nralme? on second: 
ary branches, Hertera-Compos 2743 (exe) Scale. 0.3 
aim 
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Ficure 8 Types of soralia in pendulous species of Usnea. — a. Tips of U. hesperina with punctiform, superficial, 

or slightly raised soralia, some of them immature appearing as pseudocyphellac. — b. Tips of U. Aesperma with plane 
to convex, confluent enlarged soralia, Zambrano, November 29, 1992 (mexu). ~—- ¢. Tips of branches of U. merrilii 

showing isidiomorphs on a, Gimate 264 (encB). -—~ d Tips of branches of U. merrill: with small, circular, slightly 
tuberculate, and convex sor Herrera-Campos 2746 (mexu). ~~ e. Secondary branch of U. filipendula with soralia 
arising from fibercles, with conspicuous isidiomorphs mostly on young soraha, Herrera-Campos 4879 (MEXL). -~— £. 
Jerminal branches of U subscabrosa showing punctiform and confluent soralia, enlarging to transversely or longita~ 
dinally oblong, arsing from the cortex, Zambrane, November 29, 1992 -—- g. Terminal branches of U. subscabrosa 
with soralia on top of papillae or tubercles The soralia show a plane or convex surface. Herrera-Campos 229 (Mexv). 

— h. Terminal branches of U. subscabrosa with isidiomorphs on young and mature soralia, Herrera-Campos 2739 
(a ~~ ie} Fibrils of U angulata showing soraha that are punctiform to larger than half of the width of the branch, 
circular, slightly to distinctly tuberculate, with a conspicuous cortical margin when mamre (arrow), Herrera-Campos 
2750 (MEXL). ~~ kK. Lateral branch of U, ceratina with punctiform to circular, not confluent soralia, with margin, and 
arising from the cortex or on tubercles, Herrera-Campos 4344, Scale. 0.5 mm. 
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Figure 9, Apothecia. — a, Terminal — b Subtermunal. — c. Lateral. — d. Serial. 
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Ficure 10 Cortex, medulla, and axis shown im longitudinal section of the branch. —— a, Main branch of @. 
cavernosa with thin and shiny cortex, dense medulla, and thin axis, Nash /4636 (COLO). ~~ b Main branch of 

  

scabrata with thin cortex, loose medulla, and thin axis Rutz-Oranoz, Novernber 10, 1957 (s }.— ¢, Main branch 

of U nunsuovia with thick cortex, conspicuous medulla, and very thick fistalose axis, Herrera-Campos 4669 (MEX. 
-—d, Main branch of U, subscabrosa with thick and vitwous cortex, compact medulla, and thick axis, Herera-Campos 

4530 Qauxu) Scale 0 1S mm 
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TABLE 2 Main (+) and accessory (+) secondary chemical compounds of the species. U = usnic acid, Df = 

diffractaic acid, B = barbatie acid, St = stictic acid, Cst = constictic acid, N = norstictic acid, S = salazinic acid, Sq 

= squamatie acid, P = protocetraric acid, FP = fumarprotocetraric acid, HP = hypoprotocetraric acid, Ca = caperatic 

acid, UL and U2 = unknown substances Rf L and 2 

  

  
  

Cc Species Df B St Cst N $s Sq P FP HP Ca Ut U2 

, angulata 

cavernosa 
ceratina 

, eristatula 
fitpendula 
firma 

gonoides 
hesperina 
malmei 
merrillit 
mexicana 
papulata 
santaritae 
scabrata 
sp L 

subscabrosa 
. transutoria 

vitrea 

p+
} 

eb
i 

dd
 

| | | | 

  

+ It
 

It
 

  

PP
E 

TE
 

Pe
tr
 

bi
b 

bb
 

+ 
+ 

+ 

s
a
c
c
e
s
s
s
s
c
e
g
e
c
c
e
c
s
 

F
E
P
H
 
H
H
H
 

E
t
e
 

HE 
t
H
E
 

Te
 

b Hf
 
 



  

Altitudinal Ranges of Pendulous Usneas in Mexico 
  

U_ papillata 
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FIGURE LI. Elevational ranges of pendulous Usnea 
species in Mexico. 
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Fioure 12 Distribution of Usnea species in Mexico — a. U. cavernosa. —b U scabrata. —c U. ceratina — 

d. U. erisiatula. — e. U. subscabrosa —f U vurea —~ g U. hesperma, —h U firma. —1 U filipendula — 4. 
U angulata. — k. U mexicana, — 1. U. transtioria, — m. U gomodes. — n. U, merrillii. — 0. U, sanctaeritae. — 
p U malmei —q U. papillata. 
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Clerc, P. y Herrera-Campos, M A. 1997 Saxicolous species of Usnea subgenus Usnea 

(Lichenized Ascomyecetes) in North America. The Bryologist 100: 281-301 

    

Especies saxicolas de Usnea subgénero Usnea (Ascomiceto Liquenizado) de Norteamérica 
  

RESUMEN 

Se estudian doce especies. Cuatro son principalmente saxicolas Usnea_amblyoclada 

(Mull Arg.) Zahlbr., U. ammannii P, Clerc y Herrera-Campos sp nov., U halei P Clerc 

sp. nov. , U. nashii Clerc y Herrera-Campos sp. nov., para las que se presentan 

descripciones detailadas y mapas de distribucion, asi como también para U. dasaea Stirt , 

la cual es principalmente corticola. U. amblyoclada es un registro nuevo para 

Norteamérica y U. dasaea para Norteamérica, Sudamérica, Africa y Asia. U. ammannii P 

Clerc y Herrera-Campos sp. nov., y U. nashii Clerc y Herrera~-Campos sp. nov son sdlo 

  

conocidas para México. 

Las especies restantes son fundamentalmente corticolas y para ellas se presentan 

nicamente descripciones mas generales. Estas son: U ceratina Ach., U cornuta Koerb, 
    

U. hesperina Mot., U. mutabilis Stirt, U. rubicunda Stirt., U. subscabrosa Mot. y U. 

wirthii P. Clerc. 

Se proponen las siguientes sinonimias: U. dasaea (Syn. nov. U dolosa Mot., U. 

galbinifera Asah., U spinigera Asah., U. spinulifera (Vain.) Mot., U undulata Stirt.) y U. 

amblyoclada (Mull. Arg ) Zahibr (Syn. nov. U. globularis Mot.). 

El término fibérculo se propone para designar las protuberancias que quedan una vez 

que las fibrillas se desprenden. 

Se incluye una clave para las especies estudiadas. 
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  Saxicolous Species of Usnea Subgenus Usnea (Lichenized Ascomycetes) in North 

America 

Philippe Clerc 

Conservatoire et Jardins Botaniques, Case Postale 60, CH-1292 Chambézy, Switzerland 

Maria Angeles Herrera~-Campos 

Department of Botany, Arizona State University, Tempe, AZ 85287-1601, U.S.A. 

Abstract. Four primarily saxicolous species and eight corticolous, secondarily 

saxicolous species of Usnea are known in North America Morphology, chemistry, 

anatomy, ecology, and distribution of the mainly saxicolous Usnea amblyoclada (Muil. 

Arg) Zahlbr. (Syn nov. U. globularis Motyka) U ammannii P Clerc & Herrera~Campos 

sp. nov., U halei P Clerc sp nov., and U nashii P. Clerc & Herrera-Campos sp. nov. are 

described. Usnea ceratina Ach., U. cornuta Koerb., U dasaea Stirt. U. hesperina Motyka, 

U mutabilis Stirt , U. rubicunda Sint UL U. subscabrosa Motyka, and U wirthii P. Clerc are 

found only occasionally on rocks, and are briefly described. Usnea dasaea, (syn nov. U. 

dolosa Motyka, U galbinifera Asah , U. spinigera Asah., U. spinulifera (Vain.) Motyka, 

U. undulata Stirt.) is described in detail. Usnea stleecada is new for North America. 

Usnea dasaea is new for North America, South America, Africa, and Asia A key for 

species occurring on rocks in North America is provided. A new term, fibercles, is 

  

    

  

  

proposed for more or less protuberant scars left on branches after fibrils have broken. 

In North America as in many regions of the world, the genus Usnea is still 

insufficiently known. Hale (1979) published a key for this area but only the United States, 

and southern Canada were considered, and not all species occurring in this area were 

included. The saxicolous species are especially in need of a revision and Hale (1979) 

stated when discussing U. herrei: “It is the commonest saxicolous Usnea ., you will 

collect other species on rock which do not fit here, and which cannot be identified in our 

  

present state of knowledge.” Since that time our state of knowledge has not improved, 

and most of the collected saxicolous specimens in North America have remained 

unidentified or labeled as U. diplotypus Vain. (Thomson 1956), U. subfusca Stirt (Hale 

1956, 1958), or U. herrei Hale nom. illeg. (Hale 1979). For reasons discussed in this 

article, these three names should not be used at all when considering saxicolous North 

American species, The aim of this paper is to clarify the taxonomy of the species of Usnea 

  

  

subgenus Usnea growing primarily on rocks in North America and to provide detailed 
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descriptions of their morphology, anatomy, and chemistry. In North America, Usnea 

subgenus Usnea species growing mainly on rocks occur only in the southern part of the   

United States, and in Mexico. Many corticolous taxa might however grow incidentally on 

rocks in the whole studied area. Most of them are included in the key to the saxicolous 

species, and a short description is given for each. It is, however, possible that some more, 

mainly corticolous, Usnea species occur on rocks, rarely though. Usnea dasaea Stirt.,   
    

mainly a corticolous taxon, is treated in detail here because it is closely related to U. 

amblyoclada (Mull. Arg.) Sahlbr. and because it has not been well understood 

MATERIAL AND METHODS 

This study is based on material collected during several field trips made by the senior 

author in Arizona, California, Georgia, North Carolina (USA), and Baja California 

(Mexico) during 1988 and 1989, and by the second author in Mexico and Arizona 

between 1990 and 1995. Specimens from the following herbaria have been studied ASU, 

BM, BRLU, CUW, DUKE, FH, G, H, H-ACH, H-NYL, LBL, LE, M, MIN, S, TNS, 

TUR, TUR-V, UPS, US, W, and the private herbarium of B. Ryan (Tempe). All material 

has been studied with thin-layer chromatography (Culberson & Ammann 1979), with the 

solvent B modified (Culberson & Johnson 1982). 

Thickness of the cortex (C), medulla (M), and central axis (A) were established 

according to the method given in Clerc (1984a). Thickness of the structure measured is 

given in percentage of the whole width of the branch on which the measurement was 

done’ %C = thickness of the cortex, %M = thickness of the medulla, %A = thickness of 

the central axis. In the descriptions, n refers to the number of individuals analyzed. 

Soralium density was measured at X50 using a stereomicroscope with a grid mounted 

in an eyepiece. For each specimen, three terminal or subterminal branches, where the 

soralia are the most abundant were selected, the soralia were counted, and the arithmetic 

mean of these three measurements was calculated. Young soralia (small white spots 

appearing as pseudocyphellae), as well as mature ones were taken into account. The 

counting was done on 0.23 mm2. 

In addition to the types of the European species, the original material of most of the 

some 140 Usnea species reported by Motyka (1936-38) to occur in North and South 

America has been seen and studied by us. Types of selected eastern Asiatic species 

described by Asahina (1956) have been studied as well. Distribution maps are mainly 

based on material seen from ASU, DUKE, MIN, and US. and represent, for each species, 

the general overall distribution in North America. 

ESTA TESIS NO DEBE 
” SAUR BE LA BIBLIOTEG! 

 



MORPHOLOGY 

Studying morphology in the genus Usnea, one has to be especially careful when 
  

sorting characters used for taxonomy. Several characters which are usually rather variable 

within Usnea species, and therefore of little value for taxonomy at the species level, have 

been identified (Clerc 1991). Only characters which are more or less constant within 
  

species are therefore considered in the following discussion. 

Habit. --Usnea is a genus of fruticose species with radically symmetrical branches. The 

thallus is shrubby (Figs 1c, 2a) ie, short thallus with strongly divergent branches; 
  

subpendent (Fig. 1b) i.e. middle-sized thallus with strongly divergent main branches and 

more or less parallel terminal branches; or pendent ie., long thallus with all branches 

running more or less parallel. Most species studied in this paper are shrubby to 

subpendent. 

Branching - We follow here the terminology adopted by Hawksworth (1972). a) 

isotomic-dichotomous with dichotomies of approximately the same thickness, b) 

anisotomic-dichotomous with dichotomies of different thickness, and c) filamentosic- 

dichotomous where type a occurs in the basal part of the thallus, and type b predominate 

in the apical parts. Branching types a or b are often best seen at the thinnest branches of 

the extremities of the thallus, however, this character is sometimes quite variable and 

difficult to analyze. 

Trunk (Figs. 6b, 8d). -An important character in many species, requiring a correct 

sampling of specimens. It is defined here as the part between the holdfast (point of fixation 

of the thallus to the substrate) and the first main ramification point (not taking into 

account first minor branches). The color in the first few millimeters from the base is 

diagnostic for most species. It can be of the same color or paler than the main branches or 

have a yellowish to reddish hue or be jet black. 

Branches, -Branches are tapered when their diameter decreases regularly towards the 

terminal part of the thallus; cylindrical when they have the same diameter for most of their 

length and become thinner only close to the tips; or irregular when their diameter varies 

irregularly throughout their length. 

Segments, -Branches in Usnea are more or less distinctly segmented, and frequency of 

segmentation can be an important character, The shape of main branch segments (the 

thickest ones) in transverse, and longitudinal sections is an important character as well. In 

transverse section, segments may be terete (Fig 6b) or ridged (Fig. 2f). In longitudinal   

section, segments may be cylindrical or sausage-like. furthermore, segments can be 
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deformed by the presence of depressions in the cortex such as foveolae (circular 

depressions at the surface of the cortex, Fig. 2g) or transversal furrows (transversal 

depressions). 

  

  

Papillae versus tubercles. -We follow Swinscow and Krog (1979) and differentiate   

papillae (Fig. 4c) that are hemispheric, conic or cylindrical protuberances composed 

mainly of cortex, from tubercles that are the same type of cortical outgrowth but larger, 

with meduila inside. Medulla is usually bursting at the top of the latter, which therefore 

appears whitish punctuate. At a later stage, tubercles may start to produce soredia, as in 

U ceratina. 

Fibercles (Fig. 2e, 8c). -We propose to introduce this term for structures what appear 

much the same as tubercles with bursting medulla at their summit, but which have a 

different origin: a more or less protuberant scar or gap left after the breaking away of 

fibrils On young fibercles the hole left by the central axis of the fibril can still be observed. 

As tubercles do, fibercles also can produce soredia at their summit at a later stage, as for 

instance in U. amblyoclada (Fig 2e). In Usnea nashii (Fig. 8c) they produce up to three 

short thin fibrils at their apex. It is important to differentiate tubercles form fibercles as 

some species produce only tubercles (U. ceratina) while other species produce only 

fibercles (U, amblyoclada and U. nashii) 

Fibrils (Fig 4c) -Fibrils are short, branch-like appendages with a central axis. The 

central chord, however, is not attached to the central axis of the branches on which they 

occur, Short fibrils (1-3 mm) are spinulous (Fig. 10b). In many species they are usually 

longer and slender, They are probably, especially in the group treated here, efficient short 

range propagules When fibrils break off the branches, fibercles are produced. 

Pseudocyphellae. -This term is here used only for small, whitish, usually thin and 

  

elongate, more or less fusiform breaks in the cortex that never produce soredia at a later 

stage of their ontogeny. As defined here, pseudocyphellae are absent in the species treated 

in this paper. They can be found, for instance, in U. articulata Hoffin. 

Soralia (Figs. 4b, 6c, d, 10c, d). -The main types of soralia in Usnea have been 

described by Clere (1978b). Furthermore, it is essential to observe on which structures 

soralia begin their development: on the plain cortex, at the top of a tubercle, on fibercles, 

  

  

at the edge of an eroded segment, or on an eroded ridge. Although many of these 

structures might be involved in the ontogeny of the soralia in the same species, one of 

them is usually specifically preponderant. Morphology and ontogeny of soralia are indeed 

two of the most important characters in the taxonomy of sorediate species. However, like 

other characters, they show some variation due to environmental parameters, For instance, 

punctiform soralia may enlarge, or soralia which are usually level with the cortex may 
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sometimes become more or less concave The exact causes for such modifications in 

Usnea are not known, however extreme habitats which are dry and especially exposed to 

strong illumination (saxicolous habitats), or which are inversely very humid, are often 

correlated with such modifications 

Isidiomorphs. -Short (100-200 mm) and thin ‘isidia-like’ structures that rarely occur 

singly are common in bundles on soralia of Usnea species. Soredia are usually produced in   

the gaps left after the breaking of isidiomorphs. However, isidiomorphs can arise 

secondarily on well-developed, often more or less capitate soralia (Fig. 6d). All species 

treated here produce isidiomorphs. Isidiomorphs of U_ amblyoclada are often typically 

black pigmented at their tips (Fig. 2d). 

Cortex, -Superficially the cortex is smooth as in U. dasaea to more or less cracked 

(Figs. 6b, 8d), especially close to the basal part. Cracks may be annular, giving the 

branches a conspicuously segmented appearance as in U. halei (Fig 6b), or oblique to 

irregularly longitudinal as in U. amblyoclada and U. nashii Fig. 8d). White tissues of 

everted medulla or deposits of calcium oxalate can occur at the edge of the cracks, giving 

  

a typical appearance to the branches as in U_ nashii (Fig. 8d). In longitudinal section, the 

cortex may appear glossy (U. dasaea, U. amblyoclada) or mat (U. halei). Although this 

character is sometimes difficult to check, especially on old herbarium material, it is an 

important feature in Usnea that provides clues for phylogeny. 

Medulla -The medulla of the species studied here is white or sometimes slightly 

orange pigmented, especially around the central axis (decomposition of norstictic acid?). 

We differentiate three types of medulla: lax (Fig, 6f) with bundles of hyphae more or less 

loosely arranged with large empty spaces between them, dense (Fig. 6e) with more or less 

densely disposed hyphae, with space between them but still visible individually; and 

compact with hyphae arranged so densely that they form a compact mycelial mass. 

Sometimes, the medulla is heterogeneous i.e., with a thin layer of compact tissue close to 

the cortex and a larger, and more loose layer around the central axis. 

Central axis. -A cartilaginous and more or less elastic strand that runs throughout the 

  

  

  

innermost part of the thallus, and is composed of solid, thick-walled, conglutinate, 

longitudinally arranged hyphae that are white or sometimes pinkish or yellowish. 

CHEMISTRY 

The main and taxonomically important secondary compounds (Table 1) produced in 

the medulla by the species discussed in this article are b-orcinol depsidones, including 

Stictic acid, norstictic, galbinic, and protocetraric acids, b-orcinol paradepsides including 
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barbatic and diffractaic acids, a b-orcinol metadepside, thamnolic acid, and diverse fatty 

acids ¢ g., fatty acids e.g., fatty acids of the murolic acid group in U_ mutabilis. With the 

exception of U. cornuta s. |, each species has a constant chemistry and chemical variation Sh, 

is so far absent or rare For instance, in U_ dasaea, among 43 specimens analyzed, only one   

thallus has been found without galbinic acid, the diagnostic medullary substance; this 

seems to be the same elsewhere in the world for this species. In U. amblyoclada, among 81 

specimens analyzed, only three have been found without galbinic acids, whereas U. halei 

(n=62), U. nashii (n=14), and U_ ammannii (n=18) display a constant chemistry. 

ECOLOGY 

There are only a few primarily saxicolous Usnea species in the world. In Europe, 

individuals occurring on rock are rare; only U. fragilescens var. fragilescens is found 

exclusively on stone, but it is rather uncommon (Clerc 1987a). However, observations on 

the influence of the saxicolous habitat on the morphology of Usnea species made in this 

study could make us reconsider the separation of U_ fragilescens into two different taxa as 

proposed by Clerc (1987a) A few other species grow occasionally on rocks, as for 

instance U, cornuta Koerb., U, flammea Stirt., U. subscabrosa Motyka, U_ diplotypus, and 

U. filipendula Stirt, Other species occur only exceptionally on rock. In North America, the 

situation is quite different, and saxicolous Usnea can be quite frequently collected, 

especially in the southern regions, in dry habitats where the most frequent species growing 

on rocks is U. amblyoclada, which has been found only rarely growing on trees. Usnea 

  

halei is mainly saxicolous, but can be found quite often on trees Usnea nashii and U. 

ammannii are rare species that have been found to date only on rocks. A few other species 

that are mainly corticolous can be found exceptionally on rocks e.g., Usnea ceratina, U, 

cornuta gs. 1, U. dasaea, U hesperina, U_ mutabilis, and U. wirthii. All species seem to 

grow indifferently on acidic or calcareous rocks. 

DISTRIBUTION 

Usnea species which are primarily saxicolous have restricted distribution patterns 

compared to corticolous species (Herrera-Campos & Clerc in press), In Mexico, the 

aridity increases from the southeast to the northwest (Rzedowski 1986). Most of the 

saxicolous Usnea were collected towards the most arid part of this gradient, mainly in the 

north part of the Sierra Madre Occidental (Rzedowski 1986). Coniferous forest with Pinus 

and associated Quercus is the main type of vegetation occurring in the collecting sites 

  

83



between 1,650 and 2,800 m In general, the climate is essentially temperate with rains 

during the warm season, differing locally in temperature and humidity. Only one species 

(U_ amblyoclada) was collected in the xerophytic shrubland vegetation type (matorral 

serofilo) on rock outcrops (mainly rhyolite) This area is subject to high insolation and low 

humidity, with mean annual precipitation lower than 700 mm (ca 100 mm in Baja 

California) (Rzedowski 1986). 

In the United States, saxicolous Usnea occur especially in the south, rarely north of 

40° latitude (however see Taylor 1968), in the warmest part of the country with July mean 

temperature around 25°C (Vankat 1979). In the southeastern part of the country, 

saxicolous Usnea colonize exposed rock surfaces that are mainly scattered throughout the 

Ozark Mountain-southern Appalachian region, and more rarely in the Piedmont (Dey 

1979). In these areas, rock surfaces (mostly schist boulders and sandstone) are found on 

  

the summit of mountains, on roadsides, on vertical cliffs or in such vegetation as shrub 

baids, heath balds, fire cherry communities, or spruce-fir forests (see Dey, 1978 for details 

on these community types), between 300 and 2,000 m. In the south-central and the 

southwest, which are the driest parts of the country, saxicolous Usnea occur on exposed 

and xeric, igneous rocks in Pinus cembroides, Juniperus, Quercus forests between 1,800 

and 2,400 m. as for instance in Big Bend National Park, Texas (Wetmore 1976), or on 

rhyolite, volcanic rocks, and limestone in Pinus and Pinus-Quercus forests between 1,800 

and 2,200 m in southern Arizona, ‘ 

  

  

KEY TO SPECIES 

Note: - Species 5 to 12 occur secondarily on rocks and are thus found only rarely on this 

substrate. Usnea ammannii and U. nashii are known, so far, only from Mexico. 
    

1. Cortex with red pigment, especially conspicuous close to the basal 

part; lateral branches not narrowed at attachment point... ........... 10. U. nibicunda 

1. Cortex without red pigment or if spot-like red pigment present, then 

lateral branches distinctly narrowed at attachment point... cece 2 

2.  Medulla C+ yellow, CK+ deep yellow orange, with pink pigment 

in the medulla; diffractaic acid present...0...0..0cccccc ce ceeveees 5. U. ceratina 

2. Medulla C-, CK-, and K- or CK+, and K+ orange red, without a pink 

pigment; diffractaic acid absent .. 
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Medulla with wine red pigment; soralia punctiform, with numerous 

isidiomorphs, papillae present or absent, fatty acids of the murolic 

group absent; medulla usually K-, PD-....... .. Fn earetetateseeneeee 9 U. mutabilis 

Medulla without wine red pigment, soralia punctiform or large, 

with or without isidiomorphs, papillae present or absent, fatty acids 

of the murolic group absent, medulla usually K+ or PD+ (rarely 

both reactions negative, but see chemotype 5 of U. cornutas.1) 0. cece 4 

4  Medulla with yellow pigment, lateral branches distinctly narrowed 

at point of attachment, cortex glossy, either norstitic or psoromic 

acids in soralia. . ces eeeee bn teeeeetaseeeeseaneeee 12. U. wirthii 

4. Medulla without yellow pigment, lateral branches narrowed or not 

at point of attachment; cortex glossy or mat; both norstictic or 

psoromic acids present but not restricted acids to the soralia... 2. ote 5 

Medulla K- and Pd+ red orange; protocetraric acid as main substance .... .. 6 

Medulla K+ and Pd+ yellow to red orange; never protocetraric acid as 

main substance ....... ceteris unt tenenee fone fe ae vnerenpneaeseneeeneeseveeeeaes 9 

6. Large fibercles with white summits present (Fig. 8c); short isidiomorph-like 

fibrils occurring on fibercles; soralia absent 2.0... o.. eceseeseeeieceeee 4. U. nashii 

6 Large fibercles, and isidiomorph-like fibrils absent; soralia mostly present ..... .. 7 

Lateral branches distinctly narrowed at point of attachment; thallus 

erect-shrubby with divergent branches 2.0.00... cece 6, U. cornuta (chemotype 6) 

Lateral branches not narrowed at point of attachment; thallus subpendent 

  

to pendant with more or less parallel branches. 8 

8. Cortex distinctly glossy to vitreous, main branches not conspicuously 

annihilated 0.0... ceeccccsscsestseseenssee cesceveeesesereneatsveceversveseaes 11. U. subscabrosa 

8. Cortex mat, main branches distinctly annihilated, especially 

close to basal part bi Greeeeeeeteeee seeecatesese see ee Geneeenas 8. U. hesperina 

Base jet black; soralia large, + circular, reaching the whole branch diameter 

when mature (Fig. 4b) and often encircling the branch, slightly concave, 

with few isidiomorphs; lateral branches not narrowed at point of 
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1. 

11. 

attachment (Fig. 4c); salazinic acid alone . bate weneeeeee 2.U ammannii 

Basal part of trunk pale or brownish to reddish pigmented, soralia rarely 

reaching the whole branch diameter when mature, never encircling the 

branch, or irregular shape, level to cortex to slightly tuberculous, 

with few or numerous isidiomorphs; lateral branches usually slightly 

to distinctly narrowed at point of attachment (Fig. 2d); salazinic acid 

  

not alone (see, however, chemotype 1 of U. cornuta) ... . 

10. Cortex mat; soralia + tuberculous and convex with mature, usually 

reaching 1/2 branch diameter or more (Figs. 6c, d), with numerous 

and clustered isidiomorphs (Fig. 6d), fibercles absent ... ... 

10. Cortex glossy to vitreous, soralia + level to cortex, punctiform 

  

(Fig. 2e), rarely enlarged (see, however, U. dasaea), occurring on 

fibercles or not, isidiomorphs present or absent, clustered or single, 

fibercles absent to numerous 

  

Isidiomorphs thick, usually not clustered but often sitting alone on 

soralium, black-tipped (Fig. 2d), always present; soralia punctiform, 

never enlarged, + tuberculous, numerous, densely disposed (Figs. 2b, e), 

Occurring on fibercles cee eee ceteteee se cereeesaesvesesceveeee 1, U. amblyoclada 

Isidiomorphs thin, clustered, never black-tipped or absent; soralia punctiform 

or more or less enlarged, especially on terminal branches, + level with the 

  

cortex, occurring on cortex ad initio or on fiberctes 

12. Fibrils short and spinulose, densely but + irregularly covering 

restricted parts (rarely the entire length) of branches 

(Figs. 9a, 10a, b); soralia enlarged to 1/2 branch diameter or more 

when mature, often slightly fusiform, not coalescing (Figs. 10c, d); 

galbinic acid present oo... csccesesescsssesesescsscecsveveverseeeatees ee 7 U. dasaea 

12.  Fibrils usually longer and slender, scattered on whole thallus; 

soralia punctiform, often coalescing and forming extensive 

larger soralia-like areas; galbinic acid absent ...0....0.0.ccccceeee 6 U cornuta s. lat. 
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PRIMARILY SAXICOLOUS SPECIES 

1 USNEA AMBLYOCLADA (Miill. Arg.) Zahlbr., Cat. Lich. Univ. 6: 534 1930 

.. (Figs 1, 2, 3) 

Usnea barbata var. amblyoclada Mull. Arg., Flora 72, 509. 1889. TYPE: ARGENTINIEN 

[Argentinia]. Felsen am Fuss der Sierra Ventana, 1881, Lorentz (Gi, holotype). 

ACHAM/MA, 8.5/25.5/32 (thallus a), 7/16.5/53 (thallus b). Chemistry: usnic, salazinic, 

and norstictic acids (both specimens). 

Usnea globularis Motyka, Lich. Gen. Usnea Stud. Monogr., Pars Syst. 2° 310. 1938. 

TYPE: MEXICO. Morelia, San Juanico, 1926. Amable (LBL!, holotype). 

YCHAM/MA: 6/16.5/54 Chemistry; usnic, salazinic, norstictic, and galbinic acids. 

  

  

  

Note. -The type specimen of U. globularis as designated by Motyka (1936-38) was 

housed in the herbarium of B_ de Lesdain in Dunkerque, which was destroyed during the 

second World War. Most fortunately J. Motyka when studying this material kept a piece 

of the thallus in his herbarium which is now the only original material that exists 

Thallus shrubby, compact (Figs. 1a, c, 2a), rarely subpendent, (Fig 1b), 2-10 cm long, 

grayish green; branching isotomic-dichotomous at least close to apices; trunk short, up to 

3 mm long, distinctly paler than branches or of same color, with numerous and 

conspicuous annular cracks; branches usually + irregular, inconspicuously segmented, 

lateral branches not narrowed or slightly to distinctly narrowed at point of attachment, 

segments terete to distinctly ridged (Fig. 2f), cylindric to weakly sausage-like; foveoles 

absent or present (Fig. 2g); transversal furrows absent or present; apices short, thick, 

usually sparsely branched (Fig. 2b); papillae absent; tubercles absent; fibercles low, 

numerous, mostly sorediate; fibrils short (1-3 mm), often spinulous (Fig. 2c), mostly 

present in oldest part of thallus, breaking away early in youngest branches leaving 

conspicuous scars (fibercles); soralia punctiform, smaller than half the diameter of 

branches (Fig. 2e), densely disposed (16-) 29-40-51 (-70) soralia/0.5mm2 (n=22), slightly 

tuberculate, arising on fibercles; isidiomorphs on soralia or isolated on plain cortex (very 

young fibrils?), sometimes on ridges, frequently black pigmented at tips (Fig. 2d); 

apothecia rare; cortex thin [(2.5-)4.5-6.5%-9 (-13.5), n = 110], shiny, distinctly 

transversely, and longitudinally cracked at the base of main branches, the edges of cracks 

slightly upturned; medulla moderately large [(8.5-)17.5-23%-28.5 (-36.5), n = 110)], 
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compact to dense close to the axis, often orange to pink-pigmented close to the axis, axis 

thick [(19-)32-41%-50(-60), n = 110], often pale pink. 

Chemistry. -1. Usnic, norstictic, galbinic, and salazinic acids, sometimes with trances 

  

of protocetraric acid (n = 78) 2. usnic acid, norstictic, and salazinic acids (n = 3) 

Variation. -Usnea ambiyoclada is quite a variable species in appearance depending on 

its exposure on rock. For instance, the shape of the branches may vary from nearly 

cylindric (Fig, 2e) to more or less irregularly swollen and reticulate-foveate (Figs. 2f, g). 

The frequency of fibrils is variable as well. As they are probably very efficient short 

distance diaspores, most of the fibrils usually break away quickly leaving scars (fibercles) 

where soredia may develop. In some individuals, for some unknown reasons, fibrils remain 

on the branches and give therefore an unusual strigose appearance to these thalli (Fig. 2c) 

Extreme forms can be seen in exposed habitats and they are extremely depauperate, with 

thick branches that are conspicuously reticulate-foveate with few ramifications (Figs. 1c, 

2, g). The chemistry is constant, the diagnostic substances always being present. Galbinic 

acid is rarely missing in North America, whereas it seems to be less frequent in South 

America (Walker, 1985) 

Taxonomic remarks. -Swinscow and Krog (1976) considered U. amblyoclada to be 

conspecific with U. pulvinata Fries. Later they indicated (Swinscow & Krog 1979) that 

these taxa might represent separate species. Walker (1985) agreed with this latter opinion, 

and discussed U. amblyoclada in detail. She indicated that galbinic acid occurs in two 

collections from South America. The identity of the of the specimen with salazinic, 

  

protocetraric, and fumarprotocetraric acid, mentioned by Walker (1985) needs 

confirmation. The Usnea bornmuelleri aggr. as discussed by Swinscow and Krog (1976) 

needs a world revision. Usnea bornmuelleri Steiner has large soralia with isidiomorphs, 

and not true isidia as stated by Walker (1985) Segments are swollen, with a thin cortex 

and a large and lax medulla. This species is not closely related to U. amblyoclada. The 

holotype of U. pulvinata has not been seen by us, but it contains usnic acid only 

(Swinscow & Krog 1976), and has been collected in Australia. The South African material 

housed at G and labeled U. pulvinata is morphologically, anatomically, and chemically 

  

  

different from U. amblyoclada. 

Usnea amblyoclada is closely related to U. dasaea, and other taxa producing norstictic 

and galbinic acids. In addition to similar chemistries they share a glossy cortex, the 

  

capacity to produce spinulous fibrils densely disposed on some part of the thallus, and 

more or less ridged-foveate branches. For differences, see under U, dasaea. 
  

Ecology and distribution (Fig 3) -Mainly saxicolous, rarely corticolous. Usnea 

amblyoclada is present almost everywhere where saxicolous Usnea have been found 
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(except southern California) and consequently has the largest ecological amplitude of all 

saxicolous Usnea species. It has the largest elevational range, from 300 to 2,800 m. Its   

distribution area is continuous from the southeast to the southwest of North America. This 

species can withstand dry conditions and it is so far, together with U. rubicunda, the only 

Usnea species which has been found on rocks in Baja California where precipitation is low 

(less than 100 mm), and is the only saxicolous Usnea found so far in the Piedmont in 

North Carolina. A few corticolous specimens were coilected in Arizona on Pinus latifolia 

in pine-oak forests, and in North Carolina in the Appalachian Mountains on Prunus 

serotina and Kalmia. Motyka (1936038) and Walker (1985) recorded U_ amblyoclada 

from South America where the original material was collected. Ongoing investigations on 

South American species of Usnea (Velisek-Grundlehner & Clerc, unpublished) will shed 

new light on the distribution of this species on this continent. 

Exsiccatae. -Hale, Lich, Amer. Exs 32, sub U. subfisca (DUKE) Weber, Lich, Exs 

61, sub U. diplotypus (CUW, G). Weber, Lich. Exs 62, sub U_ diplotypus (CUW). Weber, 

Lich, Exs 407, sub U_ herrei (DUKE, G). 

Selected specimens examined. -Saxicolous specimens: MEXICO. BAJA 

CALIFORNIA SUR. W of San Ignacio, Clerc 89/415 (G). CHIHUAHUA. 80 km, W of la 

Junta, Nash 13692 (ASU); Valle de Tomochic, Herrera-Campos 2418 (MEXU). 

DURANGO. 8 km N of Durango, Nash 13859 (ASU), Sierra Madre Occidental; 47 km W 

of Durango, Herrera~-Campos 2667 (MEXU). HIDALGO. Paso de Leon, Herrera-Campos 

1050 (MEXU). SONORA. 4 km E of Santa Rose, Nash 10952 (ASU). U.S.A. 

ALABAMA. TALLADEGA CO., Horn Mt, Dey 8107 (DUKE). ARIZONA. SANTA 
CRUZ CO., Sycamore Canyon, Nash 13062 (ASU). ARKANSAS. YELL CO, Mt. Nebo, 

Demaree 42032 (US). KANSAS, GREENWOOD CO., Fall River, Hale 4776 (US). 

MISSOURI. VERNON CO, Halley Bluffs, 30.9 1938, Shoop (US). NEW MEXICO. 

COLFAX CO., Ute Park, Standley 13595 (US). NORTH CAROLINA, ORANGE CO., 

Duke Forest, Clerc 89/286 (G). OKLAHOMA. CARTER CO., Ardmore, Hale 4852 

(US). TENNESSEE. MONROE CO., Citico Creek, Dey 7879 (DUKE). TEXAS. 

BREWSTER CO., Big Bend Nat. Pk., Wetmore 40874 (ASU) Corticolous specimens: 

ARIZONA. SANTA CRUZ CO., Madera Canyon, Clerc 88/284 (G). NORTH 

CAROLINA. TRANSYLVANIA CO, Pisgah Nat. Forest, Clere 89/622 (G) Oklahoma. 

LE FLORE CO., near Ludlow, Hale 5046a (US). 
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2 USNEA AMMANNII P, CLERC & M. HERRERA-CAMPOS sp. nov. 

(Fig. 4, 5) 

Fungi saxicola. Thallus 1 5-3.0 cm altus, erectus. Rami principales teres. Rami 

terminales crassi, non nihil ramosi. Spinulae sparsae. Papillae verrucosae, sparsae. Soralia 

isidiosa, plana vel ex cortice leviter excavato ad initio, aut ex papillis superne erosiis, 

magna cum matura. Cortex nitens. Apothecia rara. Acidum usnicum et acidum salazinicum 

continens. 

Etymology. -This species is dedicated to Klaus Ammann, Director of the Botanical 

Garde, Bern, Switzerland Without his help, support, and encouragement the senior author 

would never have started and carried on studies of the genus Usnea. 

Thallus shrubby, 1.5-3.0 cm long (Fig 4a), grayish-green; branching anisotomic- 

dichotomous; trunk short, not conspicuous, black pigmented in basal part, branches 

  

usually tapered, sometimes + irregular, with inconspicuous segmentation (3-5 

segments/0.5 cm), lateral branches not narrowed at ramification point (Fig. 4c); segments 

terete to slightly ridged, cylindric to slightly sausage-like, apices short and thick with few 

ramifications, foveoles absent; transversal furrows present on whole thallus; papillae 

verrucous (Fig. 4c), irregularly distributed on main branches; tubercles absent; fibercles 

absent; fibrils short spinulous, 1-2(-3) mm long, irregularly distributed on whole thallus; 

soralia superficial to slightly tuberculate, as large as the branches when mature (Fig. 4b), 

sometimes + encircling the end of branches, circular to transversely oblong, without 

margin, usually not confluent, arising on cortex ad initio; isidiomorphs small and 

sometimes black-tipped, mainly on young soralia, usually few on mature soralia (Fig. 4b); 

apothecia rare; cortex + smooth and glossy, thin [(5-)5.5-7%-8 5(-9) (n = 15)], medulla 

loose to dense, extruding between segments, especially at ramification points, moderately 

large [(17-)21-25%-29(-31)(n = 15)]; axis moderately thick [(26-)29.5-36.5%-43.5(-52) 

(n=15)}. 
Chemistry. -Usnic and salazinic acids (n = 18) 

Variation. -Compact forms have been collected and are characterized by small, 

pulvinate thalli that are densely branched in the apical part. Some variation exists in 

frequency of isidiomorphs that can be numerous to nearly absent. More collections are 

  

  

  

  

    

needed to have a good idea about the variation of this taxon. 

Taxonomic remarks. -The lateral branches that are not narrowed at ramification point 

makes this taxon distinct from all species of the U. fragilescens agg. Characteristic are the 

large and = circular soralia with few isidiomorphs when mature. Usnea substerilis Motyka 

has the same type of soralia, but has different ecology, a mat cortex, and normally no 
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isidiomorphs in mature soralia. Nevertheless, morphology of soralia does not seem to be a 

good indicator of phylogenetic relationship in Usnea and these two species are probably 
  

not closely related. Usnea lapponica and U. fulvoreagens have large soralia-as well, but 
  

they are deeply excavate, reach the central axis, and never produce isidiomorphs 

Ecology and distribution. -Usnea ammannii was found in only three localities where it   

occurs on rocks, between 1,950 m and 2,800 m. So far U. ammannii is endemic to Mexico 

(Fig. 5), but more collections are needed to understand its distribution pattern 

TYPE: MEXICO. CHIEUAHUA. Al E de San Rafael. 27°30’N, 107°53’W. Bosque 

de Pinus-Quercus-Arbutus, 2,000 m, 2.10.1992, Herrera-Campos 3292 (MEXU, 

holotype, ASU, G, isotypes). %C/%M/%A. 5.5/26.5/35 Chemistry’ usnic and salazinic 

acids, 

Additional specimens examined. - MEXICO, CHIHUAHUA. Cascada de Basaseachic, 

Herrera-Campos 2455, 2501 (MEXU); Sierra Tarahumara, E of San Rafael, Herrera- 

Campos. 3296 (MEXU). DURANGO. La Michilia, Cerro Blanco, 5 12. 1992, Zambrano 

(MEXV) -all Paratypes. 

  

3. USNEA HALEI P. Clere, sp. nov. (Fig. 6, 7)     

Fungi saxicola et corticola. Thallus 2-15 cm altus, erectus vel subpendulus; ad basim 

saepius fulvus, sulcis conspicuis annularibus ornatus. Rami teretes, not or leviter tumidi et 

contracti Fibrillae sparsae. Papillae verrucosae, sparsae. Soralia isidiosa punctiformia 

usque nagna, parum tuberculata ex papilis erosis orta ad thalli basem atque ad apicem cum 

excrescentiis erosis. Cortex opacus. Apothecia desunt. Acidum usnicum, acidum 

sallazinicum et acidum norstiticum continens. 

Etymology -This species is dedicated to M. E. Hale who contributed so much to the 

knowledge of the lichen flora of North America and was the first who recognized U. 

herrei nom illeg, as a distinct species (Hale 1979). 

Thallus shrubby to subpendent (Fig 6a), 2-15 cm long, grayish to brownish green; 

branching isotomic-dichotomous at least in apical parts; trunk usually short (0-1 mm), 
  

branching at once, mostly with reddish brown pigment or of the same color as main 

branches, with conspicuous annular cracks (Fig. 6b); branches usually tapering, sometimes 

slightly irregular, lateral branches not or slightly to distinctly narrowed at ramification 

point; segments terete to slightly ridged, cylindric to slightly sausage-like, with slightly 
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inturned ends, apices thin and loosely branched (except in compact forms); foveolae 

sometimes present, transversal furrows sometimes present; papillae low, verrucous, 

  sparsely and unevenly distributed; tubercles present, verrucous, sparsely and unevenly 

distributed; fibercles absent; fibrils 24 mm, slender, sparsely and unevenly distributed close 

to basal part, absent in upper parts; soralia punctiform to large, slightly tuberculous, first 

smaller than half diameter of branches (Fig. 6c), but often soon enlarged (Fig. 6d), few to 

numerous (16-)18-27-36-(-44) soralia/0 5 mm? (n = 25), arising on low tubercles in lower 

part of thallus, and on cortex ad initio on apices; isidiomorphs almost only on soralia, 

  

  

mostly visible on young soralia but sometimes densely covering mature, large, and capitate 

soralia (Fig. 6d), never single on plain cortex, rarely slightly blackened at tips; cortex 

(Figs. 6e, f) thin to thick [(4-)5.5-7%-8 5(-13.5) (n = 77)], mat, distinctly transversely 

cracked at base of main branches, edges of cracks even or slightly inturned; medulla (Figs 

6e, f) thick [(13.5-)23-28.5%-34(-37 5) (n = 77)], compact to dense, and rose pigmented 

periaxially; axis (Figs. 6e, f) moderately thick [(14-) 20-29%-38(-58)] (n = 77), almost 

always pink pigmented. 

Chemistry. -Usnic, salazinic, norstictic, and + protocetraric acids (n = 62). 

  

Variations. -Most of the variation affects the shape of the branches, which may be 

more or less distinctly segmented and swollen or tapered and slightly but distinctly 

constricted (or not) at their base. Ridges, depressions, and foveoles seem to be a response 

to environmental stress Furthermore, depressions or foveoles are especially seen in 

species or individuals with a thin cortex like for instance in U. hirta (L ) Wigg or in U. 

cavernosa Tuck It is noteworthy that species have been described on the base of such 

modifications e.g., U. foveata Vain., which is a synonym of U. hirta (L ) Wigg. or in U. 

cavernosa Tuck. It is noteworthy that species have been described on the base of such 

modifications e.g., U. foveata Vain, which is a synonym of U_ hirta (L.) Wigg. (Clere 

1992, 1997; see however, Halonen & Puolasmaa 1995). The soralia show variation as 

well. They are close to the U_ cornuta-type (Clerc 1987a, b) but enlarge in many 

individuals reaching sometimes the same width as the branches supporting them (Fig. 6d). 

Taxonomic remarks. -Usnea halei is most probably the taxon which has been called UL 

herrei nom. illeg. by Hale (1979). Superficially, U. halei resembles U_ amblyociada but has 

a dull cortex, a different type of soralia with a different ontogeny, fibrils that are never 

spinulous but slender, low papillae (although sometimes difficult to see), and different 

chemistry Usnea cornuta has lateral branches more distinctly constricted at the attachment 

points, usually more inflated branches, an anisotomic-dichotomous ramification type, a 

thinner and shiny cortex, and occurs principally on bark. The most closely related species 
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seems to be the European U_ flammea (Clerc 1987a), which however differs in its type of 

soralia, chemistry, and ecology. 

Ecology and distribution. -Mostly saxicolous, sometimes corticolous. The distribution 

of U. halei is disjunct in North America (Fig. 7). In the southeast, in the Appalachian area, 

it is the most frequent saxicolous Usnea, occurring only in the mountains, between 800 

and 2,000 m. In the southwest this species is much rarer and replaced by U. amblyoclada. 

It was found only once in southern Arizona, in the Santa Rita Mts, and a few times in 

northern Mexico where its elevation range (2,000-2,300 m) is narrower than that of other 

saxicolous Usnea. This, and the frequent occurrence in the Appalachian Mountains 

together with its absence in lower and drier habitats, suggests that this species requires 

more humid conditions than the other saxicolous species. So far, this species is only 

known from Mexico and the United States 

TYPE: USA NORTH CAROLINA. TRANSYLVANIA CO., Horsepasture River 

Gorge, between Drift & Robinson falls, 850 m., on boulder, June 23, 1964, Moore 1707 

(DUKE, holotype; G, isotype). %C/%M/%A: 8/31.5/21. CHEMISTRY’ usnic, salazinic, 

norstictic, and + protocetraric acids, 

Selected specimens examined. -Saxicolous. - MEXICO. CHIHUAHUA. Sierra 

Tarahumara, E of San Rafael, Herrera-Campos 3294, 3295 (MEXU), EI Creel, Herrera- 

Campos 3204 (MEXU). DURANGO La Michilia. Cerro Blanco, 5.12.1992, Zambrano 

(MEXU); Sierra Madre Occidental, 2 km W from the border with Sinaloa, Herrera- 

Campos 2898 (MEXU). U.S.A. ARIZONA. SANTA CRUZ CO., Santa Rita Mts., Nash 

2994 (ASU). GEORGIA. RABUN CO., Black Rock Mt., Culberson 7388 (DUKE). 

NORTH CAROLINA. JACKSON CO., Nantahala Nat. Forest, Clerc 89/780 (G). 

TENNESSEE CARTER CO., Roan Mt., Dey 2214 (DUKE). VIRGINIA. PAGE CO., 

Shenandoah Nat. Park, Hermann 15847 (US). Corticolous. -U.S.A. NORTH 

CAROLINA. AVERY CO., Linville Falls Trir Lodge, Clere 88/252; TRANSYLVANIA 

CO , Horsepasture River, Clerc 89/793a (G); YANCEY CO., Mt Mitchell, Clere 89/567 

(G) - All Paratypes 

  

  

  

  

4, USNEA NASHII P. Clerc & M Herrera-Campos, sp nov. (FIG. 8, 5) 

Fungi saxicola. Thallus 2-12 cm altus, erectus. Rami principales terees, distinct 

segmentati, inter segmenta medulla valde erumpitur. Tubercula copiosa, magna conspicua, 

orinuntur ex cicatricibus fibrillorum delapsarum; at medulla erupta apicalis observatur. 

Fibrillae juveniles brevissimae isidiiformes, oriuntur summo tuberculo, quandoque 
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fasciculatae. Soralia adsunt. Cortex plus minusvenitens, distincte, fissuratus per longum 

atque transversaliter, medulla conspicue erupta ex fissuris. Acidum usnicum, acidum 

protocetraricum continens. 

Etymology. -This species is dedicated to Thomas Nash JII (ASU) in recognition of his 

continuing support for the investigation of the Mexican lichen flora. 

Thallus shrubby (Figs. 8a, b), rigid, 2-12 cm long, yellowish green; branching 

anisotomic-dichotomous; trunk short (1-3 mm), variously pigmented but never jet black, 

sometimes barely developed, often rugose to + decorticated (Fig. 8d), branches usually   

tapering, conspicuously with few ramifications, distinctly segmented (especially the main 

branches) with conspicuous everted medulla between segments, lateral branches 

sometimes slightly narrowed at ramification point; segments terete to slightly ridged, 

cylindric to slightly sausage-like; apices thick and short with few ramifications, axils nearly 

90°; foveoles absent; transverse furrows sometimes present, papillae minute, hardly 

distinct; tubercles absent; fibercles large (7-10 x 10-20 mm), conspicuous and numerous 

on whole thallus (Fig. 8c); fibrils of mature length rather rare and only present near basal 

part, short (0.5 mm) isidiomorph-like fibrils produced (sometimes in bundles) on top of 

fibercles (Fig. 8c); soralia absent; isidiomorphs absent; cortex + glossy, distinct 

longitudinally and transversely cracked, with conspicuous everted medullary tissues 

emerging from cracks (Fig. 8d), moderately thick [(4.5-)5.5-7.5%-9.5(-11) (a = 28)]; 

medulla dense, moderately thick [22-)26-30%-34(-37) (n = 28)]; medulla dense, 

moderately thick [(22-)26-30%-34(-37) (n = 28)], axis sometimes fistulose, + thin [(15- 

)18-24%-30(-41) (n = 28)]. 

Chemistry. -usnic and protocetraric acids (n = 14). 

Variations. -More collections are needed to have a good idea of the variability of this 

species; however, the few specimens collected show remarkable variability in the thallus 

  

  

  

  

appearance. Some specimens are long, appearing depauperate, with conspicuous main 

branches and few ramifications (Fig. 8a); other specimens are more compact and more or 

less densely branched with numerous fibrils (Fig. 8b). Intermediate thalli can be found 

between these two extreme morphotypes. 

Taxonomic remarks. -Usnea nashii seems to have a somewhat isolated position in the 

genus Usnea and does not seem, so far, to have close relatives. Characteristic, unique, and 

curious at the same time, are the large fibercles producing short isidiomorph-like fibrils at 

  

their summit. 

Ecology and distribution (Fig. 5). -Similar to Usnea ammannii 
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TYPE. MEXICO CHIHUAHUA, Municipio Ocampo Parque Nacional Cascada de 

Basaseachic, 28°12’N, 108°14’W, Bosque de coniferas y Acer, 1950m, 22,05,1992, 

Herrera-Campos 2495 (MEXU, holotype, ASU, G, isotype) %C/%M/%A: 6/34/21 

(holotype). Chemustry usnic and protocetraric acids 

Additional specimens examined. -MEXICO, CHIHUAHUA. Cascada de Basaseachic, 

Herrera-Campos 2454 (MEXU), El Creel, Herrera-Campos 3203 (MEXU). DURANGO 

La Michilia, Cerro Blanco, 5.12 1992, Zambrano (MEXV) - all paratypes. 

  

PRIMARILY CORTICOLOUS SPECIES, 

RARELY COLLECTED ON ROCKS 

5. USNEA CERATINA Ach., Lich, Univ. 610 1810. 

For a detailed description of the species, see James et. al. (1992) and Herrera-Campos 

and Clerc (in press). 

This species is characterized by tuberculate soralia, vitreous cortex, more or less 

pinkish pigmented and compact medulla, pale base sometimes with a yellowish hue, and 

production of diffractaic and barbatic acids in the medulla that reacts C+ and CK+ yellow 

orangish. It is rarely found growing on rocks The specimens cited here was growing on 

“mostly steep to overhanging northeast-facing sandstone” In the United States and 

southern Canada, U. ceratina is reported to have a disjunct distribution in the western and   

the eastern parts of these countries (Hale 1979). In Mexico, U_ ceratina occurs throughout 
  

the country except for the most arid parts, from 670 to 4,000 m, mainly on Abies, 

Quercus, Pinus, Alnus, and Pseudotsuga (Herrera-Campos & Clerc, in press). 
    

Saxicolous specimen examined. -U S A. CALIFORNIA MARIN CO. Pt. Reyes, Ryan 

22020 (herb. Ryan). 

6. USNEA CORNUTA Koerber, Parerga Lichenol. 2. 1959., s. lat. 

For a detailed description of the species and synonyms, see Clerc (1987a). 

Most of the specimens collected on rocks in southern California are here tentatively 

assigned to this species. They are characterized by small, erect-bushy thalli with 

constricted branches, and a thin, glossy cortex. The basal part is blackened or not. Soralia 

are quite variable from minute to enlarged and from even to + tuberculate, with or without 
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isidiomorphs. The chemistry is quite variable and the following chemotypes have been 

found 1). salazinic and + constictic, and + protocetraric acids, 2). psoromic acid; 3), 

norstictic, + salazinic, and + stictic acids, 4). thamnolic and protocetraric acids; 5), fatty 

acids; and 6) protocetraric and + psoromic acids, 

When a primarily corticolous species occurs on rocks, many distinctive characters 

(e.g., soralia) can be modified Since corticolous species of the U_ fragilescens agg. (incl. 

U_ cornuta) in the western and southwestern parts of North America are poorly 

understood and need a thorough revision which is outside the scope of this paper, it is 

difficult to interpret and correctly identify their saxicolous relatives. 

Saxicolous specimens examined. -MEXICO. El Chico, Herrera-Campos (chemotypes 

1, 3, and 6) US A CALIFORNIA. SANTA BARBARA CO., Hollister Ranch, Clerc & 

Hubner, 19 09 1989, (G) (chemotypes 1, 2, 4, and 5); Santa Rosa Is., 2.01 1994, Ryan 

(ASU) (chemotypes 2 and 3), SAN MATEO CO., San Bruno Mountain, Ryan 21986 

(herb. Ryan) (chemotype 2). NORTH CAROLINA. ALLEGHANY-WILKES CO., 

Doughton Park, Dey 558 (DUKE) (chemotype 3); AVERY CO., Grandfather Mountain, 

Dey 1855, 1856 (DUKE) (chemotype 3); JACKSON CO., Whiteside Mountain, Egan 

12566 (MIN) (chemotype 6); MITCHELL CO., Roan Mountain, Dey 2266 (DUKE); 

TRANSYLVANIA CO, Horsepasture River Gorge, Moore 1674¢ (DUKE) (chemotype 

3). 

  

7 USNEA DASAEA Stirt., Scott Naturalist. 6: 104, 1881 (FIGS 9, 10, 11) 

TYPE. MADEIRA. Funchal, Payne (BM!, holotype). %C/%M/%A. 9.5/26 5/28. 

Chemistry: usnic, norstictic, galbinic, and salazinic acids. 

Usnea dolosa Motyka, Lich. Gen. Usnea Stud. Monogr , Pars Syst. 2. 494. 1937. TYPE: 

ROMANIA. TRANSSILVANIA. in monte Rusca, in Fago, 1872, Lojka (w! 

lectotype). Chemistry: usnic, norstictic, galbinic, and salazinic acids. 

Usnea galbinifera Asahina, J. Jap. Bot. 38. 257, 1963. TYPE. INDIA. DARJEELING. en 

route from Phalut to Sandakphu, 10.5.1960. Togashi (TNS!, holotype). %C/“M/%A: 

5/31/28 Chemistry usnic, norstictic, galbinic, and salazinic acids. 

      

Usnea spinigera Asahina, Lichens of Japan, vol 3. Genus Usnea: 85. 1956. TYPE. 

JAPAN, ITINOMIYA. Kazusa, May 1952, Asahina 52330 (TNS! holotype) 

NCIMM/MA. 5.5/27 5/34 Chemistry. usnic, norstitctic, and salazinic acids. 
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Usnea spinigera fo. subnuda Asahina, Lichens of Japan, vol. 3. Genus Usnea' 86 1956 

TYPE, JAPAN. INIOMIYA. Kazusa, May 1952, Asahina 52330b (TNS!, holotype) 

%C/IMM/MA: 6 5/29,.5/29, Chemistry: usnic, norstictic, and salazinic acids. 

Usnea spinulifera (Vain.) Motyka, Lich Gen. Usnea Stud. Monogr., Pars Syst 2: 518. 

1937. TYPE BRASILIA MINAS GERAES, Lafayette, 1885, Vainio (TURI, 

holotype). %C/%M/%A. 5 5/31/28 Chemistry usnic, norstictic, galbinic, and salazinic 

  

  

acids 

Usnea undulata Stirt. Scott. Naturalist. 6: 104 1881 TYPE’ MADEIRA Funchal, Payne 

(BMI, holotype) %C/%M/%A: 9.5/26.5/28, Chemistry: usnic, norstictic, galbinic, and 

salazinic acids 

Morphology. -Thallus shrubby (Figs. 9b, c) to subpendent (Fig. 9a), 2-15 cm long, 

grayish green, branching isotomic- or anisotomic-dichotomous; trunk short (1-3 mm) paler   

or of the same color as main branches, without conspicuous cracks; branches tapering or 

irregular; lateral branches often slightly to distinctly narrowed at attachment points; 

segments terete or slightly ridged, cylindric; apices mostly thing; foveoles absent or   

present; transverse furrows present; papillae absent, tubercles absent; fibercles present,     

mainly on main branches, verrucous, low; fibrils 1-2(-3) mm, usually conspicuous, 

spinulous (Figs 10a, b), easily breaking away, usually densely disposed on some parts of 

the branches, especially close to basal part, rarely on whole length of branches, giving 

spinulous appearance to this part of thallus (Figs. 9a, 10a); soralia punctiform to slightly 

elliptic longitudinally (especially on terminal branches), raised, smaller than half diameter 

  

of main branches (Fig. 10c) where they mainly arise from fibercles; typically enlarged on 

apices (Fig. 10d) where they mainly arise on cortex ad initio, and appearing + fusiform, 

isidiomorphs occurring on soralia only, not blackened at tips, cortex thin [(2.5-)5-6.5%- 

8(-13) (n = 77)], glossy, not conspicuously cracked; medulla large [(13-)21-26 5%-32(- 

37.5) (n = 77)], compact to dense, periaxially pinkish pigmented; axis moderately thick 

[(14-)24-34%-44(-57) (n = 77)] often pinkish pigmented, thick. 

Chemistry. -Usnic, salazinic, norstictic, and galbinic acids (n = 42) or norstictic and 

  

  

salazinic acids (n = 1) 

Variation. -The length of the thallus, density of branches, and ramification type are the 

main sources of variation for this species in North America. However the typical and 

spinulous fibrils may be sometimes absent or present only on a few short segments of 

branches. As a matter of fact, these fibrils are in this species most probably efficient 

propagules, and as such break away quite easily, thus obscuring what is, beside chemistry, 

the most significant taxonomic character of U. dasaea among the U. fragilescens agg.   
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More than 100 specimens form Europe and North America have been analyzed with TLC, 

and chemistry has been found to be constant. Galbinic acid was absent in only one 
specimen. . 

Taxonomic remarks. -The ‘Usnea undulata aggregates’ in East Africa was discussed   

by Swinscow and Krog (1975) The emphasized the difficulty in delimiting species in this 

group. Especially difficult was the separation of U. leprosa Motyka from U, undulata Stirt. 

and they illustrated this by showing a table (Swinscow & Krog 1975, Table 2) where 

“transitional and mixed forms of a single population’ were listed. However the characters 

  

chosen by Swinscow and Krog (inflated branches, lax medulla, and presence of papillae) 

to separate these two taxa are highly variable, and therefore not relevant in this case 

Usnea leprosa, which is a synonym of U. hirta (L ) Wigg. em Motyka (Clerc 1997), differs 

from U. undulata by soralia, which are minute, numerous, and never enlarged, with a high 

density of isidiomorphs, lateral branches which are not narrowed at attachment points; and 

a thinner cortex (4.5%). The chemistry is different as well, but this may not be the case in 

East Africa A reinterpretation of all chemotypes given by Swinscow and Krog (1975) in 

light of the characters mentioned above seems to be necessary. Examination of the 

holotype of U. undulata shows that there are no essential differences from U. dasaea, and 

therefore U. undulata is here considered synonymous with U, dasaea. 

The original material of all species cited in the synonymy share the following 

characters, which are diagnostic for U. dasaea: the same soralia type (Fig. 10 c, d); lateral 

branches slightly to distinctly narrowed at attachment points; some branches with densely 

disposed spinulous fibrils on some part of them; a thin and glossy cortex; and salazinic, 

norstictic, and galbinic acids (except in U, spinigera) in the medulla. The names U. 

spinulifera and U. spinigera suggest the characteristic numerous spinulous fibrils, which 

are the main morphological character segregating U. dasaea from other species in the U, 

fragilescens agg. Due to its large variability, this species has been described many types, 

and U. chilensis Motyka, U. feeana Motyka, U. filimentosa Motyka, U, furfurosula 

  

  
  

  

  

(Hahlbr.) Motyka, U_ spilotoides Dodge, and U. strigosella Steiner are probable synonyms 

of U_ dasaea. 

Specimens with red pigment in the medulla have been collected in Florida. The first 

author will discuss them in a future paper dealing with the species from the eastern part of 

the United States. 

Usnea dasaea is closely related to U_ amblyoclada, and they differ morphologically 

mainly through their different types of soralia and isidiomorphs, When fibrils are absent 

  

and soralia are not well developed, this species is difficult to separate from U. cornuta 

without the help of TLC (galbinic acid in U_ dasaea). In Europe, this species has not been 
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well understood and has been confused with U_ cornuta (Hawksworth et al. 1980, Motyka 

1936-38). 

Distribution and habitat. -As indicated by the list of synonyms this mainly corticolous 

species is distributed worldwide. Usnea dasaea is mentioned here for the first time for 

North America, South America, Africa, and Asia. Australia is the only region from which 

we have not seen specimens. In North America (Fig 11) and in Europe, U. dasaea, has a   

scattered distribution, mainly in the southern part of the continents 

Selected specimens examined. -Saxicolous: MEXICO CHIAPAS San Cristobal de las 

Casas. Herrera-Campos 3070 (MEXU) CHIHUAHUA Sierra Tarahumara, Herrera- 

Campos 3283 (MEXU). U.S.A. GEORGIA. DADE CO., Lookout Mountain, Clerc 

88/259 (G) NORTH CAROLINA. BUNCOMBE CO., vicinity of Montreat, Standley & 

Bollman 10146 (US). Corticolous: MEXICO. BAJA CALIFORNIA NORTE Cerro 

Kenton, Clerc 89/315 (G) CHIAPAS. Tzentontwitz-Chalam, Herrera-Campos 3399 

(MEXU) DURANGO, Sierra Madre Occidental, 2 km W from the border with Sinaloa, 

Herrera-Campos 2899 (MEXU) HIDALGO Zacualtipan, Herrera~Campos 1372, 1373 

(MEXU). JALISCO: Sierra de Manantlan, Herrera~-Campos 4029 (MEXU). NAYARIT. 

Volcan Zanganguey, Herrera-Campos 4030 (MEXU). NUEVO LEON. Cumbres de 

Monterrey El Manzano, 1992, Zambrano (MEXU) OAXACA. Puerta dei Sol 

Macuiltianguis, Herrera-Campos 3050 (MEXU). SAN LUIS POTOSL Sierra Madre 

Oriental, El Potos, 1992, Zambrano (MEXU). SONORA Santa Ana, Nash 11050 (ASU). 

U.S A. CALIFORNIA. SANTA BARBARA CO,, Santa Barbara, Cole 1290 (US). 

FLORIDA. CHARLOTTE CO., Englewood, Moore 1352a (DUKE), KENTUCKY. 

KNOX CO, Jarvis Store, Hubricht 306d (US). LOUISIANA. Bayou Milieu, 1896, 

Langlois (US). NORTH CAROLINA. AVERY CO., Pisgah Nat. Forest, Clere 89/939 

(G). MAINE, KENNEBECK CO., Manchester, Sargent (US), MASSACHUSETTS. 

HAMPSHIRE CO., Amherst, 1856. Tuckermann (DUKE). MISSOURI. ST. LOUIS CO., 

St. Louis 1841 (US). VIRGINIA. GILES CO., Mountain Lake, Clerc 11394a (G). 

TEXAS COMAL CO., New Braunfels, Lindheimer 429 (US). 

  

  

  

  

  

  

  

  

8. USNEA HESPERINA Motyka, Lich. Gen. Usnea Stud. Monogr., Pars Syst. 2: 383. 

1936-1938. 

For a detailed description of the species, see Clere (1997) and Herrera~-Campos and 

Clere (in press). , 
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Rarely found on rocks, this species is well characterized by a pendulous thallus, 

cylindric branches with distinct annulation close to the basal part, the absence of papillae, 

long and curved fibrils, a mat cortex, minute pseudocyphella-like soralia which may 

enlarge and bear isidiomorphs, and protocetraric acid in the medulla The distribution of 

U. hesperina in Mexico is treated by Herrera-Campos and Clerc (in press). 

Saxicolous specimen examined. - U.S.A. NORTH CAROLINA. BATH CO, 

Shenandoah Mountains, Clerc 88/63 (G); BUNCOMBE CO, vicinity of Montreat, 

Standley & Bollman 10146 (US); HAYWOOD CO -JACKSON CO., Richland Balsam 

Mountains, Egan 12431 (MIN); SWAIN CO , Blue Ridge Parkway, Clerc 89/715 (G). 

9. USNEA MUTABILIS Stirt. Scott. Naturalist 6: 107 1881 

For a detailed description of the species, see Clere (1994) 

The minute soralia with isidiomorphs, pale base, lateral branches that are not narrowed 

at attachment points, absence of papillae, wine red pigment in the medulla, thin, shiny 

cortex, and the chemistry (fatty acids of the murolic acid group) make this species distinct 

among other taxa in the genus. Usnea mutabilis is morphologically and chemically closely 

related to U. hirta. Unpublished data from the first author show that U. mutabilis is one of 

the most frequent corticolous Usnea species on lowlands in the eastern United States and 

    

  

  

that is much rarer in the western part of the country, Usnea mutabilis is rarely found on   

sandstone. 

Saxicolous specimens examined. -U.S.A. ARKANSAS MONTGOMERY CO., 

Ouachita Nat Forest, Demaree 43338 (US). IOWA. BOONE CO, Ledges State Park, 

Wetmore 13140 (MIN); CLAYTON CO Giard School, 16 July 1930, Shimek (MIN). 

10, USNEA RUBICUNDA Stirt., Scott. Naturalist 6: 102. 1881. 

For a detailed description of the species, see James (1979) and James et al (1992). 

Easily distinguished by the reddish pigmentation of the cortex (especially close to the 

basal part of the thallus), pale trunk, soralia with numerous isidiomorphs, and chemistry 

(stictic, tconstictic, + norstictic acids or salazinic, norstictic, and + constictic acids), this 
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species can be found only rarely on rocks. Usnea rubicunda is morphologically extremely 

variable 

Saxicolous specimens examined. -MEXICO BAJA CALIFORNIA. Cerro Kenton. 

Moberg 8683 (UPS). US.A MINNESOTA. HOUSTON CO, Crooked Creek Valley, 

April 1977 Trana (MIN). NORTH CAROLINA. BUNCOMBE CO., vicinity of 

Montreat, Standley & Bollman 10/146 (US) TENNESSEE. Calkins (MIN)   

11 USNEA SUBSCABROSA Motyka, Lich. Gen, Usnea Stud. Monogr., Pars Syst. 2: 

313, 1936-1938 

For a detailed description of the species, see Clerc (1992) and Herrera-Campos and 

Clerc (in press). 

Usnea subscabrosa is a conspicuous species. The main diagnostic characters are the 

thick and vitreous cortex, minute soralia with or without isidiomorphs, pale trunk often 

with a reddish hue, and chemistry (protocetraric acid) Morphologically, it is variable with 

shrubby to pendulous growth forms, In the United States, it is found only in the eastern 

part where it sometimes occurs secondarily on rocks. In Mexico, it is found throughout 

the country, between 1,300 and 1, 400 m, mainly on Pinus, Quercus, and Abies (Herrera- 

  

Campos & Clerc in press). 

Saxicolous specimens examined. -U.S.A. NORTH CAROLINA. DADE CO., Lookout 

Mountain, Clere 88/260 (G), SWAIN CO., Blue Ridge Parkway, Clerc 89/714 (G). 

12. USNEA WIRTHII P Clerc, Saussurea 15: 34. 1984. 

For a detailed description of the species, see Clerc (1984b) and Clerc and Diederich 

(1991). 
Since its first discovery in North America (Clerc & Diederich 1991), this species has 

been found many times in the northern part of the western coast, especially in British 

Columbia (Halonen et al., in press). The saxicolous specimens collected for the first time 

by B. Ryan on Santa Barbara Islands agree well with the main characteristics of U. wirthii 

i.e. the yellow pigment in the medulla and axis, the small-sized thalli (1-4(-6) cm), pale 

trunk, constricted branches at ramification points, red spotted cortex, and chemistry 

(norstictic acid chemotype). Only the soralia are somewhat different as they fuse together 
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and cover the extremities of the branches as in U_ esperantiana P Clerc (Clerc 1992); this 

might be, however, an effect of the saxicolous habitat. 

Saxicolous specimens examined -U S A CALIFORNIA. SANTA BARBARA CO., 

Ryan 31090 (hb. B. Ryan). 

EXCLUDED SPECIES 

USNEA DIPLOTYPUS Vainio, Medd. Soc, Fauna Fl. Fenn. 48: 172 1924. 

Because the original material of this species was collected on rocks Motyka (1936- 

38)considered this taxon as being exclusively saxicolous, However, as stated by Clerc 

(1987a), U_ diplotypus is mainly a corticolous taxon growing secondarily and rarely on 

stone. Based on specimens collected on rocks, Thomson (1956) reported this species new 

for North America. Later Hale (1958) examined the type material of U_ diplotypus and 

rejected the use of this name for North American Usnea population growing on rocks. 

Indeed, Hale was right, and the saxicolous material of North American Usnea does not 

correspond with U, diplotypus. This species has a trunk which is often black pigmented; 

minute soralia with numerous isidiomorphs; verrucous to cylindric papillae; and salazinic, 

+ barbatic acids, or alectorialic acid in the medulla. In North America, U_ diplotypus has 

been found to occur on trees in British Columbia in Canada (Halonen et al, in press). All 

collections cited by Wetmore (1976) as U_ diplotypus has been found to occur on trees in 

British Columbia in Canada (Halonen et al, in press), All collections cited Wetmore 

(1976) as U_ diplotypus are most probably U. amblyoclada with galbinic acid, and not 

stictic acid as mentioned here Specimens cited by Dey (1978) under U. diplotypus are U_ 

cornuta and U. halei. 

  

  

  

USNEA HERRE]I Hale nom illeg. How to Know the Lichens Second Edition. Wm. C. 

Brown Company, Dubuque: 219 (1979), nom illeg. (Code, Art. 32) 

It is not possible from the description given by Hale (1979) to decide whether this 

taxon corresponds to Usnea halei or to U. amblyoclada. Most herbarium specimens 

identified as U. herrei belong either to U. halei or to U. amblyoclada. 

USNEA SUBFUSCA Stirt., Scott. Naturalist 6: 108. 1881 

102



This name was used the first time for saxicolous North American Usnea by Motyka 
  

who identified a population collected on sandstone cliffs in Arkansas and distributed by M. 

E Hale in his American Exsiccata (Hale 1956). Later Hale (1958) and Wetmore (1976) 

expressed some doubts about this concept. Dey (1978), in his study of the lichens of the 

Southern Appalachians, restricted the use of U. subfisca to corticolous specimens of the 

U. strigosa agg, producing salazinic acid in the medulla which is not pigmented. He was 

followed by Hale (1979). Usnea subfusca is indeed a corticolous species whose 

distribution is so far restricted to eastern North America. This species belongs to the U_ 

florida agg. sensu Fiscus (1972), a group of sexually reproducing Usnea with numerous 

  

  

and conspicuous apothecia. This group needs a thorough revision which is under way 

Preliminary results show, however, that this species is not closely related to the U. strigosa 

agg It differs from the latter by its black base, mat cortex, large papillae, and chemistry 

(salazinic acid). 
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Gere f. Usnea amblyoctada, — a Thallus shrubby. Nash 16973 (asu). — b. Thaflus subpendant. Nash £2650 J. ~~ @ Thallus shrubby, depaupesate, Dey 7879 (puKE) 

OF



  
Figure 2. Usnea amblyoclada. — a. Thallus shrubby, compact-pulvinate, Nash 13839 (asu) — b. Terminal branch- 

25 with minute soralia. Herrera-Campos 3405 (MEXu). —~ ¢. Spinulous isidiomorph-like fibrils, Nash 13088 (asu). -—~ 
1, Lateral branch constricted at attachment point. Black trpped isidiomorphs clearly visible, Nash 16973 (asu}. —~ e. 
Branch with punctiform soralia on fibercles, May 22, 1992, Herrera-Campos (Mpxu). — f. Branch with ridges, Dey 
7879 (DUKE), —- g. Branch with foveules, Dey 7877 (duKg). Scale bars Fig. b-g = 1 mm. 
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Ficure 3. Known distribution of Usnea amblyociada in North America 
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Biourr 4, Usnea anmannit. — a. Thallus small, shrubby, holotype. — b. Terminal branch with soralia, holotype. 

- ¢, Branch with verrucous papillae and fibrils, May 22, 1992, Herrera-Campos (MBXU)}, Seale bars: Fig. b-o 1 
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Figure 5. Known distribution of Usnea ammannii and 
U. nashit (both species have the same generalized distri- 

bution). 
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Ficcre 6. Usnea haiei — a, Thallus subpendent, Clerc 89/818 (G), — b. Basal part with annular cracks, Dey 7834, 

1b. Dey) ~~ ¢. Branch with punctiform soralia, Dey 568 (hb. Dey) — d. Branches with capitate soralia and isidi- 

morphs, Dey 2266 (DUKE). —~ ¢. Longitudinal section of branch, central axis thick, medulla dense, Moore 1847 (DUKE). 

-f Longitudinal section of branch, central axis thin, medulla lax, Dey 568 (hb. Dey), Scale bars: Fig. b-f = 1 mm. 
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Ficure 7 Known distribution of Usnea hale. 
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Fiours 8. Usnea nashii — a, Thallus shrubby, depauperate, May 21, 1992, Herrera-Campas (Mb: ~~ b. Thallus 

shrubby, richly branched, May 22, 1992, Herrera-Campos (MExv). ~~ ¢ Branches with fibercles and isidiomorph-like 

fibrils, holotype (mexu). — d. Basal part with cracks and everted medulla, holotype, (MEXU). Scale bars, Fig, cd = | 

mm, ig 

 



  
WGuRE 9. Usnea dasaea, — a, Thallus subpendant, with numerous fibrils, Moore 799 (puKs). —- b. Thallus smail 

ubby, compact, Clerc 89/375 (a). — c. Thallus shrubby, with thick main branches, Clere 88/29 (G) 
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Ficure 10, Usnea dasaga. — a. Branch with spinulous fibrils, Culberson 6152 (puKE). -—— b. Close up of spinulous 

ris and isidiomorph-like fibrils, Culberson 6132 (DUKE). — ¢. Branch with more or less minute soralia, 

iberson 4805 (DUKE). -~ d, Branches with large soralia, Culberson 4865 (bus). Scale bars = 1 mm. 
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Taa_e 1. Main secondary metabolites in North American saxicolous Usnea. Ch., chemotype: +, present in all 

pecimens examined; +, not always present (accessory); —, not present. Bar, barbatic acid, Dif, diffractaic acid; Tha, 

hamnolic acid: Pro, protocetraric acid; Nor, norstictic acid; Gal, galbinic acid; Sti, stictic acid, Sal, salazinic acid; Pso, 

soromic acid; Fat, fatty acid(s). 
  
  

  

Taxon Bar Enf Tha Pro Nor Gal Stu Sal Pso Fat 

J. amblyoclada Ch. i - ~ - + + _ + _ _ 

Ch. 2 ~ - - - + _ - + _ _ 

J ammannit = - ~ _ = _ = + _ 

U. ceratina + + = - - = _ = = - 

UY, cornuta Ch. t 7 - - + - - - + = - 

Ch, 2 - - ~ + - - ~ + - _ 

Ch 3 - - = + - - - - + = 

Ch. 4 - - - - + _ _ - = - 

ch. 5 - - + + ~ _ = _ = - 

Ch. 6 - - - - - - - - - + 

V, dusaea Ch. 1 -” - = _ + + - + _ _ 

Ch, 2 - - - - + - _ + . _ 

U. halter - - - * + - - + _ - 

UY, mutabilis ~ - - - - - = _ - + 

U, nashii - - - + = = ~ _ _ 

UJ, rubicunda Ch. | - - - - + - + - _ - 

Ch. 2 - - - - + - ~ + - - 

i subscabrosa - _ - + = ~ - - - 

U wirthil Ch. 1 - 7 - - + - _ = _ - 

Ch. 2 - - - - - - - - + - 
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Usnea fragilescens aggregate in Mexico 

Herrera-Campos, M.A., P. Clerc, T H Nash III y A. Zambrano. 

El complejo U fragilescens en México. 

RESUMEN 

Este es el primer estudio encaminado a la revision del complejo Usnea fragilescens en   

México Se describen, para nueve especies, los caracteres morfoldégicos, anatémicos y 

quimicos, asi como la distribucion geografica. Asimismo, se presenta la distribucion 

actualizada de U dasaea. 

Se practicd un analisis discriminante a los datos anatomicos de CMA para demostrar la 

utilidad de la relacion entre los caracteres anatémicos y quimicos en la separacién de las 

especies. 

U. brasiliensis (Zahtbr.) Mot., U. esperantiana Clerc, U. fragilescens Lynge var. 

mollis (Vainio) Clerc, U. jamicensis Ach, U. ramillosa Mot., and U wirthii Clerc 

son nuevos registros para Mexico. 

Se incluye la clave para el complejo U. fragilescens en México, 
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ABSTRACT, This study is the first step towards the revision of the Usnea fragilescens 
complex in Mexico. Morphological, anatomical, and chemical characters, as well as their 
distribution are described for nine species. The updated distribution of U. dasaea 

Stirt.corticolous in Mexico is provided. 
A discriminant analysis of the CMA of the best represented species is used to 

demonstrate the reliability of anatomical features and chemistry in their separation, also 
related to soralia shape and distributional trends. 
U. brasiliensis (Zahibr.) Mot., U. cornuta Koerb s. lat, U. esperantiana Clerc, U. 

fragilescens Lynge var mollis (Vainio) Clerc, U. jamaicensis Mot , 
U, ramillosa Mot. s. str and U. wirthii Clerc represent new records for Mexico 

A key for the U. fragilescens group in Mexico is provided. 

  

  

  

  

  

The lichens described in this paper belong to the U. fragilescens aggregate as defined 

by Clerc (1987a), The species of this aggregate are characterized by their shrubby and 

erect habit, branches of irregular diameter along their length with swollen and/or deformed 

segments, thin cortices (8-15% of the branch diameter), loose to dense medullae (60-76% 

of the branch diameter), often heterogeneous (i.e. with a denser zone just below the 

cortex), and thin axis (15-23% of the branch diameter), They are mainly corticolous 

although some saxicolous specimens have been reported (Clerc & Herrera-Campos, 

1997), Among the species treated in this paper, the only one recently reported from 

Mexico is U cirrosa Mot (Coutifio y Mojica 1985). 

  
The species of this aggregate studied for Mexico are U, cornuta Koerb. s lat., U 

brasiliensis (Zahibr ) Mot., U. esperantiana Clerc, U fragilescens var mollis (Vain.) Clerc, 

U. glabrata (Ach.) Vain., U. jamiacensis Mot., U. wirthii Clerc, U ramillosa Mot. s_str., 

U. citrosa Mot., and U._dasaea Stirt The latter species is described in detail by Clerc and 

Herrera-Campos (1997) therefore just a distribution for corticolous specimens is given 

    

herein. 

Most of the species in the aggregate can be readily recognized by a combination of 

characters (discussed below) utilizing the species concept employed previously (e.g. 

Herrera-Campos et al. 1998). However, one group of species centered in U brasiliensis, 

U. cirrosa, U. cornuta s. lat, U. glabrata, and U. ramillosa s. str. exhibit a range of 
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morphological, anatomical, and chemical variation that make them particularly difficult fo 

separate. Therefore, we have employed multivariate analyses to examine the degree to 

which these five taxa may be distinguished. 

This paper is part of a more comprehensive study on the genus Usnea in Mexico. It   

follows the general approach mentioned by Herrera-Campos et al. (1998). Its main 

purpose is to initiate a discussion of the fruticose species included in the Usnea 
  

  fragilescens aggregate, collected mainly in coniferous (Abies or Pinus dominated), mixed 

forests (Pinus-Quercus) and cloud forests. 

MATERIALS AND METHODS 

Most of the specimens examined are primarily the senior author's personal collections 

from temperate forests of the montane areas of Mexico as referred by Herrera~Campos et 

al. (1998). Collections deposited in the following herbaria are also included: ASU, BERN, 

COLO, DUKE, ENCB, FH, H, G, IBUG, LAM, LE, LUB, MEXU, MIN, NY, 0, S, 

TUR, UPS, VT, and W. 

The collections were initially grouped according to the presence of soralia and/or 

isidiomorphs, apothecia, and pigmentation. The specimens were morphologically, 

anatomically, and chemically analyzed following the methodology of previous studies 

(Clerc 1984a, Clerc and Herrera-Campos 1997, Herrera-Campos et al. 1998) Finally, 

among the species for which enough material had been collected, a statistical analysis was 

done to the CMA (cortex, medulla, axis) data to examine relationships of these anatomical 

features, soralia, segment shape, and the chemistry of the thallii The CMA values are 

expressed as percentage of the total width of the branch, measured in the thickest part of 

the thickest branch. In the species descriptions the maximum, mininum, mean and standard 

error values are given for each one of these characters. 

The percentage size of the cortex, medulla, and axis relative to the branch diameter 

were separately compared by one-way ANOVA among five species: U. brasiliensis 

(n=60), U. cirrosa (n=66), U. cornuta s. lat. (n=49), U. glabrata (n=45), and U. ramillosa 

s. str.(n=38). A logarithmic and a square transformations for the cortex and axis data, 

respectively, were necessary to achieve normality. The Tukey's HSD was used to compare 

the species means after ANOVA. The analysis were performed with the GLM procedure 

in SAS (1990). 

Statistical Analyses 

As appropiate standard errors for means were calculated, graphed, and added to 

tables. The discriminant analysis of the CMA data for the five best represented species of 
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the U._fragilescens aggregate, was inducted using the DISCRIM and CANDISC 

procedures in SAS ( 1990) The analysis employed 68 specimens of U. cornuta s. lat., 60 

of U. brasiliensis, 66 of U. cirrosa, 38 of U. ramillosa s. str., and 44 of U. glabrata. 

Multiple-group discriminant analysis (MDA) was used to explore the similarities and 

differences among the five species mentioned above based on the size of predetermined 

groups of objects by maximizing the between groups to within groups sum of squares 

ratio (Sharma 1996), and it has been successfully applied to taxonomic problems (e g. 

Hess and Stoynoff 1998). for such purpose, and because the relative size of the cortex, 

medulla, and axis as typically expressed in the so-called CMA ratio (Clerc 1984a, 1987a, 

1991, Clerc and Herrera-Campos 1997, Halonen et al. 1998; Herrera-Campos et al. 1998) 

is not suitable for this type of analysis, we used the actual values of these variables, though 

a log 10 transformation was necessary to achieve normality. In addition, because the 

assumption of equality of the covariance matrices was rejected (Bartlett's test), we use a 

quadratic rather than a linear discriminant function as the classification rule. 

Calculations were performed with a program using the DISCRIM and CANDISE 

procedures in SAS (1990) According to the min {G-1, p} rule, where G is the number of 

groups, and p is the number of variables, respectively, 5 and 3 in our data set, we assessed 

three discriminant functions. 

SPECIES CONCEPT 

The species in the Usnea fragilescens group are defined by the combination of 
  

different morphological, anatomical and chemical characters, in which at least two 

independent ones (¢.a. soralia morphology and chemistry, or chemistry and anatomy, etc.) 

are correlated (Herrera-Campos et al. 1998). It is also important to consider whether the 

geographical distribution patterns are consistent with the definition of the species. 

However, the delimitation of the species is considerably complicated by the variety of 

chemotypes and morphotypes that are found, as well as for the numerous intermediate 

morphs that seem to draw a continuum without end between closely related species 

Different chemotypes of identical morphology are not given any taxonomic rank. 

In Usnea, the intergradation of the morphology among species that grow together, 

which seems to be more a rule than an exception, makes it harder to separate and delimit 

combinations of characters defining them (Stevens 1992; Swinscow and Krog 1979). 

Particularly puzzling are the intermediate morphs, specimens with mixed characters 

between two different species morphologically, anatomically, and chemically 

distinguishable, as in the case of U. subfloridana and U. wasmuthii (Clere 1992), U 
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fragilescens and U. cornuta (Tavares 1997), and U. fulvoreagens and U. glabrescens 

(Halonen et al 1998). Such specimens have been considered as possible "vegetative 

hybrids" (Brodo 1978, Clerc 1992; Fahselt 1996, Halonen et al. 1998) although lichen 

hybridization is not well understood. 

MORPHOLOGY 

The diagnostic characters of the species in this genus have been explained and defined 

before (Clere 1984a, 1987, Clere and Herrera-Campos 1997, Halonen et al. 1998; 

Herrera~-Campos et al. 1998; Swinscow and Krog 1979), therefore they will only be 

briefly as they apply to the U. fragilescens aggregate. 

Thallus 
All the species described have mostly erect, shrubby thalli from 2-8 cm high, usually 

with one well developed attachment point or holdfast. The color of the thalli varies from 

pale yellow, to dark olive green, but it is not considered a diagnostic character because it 

appears to reflect phenotypic variation related to different levels of illumination, 

Ramification 
Specimens may vary fom weakly to densely ramified. The ramification pattern of these 

shrubby species is isotomic dichotomous or anisotomic dichotomous, with divergent 

branches. 

Trunk 
The trunk is 3-5 mm long and varies from attenuated to straight, indistinct, or 

continuous with the main branch (Fig 1). Unlike some pendulous species from Mexico 

(Herrera-Campos et al. 1998), the color of the basal part of the trunk in the U. 

fragilescens aggregate is not diagnostic. 

Branches 

“The branches are very distinctive in this group. They can be frequently constricted at 

the base, cylindrical to irregular, sometimes fusiform, deforming depressions on the cortex 

are frequently present. The segments are swollen ("sausage-like” ) or deformed, and they 

vary from slender to coarse, and from slightly or not deformed to deeply deformed as in 

U. brasiliensis (Fig. 2) 

Papillae and tubercles 

The distinction between these structures was established by Swinscow and Krog 

(1979). Papillae are just bumps of cortical material, whereas tubercles have both cortex 

and medulla, The species studied here may have one or both types of structures, however 

the only characteristically tuberculate one is U. jamaicensis (Fig. 3) 
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Fibrils 

Fibrils are mainly short up to 5 mm, sometimes very crowded on the branches as with 

the typical spinules of U. dasaea (see Clere and Herrera-Campos 1997) and U cirrosa. 

They can also be scattered and irregularly distributed along the thallus as in U cornuta s. 

  

  

lat. and U. brasiliensis (Figs. 4, 5). U. jamiacensis has the longest (15 mm) and somewhat 

more characteristic fibrils of the species treated herein (Fig. 7) 

Fibercles 

The fibercles, defined as the scars or gaps with protuding medulla left when the fibrils 

brake away (Clerc & Herrera-Campos 1997), are irregularly present on U. cornuta s. lat , 

but so far, they have not prove to be diagnostic character for any species within this 

aggregate . 

Pseudocyphellae 

To the extent of our knowledge, these structures are absent in this complex. 

Soralia 
The soralia produce farinose or granular soredia, and frequently originate from the 

cortex, tubercles, papillae, or around cracks. Although soralia are highly variable, certain 

tendencies can be found. For example, U. cornuta s str typically has plain, small, 

confluent soralia (Clerc 1987 a, b. Fig. 7. However, U. cornuta s. lat, shows greater 

variability (Figs. Fig. 8) For example U. brasiliensis has more tuberculate and separate 

soralia (Fig. 9); U_ fragilescens soralia, typically separate and delimited with a cortical 

margin (Fig 10), U_ glabrata deeply excavate soralia (Fig. 11); and U. esperantiana, 

slightly or not excate soralia (see Clerc 1992). 

Isidiomorphs 

These structures occur with variable density, from absent or scarce to abundant and 

  

  

crowded, deforming the tips of the branches, a characteristic that has been considered 

typical of U. cornuta (James et al. 1992). However, it can also be found in other species 

of this aggregate and even in extreme forms of U. ceratina from air-polluted locations. 

Apothecia 

As previously interpreted by Clerc (1987 a), the species of this complex include only 

soredio-isidiate species in which the apothecia are rare or have not been found. In this 

study few fertile species are included because they exhibit the characteristic features 

previously mentioned for the group, i. e. habitus, branch segments, and anatomy. 

Fertile species of the U. fragilescens group may be actually several small aggregates of 

species, and U. ramillosa s. lat. is one of them. It includes species with shrubby thalli, 2-4 
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to 8-10 cm long, straight to attenuate trunks, sometimes bifurcate, short to well 

developed, concolorous with the main branch, reddish, brown or partially black, branches 

constricted at the base; branch segments terete in cross section and swollen in longitudinal 

section; crowded spinules or long disperse fibrils; cortex thin, shiny or vitreous; medulla 

mainly loose and thin axis. The secondary compounds found in this complex of fertile 

species are usnic, salazinic, protocetratic, norstictic, stictic and galbinic acids. Besides U 

cirrosa and U. ramillosa  str., this aggregate may include, among others, the central and 

South American species U steinerii Zahibr., U andina Mot., U. subelegans (Vain.) Mot. 
    

and a morphotype of U. cirrosa recently reported for southwestern U.S. by Tavares and 

Sanders (1998). 

U. ramillosa s str. is defined here as containing protocetratic acid and lacking 

  

pigments or pycnidia, However it is recognized that a more comprehensive study on the 

apotheciate species of the genus is needed. 

ANATOMY 

In Usnea, anatomical characters, particularly CMA, have been interpreted in different 

ways by several authors, Motyka (1936-1938) and Asahina (1956) use the dimensions of 

the cortex, medulla and axis in their species descriptions. The relative widths of these 

features have proven to be reliable in several instances (Clerc 1984a, 1987 a; Clerc and 

Herrera-Campos 1997; Herrera-Campos et al 1998, Walker 1985). However Swinscow 

and Krog (1979) find that using the thickness of the cortex was too imprecise, although 

CMA was helpful in the determination of U. picta (Steiner) Mot. 

The same anatomical features studied for the pendulous Usnea for Mexico (Herrera- 

Campos et al. 1998) were studied. This aggregate is characterized by the thin cortices, 

thick medullas and thin to moderately thick axes, all referred as the relative percentage of 

the total width of the branch. 

Cortex 

  

  

The cortices in these species vary from shiny to vitreous, Cortical average thickness 

ranges from 8% in U. ramillosa s. str. to 14% U. glabrata (Fig. 12, 13). 

According to the significant differences found in the thickness of the cortices, two 

contrasting groups can be identified: a) species with thinner cortex: U. ramillosa s. str., U. 

brasiliensis and U_ cirrosa and b) species with thicker cortex: U. glabrata and U cornuta s_ 

lat, The cortex is significantly different between these two groups but not among the 

individual species in each group (Fig. 14). 
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Medulla , 

In the U. fragilescens aggregate the medulla is typically heterogeneous, with a denser 

area below the cortex, dense to loose or very loose towards the axis. It ranges from 62% 

in U. comnuta s. lat. and U. glabrata to 76% in U. brasiliensis and U. ramillosa s str. (Figs. 

12, 13). 
Three groups can be separated among which significant differences in the thickness of 

the medulla were observed: a) U. ramillosa s. str and U. brasiliensis, b) U. cornuta s. lat. 

and U. glabrata, and c) U. cirrosa (Fig. 14). U. ramillosa s. str and U. brasiliensis have the 

  

  

  

thickest and loosest medulla. U. cornuta s lat. and U glabrata exhibit more variability in 

medullary thickness than the previous two species Their medullary density varies in U. 

cornuta s, lat. from loose to dense and in U. glabrata from very loose to loose. Lastly U. 

cirrosa has medullary widths that are intermediate between the first two groups, and its 
  

medullary density also varies from very loose to loose as in the last species mentioned. 

Axis 

The axis is mostly thin, solid and straight and varies from 15% to 24% of the branch 

diameter in U. brasiliensis and U. glabrata, respectively (Figs. 12, 13). 

The variation of the axis thickness parallels that of the cortex. The same separation 

can be observed according to the significant differences in this parameter U ramillosa s 

str and U. brasiliensis have thinner axes, while U. glabrata, U. cornuta s_ lat., and U 

cirrosa have thicker axes. Again, the variation of U. ramillosa s. str and U. brasiliensis is   

very similar, in contrast with the wider one of the other three species (Fig. 14). 

CHEMISTRY 

The utility of secondary metabolites in lichen taxonomy is unquestionable, because it 

assists in the delimitation of species, confirms the occurrence of species pairs, solves 

problems when morphological information is insufficient or unnoticed, and helps to 

understand the geographic distribution (Brodo 1986, Elix 1996; Hale 1983). However, the 

fact that some morphological species are differentiated into chemotypes correlated to 

differences in geography and ecology has caused controversial interpretations (Culberson 

1969, 1970, 1986, Culberson and Culberson 1967, 1973, 1976, Egan 1986; Feige and 

Lumbsch 1995; Hawksworth 1976; Rogers 1989; Sheard 1978 a, b). Some guidelines, 

concepts, and alternatives have been proposed to solve them (Brodo 1986; Culberson et 

al. 1988; Hawksworth 1976). 
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Interpretation of lichen chemistry also varies among some studies of Usnea. Culberson 

et al. (1983) describe the new U. lecanorica W. Culb., C. Culb. and Fiscus on the basis of 

the occurrence of a secondary product not found previously in any other species of the 

  

genus, and distinguish U. lecanorica from U arizonica which has salazinic acid. In 

contrast, Stevens (1992) regroups the species of the Australian U. scabrida-U. molliuscula 

complex into two species with several subspecies according to differences in morphology 

related to distinct climatic regions and for which chemistry was considered of no 

importance because the secondary products found in all these species were closely related 

  

B-orcinol depsidones Furthermore, for Swinscow and Krog (1979) the secondary 

substances found in the fruticose species in East Africa are of no taxonomical value unless 

they are treated in combination with morphology and/or pigmention. In more recent 

studies (Clerc and Herrera-Campos 1997; Herrera-Campos et al. 1998; Halonen et al 

1998), chemical characters have been considered part of the combination of features that 

defines the species, without giving any taxonomical rank to the different chemotypes if 

they are morphologically indistinguishable. 

In general, the medullary secondary substances found in the species of the U. 

fragilescens group in Mexico are the same as those found in the pendulous and saxicolous 

species: B-orcinol depsidones salazinic, stictic, norstictic, galbinic, and protocetraric acids, 

B-orcinol paradepsides barbatic, diffractaic acids, and bourgeonic acid, and an unknown 

fatty acid in U. cornuta s. lat. So far, orcinol secondary products such as evernic and 

lecanoric acids are unknown for this group (Table 1). 

U._cornuta s lat. with four 

chemotypes. Among the saxicolous Usnege, this species is also the most chemically 

variable with six races (Clerc and Herrera-Campos 1997). However, after the analysis of 

the corticolous specimens, it is considered by the first author that the chemical race with 

protocetraric and psoromic acids corresponds to the South American species U. 

The species with the highest chemical variation is 

  

brasiliensis. 

ECOLOGY AND DISTRIBUTION 

The species studied are mainly corticolous, but some of them grow frequently or 

occasionally on rocks, i. e. U. dasaea, U. cornuta s. lat. and U. brasiliensis (Clerc and 

Herrera-Campos 1997), and very rarely U. glabrata. The main porophytes are Pinus, 

Quercus, and Abies, although they can also be found on Alnus, Burlegia, Juniperus, 

Acacia, Pyrus, and Prunus. No special preference for any species of tree was detected. 
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The altitude of the collection sites ranges primarily from 1240 m to 3650 m, and 

corresponded mainly to Abies forests and Pinus or Quercus dominated forests. 

Particularly interesting is an unusual stand Pinus-Quercus at 360 m, where only U cornuta 

s. lat. was collected. 

U. cirrosa and U. dasaea are the most widely distributed species of this group. U. 

cirrosa reaches the highest elevation at 3650 m, followed by U. cornuta s lat. and U. 

dasaea. Although U. cirrosa is present in the dry coniferous forests of northern part of 

Sierra Madre Occidental in Chihuahua, it is not found in any locality in Baja California 

peninsula. U dasaea is the only one present in the arid lands of Baja California. It has the 

widest altitudinal amplitude of all Mexican species studied so far. from xerophilous sites 

between 30 and 200 m in elevation, to mesophilous montane cloud forests and temperate 

coniferous forests from 1550 m to 3000 m. This type of distribution in Mexico is only 

equal by the cosmopolitan U. rubicunda, which will be treated in detail in a future. 

Other distributional trends include: 1) species (U. brasiliensis and U. cirrosa) that are 

particularly abundant in the Eje Neovolcanico Transversal in the center of the country. 2) 

other species (U. cornuta s. lat. U. dasaea, U. glabrata, and U. jamaicensis) that occur 

more commonly north and south of this volcanic chain. 3) two species (U_ ramillosa s. str. 

and U. fragilescens) that are more restricted to the south. 4) the rare species (U. 

esperantiana and U. wirthii) that occur too sporadically to fully chracterize (Fig. 15). 

  

  

  

  

Key to the U. fragilescens aggregate in Mexico 

1. Soralia and/or isidiomorphs present; apothecia absent or rare. 

  

1.  Soralia and/or isidiomorphs absent, few to many apothecia present 

2.  Soralia small (less than half of the width of the bearing branch) mostly 

      

    

    

confluent ... ..3 

2.  Soralia broad (more than half of the width of the bearing branch) mostly 

SOPATALG oes ce ca ceeeecetateeeseeeseteeeseeseseetansese ee 8 G4 cerearaeseneneesenerees 6 

3 Yellow pigment in the medulla (sometimes very faint) ....0.0.0.00. ce 10 U. wirthii 

3 Pigment absent... 4 

  

4, Branches with abundant (rarely without) short triangular 
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spinules; galbinic acid major... 2.0 2... . 4. U. dasaea 

4 Branches with (or without) slender short or long fibrils; salazinic 

or protocetraric acid Major. ce ccs seceneteteneneseeerreteterenetnene wad 

Main branch segments conspicuously swollen and/or irregular in 

longitudinal section; thallus mostly rigid, never flaccid; cortex thin 

(x = 8.5%), medulla loose (x = 76%), axis thin (x = 15%), protocetraric 

acid MajOr eee F decaeesesesetsescsesesetereenrten ae peers 1.U. brasilensis 

Main branches segments not conspicuously swollen or irregular, mostly 

slender; thallus rigid to flaccid; cortex moderately thick (x =14%), medulla 

loose to dense (x = 63%), axis moderately thick (x = 23.5%); salazinic or 

stictic acid major ............ cb eet vee Stee eee 3.U. cornuta s. lat. 

6 _ Soralia circular, from slightly raised to tuberculate, mostly separate, 

slightly excavate or not; isidiomorphs present ..............04 . .6U, fragilescens 

6 Soralia irregular to circular, superficial, mostly confluent, slightly 

to deeply excavate, with or without margin; isidiomorphs absent...... beeen 7 

Soralia deeply excavate, frequently exposing the axis, stictic or protocetraric 

acid major... coe es veeeveeseneneeeseeteneneenee ceneee cones tees deteas seseaeees 7.U. glabrata 

Soralia not deeply excavate, never exposing the axis, bourgeonic acid 

major.. 5 U esperantiana     

8 Reddish pigment at the cortex edge of the apothecial disk.. VU. cirrosa 

8. Pigment absent 2000 oo cece rerenereeeenene Hebets bees neeeeeee 10 

Branch segments conspicuously swollen, tubercles not conspicuous, 

protocetraric acid major ei ce eesseeseereretseeneeeeeeene ones 9 U. ramillosa s, str. 

Branches mostly cylindrical, tubercles very conspicuous, cryptostictic or salazinic 

acids major cee cee see ceteeeestscaeseeecsesenesecseneneneeereeee 8 U, jamaicensis 

129



TAXA 

1 Usnea brasiliensis (Zahlbr.) Motyka, Lich. Gen. Usnea Stud. Monogr. Pars. Syst. 

2: 504 1938 

  

Thallus pale yellow green to olive green, erect, 4-9 (11 5) cm long, slender to coarse, 

flaccid to rigid, poorly to moderately branched, sympodial and divergent branches, a single 

point of attachment; trunk short 3 mm, continuous with the main branch, straight, 

constricted, bifurcate or attenuate at the base, sometimes annulated, concolorous, partially 

brown, black or yellow to orangish, occasionally pseudoroots may be present; branches 

thick (0.92)- 1.6+ 0.55-(2 6) mm (n= 60), diameter somewhat uniform to irregular along 

their length, cylindrical or irregular due to depressions in the cortex, segments in cross 

section terete to irregular, rarely flattened, in longitudinal section swollen or sausage-like 

shape, sometimes fusiform, the axis may be exposed between the segments; apices 

commonly fine with diameter constant or decreasing slowly, also short and thick, curved 

or straight, ramified at 90°, rarely long and flexuose, papillae indistinct, scattered or 

abundant, sometimes absent; tubercles conspicuous, mainly on secondary and terminal 

branches, small, eroded at the summits; fibercles present; fibrils often absent, when present 
  

short (< 1-2 (4-5) mm) and spinulous, slightly or not constricted at the base, mainly on the 

terminal branches, regular or irregularly distributed, most remain attached to the thallus; 

pseudocyphellae absent, soralia originated from the cortex or from tubercles, more 

abundant on terminal branches and fibrils, some scattered on the secondary branches or 

rarely on the main ones, superficial, slightly raised to mostly tuberculate, plain, slightly 

convex to rarely capitate, minute to broad but less than half of the branch, punctiform or 

circular, with or without definite margin, separate, becoming totally or patially confluent, 

some with isidiomorphs; isidiomorphs mostly on soralia, few on cortex, from scarce to 

very abundant; cortex [(4.66) - 858 + 0.33% - (15 92) n= 60], thin, mainly vitreous, 

sometimes shiny, generally not cracked, although some cracks may be present at the base 

of the thallus; calcium oxalate (?) sometimes present at the base of the trunk and 

| 
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secondary branches; medulla [(63.84) - 76.40 + 0 71 % - (88 83) n= 60] thick, from very 

loose to loose, rarely dense, mainly fibrous; axis [(6.52) - 15.01 + 0.56% - (27.76) n= 60] 

thin, solid and straight; apothecia absent or very rare, subterminal, 5 mm in diameter; 

  

chemistry usnic, protocetraric, and psoromic acids (60 specimens analyzed) 

Variation... U. brasiliensis is a polymorphic species whose variable features include the 

growth habit from erect to subpendant, the degree of ramification from poor to dense. 

The shape of the segments of the branches varies in cross section from terete to irregular, 

as well as in longitudinal section from cylindrical, sausage-like to fusiform. There is also 

variation in the abundance of tubercles, papillae, isidiomorphs, and fibrils. The shape of 

the trunk can be constricted, attenuate, straight, or bifurcate and the apices from normal 

and fine to coarse and thick, curved or not. Finally the soralia range from rarely 

superficial, slightly raised to tuberculate, minute to broad, separate to confluent, totally or 

remaining individual, plain to convex, sometimes capitate, rarely concave. 

Distinctive features Usnea brasiliensis is a sorediate species mainly characterized by   

the vitreous and thin cortex, the loose or very loose medulla and the very thin axis. The 

soralia are mostly tuberculate or at least slightly raised. Protocetraric acid is the main 

secondary substance, sometimes with accesory psoromic acid. 

Chemically Usnea brasiliensis is not as variable as U cornuta s. lat., since it has just 
  

two combinations: usnic and protrocetraric acids or usnic, protocetraric, and psoromic 

acids. In the statistical analysis of the CMA it was shown that there are significant 

differences between the specimens with salazinic-stictic acids group and those with 

protocetraric-psoromic acids. 

Distribution and ecology Motyka reported this species from Costa Rica, Puerto 

Rico, Colombia, Bolivia, Peru, Venezuela, Brazil, and Argentina. 

In Mexico, it has been collected from 1240 to 2990 m in the states of Durango, 

Durango-Sinaloa border, Estado de México, Jalisco, Nayarit, Michoacan, Morelos, 

Oaxaca, Veracruz, and Chiapas. 

The distribution of U. brasiliensis and U. cornuta s. lat. in Mexico is very wide and 

they overlap in most of their range. U. brasiliensis has been collected in few more 

  localities than U. cornuta s. lat., although no major differences in distribution between the 

two species is postulated The altitudinal range of U. brasiliensis is lower than that of U. 
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cornuta s. lat. and, so far, it is not known in Tlaxcala, where the latter species reaches its 

highest altitude. U. brasiliensis is not present either in the locality with the lowest 

elevation for U. cornute s. lat., an unusual low altitude Pinus-Quercus forest in the vicinity 

of the tropical rain forest at the limits between Oaxaca and Chiapas. However, U. 

brasiliensis is more abundant in the forests of the central part of the country in the 

  province of the Eje Neovolcanico Transversal, where the major Abies forests of the 

  country are located. At the east side, on Sierra Madre Occidental, it is only U. cornuta s. 

lat, which reaches the mountains of Nuevo Leon, while both continue to the north on the 

west side of the country through different localities on the Sierra Madre Occidental, 

stopping at the border between Durango and Sinaloa. 

Among the saxicolous chemotypes of U. cornuta s. lat. reported by Clerc and Herrera- 

Campos (1997), the specimens of the chemotype 6, containing protocetraric and psoromic 

acids, mentioned for Mexico, as well as recent corticolous collections from Washington 

(Rhoades 11/1/79), correspond well with our description of U. brasiliensis and represent 

an extension of its range that has not been reported before. Therefore it is the first time U. 

brasiliensis is recorded from North America (Fig. 15). 

Mexico is a megacenter of diversity. Located between the holarctic and neotropical 

floristic realms, the region has been corridor and barrier to different kinds of species 

(Davila and Herrera-MacBryde 1997; Delgadillo 1983, 1987, 1992, 1993, 1995; Graham 

1993; Ramamoorthy et al. 1993, Rzdowski 1981, 1991, 1993; Toledo and Ordofiez 1993, 

Toledo et al. 1997) and we can assume this is also true of the lichens, as might be 

exemplified by U. brasiliensis. However, we need further studies on the South American 

material before making conclusive remarks about its geographic distribution and major 

taxonomical changes. 

Selected specimens examined__ MEXICO. CHIAPAS. Camino a Tzontewitz~Chalam, 

Herrera~-Campos 4781, 4838, 4834 (MEXU); DURANGO. Sierra Madre Occidental. 

Parque El Salto, 9 km WSW from El Salto and 110 km from Durango, Herrera~-Campos 

4777 (MEXU), 1 km from Barranca de Liebre and 2 km from the border with 

Sinaloa,Herrera-Campos 4839 (MEXU); HIDALGO. Parque Nacional "El Chico", 

Herrera-Campos 717, 4844 (MEXU); Zacualtipan, Herrera-Campos 1389 (MEXU), . 

JALISCO, Manantlan, rumbo a Las Joyas, Herrera-Campos 4773 (MEXU); 
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MICHOACAN. 38 km NE of Uruapan, Culberson & Culberson 18730 (DUKE); 

OAXACA, 17 km before the detour to Jialtianguis, Herrera-Campos 4829 (MEXU), 

VERACRUZ Zongolica, Cabrera 500B (ENCB). 

  

  

2. Usnea cirrosa Mot., Lich. Gen. Usnea Stud. Monogr. Pars. Syst. 2: 526, 1938. 

Thallus pale to dark olive green, erect, up to 6 cm long, rigid, moderately to densely 

branched, commonly "fan shaped", anisotomic or isotomic dichotomously ramified, one 

point of attachment; trunk indistinct or well defined, short 4 mm, straight to attenuate, or   

wide at the base, with pseudoroots, mainly concolorous, also paler or reddish, sometimes 

black at the segment in contact with the holdfast, branches thick (2.55) - 1.18 + 0.06 -   

(2.77) mm (n= 65), mainly cylindrical, few times slightly irregular at the basis because of 

foveolae in the cortex, not frequently segmented 1 segment or a fraction of it per 

centimeter; segments in cross section terete, in longitudinal section long, swollen to 

fusiform, less frequently cylindrical; apices mostly short and thick, rarely somewhat fine, 

ramified at 90°, often foveolate, papillae absent or indistinct; tubercles and fibercles absent 
  

or scarce; fibrils very abundant, characteristically short (2 mm), spinulous, thick, often 
  

constricted at the base, remaining attached, mostly distributed along the whole length of 

the thallus, pseudocyphellae absent or inconspicuous, slightly ridged, soralia absent;   

isidiomorphs absent; cortex (4.00)- 10.41 + 0.051% - (22 6) n= 66], thin, shiny, generally 
  

smooth, although some cracks of calcium oxalate (?) may be present at the base of the 

thallus and the secondary branches, medulla [(32.43) - 67 15+ 1.54 % - (86.00)n= 66] 

thick, mostly from very loose to loose, rarely dense, fibrous, axis [(8.3) - 22 44 + 1.2 % - 

    

(54.05) n= 66] thin; solid and straight; apothecia abundant, mostly terminal to 

subterminal, up tp 11 mm in diameter; frequently with a ring of wine red pigment around 

the inner part of the margin of the pruinous disk, with crowded fibrils at the edge and on 

the underside, these fibrils are often ramified giving a more caespitose appearance to the 

apothecium; spores colorless, 6-11 X 5-8 ym (average 9.19 X 6.29 um, St dev. length 

1.02, width 0.61, n= 363), pycnidia red, abundant, on terminal branches and spinules, 

sometimes deforming the apices; conidia hyaline, sublangeriform, up 11 ym long; 
  

chemistry usnic, norstictic and salazinic acids are the major secondary medullar 
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Selected specimens examined... MEXICO. CHIHUAHUA. La Cieneguita, Herrera- 

Campos 5089 (MEXU); CHIHUAHUA. Barranca del Cobre, Herrera-Campos 53191 

(MEXU), 20 km SE of Cascada de Cusdrare, Nash 37400 _b (ASU); DISTRITO 

FEDERAL. Parque nacional "Desierto de Los Leones", Balls B4065, (MEXU), 

DURANGO. Sierra Madre Occidental 47 km al W de Durango, Herrera-Campos 5086 

(MEXU), ESTADO DE MEXICO. Carretera a Naucalpan, 1 km before Naucalpan, 

Herrera-Campos 975 (MEXU), MICHOACAN. Carindapaz, E of Ciudad Hidalgo, 

camino a Maravatio-Senguio, Varela 154; 38 km NE of Uruapan, Culberson & Culberson 

18715 (DUKE), Patzcuaro hills, C G. Pringle 119, (G), G Pringle 11-8-1890 (LAM); 

MORELOS, Volcan Tesoyo, 4.5 km N of Tres Marias, Acosta 113 (ENCB); PUEBLA- 

ESTADO DE MEXICO. Los Volcanes, via Cholula. Paso de Cortés, Herrera~Campos 

1952 (MEXU), SAN LUIS POTOSI. Parque Nacional "El Potosi". Cafiada Grande, 

Zambrano 11-18-1992 (MEXU); SINALOA, 109 km E of Mazatlan W. L. Culberson 

13417 (DUKE). 

  

  

  

  

3. Usnea cornuta Kérb, Parerga Lichenol 2. 1859, s. lat.   

Thallus pale yellow green to olive green, shrubby, 3-5 (8.5) cm long; poorly to 
  

moderately ramified; anisotomic or isotomic dichotomous with divergent branches, with 

one point of attachment, trunk short to 3-4.5 mm long, concolorous with the branches, 

orangish to carbonaceous, wider at the basal part, straight or attenuated, sometimes 

  annulate with calcium oxalate (?) excretions, pseudoroots may be present; branches 

[(0.55) - 1.02 + 0.03% - (1.60) mm thick (n= 49)], tapering slowly, cylindrical to 

irregular, sometimes deformed by the presence of depressions, transverse furrows on the 

cortex, or rare foveolae, constricted at the base or not, segments weakly to visibly 

swollen, sometimes fusiform or cylindrical, terete or irregular in cross section, apices fine 

and normal or short and thick, at 90° and 60°; often curved; papillae absent or indistinct to 

verrucose, regularly or irregularly distributed on the thallus; tubercles absent to abundant, 
  

small: fibrils fine and short, spinule-type 1-5 mm long, few to numerous, irregularly 

distributed on the branches, commonly curved; pseudocyphellae absent; soralia mostly 
  

arising plain on the cortex, also at summit of papillae or tubercles on terminal branches 

and fibrils, mainly superficial few tuberculated, rarely slightly excavate or convex, plain, 
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punctiform to enlarged, mostly totally confluent, some partially confluent ie. remaining 

individual, with or without a margin; isidiomorphs absent to abundant, on soralia, 

sometimes on the cortex; apothecia mostly absent, if present immature, cortex thick 

[(6.98) - 13.58 + 0.51% - (26 67) n=68], shiny, rarely mat, generally smooth, sometimes 

cracked, occasionally with reddish spots; medulla [(37.78) - 62.52 + 1.10% - (79.96) 

n=68], loose to dense, mainly cottony; axis solid, straight, and thin ((9.25) - 23.90 + 

  
  

0.77% - (40.48) n=68], sometimes pinkish to pale orange; chemistry usnic, salazinic acid, 

+ norstictic, + stictic, + consalazinic acids, + unknown fatty acids C: 3,5,6, and few 

specimens with just an unknown fatty acid (68 specimens analyzed). 

Variation .. The variable features of U. cornuta s. lat. are the size of the thallus, the 

degree of swelling of the segments; the frequency of papillae, tubercles, and fibercles, the 

density of the fibrils from almost absent to numerous, and the color and shape of the base. 

Also included are the soralia which mostly are minute, superficial, without margin and 

totally confluent to slightly tuberculate, with a margin and not totally confluent, crowded 

or not, and the color of the axis, which sometimes may be pale pink. 

Given the copious variability found in the U. cornuta s. lat., it is likely that several 

already described species are represented under this name, such as U. substerilis Mot. 

reported for Mexico by Thomson (1984) 

Distinctive features The distinctive features of U. cornuta s str. are the abundant 

small, punctiform, plane to slightly concave, and confluent soralia without conspicuous 

margin (Clerc 1987). 

Distribution and ecology In Europe, U. cornuta is reported from Germany, Ireland, 

England, Belgium, Madeira, Portugal, France, Italy, Norway, Spain, and Switzerland 

(Motyka 1938, Purvis et al. 1992), In North America, Halonen et al. (1998) mention it 

from British Columbia and McCune and Geiser (1997) from the northwest of USA . 

Recent collections in Mexico are from Pinus and Pinus-Quecus forests, Liquidambar 
  

dominated mixed cloud forests, and Abies forests, at an alititudinal range of (360 m) 

1500-3400. From Durango and Durango-Sinaloa border, Jalisco, Tlaxcala, Nuevo Leén, 

Veracruz, Oaxaca, and Chiapas in the physiographic provinces of Sierra Madre 

Occidental, Sierra Madre Oriental, Eje Noevolcanico, Sistema Montafioso del Norte de 

Oaxaca, Macizo Central de Chiapas, and Sierra Madre de Chiapas. 
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U cornuta s, lat. is mainly corticolous on Pinus, Quercus, Abies, Juniperus, Alnus,   

  

Salix, Prunus, shrubs, and palms. It occasionally is saxicolous (Clerc and Herrera~Campos 

1997) and, in this study it was found growing on rocks in an unusual Pinus-Quercus stand 

at very low elevation (360 m) in the environs of the rain forest in Oaxaca, close to the 

border with Chiapas, where U. brasilensis does not occur. In the country, the most 

northern site of its occurrence is in Nuevo Leén in the Sierra Madre Oriental province. 

It is the first record for Mexico, 

Selected specimens examined. MEXICO. CHIAPAS. Road to Tzontewitz-Chalam, 

Herrera-Campos 4751 (MEXU), CHIAPAS-OAXACA. 16.5 km NE of Santiago 

Tztaltepec, road to Sta. Maria Chimalapa, Herrera~-Campos 4694 (MEXU), DISTRITO 

FEDERAL. Delegacién Tlalpan Volcan Ajusco. 2 km after the detour to Jalatlaco, 

Herrera-Campos 2391.1 (MEXU); DURANGO. Sierra Madre Occidental. Parque El 

Salto a 9 km al WSW of El Salto and 110 km of Durango, Herrera-Campos 4749 

(MEXU), 1 km of Barranca de Liebre and 2 km from the border with Sinaloa, Herrera- 

Campos 4767 (MEXU); HIDALGO. Parque Nacional "El Chico", Herrera~-Campos 670, 

689, 705 (MEXU), Tlalchinol, La Virgen, Herrera-Campos 1205 (MEXU); Zacualtipan, 

Herrera~-Campos 1380 (MEXU); JALISCO. Tapalpa, Romero 10-1-1983 (IBUG); 

NUEVO LEON Parque Nacional "Cumbres de Monterrey”. El Tejocote, after Laguna de 
Sanchez, Zambrano 11-29-1992 (MEXU); OAXACA. 17 kmbefore the detour to 

Jiattianguis, Herrera-Campos 4678 (MEXU); Cerro del Veinte, Herrera-Campos 4681 

(MEXU);TLAXCALA. Volcan La Malinche Axaltenco. Cerro Antonio. Agua Santa, 

Herrera-Campos 65 (MEXU); VERACRUZ. Cruz Blanca, Herrera-Campos 1921 

(MEXU). 

  

  

  

  

  

  

  

  

4. Usnea dasaea Stirt., Scott. Naturalist. 6: 104. 1881.     

Usnea dasaea is a very variable species with saxicolous or corticolous habit, It is   

included in this study because some of its morphs may have similar characteristics to those 

in the U, fragilescens group, however it is not part of the aggregate. It is recognizable 

from the species of this group by the presence of abundant short spinules at least in part of 

the branches, by the branch segments which are mostly cylindrical or slightly ridged, by 

the small, raised or superficial soralia which enlarge at the apices of the terminal branches, 
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and by the presence of galbinic acid as diagnostic secondary substance For a detailed 

description and general distribution in North America the reader is referred to Clerc and 

Herrera-Campos (1997) . 

In Mexico, its wide distribution includes both saxicolous and corticolous specimens, 

Also its altitudinal range is from 1500 to 2490 m, The localities where it has been found 

only growing on rocks are in Baja California Norte, Jalisco, Morelos, Nayarit, Oaxaca, 

San Luis Potosi, and Sonora; only on trees in Coahuila, Michoacan, Puebla, and Veracruz; 

on rock and on tress, in Chihuahua (although mainly on rocks), Chiapas, and Hidalgo. 

U_ dasea is the widest distributed among the saxicolous species of this genus in 

Mexico. Towards the south it extends its range to the Pinus forests in Chiapas, and to the 
  

north it is present in Sierra Madre Oriental (Nuevo Leon, San Luis Potosi and Hidalgo). 

On rocks, it was collected not only in Pinus dominated communities of the west side of 
  

the country, but also on the east side, where more humid and warmer climatic conditions 

prevail. However when epiphytic, it is present in diverse types of vegetation, not only in 

more humid Pinus dominated forests, but also in places where Quercus prevails and in 
  

dense cloud forests characterized by the presence of the genus Liquidambar. 

Although humidity seems to influence the distribution of this species, it is not clear 

how much the temperature may also be a limiting factor, but it has been noticed that, so 

far, U. dasea has been collected very rarely on rocks or on trees (only one corticolous 

specimen) in Abies forests, which have a similar humidity conditions that the cloud forests 
  

but develop at higher elevation and colder climate. 

On the other hand, comparing the distribution of U. dasaea with those species of U. 
  

fragilescens aggregate in Mexico, U dasaea is the second best represented species, after   

U. cirrosa, and among the species treated herein, it is the only one growing in the arid 

areas in Baja California peninsula. 

5, Usnea esperantiana Clerc, Candolea 47:514. 1992 

Thallus pale green, 3.5 cm long, erect, with one point of attachment, densely ramified, 

isotomic dichotomous, branches divergent; trunk straight, up to 4 mm long, concolorous;   

branches 0.87 mm in diameter, cylindrical to slightly irregular, tappering very slowly, 

segments terete in cross section and in longitudinal section swollen; apices lax and short, 
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frequently curved; ramified at 60°; papillae indistinct, scattered; tubercles and fibercles 

absent; fibrils short (4 mm), spinulous, fine; pseudocyphallae absent; soralia originated on 
  

the cortex, superficial, plain to slightly excavate, not larger than half the diameter of the 
branch, circular, with or without margin, partially to totally confluent, on fibrils and 
terminal branches; isidiomorphs absent; cortex 29% of the total width of the branch, shiny; 
medulla 29% of the total width of the branch, dense, fibrous; axis thick 42% of the total 
width of the branch, solid and straight; apothecia absent, chemistry usnic, constictic, and 

bourgeonic acids. 

Variation. We do not have enough material to document the variation of this species 

in Mexico. Although for the European specimens the size of the thallus, the density of the 

fibrils, and the soralia are characters that vary according to the habitat (Clerc 1992). 

Distinctive features. U.esperantiana is distinguishable from the other species in the U. 

fragilescens group by the superficial and slightly excavate never isidiate soralia and the 
chemical combination of usnic, constictic and bourgeonic acids 

Distribution and ecology. U. esperantiana was first described from south and west of 

Europe (Clerc 1992), from one locality in British Columbia and in South 
America(Halonen et al 1998), also in this paper it is mentioned from California and South 

America. In Mexico, this species is extremely rare, just one specimen was found in 

Oaxaca It is the first record for Mexico. 

Selected specimens examined. MEXICO. OAXACA, Cerro del Veinte, Llano El 

Carrizalito, Herrera-Campos 1305 (MEXU)   

6. Usnea fragilescens Lynge var. mollis (Vainio) clerc, Nord. J. Bot. 7: 492. 1987.   

Thallus yellow green, erect, 5 cm long, somewhat rigid, poorly to moderately ramified; 

anisotomic dichotomous, branches divergent, thalli with one point of attachment; trunk 

continuous with main branch or distinctive up to 9 mm long, concolorous to black, 

straight or attenuate, branches [(1.62) - 1.10 + 0.051- (0.78) mm n=16] cylindrical, 
tapering very slowly, rarely with small depressions in the cortex; segments terete in cross 

  

section and in longitudinal section fusiform to cylindrical; apices lax and long; ramified at 
90°, papillae indistinct to verrucose, abundant or not, tubercles eroded surrounded by 

spinules, fibercles frequent; fibrils mainly short (1-2 mm) spinulous, distributed irregularly 
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mostly on secondary branches, often more abundant towards the base, some remaining 

attached, frequently as clusters associated with tubercles or fibercles, pseudocyphellae 

absent; soralia originated on cortex and/or on small eroded papillae, or on nodules,   

superficial to slightly tuberculate, mostly plain but few slightly excavate, few convex to 

capitate, small, if broad always less than half of the branch, circular, few irregular, mostly 

with margin, separate and discrete, rarely confluent, isidiomorphs present on mature or 

young soralia; cortex [(5 42) - 13.05 + 1.28% - (26.47) n= 16], thin, mainly shiny to   

vitreous, rarely mat (one specimen (R786); calcium oxalate absent; medulla [(44.11) - 

64.67 £ 2.63% - (83.84) n= 16] thick, very loose to loose, rarely dense, fibrous; axis 

[(10.74) -22.28 + 1.65% - (35) n= 16] thin; solid and straight, sometimes yellowish; 

apothecia absent; chemistry usnic, stictic, constictic and norstictic acids (16 specimens 

analyzed). 

Variation. The variable characters in this species are the size of the soralia, density 

and distribution of fibrils, papillae, tubercles, fibercles, the color of the axis, and the shape 

and color of the base. 

Distinctive features._The main distinctive character of this species are the discrete   

soralia and commonly fusiform branch segments, as well as the chemistry (Clerc 1987). 

Distribution and ecology. In Europe, U. fragilescens is reported from Norway, 

France and Great Britain (Mtyka 1938). U. fragilescens var. fragilescens and U. 

fragilescens var. mollis are reported from Scandinavia by Clerc 1987. Halonen et al.   

(1998) mention this variety for British Columbia as commonly growing at lower 

elevations on conifer and deciduous trees In Mexico U. fragilescens var. mollis it has 

been collected on bark, once on rock, in the center and south of the country’ in Chiapas, 

Estado de México, Hidalgo, Oaxaca, and Veracruz in mixed forests of Pinus-Quercus, in 

mountain cloud forest, and in Prunus plantations, from 1900 m to 2805 m of elevation.   

Selected specimens examined. MEXICO. CHIAPAS. Grutas SE of San Cristobal, 

Herrera-Campos 2717 (MEXU); HIDALGO Parque Nacional "El Chico", Herrera- 

Campos 2735 (MEXU); OAXACA. 17 km from the detour to Jialtianguis, Herrera- 

Campos 2713 (MEXU), km 104 of the Tuxtepec-Oaxaca Highway, Herrera~-Campos 

2710 (MEXU), Detour to San Juan Luvina, Herrera-Campos 2711 (MEXU); 
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VERACRUZ. Cruz Banca, Herrera-Campos 17 (MEXU);Highway 140, between Perote 

and San José Alchichica, Herrera~-Campos 2707 (MEXU). 
  

7, Usnea glabrata (Ach ) Vain. Ann. Acad. Sci. Fenn, A 6(7) 7 1915. 

Thallus yellow to pale olive green, erect, 2-4 cm long, somewhat rigid, moderately to 

densely branched, anisotomic dichotomous, rarely isotomic, branches divergent, one point 

of attachment; trunk indistinct, continuous with main branch, or short 2.5 mm, 

concolorous or black, rarely whitish or orangish, attenuate; branches [(0 345) - 1.0 + 0,06 

- (2.6)] mm in diameter (n= 44), uniform; with circular depressions on the cortex, most of 

them constricted at the base; sometimes tapered, segments terete in cross section and in 

longitudinal section "swollen" or irregular, apices sometimes fine and acute, not capillary; 

ramified at 60° or 90°, papillae absent or indistinct, irregularly distributed on main and 

secondary branches; sometimes all over the thallus; tubercles absent, fibercles absent, 

fibrils absent or abundant; short (1-5 mm) spinulous; not constricted at the base; 

irregularly distributed on secondary and terminal branches; remaining attached; 

pseudocyphellae absent, soralia originated on the cortex; located mainly on terminal 
  

branches and fibrils, rarely on secondary branches or at union of the branches and/or 

fibrils, well excavated, exposing the axis, mostly concave some plain, broad, half or more 

of the diameter of the branch, from circular to irregular; with or without margin; totally 

confluent, although sometimes remaining individual; isidiomorphs absent; cortex smooth; 

shiny to vitreous, rarely mat; [(4 23) - 13.74 + 0 89% - (30.00) n= 44], calcium oxalate? 

  

may be present between the segments of the branches, or at the base of secondary and 

tertiary branches; eventually some fine striations individually arranged may be present; 

rarely red spots present, medulla [(37.50) - 62.16 + 2 01% - (93.66) n= 44] thick, mainly   

very lose or loose, sometimes dense; fibrous, axis [(2 11) - 24.10% + 1.42 - (48 65) n= 

44] thin; mostly thin; plain and straight; apothecia absent; chemistry usnic, stictic, 

constictic and norstictic acids (44 specimens analyzed) 

Variation... The base may vary from concolorous to black, rarely whitish or orangish 

and from indistinct, continuous with the branch to attenuate. Papillae are usually absent, 

but if present they are scattered and indistinct. The density of fibrils of the thallus is also 

variable from absent to abundant. The soralia are most frequently totally confluent, but in 
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some cases soralia that remain individual can be observed. The medulla is regularly loose, 

but in a few specimens it was dense Occasionally small red spots are visible on the cortex. 

Distinctive features._ Among the characters that distinguish U glabrata from the other   

species on the U fragilescens group are the broad excavate soralia that lack isidiomorphs. 

U, esperantiana is another species with more or less small thalli which may be distinguish 

from U glabrata by its soralia which are never as excavate and because of its chemistry 

with bourgeonic acid. 

The rare red spots on the cortex of U. glabrata are similar to those of U. wirthii, 
  

however U. wirthii can be easily distinguished by the yellow pigment on the medulla   

and/or axis, its small soralia and its chemistry (usnic, psoromic acid, an unknown fatty 

acid and two more unknown substances) (Clerc 1984), Also U. cornuta s. str. occasionally   

has red spots on the cortex, but its soralia are superficial, small, and not deeply excavate. 

Sometimes U. fragilescens may have slightly excavate soralia, but these never have 

torn margins and they are separate, almost never fusing together as U. glabrata. U 

lapponica Vain. is a species with very excavate soralia, that may resemble those of U. 

glabrata, however these two species differ in the size of the thallus, being regularly small 

in U. glabrata, in the shape of the branch segments which are swoilen or deformed in U. 

glabrata and cylindrical in U. lapponica, which also has a different chemistry with usnic 

acid alone or salazinic acid as major secondary substance. Although Halonen et al. (1998) 

report additional chemical strains of U. glabrata, in Mexico one strain with usnic, stictic, 

constictic, and norstictic acids is by far the most commonly found. Only one specimen 

contained protocetraric acid and two with barbatic acid, none had salazinic, neither fatty 

acids 

Distribution and ecology... Motyka (1936-1938) reported this species from Ireland, 

France, Switzerland, Germany, Italy, Austria, Yugoslavia, Czechoslovakia, Rumania, 

Hungary, Poland, Sweden, Finland, Russia, Canada, USA, particularly in the Pacific 

Northwest (McCune & Geiser 1997) and Mexico. James et al. (1992) mention it also from 

Asia. In British Columbia it is reported as commonly intermontane and scattered in 

maritime areas by Halonen et al. (1998). 

In Mexico it is corticolous in Veracruz, Hidalgo, Estado de México, Oaxaca, Chiapas, 

Chihuahua, Michoacan, and San Luis Potosi. Its altitudinal range is from 1500 m to 2825 
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m, mainly in mixed forests dominated by Quercus, with Pinus and/or Abies, occasionally 

with Alnus. The more frequent porophytes are Compositae shrubs, Burlegia, Pinus, Abies, 
  

and Prunus. Only one specimen was found growing on rock in a Quercus-Pinus stand in 

Oaxaca at 2070 m (Herrera~Campos 2722, MEXU). 

  

Selected specimens examined_ MEXICO CHIAPAS. aprox. 9 km S of San 

Cristobal, Herrera-Campos 2724 (MEXU); PUEBLA, Zacatlan, Piedras Encimadas, 

Castorena 52 (ENCB); OAXACA km 90 of the Tuxtepec-Oaxaca Highway, Herrera- 

Campos 2718 (MEXU); SAN LUIS POTOSI, Parque Nacional "El Potosi", Cafiada 

Grande Zambrano 11-28-1992 (MEXU); VERACRUZ, Cruz Blanca, Herrera~Campos 

49, 51 (MEXU), Road to Las Minas, 2 km N of the detour to México 140 Highway, 

Johansen & Mojica 12-4-1982 (MEXU). 

8, Usnea jamaicensis Ach Lich. Univ , 1810, p 619. 

Thallus pale yellow, pruinose, erect, 8.5 cm long, anisotomic dichotomous, poorly or 

moderately branched; branches divergent, one point of attachment; trunk concolorous to 

black, 5 mm long, straight; branches (2.18)- 1,58 + 0,12 - (092) mm n= 9] cylindrical,   

tapering very slowly, segments terete in cross section and in longitudinal section slightly 

fusiform to cylindric, sometimes not constricted; apices lax and long; ramified at 90°; 

papillae absent, tubercles abundant, very conspicuous all along the thallus, sometimes of   

irregular shape; fibercles: fibrils long up to 15 mm, slender, distribution irregular; 

  pseudocyphallae large plain, circular to irregular; soralia absent, isidiomorphs absent; 

cortex [(5.93) - 11.22 + 1.26 %- (18.33) 

n= 9] thick, shiny, rarely mat; OxCa (?) sometimes present; medulla [(55) - 68.47 + 3.05 

%- (80.0) n= 9] thick, dense, cottony, axis [(11.63) - 20.30 + 2.01 %- (27.42) n= 9] thin; 

solid and straight, sometimes slightly pink; apothecia lateral to terminal, 7 mm in diameter, 

disk pruinous, chemistry usnic, cryptostictic, and salazinic acids. 

Variation... It is a very uniform species, however some variation may be observed in 

the density of ramification of the thalli, the segment shape in longitudinal section vary 

from cylindrical to slightly swollen, and the chemistry also varies from salazinic acid to 

cryptostictic acid being the major secondary substance. 
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Distinctive features_The most distinctive characters of this species are the pruinose   

appearance of the thallus, the large and abundant tubercles, and the long and slender 

fibrils Also this species is visibly yellower than the others. , 

Distribution and ecology. Motyka (1936-1938) reported U jamaicensis Jamica, 

Bolivia, and Colombia. In Mexico, this corticolous species is not common, it has been 

collected only in few localities in Oaxaca, Chiapas, Hidalgo, and Durango. 

Selected specimens. MEXICO. CHIAPAS. Road to Tzontewitz-Chalam, Herrera- 

Campos 4939 (MEXU). DURANGO. ikm from Barranca de Liebre and 2 km from the 

border with Sinaloa, Herrera-Campos 4946 (MEXU); OAXACA km 88 of Tuxtepec- 

Oaxaca Highway, Herrera-Campos 4941 (MEXU); km 104 of Tuxtepec-Oaxaca 

Highway, Herrera-Campos 4938 (MEXU). 

9. Usnea ramillosa Mot. s. str. Lich. Gen. Usnea. Stud. Monogr. Pars. Syst. 2: 526. 

1938. 

Thallus pale green, erect, up to 8 cm long, slightly to conspicuously coarse, somewhat 

  

rigid; poorly to moderately ramified; sympodial and divergent branches; a single point of 

attachment; trunk short 2 mm, straight or attenuate at the base, often continuous with the 

main branch, concolorous with the main branches, or from orange to dark brown, rarely 

  

partially black, sometimes with pseudoroots; branches (4.35) ~ 1.78 + 0.12 - (0 29) mm 

in diameter (n=38), cylindrical, tapering slowly, mostly constricted at the base, with or 

without depressions or foveolae on the cortex, rarely with small and delicate ridges; 

segments more or less long 1-2/cm, in cross section terete; in longitudinal section swollen 

to fusiform, sometimes irregular, the axis may be exposed between the segments, apices 

commonly fine ramified at 90°; rarely long and flexuose; papillae inconspicuous to 

abundant, indistinct, conic (R-1042) or cylindrical, regularly or irregularly distributed on 

the thallus; tubercles and fibercles generally scarce, rarely abundant; fibrils scarce or 

abundant, short, (1-3 (4-5) mm) thin, irregularly distributed; pseudocyphellae absent or 

very rare; soralia absent; isidiomorphs absent; cortex [(2.12)- 8.24% + 0.61 - (21.74) n= 

38], thin, mainly vitreous; medulla [(50) - 76 37% + 1.33 - (93.12) n= 38] thick, loose to 

dense; sometimes heterogeneous i.e. denser in contact with the cortex and loose towards 

the axis; axis [(4.76)- 15.39% + 0.87 - (28.26) n= 38] thin; solid and straight; apothecia 
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abundant, 11 mm diameter, mostly terminal, also subterminal, barely lateral, often densely 

fibrillate at the margins, disc pruinose, the underside of the apothecia somewhat foveolate; 

chemistry usnic and protocetratic acids, 

Variation The variable features of U. ramillosa s. str are the same as in U. 

brasiliensis, except for soralia. Among others, they include the type and density of 

ramification, the frequency of segmentation of the branches and the abundance and 

distribution of the fibrils and papillae. 

Distinctive features. U. ramillosa s. str is a species mainly characterized by its always     

erect habit, sympodial ramification, the swollen-fusiform segments of the branches, its 

vitreous and thin cortex, loose to dense medulla, thin axis, and the occurrence of 

protocetraric acid as main secondary medullary substance. We consider U. ramillosa s. str 

to be the primary species of U_brasilensis 

Distribution and ecology Motyka reported this species from Cuba on Acidocroton 

oligostemon, Jamaica, and from Texas on various shrubs. In Mexico, it has been recently 

collected growing on Quercus, Pinus, and Prunus in Chiapas, Durango, Jalisco, Oaxaca,     

and San Luis Potosi. Its distribution is more reduced than that of U. brasilensis. It has not 

been collected from the localities from Eje Volcdnico Transversal, where U. brasilensis is 

abundant. On the other hand, U ramillosa s. str has been collected in more localities in 

Oaxaca and Chiapas, including at the border with Guatemala, and it is also found in San 

Luis Potosi where U. brasiliensis has not been collected. 

It is a new record for Mexico. 

Selected specimens examined. MEXICO. CHIAPAS. 5 km NE de Las Ollas, 

Herrera-Campos 4893, 4898; Hacienda, E. Matuda January, 1938, (COLO); Central 

highlands, near San Cristobal de Las Casas, on the old road to Chamula, Dillman 537 

(ISU, RAY J. HERBARIUM); DURANGO. 12 km east of El Toro, Bell June, 1965 

(DUKE), JALISCO, Manantlan, rumbo a Las Joyas, Herrera-Campos 4896, 4904; SAN 

LUIS POTOSI, Parque Nacional "El Potosi", Cafiada Grande, Zambrano 11-28-1992; 

OAXACA. Cerro del Veinte, Herrera~-Campos 4902, 4906; 18 km Nw of the junction of 

routes 131 NW 190, on 131 near Oaxaca state line, Culberson & Culberson 17236 

(DUKE); 70 km NW of Oaxaca, Culberson & Culberson 16279 (DUKE). 
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10, Usnea wirthii Clerc, Saussurea 15 33-36, 1984   
  

Thalius pale green, erect, 3cm long, isotomic dichotomous, moderately ramified; 
branches divergent, a single point of attachment point of attachment; trunk concolorous, 
short 2mm long, straight; branches [(0.906) - 0.776 + 0 052 - (0.526) mm, n= 8} cylindric, 
tapering very slowly, segments terete, cylindric to slightly swollen; apices short, more or 

  

less fine; ramified at 60 or 90°; papillae verrucose, abundant or scarce, irregularly 
distributed, tubercles few; fibrils short (1-2 mm) spinulous, few or sometimes almost   

absent, distribution irregular mostly on main and secondary branches, pseudocyphallae 
absent; soralia on apices and fibrils, originated on cortex or from transverse cracks,   

superficial, slightly excavate; small, although in few specimens broad soralia, half or more 
the width of the branch were observed; circular, few irregular, with or without margin, 
separate and discrete to confluent, isidiomorphs absent or present, small, on young soralia, 
cortex [(9.37) - 16 32 + 3.75% - (38.07)] thin, shiny, sometimes with superficial small red 
spots; medulla [(43.33) - 60,46 + 3 90% - (71.8) n= 8] thick, very loose to dense, fibrous, 
yellow; axis [(15 23) - 23.21 + 322% - (40) n= 8] thin; solid and straight, sometimes 

  

yellowish; apothecia absent; chemistry usnic, stictic, salazinic, norstictic, and/or psoromic 
acids (n=9) 

Variation — U. wirthii seems to be a rare species in Mexico, as very few specimens   

were collected, and some of them not in optimal state. The variation recorded is difficult 
to interpret as normal variation of the species or modifications due to damage of the thalli. 
Sometimes the soralia were deeply excavate and broad.To the contrary, its soralia are 
minute and slightly excavate (Clerc 1984, Halonen et al, 1998). The papillae and/or small 
tubercles were variable in density, sometimes even absent, The same type of variation was 
observed for the fibrils. The yellow pigment of the medulla and of the axis was found in 
different concentration, from a strong yellow color to very faint. The red spots on the 
cortex were commonly observed, however compared to some specimens of U_ wirthii 
collected in California (i, e. Sanders 97629.1, dup. MEXU), the Mexican specimens have   

almost no pigmentation on the cortex, the spots are scattered and less numerous. The 
chemistry of this species was also variable usnic, + psoromic and + 2-dimethyi psoromic + 
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constictic, + salazinic, + norstictic acids, being most frequent the strain with usnic and 

psoromic acid. 

Distinctive features. The most distinctive character of this species is the yellow   

pigment on the medulla and/or the axis and the red spots on the cortex, 

Distribution and ecology — It is reported from southern Europe, (Clerc 1984c), the 

Pacific Northwest in USA (McCune & Geiser 1997) and British Columbia (Halonen et al. 

1998). In Mexico it has been collected very scantily only in two localities in Estado de 

México and Veracruz, in Pinus-Abies and Pinus-Alnus forests at 2800 m and 2450 m, 
  

respectively. U. wirthii is recorded for the first time from Mexico. 
  

Selected specimens examined. MEXICO. ESTADO DE MEXICO, Road to   

Sultepec, 2 km from the detour to La Guacamaya, Herrera~-Campos 505 (MEXU) 

VERACRUZ. Cruz Blanca, Herrera-Campos 82, 83 (MEXU). 

  

RESULTS AND DISCUSSION 

Statistical analysis. U. brasiliensis and U. ramillosa s. str. are very similar on the basis 

of CMA measurements. Likewise U. cornuta s. lat. and U. glabrata are similar but 

different from the first pair Lastly U. cirrosa occupies an intermediate position. This 
  

interpretation was suppoted by univariate analysis (one way ANOVA, results not shown), 

but to determine the degree to which the taxa could be separated a discriminant analysis 

was run (Fig. 14). These results support recognizing three groups based on the original 

(ie, not relativized) CMA measurements (Table 2). Although U. brasiliensis is not 

separated from U. ramillosa s. str, it is clearly distinct from U cornuta s_ lat., and 

therefore the synonimization is not sopported. Likewise U. cornuta s. lat. and U. glabrata 

are not separated, but U. cirrosa is distinct from all other species. 

Although the discriminant analysis implies that only three groups are present, we 

support the interpretation that all five taxa should be recognized as separate species based 

on other criteria. U_ brasiliensis and U. ramillosa s. str. are judged to be a species pair, a 

concept widely used in lichenology (Awasthi, 1981; Bowler and Rundel 1975; Gowan and 

Ahti 1993; Inoue 1993; Kurokawa 1986; Llimona et al. 1976; Mattson and Lumbsch 

1989; Nordnes 1982; Poelt 1970, 1972; Robinson 1975; Rundel and Bowler 1976). U. 

ramillosa s. str. is the fertile species with apothecia and U. brasiliensis is the 

  

  

predominantely asexual species with soralia. The fact that protocetraric acid is the 

dominant secondary product in both U. brasiliensis and U. ramillosa s. str. also supports 

147



treating them as a species pair. In the case of U. comuta s. lat. and U. glabrata, they are 
separated on the basis of different soralia types (mainly small superficial, never deeply 
excavate in U cornuta s. lat. and broad deeply excavate in U glabrata). Finally U. cirrosa 
is a fertile species with red pycnidia and frequent red pigmentation at the edge of the 

  

apothecial disk. 

EXCLUDED SPECIES 

U. substerilis Mot was reported from Mexico by Thomson (1984) however we have 
not been able to confirm its occurrence in the country. 
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Figure 1. Shape of the basal part of the thallus. —- a. Straight short base of U. cornuta 
s. lat, Herrera-Campos 20 (MEXU). — b. Base continuous with the main branch of 

U, jamaicensis Herrera-Campos 4941 (MEXU). — c Slightly attenuate base of U. 

brasiliensis, Herrera~Campos 4817 (MEXU). — d. Attenuate base of U. ramillosa, 
Herrera-Campos 4904 (MEXU). 
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Figure 2. Longitudinal shape of the branch segments. —~ a. Irregular segments and b. 
Constnicted or swollen segments of U. brasiliensis, Herrera-Campos 4817, 4816 

(MEXU). — c. Cylindrical segments with small spinules, d & e. Constricted and 
slightly irregular segments of UJ. cormnuta s. lat., Herrera-Campas 63, 4697, and 4679 

(MEU). — £ Cylindrical segments of U. jamicensis Herrera Campos 4941 (MEXU). 

g. Swollen segments of the main branch of U. cirrosa, note the numerous small 
spinules on the secondary branches, Herrera-Campos 4937 (MEXU). 
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Figure 3. Tubercles of U. jamaicensis, Herrera-Campos 4941 (MEXU). 

isé



ta 

auny 

  
Figure 4. Thallus variation in U. cornuta s. lat. —- a-c. Typical thalli of Buropean 

morphs, small shrubby (a, b, Herrera-Campos 4679 (MEXU)) and subpendulous (c, 

Herrera-Campos 4697 (MEXU)), densely to moderately ramified, respectively. — d. 

Shrubby somewhat rigid, poorly ramified thallus with irregular distribution of short 
fibrils and curve apices, Herrera-Campos 63 (MEXU). -~ e. Shrubby, moderately 

ramified thallus with abundant fibrils and isidiomorphs, Herrera-Campos 1385 

(MEXU} 
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Figure 10. Soralia of U. fragilescens — a. Small, separate soralia with margin and 

abundant isidiomorphs. — Separate, tuberculate soralia, small to medium (no larger 

than half of the width of the branch), Herrera-Campos 2708 (MEXU). 
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Figure 11. Deeply excavate soralia of U. glabrata, Herrera-Campos 2729 (MEXU). 
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Figure 9. Variation of the soralia in U. brasiliensis .— a. Small superficial or slightly 

excavate soralia, with few small isidiomorphs, Herrera-Campos 4782 (MEXU). — b 

Broad, plain, tuberculate, separate soralia, with margin, Herrera-Campos 74 

(MEXU).— c. Small and broad discrete soralia, with margin, crowded with 

isidiomorphs, curved Ups, Herrera-Campos 4817 (MEX). 
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Figure 8. Variation of the soralia in U. comuta s. lat, —~. a. Small, superficial to 

slightly excavate confluent soralia, with very small isidiomorphs, Herrera-Campos 
4762 (MEXU). — b. Punctiform, circular, slightly raised, separate soralia with or 

without isidiomorphs, Herrera~Campos 4692 (MEXU). — c. Wide , plain, discrete, 

and slightly raised soralia without isidiomorphs, Herrera-Campos 4685 (MEXU). — 

d. Small to broad soralia, tuberculate, with or without margin, partially to totally 
confluent, plain to convex, Herrera-Campos 20 (MEXU). — e. Small to broad 

tuberculate, convex sorala, with margin, partially confluent, producing masses of 

soredia, Herrera-Campos 4693 (MEXU). — f. Small to broad, plain to slightly 

excavate soralia, partially confluent, with margin and sparse small isidiomorphs, 

Herrera-Campos 4693 (MEXU}. 
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Figure 7. Typical soralia of U. cornuta s. sir. — a. Punctiform, plain, totally confluent 

soralia, Herrera-Campos 4691 (MEXU).— b. Punctiform, slightly raised, partially to 

totally confluent soralia, Herrera-Campos 36 (MEXU). —-c. Heavily isidiate branch 

segment, Herrera-Campos 1385 (MEXU). 
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Figure 6. U. jamaicensis. Shrubby, densely ramified thallus with long slender fibrils, 

Herrera-Campos 4942 (MEXU). 
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  Figure 12. Relative size of the cortex, medulla, and axis in five Usnea species. Bars 

are mean values (n = 60, 58, 67, 43, and 38 for U. brasiliensis, U. cirrosa, U. cornuta, 

U. glabrata, and U. ramilbsa, respectively). Error bars represent the 95% confidence 

interval of the mean. 
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Figure 13. Longitudinal sections showing the cortex, medulla and axis ~ a. Variation of 

U cornuta s. lat, Herrera-Campos 63, 4680, 20 (MEXU) - b-c. Variation of U. 

brasiliensis, Herrera~Campos 4817, 4816 (MEXU).-d U. fragilescens, Herrera-Campos 

2708 (MEXU). -e-f. Variation of U. ramillosa, Herrera~-Campos 4905, 4906 (MEXU).-g. 

U. jamaicensis, Herrera-Campos 4941 (MEXU). —h. U cirrosa, Herrera-Campos 4937 

(MEXU). +. U glabrata, Herrera-Campos 2729 (MEXU). 
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Figure 14. Species means on the first and second discriminant functions. 
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Figure 15 Distribution maps of the species studied 
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Table 2. F test for square distance between species (Sharma 1996). ** =p <0.001. 

ns = non-significant. Sample size: U. brasiliensis, 60; U, cornuta, 68; U. cirrosa, 58; 

U. glabrata, 43, U. ramillosa, 38. 

  

U. brasiliensis U.cornuta U.cirrosa U. glabrata U. ramillosa 

U. brasiliensis 1 wot wee ed ns 

U. cornuta ae 1 ae ns ae 
U. cirrosa heh ae 1 ee Co 

U. glabrata we ns 1% 1 ee 

U. ramillosa ns wee ee ial 1 
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    Agregado Usnea subfloridana-Usnea madeirensis 

Las especies tratadas en esta seccién son especies de reproduccion asexual, talos 

erectos a subpéndulos, ramas no constrefiidas en la base, segmentos de cilindricos a 

irregulares, con o isn foveolas; corteza generalmente gruesa aunque en ocasiones es 

delgada, médula densa a compacta, rara vez laxa; eje principalmente grueso, 

ocasionalmente delgado; soralios variables, pequefios puntiformes o grandes (mayores a la 

mitad del diametro de 1a rama), superficiales a excavados;, circulares, oblongos o 

irregulares; con o sin margen; isidiomorfos abundantes en los soralios y/o en la corteza; 

apotecios ausentes o raros. 

Se presenta la descripcién y la distribucion geografica de: U. fulvoreagens (Ras.) Ras., 

U hirta (L.) Wigg, U madeirensis Mot., U setulosa Mot., U. subfloridana Stirton y U. 

wasmuthii (Ras.). 

Usnea fulvoreagens (Ras.) Ras. 

TIPO: Kl. Kurkijoki, Lapinhlahti, 22.8.93, leg 
lasnico, norestictico, criptoestictico, estictico y menegaziaico 

¥V. Rasanen. (H!). Chemistry: acidos 

Talo verde olivo claro, algo pruinoso, arbustivo, hasta 9 cm de largo, moderadamente 

rigido, ramificiacién dicotémica anisotoma o isdtoma, ramas divergentes, fijo al sustrato 

en solo punto; tronce recto o triangular, mas amplio en la base, pocas veces atenuado o 

continuo con la rama principal, y raramente indistinto, comunmente 5 mm de largo, 

ocasionalmente 13 mm, café obscuro a negro; hasta 6 grietas transversales/0.5 cm; ramas 

0.81 + 57.36 mm de didmetro, cilindricas, agudizandose lentamente hacia las puntas; 

segmentos cilindricos; apices generalmente largos, curvos o sinuosos, a veces cortos, 

ramificados a 90°; papilas indistintas, de escasas a abundantes, distribuidas irregularmente 

en el talo; tubérculos pequefios, erosionados, dispersos y escasos; fibérculos pocos; 

fibrillas cortas (3-7 mm) espinulosas o finas, itregularmente distribuidas principalmente 

sobre las ramas secundarias, abundantes, permanentes; pseudocifelas ausentes; soralios 
  

originandose en la corteza, en pequefias papilas 0 tubérculos erosionados y/o en las grietas 

entre las ramas y las fibrillas; localizados en ramas secundarias o terminales y en fibrillas; 

ligera a profundamente excavados, sin exponer el eje; pequefios, menores que la mitad de 

la rama donde se desarrollan; circulares, con o sin margen; algunos separados pero en su 

mayoria total o parcialmente confluentes, sobre todo hacia las puntas; producen 

abundantes soredios granulares muy polvorientos que llegan a deformar las puntas de las 

ramas; isidiomorfos ausentes 0 muy raros en los soralios inmaduros, corteza 23 77 + 1.32 
  

% de la rama, brillante u opaca, no agrietada; médula 35.14 + 2.94 % de la rama, desna, 
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fibrilosa, de compacta y casi inconspicua a moderadamente laxa, pero no ancha, eje 41.08 

+ 2,44 % de la rama, sdlido y recto; apotecios ausentes; quimica: acidos usnico, 

salazinico, norestictico y difractaico . 

Variacion— Los caracteres variables de U. fulvoreagens son los soralios, en 

confluencia y densidad, la densidad de soredios, el aspecto de los apices y la localizacion 

de las fibrillas. 

Los soralios varian de separados a confluentes, algunas veces con margen bien 

desarrollado que se desintegra conforme los soralios confluyen En ejemplares densamente 

sorediados los apices son cortos y deformados, en lugar de largos y relativamente finos. 

La produccién de soredios puede ser tan abundante que en ocasiones no es posible 

distinguir la forma de los soralios. 

Caracteristicas distintivas._ U. fulvoreagens puede ser distinguida de U. subfloridana 

por las diferencias en los soralios y en la quimica. La segunda especie tiene soralios 

puntiformes, no excavados y regularmente con abundantes isidiomorfos; los compuestos 

secundarios diagnésticos son los acidos escuamatico y tamndlico. En contraste, a U 

fulvoreagens tiene soralios excavados que se agrandan, nunca isidiados, y acido salazinico 

como principal sustancia diagndstica. 

Distribucion y ecologia__ U fulvoreagens es una especie ampliamente distribuida, 

reportada para Attica, Europa y Norteamérica (Clerc 1992, James et. al. 1992; Motyka 

1936-1938), particularmente en la region de los Apalaches del Sur y en el norte de 

México (Dey 1978; Hale 1979) y en el Pacifico Norteamericano (McCune y Geiser 1997). 

Las recolectas recientes en México son de los estados de Chihuahua, Chiapas, Colima- 

Jalisco, Hidalgo, Puebla y Veracruz entre 1600 m y los 3650 m en bosques de coniferas 

mixtos con Quercus, Alnus o Juniperus y en plantaciones de Prunus, epifita en Pinus, 

Quercus, Burlegia, Alnus y Abies. 

    

Usnea hirta (L.) F.H. Wigg. Prim. Fl. Hols 91. 1780; 

TIPO: SUECIA, Fries, Lich. Suec. Exc. 150 (UPS) holotipo, typ cons. prop. (Jergensen 

et al. 1994a, 1994b: 652). Quimica: acido usnico y acidos del complejo del acido 

murdlico. El rechazo del neotipo (‘typus reconstructus') de Motyka (1936.86) fue 

propuesto por Jorgensen et al. 1994a (Halonen & Puclasmaa 1995). 

Usnea glaucescens Vain., Medd Soc. Fauna Fl. Fenn. 48° 172.1925 

TIPO: Rusia, region de Leningrado, Vyborg (Viipuri), Hovi, Picea (kussi), 1919 

Pulkkinen (TUR-V 369, lectotype by Clerc 1987: 494). Quimica: acidos tsnico y del 

complejo murdlico. 
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Talo verde brillante a verde olivo obscuro, arbustivo a subpéndulo, con un punto de 

fijacion, 8 om de longitud, poco a densamente ramificado, ramificacion dicotémica 

anisétoma, simpodial, ramas divergentes, tronco mayormente indistinto, corto, 2 mm de   

largo, base palida, mas o menos blanquecina, o concolora; ramas 0.71 + 0.035 mm de   

diametro, cilindricas a irregulares, adelgazéndose lentamente hacia las puntas, 

frecuentemente deformadas por pequefias depresiones, foveolas, surcos transversales y 

costillas pequefias y discontinuas que a veces se erosionan, segmentos cilindricos, 

irregulares o ligeramente acostillados en secciones transversal y longitudinal; apices cortos 

a medianos, finos, ramificados a 90°; papilas, tubérculos y fibérculos ausentes; fibrillas 

cortas, espinulosas, usualmente mas abundantes en la base, dispersas hacia las puntas de 

las ramas; pseudocifelas ausentes, soralios originados en la corteza, superficiales, planos, 
  

puntiformes, isidiados; isidiomorfos pequefios, abundantes, corticales, en soralios o en 

  costillas, rara vez con puntas negras, mas abundantes en las puntas de las ramas, corteza 

10.89 + 1.14% de la rama principal, brillante; médula 50 08 + 4.32%, laxa, fibrosa; eje 
  

39 02 + 3.43%, sdlido, recto; apotecios ausentes o raros, terminales, quimica acidos 

Usnico y murélico. 

Variacion,_ La variacién de esta especie en México coincide con la observada en 

Colombia Britanica por Halonen et al. (1998) y en Europa (Clerc 1997). El habito de los 

talos varia de arbustivo a subpéndulo, la densidad de la ramificacion de los mismos va de 

talos con pocas ramas a talos muy densamente ramificados. Sin embargo, el caracter mas 

variable es la forma de las ramas y segmentos, conferida por la presencia de depresiones, 

foveolas y costillas; las ramas en U hirta pueden ser claramente cilindricas o 

marcadamente deformadas. 

Caracteristicas distintivas... Los caracteres distintivos de esta especie son la base clara 

del tronco, las ramas deformadas, los abundantes isidimorfos y la presencia de acido 
  

murdlico. 

Distribucién y ecologia__U. hirta es una especie de amplia distribucién mundial (Clerc 

1997), En el continente americano se extiende desde las zonas boreales de Canada hasta 

México (Halonen et. al. 1998). En México se conoce en pocas localidades en los bosques 

de coniferas de Baja California y Baja California Sur, Sonora, Chihuahua y Durango, a 

altitudes que van de 1900 a 2500 msnm. 

Usnea madeirensis Motyka in C. N. Tavares, Revista de Biologia 4(1-2):131-134 (1964). 

TIPO: Madeira, Paul da Serra, abajo de Rabagal y Bica de Cana. H. Persson (holotype, 

S).%C%M%A:12/12.5/50, Quimica: acidos usnico y salazinico. 
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Talo verde-amarillento, arbustivo a péndulo con ramas divergentes, de 6 a 18 

(raramente 30 cm) de longitud, ramificacién dicotomica isdtoma o anisétoma, densamente 

ramificado, con un punto de fijacion; tronco bien desarrollado, recto, hasta 7 mm de 

longitud, muy rara vez indistinto, agrietado transversalmente, anillado hasta 10 grietas/ 0.5 

em, negro, a menudo la pigmentacin se extiende hasta la base de las ramas principales; 

ramas 0, 88 + 37 mm de diametro, cilindricas, agudizandose lentamente hacia las puntas; 

segmentos cilindricos; apices finos, ramificados a 90°; papilas cilindricas, abundantes, 

regularmente distribuidas en ramas principales, secundarias y terminales; tubérculos 

ausentes; fibérculos a veces presentes; fibrillas cortas (1-3 mm) espinulosas, y largas y 

aguda (hasta 10 mm), localizadas principalmente en las ramas principales y secundarias, 

aunque en ocasiones son mas abundantes en las terminales, ocasionalmente pueden estar 

alrededor de los soralios; pseudocifelas ausentes; soralia originados en la corteza, 

fibérculos o en nédulos, principalmente en ramas secundarias, terminales y fibrillas, 

mayormente superficiales, algunos ligeramente tuberculados; planos, convexos o 

ligeramene excavados, pequefios, cuando se agrandan no son mayores que la mitad de la 

  

  

rama donde se desarrollan, aunque rara vez la rodean; de circulares a irregulares, con o sin 

margen; de separados a parcialamente confluentes; isidiomorfos mas frecuentes en soralios 

maduros, abundantes, cortos y redondeados, o largos y agudos, éstos ultimos a veces 

pueden ser confundidos con espinulas pequefias; apotecios generalmente ausentes, cuando 

se presentan son subterminales; corteza 27.92 + 1.15 % de la rama, opaca, agrietada, 

médula 25.43 + 2.07 % de la rama, compacta, algodonosa; eje 46.63 + 1.98 % de la 

rama, sdlido y recto; quimica: acidos usnico y salazinico. 

Variacion.__ La variaci6n de esta especie puede ser apreciada en el habito de 

crecimiento del talo, los soralios y las fibrillas. El habito de crecimiento varia de arbustivo 

a péndulo. Los soralios pueden ser superficiales o ligeramente tuberculados, su superficie 

puede variar de plana, convexa o ligeramente excavada, asi como la forma de circular a 

irregular. Las fibrillas pueden ser cortas o espinulas, o largas; en ocasiones las espinulas 

pueden disponerse en el conocido "fish-bone pattern", pero las largas casi siempre estan 

distribuidas de manera irregular en el talo. 

Caracteristicas distintivas. U. madeirensis puede ser distinguida de otras especies por 

la pigmentacién negra que se extiende con frecuencia desde la base del tronco hasta la 

base de las ramas principales, por la combinacién anatomica de corteza opaca y gruesa, 

médula compacta y eje grueso y por la constante presencia de dcido salazinico como 

sustancia diagndstica. En particular, U. madeirensis contrasta con la especie arbustiva U. 

subfloridana, que también presenta una base negra, en que en ésta ultima el pigmento no 
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se extiende a las ramas principales; los soralios son pequefios, planos y confluentes, y tiene 

una quimica totalmente diferente: acidos escuamatico, tamndlico y baeomicésico. 

Distribucion y ecologia U. madeirensis tiene una distribucion discontinua en Europa, 

Norteamérica y Macaronesia (Clerc 1991; Halonen et. al. 1998) En México las 

localidades donde ha sido colectada son escasas y dispersas en los estados de Chihuahua, 

Durango, Hidalgo, Veracruz, Chiapas y en Oaxaca donde fue encontrada en un nimero 

mayor de localidades. Crece en la corteza de diferentes arboles en bosques mixtos de 

Pinus-Quercus con elementos de Alnus 0 Juniperus, entre 1600 y 2850 msnm. No ha sido 

colectada en bosque de Abies, puro o mixto 
  

  
  Usnea setulosa Mot. Lich. Gen. Usnea Stud Monogr. Pars. Syst. 2: 313 1938. 

TIPO: Cuba, Loma del Gato, 900 m, 1935. Hioram. (holotipo, LUBL). 

Talo verde olivo obscuro, arbustivo a péndulo, 11.5 cm de longitud, ramificacion 

dicotomica anisétoma o simpodial, con ramas paralelas, con un punto de fijacion al 

sustrato; tronco recto, triangular (mas ancho en la base) o continue con la rama principal, 
  

6 mm de largo, café obscuro a negro con tintes anaranjados, con pocas grietas 

transversales (4/0.5 cm); ramas 0.639 + 42.26 mm de diametro, cilindricas, poco o no 

segmentadas, agudizandose gradualmente hacia la punta; segmentos cilindricos, apices 

largos, delgados a capilares, ramificados a 90° y 45°; papilas ausentes o escasas, 

indistintas; tubérculos y fibérculos ausentes; fibrillas escasas, muy largas y finas (hasta 25 

mm), distribuidas irregularmente, pseudocifelas ausentes o raras, transversalmente 

  

  oblongas, delgadas; soralios orignados en la corteza, localizados a todo lo largo de las 

ramas secundarias, terminales y fibrillas, superficiales, pocos ligeramente levantados, 

planos, puntiformes, muy rara vez agrandados, sin margen, separados, a veces totalmente 

confluentes; isidiomorfos ausentes 0 escasos, mas frecuentemente en los soralios que en la 

corteza; corteza 24.82 + 1.74 % de la rama, opaca, sin grietas, médula 17.36 + 1.53 % de   
  

la rama, compacta, algodonosa, a veces incospicua; eje 57.76 + 2.13 % de la rama, sdlido 

y recto; apotecios ausentes; quimica: acidos tsnico y salazinico. 

Variacion.. U. setulosa parece tener muy poca variacién entre los ejemplares 
  

recolectados hasta ahora en México. Los soralios varian ligeramente de superficiales a 

ligeramente levantados y aunque generalmente son puntiformes, en algunos casos se 

observan soralids mas grandes, sin embargo, nunca son mayores a la mitad del diametro 

de la rama sorediada. En cuanto a la segmentacién del tronco, se observo un ejemplar 

extremo con 15 grietas/0.5 cm. 

  

Caracteristicas distintivas... Los rasgos distintivos de U. setulosa son los soralios, el   

patron de ramificacién y los apices o terminales. Los soralios puntiformes y separados, 
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muy abundantes en toda Ja longitud de las ramas, con escasos y pequefios isidiomorfos 0 

carentes de los mismos. El patron de ramificacion en el cual predomina la rama principal, 

con las ramas secundarias ramificandose en un solo lado y creciendo paralelamente. 

Finalmente, las terminales largas y capilares no se observan en ninguna otra especie del 

agregado artificial U. subloridana-U. madeirensis. 

Distribucion y ecologia.. Especie corticola reportada por Motyka (1938) para 

México, San Salvador, Panama, Colombia, Cuba, Brasil, Republica Dominicana, Jamaica 

y Peril. Recientemente, en México ha sido colectada en bosques mixtos de Pinus-Quercus- 

Abies, bosque mesofilo y en localidades donde Quercus se desarrolla como vegetacion 

secundaria en los estados de Chiapas, Durango-Sinaloa, Hidalgo, Jalisco, Michoacan y 

Veracruz a una altitud de 1000 a 2825 msnm. 

  

Usnea subfloridana Stirton 

Scott. Naturalist 6: 294, 1882. 

TIPO: Scotland, Killin, 19.7.1881, leg.? (BM). Quimica: acidos Usnico y thamndlico. 

U. comosa (Ach.) Vain. Lectotipo: Suecia, 1857C (H-ACH). Quimica: acidos usnico, 

thamnolico e hipothamndlico. 

  

Talo verde olivo, 5.5-9 (11) cm de longitud, arbustivo, dicotomico isétomo, ramas 

divergentes, densamente ramificado, un punto de fijacién; tronco bien desarrollado, mas 

ancho en la base, hasta 6 mm de longitud, café obscuro con tonalidades naranja a negro, 

con pocas grietas transversales 4/0.5 cm; ramas 1.15 + 0.128 mm de diametro, cylindricas, 

agudizandose gradualmente hacia las puntas; segmentos cilindricos, apices cortos y 

gruesos, y largos y finos, ramificados a 60°, deformados cuando estan densamente 

  

  

isidiados, papilas indistintas, abundantes o no, regularmente distribuidas en las ramas, 

tubérculos generalmente pequefios, pocos grandes; fibérculos escasos; fibrillas largas y 
  

finas hasta de 10 mm de largo, distribuidas irregularmente, a veces con pequefias espinulas 

  

alrededor de los soralios, algunas permanentes; pseudocifelas ausentes; soralios originados 

en la corteza y en fibérculos, en ramas secundarias y terminales, superficiales a 

ligeramente tuberculados, mayormente planos a ligeramente excavados, pocos son 

convexos, puntiformes, si se agrandan casi nunca son mayores que la mitad del didmetro 

de la rama donde se desarrollan, circulares a irregulares, la mayoria sin margen, si éste se 

presenta es muy delgado ¢ inconspicuo, separados, rara vez parcialmente confluentes, 

algunos talos con soralios P+ amarillo a anaranjado, soradios granulares; isidiomorfos 

numerosos, en soralios jovenes y maduros; corteza 20.21 + 1.14 %, opaca a ligeramente 

brillosa; médula 43 54 + 2.79 %, densa a compacta, algodonosa; eje 36.23 + 2.50 %, 

solido y recto; apotecios extremadamente raros, solo se observé uno subterminal en un 
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ejemplar; quimica: dcidos usnico, escuamatico, tamndlico y/o baeomycésico, a veces 

unicamente acido usnico. 

Variacion._ La combinacion quimica de los talos varia, la forma y densidad de los 

soralios también es variable, asi como la densidad de los isidiomorfos. 

Caracteristicas distintivas... Aunque variables, los soralios en U. subfloridana son 

caracteristicamente pequefios, no confluentes, regulares y mas isidiados comparados con 

los de U. madeirensis y U. wasmuthii, La presencia de los acidos escuamatico, tamndlico 

y/o baeomycésico distingue a U. subfloridana de estas dos especies. 

Distribucién y ecologia.. U. subfloridana es una especie corticola que se desarrolla 

desde las zonas boreales y templadas de Alaska y Canada hasta México (Motyka 1936- 

1938; Hale 1979; Halonen et. al. 1998; McCune y Geiser 1997). En Europa es muy 

abundante en Inglaterra y es considerada como una de las especies mas tolerantes a la 

contaminacion atmosférica (James et al. 1992). 

En México su distribucién es discontinua en bosque de coniferas de Chihuahua, 

Nuevo Le6én, Colima-Jalisco y Veracruz, concentrandose en los bosques de Abies del 

Estado de México y el Distrito Federal. El espectro altitudinal de U. subfloridana es de 

1500 a 3650 msntn, los forofitos mas comunes son Pinus, Abies, Quercus y Alnus. 
  

Usnea wasmuthii Ras. 

Fletch. Estlands I., Suom. Tidenknd. Taim. 34 (4):17-19 (1931). 

TIPO: Rusia, Esthonia, Tallinna, Kakuméem en Picea excelsa, 13-7-1908. Wasmuthii 

(holotipo?7H).%C%M%A; 13 5/14.5/44 (talo A), 9.5/11./58 (talo B); quimica: acidos 

usnico y barbatico. 

Talo verde olivo obscuro, arbustivo, hasta 9 cm de longitud, mas o menos rigido, rara 

vez flacido, poco o densamente ramificado; ramificacion dicotomica anisétoma, ramas 

  

  

divergentes, con un punto de fijacién al sustrato; tronco mas ancho en la base, a veces 

atenuado, o también continuo con la rama principal, 5-10 mm largo, negro, con finas 

grietas longitudinales en la base; ramas_1.01 + 47.65 mm de diametro, cilindricas, 

agudizandose gradualmente hacia las puntas, segmentos cilindricos, rara vez ligeramente 

constrefiidos en los extremos; apices laxos y mas o menos largos, a veces sinuosos, 

ramificados a 90°; _papilas indistintas, distribuidas irregularmente; tubérculos escasos, 

fibrillas cortas (3-5 mm) espinulosas y largas (10-15 mm), distribuidas irregularmente en el 

talo, escasas, permanentes; pseudocifelas ausentes; soralios originados en la corteza, en 

ramas secundarias, terminales y en fibrillas, superficiales a ligeramente excavados, planos a 

céncavos, pequefios, longitudinalmente oblongos a circulares, a veces irregulares, con o 

  

  

sin margen, parcialmente confluentes, a veces se les observa oblicuamente alrededor de la 
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rama; isidiomorfos pequefios escasos y largos abundantes, especialmente en los apices, en 

  

soralios inmaduros y maduros, algunos tienen las puntas negras; corteza 19.89 + 0.95 % 

de Ja rama, opaca, no agrietada; médula 44.80 + 187 % de la rama, heterogénea, 

compacta, densa y a veces laxa, generalmente algodonosa y brillante; eje 35.30 + 1.73 % 

de la rama, sdlido y recto, apotecios ausentes; picnidios raros (observados sdlo en un 

ejemplar); quimica: acidos Usnico y salazinico y una sustancia desconocida café C: 5. 

Variacion.. La médula es compacta por debajo la corteza, hacia el eje se vuelve densa 

e incluso laxa, aunque nunca llega a ser tan ancha como en las especies del complejo U. 

fragilescens. Algunos ejemplares carecen de soralios bien desarrollados y en su lugar 

presentan estados iniciales de desarrollo en ios cuales se asemejan a pseudocifelas 

oblongas y lineales. 

Caracteristicas distintivas._ Clerc (1987b) menciona como una caracteristica tipica de 

U. wasmuthii las finas grietas longitudinales en la base del tronco. Sin embargo en los 

ejemplares mexicanos dichas grietas no son tan abundantes ni conspicuas como en los 

ejemplares europeos, Hasta ahora, estas grietas no se han observado en ninguna otra 

especie. 

U. wasmuthii y U. madeirensis presentan la misma combinacién quimica pero se 

distinguen porque en Ja primera especie la pigmentacion negra del tronco no se extiende a 

las ramas principales, la frecuencia de grietas transversales en el tronco no es tan alta 

como en la segunda especie; los soralios oblongos de U. wasmuthii no se observan dentro 

de la variacion de los soralios de U. madeirensis. Finalmente U. wasmuthii es una especie 

arbustiva que no ha sido observada con talos péndulos como es el caso de U. madeirensis. 

Otra especie con base negra es U. subfloridana, la cual frecuentemente crece mezclada 

junto con U. wasmuthii y aunque se distingue de ella en los soralios y en la quimica, hay 

ocasiones en que la distincién entre ambas no es posible por la existencia de morfos con 

“la quimica equivocada", es decir, la morfologia corresponde a U. subfloridana pero la 

quimica a U wasmuthii o viceversa Clerc (1992). Esto ha sido interpretado por Clerc 

como posibles hibridos vegetativos, y ha sido observado en otros grupos como en el 

agregado U. fragilescens entre U. comnuta s. lat. y U. brasiliensis. 

Distribucién y ecologia. Motyka (1936-1938) menciona la ocurrencia de esta especie 

en Eurasia, James et. al. 1992 la confirma para Inglaterra y el norte de Europa. Distintos 

reportes en Norteamérica se basaron en ejemplares correspondientes a U. substerilis o U. 

lapponica por lo que fue excluida de las especies de Usnea de Columbia Britanica, Canada 

(Halonen et al. 1998). 
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En México, U. wasmuthii estd limitada a regiones de alta montafia en el Eje 

Neovolcanico Transversal, entre 2950 y 3900 msnm en el Pico de Orizaba, Cofre de 

Perote, Sierra Nevada, La Malinche, Nevado de Toluca, Ajusco y Contreras 
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Especies pigmentadas de Usnea 

Las especies pigrnentadas de Usnea para México que a continuaci6n se incluyen en 
  

esta secciOn no representan un grupo natural. Son especies con talos arbustivos o 

péndulos, apoteciados y sorediados y/o isidiados que presenta pigmentos corticales y/o 

medulares, cuya naturaleza es desconocida en la mayoria de los casos. Los caractereres 

morfolégicos, anatomicos y quimicos las separan una de la otra. Esta agrupacién obedece 

a fines practicos y no sugiere una relacion filogenética entre las especies incluidas. 

Se incluyen la descripcion y distribucién geografica de: Usnea mutabilis Stirton, Usnea 
  

  

rubicunda Stirton, Usnea sanguinea Swinscow y Krog y Usnea baileyi Striton (Zahlbr.) s. 
  

  

lat., representante del subgénero Eumitria. Otras especies pigmentadas descritas en 

diferentes secciones de este trabajo son: las especies péndulas U. ceratina, U cristatula y 

U mexicana; y las especies arbustivas U cirrosa y U. wirthii del complejo U. fragilescens. 

  

  

Usnea mutabilis Stirton 

Scot. Natur. 6: 107 (1881). 

TIPO: U S.A. Alabama, Cedar villa, Mrs. Hawley (holotype, BM). 

Talo verde amarillo claro, arbustivo, no rigido, densamente ramificado, dicotomico 

anisétomo o is6tomo, ramas divergente, talo con un punto de fijacién, tronco recto o 
  

bifurcado, hasta 3 mm de largo, del mismo color que las ramas principales, ramas 

agudizAndose lentamente hacia las puntas, segmentos cilindricos; apices cortos y gruesos a 

medianos y finos, ramificados a 90° o 45°, papilas ausentes; tubérculos pequefios ¢ 

irregularmente distribuidos en ramas principales y secundarias, fibérculos ausentes; 

fibrillas cortas (1-2 mm de largo), irregularmente distribuidas en el talo, pseudocifelas 

ausentes; soralia orignados en la corteza, mayormente superficiles, pocos ligeramente 
  

  

tuberculados, planos a ligeramente convexos, pequefis y puntiformes a alargados y 

circulares, nunca mayores a la mitad del diémetro de la rama donde se desarrollan, sin 

  margen, separados a totalmente confluentes, producen soradios granulares; corteza 19 3% 

(n=3) ligeramente brillosa, médula 40.34 % (n=3) compacta y algodonosa, pigmenta de   

color rojo vino claro a obscuro, no siempre continuo, gje 40.34% (n=3), sdlido y recto, a 

veces del mismo color que la médula; apotecios ausentes; quimica: unicamente acido 

isnico o con acidos grasos del grupo del acido murélico. 

Variacién.— Los caracteres variables de U. mutabilis son !os soralios y la distribucion 

del pigmento en la médula. Los soralios varian de puntiformes a alargados, éstos ultimos 

resultado de la fusion de lo soralios pequefios (Clerc 1994). El pigmento medular a veces 

se observa mas concentrado en un area central entre dos zonas mas palidas. 
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Cracteristicas distintivas_ U. mutabilis se caracteriza por el color rojo vino de la 

médula, los soralios puntiformes y planos, y la presencia del complejo de acido murélico 

como principa metabolito secundario Esta especie se distingue de U. ceratina, que   

también tiene la médula pigmentada, porque el color del pigmento medular-nunca es tan 

obscuro en U ceratina, los soralios de ésta Ultima son tuberculados, mas grandes y no 
  

confluentes, y tiene acido difractaico, nunca acido murdlico, como metabolito secundario 

principal U. hirta tiene acido murdlico, pero carece de pigmento en la médula y es 

abundantemente isidiada. Finalmente, otra especie que presenta acidos grasos, 

particularmente cido bourgéonico, es U. esperantiana la cual tiene soralios ligeramente 

planos, a veces excavados, y circulares, no puntiformes y carece de pigmento medular. 

Distribucién y ecologia.—- U. mutabilis fue reportada para México por Bouly De 

Lesdain (1933), posteriormente Motyka (1936-1938) la reporta para Espafia, norte de 

Africa, Estados Unidos, Canada, México y Costa Rica. 

En un estudio reciente, Clerc (1994) puntualiza que la distribucion de esta especie es 

disjunta en-el hemisferio norte ptincipalmente en regiones con clima de tipo mediterraneo 

como Espafia, Francia y Portugal en Europa, Marruecos en Africa y California en Estados 

Unidos. También la menciona para Japon. 

Recientemente ha sido recolectada tnicamente en Baja California. Los registros de 

Bouly De Lesdain (1933) y de Motyka (1936-1938) la menciona para Veracruz y 

Guerrero pueden tratarse de ejemplares jovenes con soralios poco desarrollados de U. 

ceratina, los cuales sin el conocimiento de los metabolitos secundarios, podrian ser 

confundides facilmente con U. mutabilis. 

  

Usnea rubicunda Stirton. 

Scott. Nat. 6: 102 (1881), M. Holmes (BM). 

Talo rosa coral, verde amarillento rojizo o café naranja, de 4 a 12 cm de largo, 

  

arbustivo a péndulo, a veces decumbente, mas o menos rigido, poco o densamente 

ramificado, ramificacion dicotémica isétoma o anisotoma, ramas divergentes, uno o mas 

puntos de fijacién; tronco del mismo color que la rama principal, negrusco al contacto con 

el punto de fijacion, rara vez anulado, indistinto o bien desarrollado, pero generalmente de 

3 a 5 mm de largo, rara vez mas (8 mm), principalmente recto, a veces bifurcado, 

  

frecuentemente con pseudoraices: ramas 1.00 + 034 mm de didmetro, cilindricas, 

agudizandose gradualmente hacia las puntas, segmentos circulares en seccion transversal y 

cilindricos a ligeramente fusiformes en seccion longitudinal; apices laxos y largos, a veces 

espinulosos, ramificados a 90°, ocasionalmente cortos, pero solo un ejemplar los tenia 

realmente cortos y gruesos; papilas ausentes o presentes, indistintas a verrucosas, escasas 
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o abundantes, distribuidas irregularmente en las ramas principales y secundarias; 

tubérculos pequefios, frecuentemente erosionados, abundantes a lo largo de todo el talo, 

  
fibérculos abundantes 0 escasos en las ramas principales y secundarias; fibrillas ausentes o 

numerosas, cortas y espinulosas, o largas y finas hasta de 10 mm de largo, de 

ddistribucion irregular, rara vez arregladas como "vértebras de pez", a menudo mas 

abundantes hacia los apices, también creciendo a través de los soralios, frecuentemente se 

desprenden; pseudocifelas ausentes, soralios originandose en la corteza, tubérculos 

erosionados, fibérculos, o en las grietas entre los segmentos de las ramas, principalmente a 

los largo de ramas secundarias y terminales y en fibrillas; superficiales o tuberculados, rara 

vez excavados, la mayoria planos, pocos convexos a capitados, pequefios, cuando se 

agrandan rara vez son mayores que la mitad del diametro de la rama sorediada, mas 

comunmente separados o parcialmente confluentes, pocos totalmente confluentes, 

  

producen soredios granulares; jomorfos pequefios 0 largos, corticales o en soralios, en 

  
ocasiones son producidos de manera secundaria en soralios muy viejos, corteza 25.47 + 

0.74 % de !a rama (n=71), mayormente brillante, a veces vitrea, cominmente muy dura y 

quebradiza, lisa 0 rugosa, rara vez con grietas profundas, con pigmento rojo-naranja o 

rojo brillante, este pigmento puede ser continuo o en manchas pequefias e irregulares, a 

veces se puede observar un patron bandeado de coloracion, especialmente en las ramas 

mas jovenes, el pigmento esté mas concentrado en las partes basales del talo o de las 

ramas principales, en los ejemplares papilados se le observa en mayor concentracion justo 

debajo de las papilas,; médula 32.48 + 1.18 % de la rama (n=71), compacta a densa, 

algodonosa, en ocasiones con aspecto farinaceo; eje 2.03 + 1.05 % de la rama (n=71), 

  

sdlido y recto; apotecios ausentes o escasos; quimica: acidos usnico, estictico, 

norestictico, conestictico, criptoestictico, y/o salazinico; algunos ejemplares presentan la 

combinacion de acido usnico y acidos grasos. 

Variaci6n_ U rubicunda es conocida como una especie muy variable (James 1979), el 

talo puede fijarse al sustrato por medio de uno o dos "holdfasts". Las ramas pueden ser 

moderadamente delgadas a robustas Halonen et al (1998) reportan que U. rubicunda 

tiene base palida, sin embargo, todos los ejemplares mexicanos presentan una base del 

mismo color que las ramas principales, aunque la concentracion del pigmento varia, en 

ocasiones las partes basales presentan un color mas intenso que el resto del talo. Algunos 

talos tienen un patron ligeramente bandeado verde y rojo, sobre todo en las fibrillas y en 

ramas jovenes. En los ejemplares papilados, al remover las papilas, es posible observar el 

pigmento mas concentrado, como una pequefia mancha, en la 4rea expuesta. La superficie 

cortical también cambia, generalmente es lisa a ligeramente rugosa. Sin embargo en 

algunos ejemplares se observa muy agrietada, con escamas grandes separadas por médula 
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evertida entre las fracturas, como si ésta hubiera crecido y quebrado irregularmente la 

corteza. Otro rasgo inconstante de la superficie cortical es la presencia de depresiones 

pequefias en las ramas secundarias o terciarias. 

El desarrollo de soralios e isidiomorfos varia considerablemente. Los soralios son 

superficiales a tuberculados debido a que se originan planos en la corteza y en grietas o 

encima de pequefios tubérculos; la mayoria son pequefios, aunque en pocos ejemplares 

llegan a sobrepasar la mitad del diametro de la rama donde se desarroilan. La superficie de 

los soralios es generalmente plana, aunque también se observan algunos soralios convexos 

0 capitados. Cuando los soralios presentan isidiomorfos, éstos son principalmente de dos 

tipos, muy pequefios y de puntas redondeadas, y otros mas bien largos y de puntas 

agudas. Los isidiomorfos también pueden ser corticales y son facilmente confundibles con 

fibrillas j6venes. James (1979) presenta una descripcidn detallada de los propagulos 

vegetativos de U. mibicunda. 

Caracteristicas distintivas—- El rasgo mas caracteristico de U. rubicunda es el 

pigmento cortical rojo-anaranjado. 

Distribucién y ecologia U. rubicunda esta ampliamente distribuida en regiones 

tropicales y templadas de Europa, Japon, China, Hawai, Nueva Zelanda, Australia, este y 

sur de Africa, sur de Norteamérica, norte de Sudameérica, las Islas Ascensién, Azores y 

Canarias (James 1979), este de Africa (Swinscow y Krog 1979). En Norteamérica, ha 

sido reportada para Columbia Britanica en Canada (Halonen et al. 1998), California, 

Carolina del Norte y Tennessee en Estados Unidos y Baja California en México (Clerc y 

Herrera-Campos 1997). 

En México es una de las especies mas ampliamente distribuidas. Es principalmente 

corticola, aunque ocasionalmente también puede crecer en rocas. Tiene una amplitud 

altitudinal de 40 a 2825 m, creciendo en una numerosos de tipos de vegetacién desde 

matorral xer6filo costero, bosque subtropical, bosque mesdfilo y bosque de coniferas. Los 

estados en donde esta especie ha sido recolectada son: Baja California, Baja California 

Sur, Coahuila, Colima, Distrito Federal, Estado de México-Michoacan, Guanajuato, 

Hidalgo, Jalisco, Michoacan, Nuevo Leon, Nayarit, Puebla, San Luis Potosi, Sinaloa, 

Oaxaca y Veracruz. 

Usnea sanguinea Swinscow y Krog. 

The Lichenologist 11 (3): 207-253 (1979). 

Talo rosa coral, verde amarillento rojizo o café naranja, de 4 a 12 cm de largo, 

arbustivo a péndulo, a veces decumbente, més o menos rigido, poco o densamente 

ramificado, ramificacién dicotémica isétoma o anisotéma, ramas divergentes, uno o mas 
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puntos de fijacion; tronco del mismo color que la rama principal, negrusco al contacto con 
  

el punto de fijacién, rara vez anulado, indistinto o bien desarrollado, generalmente de 3 a 

5 mm de largo, rara vez mas (8 mm), principalmente recto, a veces bifurcado, 

frecuentemente con pseudoraices: ramas 100 + 0.34 mm de diametro, cilindricas, 

agudizandose gradualmente hacia las puntas, segimentos circular en seccién transversal y 

cilindricos a ligeramente fusiformes en seccién longitudinal; papilas ausentes o presentes, 

indistintas a verrucosas, escasas o abundantes, distribuidas irregularmente en el talo; 

tubérculos pequefios, abundantes a io largo de todo el talo, fibérculos abundantes o 

escasos en las ramas principales y secundarias; fibrillas ausentes o numerosas, cortas y 

espinulosas, o largas y finas hasta de 10 mm de largo, distribucién irregular, rara vez 

arregladas como "vértebras de pez", a menudo mas abundantes hacia los apices, también 

creciendo a través de los soralios, frecuentemente se desprenden; corteza 25.47 + 0.74 %   

de la rama, brillante, a veces vitrea, cominmente muy dura y quebradiza, lisa o 

“arrugada", rara vez con grietas profundas, con pigmento rojo-naranja o rojo brillante, 

este pigmento. puede ser continuo o en manchas pequefias e irregulares, a veces mas 

concentrado en las partes basales del talo o de las ramas principales, en los ejemplares 

papilados se le observa en mayoar concentracién justo debajo des las papilas; médula 

32,48 + 1.18 % de la rama, compacta a densa, algodonosa, en ocasiones con aspecto 

farinaceo; eje 2.03 + 1.05 % de la rama, sdlido y recto, apotecios abundantes; guimica: 

Acidos usnico, estictico, norestictico, conestictico, criptoestictico, y/o salazinico; algunos 

ejemplares presentan la combinacion de acido usnico y acidos grasos. 

Variacion._ U sanguinea presenta la misma variacién que U. rubicunda de la cual es la 

especie primaria (Swinscow y Korg 1979), con excepcién de las caracteristicas de los 

soralios, de los cuales carece U. sanguinea, por lo tanto el lector es referido a la 

descripcién de U. mubicunda. 

Distribucién y ecologia__ U. sanguinea tiene una distribucion geografica conocida 

mucho mas restringida que U. mubicunda; sdlo ha sido reportada para el este de Africa 

(Swinscow y Krog 1979) En México, se ha colectado en menor namero de localidades 

que U. rubicunda y unicamente en bosque mixto de coniferas y encinos y en bosque 

mesofilo de montafia, en los estado de Chiapas, Hidalgo, Oaxaca y Veracruz. 

Usnea baileyi (Stirton) Zahlbr. s. lat. Denkschr. math.-naturw. Kais. Akad. Wiss Wien 83, 

182 (1909). 

Eumitria baileyi Stirton Scottish Naturalist 6, 100 (1881). Lectotipo Rogers y Stevens 

(1988). Australia, Queensland, prope Brisbane, sin fecha F M, Baileyi, 164 (BM). 
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Talo verde olivo claro, arbustivo a supéndulo, hasta 12 cm de largo, rigido y 

quebradizo, moderada a densamente ramificado, ramificacién dicotomica anisétoma o 

is6toma, ramas divergentes, talo con un punto de fijacion; tronco recto, hasta 3 mm de   

largo, del mismo color que el talo o café rojizo; ramas 1.14 + 0 79 mm, no segmentadas, 

agudiz4ndose lentamente hacia las puntas, circulares en seccién transversal y de cilindricas 

a ligeramente fusiformes en seccién longitudinal, apices largos y laxos, a veces 

espinulados, ramificados a 90° o 45°; papilas ausentes o escasas, indistintas a verrucosas; 

tubérculos muy pequefios, irregularmente distribuidos en las ramas principaless y 

secundarias, frecuentemente erosionados; fibrillas muy abundantes, cortas (1 mm) o largas 

(hasta 15 mm de largo), regularmente distribuidas alrededor de las ramas principales y 

secundarias, frecuentemente mas abundantes en las parte basales, persistentes; 

pseudocifelas ausentes; soralios en ramas principales, secundarias, terminales y en fibrillas, 
  

originados principalmente en la corteza, también en papilas o tubérculos erosionados, 

superficiales a ligeramente levantados, planos, puntiformes a circulares, separados, sin 

margen, producen soradios farinaceos; isidiomorfos escasos a moderadamente 

abundantes, corticales y en soralios, en soralios muy jévenes los isidiomorfos son 

pequefios con puntas redondeadas, en soralios mas viejos los isidiomorfos son mas largos 

y agudos, corteza 12.85 = 0.83 % del didmetro de la rama principal (n=22), brillante a   

vitrea; médula 6.21 + 0.74 % del didmetro de la rama principal (n=22), compacta, 

algodonosa, pigmentada de anaranjado claro a color éxido obscuro , a veces amarillo, 

regularmente el pigmento es continuo, rara vez en pequefias manchas; eje 80 92 + 1.35 % 

del diémetro de la rama principal (n=22), recto hueco y con hifas laxas que a veces son 

amarillas o anaranjadas, apotecios ausentes; quimica: acido usnico con o sin acido 

difractaico y eumitrinas 

Variacion... El habito de crecimiento varia entre arbustivo, subpéndulo a péndulo. La 

concentracién del pigmento medular varia de tal manera que la médula puede ser de un 

anaranjado muy palido, casi rosa, a un color obscuro casi café. Los isidiomorfos varian de 

pequefios redondeados a largos y agudos. Ambos pueden corresponder con los 

propagulos vegetativos observados en Neuropogon, los primeros probablemente 

correspondan a los pseudoisidios y los segundos a los isidios verdaderos (Walker 1985). 

Caracteristicas distintivas__ Morfolégicamente indistinguibles entre si, U. baileyii, U. 

perplectata Mot. y U. vainioi Mot. pueden ser diferenciadas facilmente del resto de las 

especies estudiadas, por el eje central hueco, que las ubican en el subgénero Eumitria. 

Entre ellas, la presencia de eumitrinas distingue a U. baileyii de U. perplectata y U. vainioi 

las cuales carecen de eumitrinas pero tienen Acido diftactaico, ademds, de acuerdo con 

Rogers y Stevens (1988), la unica especie que produce soralios verdaderos es U. vainioi. 
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Sin embargo, los ejemplares examinados muestran caracteristicas mezcladas, que hacen 

dificil la separacion de las tres especies, por lo que es necesario un estudio mas detallado 

de un mayor numero de ejemplares para describir la variacién de estos taxa y decidir si 

son conespecificos 0 no. 

Distribucién y ecologia_ Las especies del complejo U. baileyi estan distribudas en 

zonas tropicales del mundo en Australia, el Archipiélago Filipino, Africa , Sudamérica, 

México, Florida en Estados Unidos (Motyka 1936-1938; Hale 1979; Rogers y Stevens 

1988). 

En México U. baileyi s. lat. ha sido colectada en bosque mes6filo de montafia y en 

bosques de pinos adyacentes en ios estados de Chiapas, Hidalgo, Jalisco y Oaxaca. 
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Agregados y especies fértiles de Usnea 
  

A la fecha no se ha realizado ningun estudio extensivo de las especies fértiles del 

género Usnea. Los trabajos existentes son estudios aislados 0 locales como los de Asahina 

(1968; 1970) sobre U. florida y otras especies fértiles de Japon; Swinscow y Krog (1979) 

incluyen varias especies apoteciadas en su trabajo sobre las especies fruticosas del este de 

Africa; Clerc (1984a) sobre U florida en Europa, Tavares (1987) compara diferentes 

especies fértiles del este de Estados Unidos, Stevens (1992) estudia de los complejos U. 

scabrida y U. molliuscula para Australia y en 1998, Tavares y Sanders reportan una clave 

preliminar para las especies arbustivas fértiles del suroeste de Estados Unidos 

  

  

El estudio de las especies fruticosas apoteciadas de Usnea en Norteamérica, ha sido 

enfocado directamente a las diferentes razas quimicas con algunas consideraciones sobre 

su distribucién (Hale 1962; Fiscus 1972) Queda por estudiar dicha variacién quimica en 

relacion con las caracteristicas morfolégicas y anatémicas, En México, solo existen 

menciones aisladas de algunas especies fértiles (Alvarez y Guzman-Davalos 1988; Coutifio 

y Mojica 1985; Gomez-Peralta 1992; Ruiz-Oronoz; Welden y Guzman 1978; Weiden et 

al. 1979), pero dado que no se ha efectuado ningiin analisis quimico, se requiere verificar 

todas las especies reportadas ya que este grupo esta integrado por agregados de especies 

polimérficas muy dificiles de caracterizar sin el conocimiento de los metabolitos 

secundarios diagndsticos. 

El grupo comprende especies con talos arbustivos, generalmente rigidos, de 3 a 15 cm 

de largo con un punto de fijacién al sustrato o “holdfast", tronco cominmente bien 

desarrollado, aunque en algunos casos indistinto, negro, concoloro o mas palido que la 

rama principal, ramificacién dicotémica isdtoma, anisdtoma 0 simpodial; ramas 

segmentadas o no, principalmente cilindricas, en ocasiones ligeramente poligonales y 

menos frecuentemente irregulares; los segmentos son cilindricos, moderadamente 

angulares, hinchados o irregulares, papilas, tubérculos y fibérculos presentes 0 no, 

variables en forma y distribucidn en el talo; fibrillas cortas y espinulosas, y/o largas y finas, 

regular o irregularmente distribuidas en las ramas, rara vez completamente ausentes, 

pseudocifelas ocasionalmente presentes, alargadas a nivel de corteza o en pequefias 

costillas o estriaciones; foveolas raras; 1a corteza puede ser opaca, brillante o rara vez 

vitrea, delgada o gruesa, ocasionalmente rojiza; médula generalmente compacta o densa, 

en algunos casos laxa, algodonosa, con pigmentos subcorticales o periaxiales rosa, 

amarillo o anaranjado; eje moderada o considerablemente grueso, de vez en cuando 

pigmentado de rojo, sdlido y recto; apotecios terminales, subterminales, laterales o 

seriales, muy variables en tamafio, en algunas especies alcanzan los 2.5 om de didmetro, 
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disco pruinoso, casi siempre regular y con fibrillas en el margen, éstas varian en tamafio y 

densidad, el envés del apotecio es liso o rugoso, con o sin espinulas o fibrillas; esporas 

simples, hialinas, elipsoidales, quimica variable en distintas combinaciones, algunas de las 

cuales pueden corresponder a especies bien definidas y otras sdlo a quimiotipos de una 

misma especie 

Debido a que se requiere de una revision mundial de las especies fértiles del género 

para obtener conclusiones sobre el estatus taxonémico de estos grupos, las decripciones 

que a continuacién se presentan de los agregados o especies mexicanas son preliminares. 

Esta agrupacion es artificial y esta basada en caracteristicas morfologicas y anatémicas 

gruesas que pueden o no estar relacionadas con las caracteristicas quimicas y no intenta 

ilustrar relaciones filogenéticas entre las especies o agregados tratados. Algunas de estas 

especies han sido mencionadas con anterioridad en este trabajo, por lo que sdlo se referira 

al lector a la seccién correspondiente. 

1,- Complejo U ramillosa.- Incluye especies con talos de 2-4 cm a 8-10 cm de largo; 

tronco recto.o atenuado, a veces bifurcado, corto o bien desarrollado, concoloro, rojizo o 

parcialmente negro o café, ramas con segmentos hinchados en seccién longitudinal y 

teretes en seccion transversal; corteza delgada y brillante o vitrea, médula principalmente 

laxa y eje delgado, espinulas muy cortas y abundantes o fibrillas medianas dispersas en el 

talo, papilas presentes 0 no, ocasionalmente puede haber foveolas deformando las ramas. 

Los compuestos secundarios mas frecuentemente encontrados en este agregado son 

acidos usnico, salazinico, protocetrarico, norestictico, estictico y galbinico. 

Entre las especies que integran este agregado se pueden citar U. ramillosa s. str., U. 

  

cirrosa, algunas especies sudamericanas como U. meridionalis Zahlbr., U. steinerit Zahibr., 

U, andina Mot. y U. subelegans (Vain.) Mot., asi como el morfotipo de U. cirrosa 

reportado para el suroeste de Estados Unidos por Tavares y Sanders (1998). Las especies 

reportadas anteriormente para México son. U. andina (Bouly de Lesdain 1933, Motyka 

1936-1938), U. cirrosa (Motyka 1936-1938; Coutfio y Mojica 1985) y U. subelegans 

{Bouly de Lesdain 1933; Motyka 1936-1938). A la fecha, sdlo se ha confirmado la 

Las descripciones de estas dos especies se presentan en la seccién correspondiente al 

agregado U. fragilescens. 

2.- Complejo U. strigosa .- Esta compuesto por especies con talos hasta de 15 cm de 

largo, rigidos o no, poco o densamente ramificados; tronco principalmente recto, bien 

desarrollado, a veces conspicuamente mas grueso que las ramas principales, en ocasiones 

con grietas transversales, concolor con el resto dei talo, mas claro o rojizo, nunca negro; 

ramas cilindricas, con diaémetro constante, segmentos cilindricos, acostillados o 
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ligeramente trapezoidales en seccién longitudinal, circulares, alados o itregulares en 

seccén transversal; espinulas y fibrillas abundantes; corteza gruesa brillante y 

frecuentemente dura; médula compacta ocasionaimente densa, a veces con pigmento rosa 

© rojo; eje moderadamente grueso; quimica’ acidos usnico, barbatico, difractaico, 

bourgeénico, norestictico, estictico y salazinico. 

En el este de Estados Unidos, este agregado esta compuesto por especies como U 

strigosa (Ach.) A. Eaton, U erinacea, U. evansii Mot. y U. tristis. (Hale 1979; Tavares 

1987; Clerc comunicacién personal). Se incluyen tentativamente U arbusculiformis Mot. 

  
    

y U. cristatula Mot. 

U. evansii y U. tristis no se conocen para México, mientras que U. strigosa ha sido 
  

registrada en varias ocasiones (Bouly de Lesdain 1929 como el sinédnimo U. florida (L.) 

Hoffin. var. strigosa Ach. (Gonzalez de la Rosa y Guzman 1976; Tavares y Sanders 

1998); Motyka 1936-1938; Welden y Guzman 1978; Welden et al. 1979; Gomez-Peralta 

1992). En ocasiones se menciona en la literatura la presencia de un pigmento medular rojo 

dxido 0 rosado (Hale 1962, Dey 1978; Gonzalez de la Rosa y Guzman 1976). Es probable 

que algunos de los registros mexicanos correspondan a U. cristatula la cual 

frecuentemente tiene 1a médula rosa, pero contiene acido difractaico como sustancia 

secundaria principal a diferencia de U. strigosa que contiene acido norestictico. Por otra 

parte, en la peninsula de Baja California, se han colectado algunos ejemplares apoteciados 

con pigmento rojo oxido en la médula y abundantes espinulas que parecen ser afines a U. 

subcornuta. La confirmacién de los mismos se hara como parte del estudio de la flora 

liquénica del Desierto Sonorense 

U, erinacea fue reportada para México por Vainio (1926), Bouly de Lesdain (1933) y 

Motyka (1936-1938). Tavares (en Tavares y Sanders 1998) menciona que esta especie se 
  

caracteriza por la presencia de un pigmento rojo-naranja en las células corticales parecido 

al de U. rubicunda, sin embargo en este trabajo no se ha sido observado. 

U. arbusculiformis es mencionada para México por Motyka (1936-1938) y por Ruiz- 

Oronoz (1937). Gonzalez de la Rosa y Guzman (1976) consideran que los registros de 

Ruiz-Oronoz corresponden a U. strigosa, sin embargo no hacen mencion de las 

caracteristicas que distinguen a ambas especies En el presente trabajo, U. arbusculiformis 

es separada de U. strigosa, s. str, en la clave, por la presencia de acido bourgeénico y 

otros Acidos grasos como rangiformico, protoliquesterinico y caperatico. 

3.- Complejo U. florida.- Talo amarillo o verde claro, frecuentemente las ramas 

principales son mas obscuras que las secundarias, arbustivo, hasta 10 cm de longitud, 

tronco recto, pocas veces atenuado, bien desarollado, con pocas grietas transversales, 

pigmentacion negra que se torna café hacia la base de las ramas principales, ramas 
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cilindricas, cuyo diametro disminuye ligeramente hacia las puntas, segmentos cilindricos; 

papilas indistintas en las partes basales de las ramas y mejor desarrolladas y mas 

abundantes cerca de los apotecios; fibrillas cortas espinulosas (1-5) y largas, (hasta 10 

mm); corteza opaca a ligeramente brillante, gruesa; médula densa y algodonosa; ¢je 

  

    

grueso; sdlido y recto, quimica: acidos Usnico, escuamatico, tamndlico y lecdnorico. Las 

especies que hasta ahora han sido identifiadas en México son U. florida (L.) Wigg. emend. 

Clerc y U. lecanorica W. Culb , C Culb. y Fiscus 

En sentido amplio, U. florida ha sido reportada para México en varias publicaciones 

(Nash et al. 1998), asi como sus diferentes quimiotipos (Fiscus 1972),en algunos casos se 

establece que las deterinaciones son dudosas (Weber 1993), por lo tanto, es la primera vez 

que se confirma U. florida s. str. (Clerc 1984) para México. El quimiotipo del grupo U. 

florida que contiene acido lecandrico fue mencionado por primera vez por Fiscus (1972) y 

  

U lecanorica es reportada para México por Culberson et al (1983). 

4.-Complejo U. arizonica- Talos de rigidez moderada, tronco recto, indistinto, 

bifurcado o continuo con la rama principal, base concolor al resto del talo, o negra parcial 

o totalmente, sin extenderse a las ramas principales, con pocas grietas transversales; ramas 

de delgadas a moderadamente gruesas, cilindricas, diametro mas o menos constante, 

segmentos cilindricos; papilas abundantes, fibrillas irregularmente distribuidas en el talo, 

en ocasiones mas abudantes en la base de las ramas secundarias; corteza opaca y gruesa; 

médula compacta y algodonosa; eje grueso; quimica: acidos usnico y salazinico como 

sustancias principales, connorestictico, estictico, norestictico, consalazinico y conestictico 

como accesorias. 

De acuerdo con Tavares y Sanders (1998), algunas de las especies de este complejo 

son: U. arizonica Mot, U. subfusca Mot. y U. retifera Mot. Clere (comunicacion 

personal) considera que U arizonica es parte del complejo U. rigida, sin embargo ninguna 

  

de las especies que lo integran (Clerc 1984) ha sido reportada para México, ni tampoco 

U. retifera. 
  

U atizonica y U. subfusca han sido registradas para varias localidades del pais 

(Alvarez y Guzman-Davalos 1988, Bouly de Lesdain 1933; Coutifio y Mojica 1982, 1985; 

Culberson et al. 1983; Gémez-Peralta 1992; Motyka 1936-1938; Ruiz-Oronoz 1937). 

Morfotipo 14.-Talo verde olivo amarillento, los ejemplares de herbario observados 

presentan un color café rojizo resultado de la herborizacién, en ambos casos las ramas 

principales son mas obscuras que las secundarias; habito péndulo, hasta 15 cm de 

longitud, con un punto de fijacion, ni rigido ni flacido, densamente ramificado; dicotomico 

isétomo, ramas divergentes al principio y luego paralelas, tronco recto o bifurcado, hasta   

5 mm, frecuentemente anillado, concoloro o parcialmente negro; ramas delgadas, 
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Clave para las especies mexicanas de Usnea 

L 

3. Pigmento cortical, medular o axial presente 

Talos péndulos 

Talos erectos a subpéndulos.. 

  

  

2. Talos saxicolas 

2. Talos corticolas 000...    Pigmento ausente..     

  

4. Talos sorediados y/o isidiados, rara vez apoteciados. © eee ee $ 

4 Talos apoteciados, nunca sorediados ni isidiado..........0..-0. oe SECCION D 

Segmentos de las ramas de ligera a conspicuamente hinchados o 

Treg Ulares ok. cece cee ceeecectteteteey ceentenrenten ce reeeeresneenrn teas SECCION E 

Segmentos de las ramas cilindricos, nunca hinchados.. ...............- we tees SECCION F 

SECCION A. Talos péndulos 

wi
n 

Soralios y/o isidios presentes; apotecios ausentes o raros (los soralios 

a veces inmaduros, parecidos a pequefias pseudocifelas circulares) 

Soralios, isidios o estructuras similares a pseudocifelas ausentes; apotecios 

  

de escasos a abundantes 0.0... cece cette co deeeeteecte eure ceeeeeeesenen o teeeea 11 

2.  Eje central ocraceo o café amarillento . 

  

2.  Bje central no ocraceo ni café amarillento 

Médula con pigmento rosa y/o amarillo (a veces muy tenue), CK+ 

amarillo-naranja brillante, acido difractaico presente... .. 

Médula sin pigmento; CK- o CK+, nunca con acido difractaico 

  

   

4. Médula K-, P+ rojo-naranja; Acido protocetrarico como metabolito 

  

secundario principal 0.0... cee 

4. Médula K+ amarillo 0 rojo, P+ amarillo o rojo, o K- P-; acido 

  

protocetrarico ausente 0.0 ccc eee 0 teeters 6 

U. subscabrosa 

7. U. hesperina 

Corteza vitrea y dura; base a menudo con tintes rojos ... 

  

   
Corteza opaca y blanda, base a menudo con tintes anaranjados 
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1d. 

11. 

6. | Segmentos de las ramas claramente acostillados o angulados; médula 

muy delgada (10-15%) y compacta; eje muy grueso (45-65%)... teed 

6. Segmentos de las ramas sin costillas ni alas, cuando mucho estriados, 

médula mas gruesa (20-30%), densa a compacta: eje mas delgado (30-40%) 8 

Segmentos de las ramas claramente alados, de forma trapezoidal; 

margenes erosionados, abriéndose longitudinalmente y exponiendo la 

médula; acido norestictico presente ... . U. angulata 

Segmentos de las ramas no alados pero claramente acostillados, margenes 

  

no abiertos longitudinalmente, médula no expuesta; acido salazinico 0 

acido caperatico presente oo ee ce ceeteeeteteeesnenee oe .. .. U, transitoria 

8. Ramas regular y conspicuamente segmentadas, con areas de regeneracion 

muy distintivas entre los segmentos.-.--.---- ee ee erent ntti 9 

8. Ramas irregularmente segmentadas, sin areas de regeneracion entre 

los segmentos... 0.0... be ceeeteee eeeeeatnen ne Lee ee 10 

Con pseudocifelas conspicuas, a menudo en grupos en las ramas 

principales;grietas longitudinales presentes;, corteza vitrea y dura; 

Acido estictico o metabolitos secundarios no identificados 

  

Sin pseudocifelas conspicuas ni grietas longitudinales, corteza blanda 

de opaca a brillante; acido salazinico presente... .. . ....... bd teneeeeneatees U. merrillii 

10. Ramas irregulares; segmentos ligera o claramente hinchados; 

soralios sobre tubérculos pequefios; fibrillas de escasas a numerosas, 

dispuestas irregularmente en las ramas vee coe, scabrata 

  

10. Ramas adelazandose hacia las puntas, segmentos cilindricos, 

soralios sobre fibérculos; fibrillas numerosas y dispuestas como 

"vértebras de pez" oo cceeeseeneteees oo esnsuenensse e cesvevey e eeeeeenes 

Grietas longitudinales con margenes involutos.. 0... 0... ee 

  

Grietas tongitudinales sin margenes involutos ... ..........., : 

12. Ramas distintivamente foveoladas; papilas ausentes; corteza delgada 

(4-8 %); eje central SINUOSO oo... ee ceteeeeetetee one . . U. cavernosa 
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13, 

13 

15, 

15. 

17. 

17. 

19. 

19, 

12, Ramas no foveoladas; papilas comunmente presentes; corteza 

MAS Bruesa, Cje TATA VEZ SINUOSO .. ececccesce ce oe seesstesstessectes scesesssessueavenseees 13 

Eje central ocraceo o café amarillento y quebradizo . .. .............._U. himantodes 

Eje central ni ocraceo o café amarillento ni quebradizo ee. Stee 14 

14, Médula con pigmento rosa y/o amarillo (a veces muy tenue); 

CK+ amarillo-naranja brillante, acido diftactaico presente...... . U, cristatula 

14, Médula sin pigmento, CK- o CK+, nunca con acido difractaico........... . 4S 

Médula K-, acido protocetrarico como metabolito secundario principal ..........0...... 16 

Médula K+ amarilllo 0 rojo, acido protocetrérico nunca como metabolito 

secundario principal............ 0... ce ue sueneneseneeeseaes fee saeneeeeeeeneeeerseseees 17 

16. Corteza opaca y blanda; base conspicuamente anillada; con tintes 

anaranjados ee cb cenececeneeee teeneeseseaveseititsassieeten cesseseensees U. firma 

16. Corteza vitrea y dura; base no conspicuamente anillada, con tintes 

ROJOS cece: see cette cep cenenenee ae pease es . U vitrea. 

Segmentos de jas ramas claramente acostillados o angulados, médula 

muy delgada (10-15%) y compacta, eje muy grueso (45-65%) ....c.cccee ce cceeeeee oo 18 

Segmentos de las ramas sin costillas ni alas, cuando mucho estriados; 

médula mas gruesa (20-30%), densa a compacta; eje mas delgado (30-40%) 19 

  

18. Segmentos de las ramas claramente alados, de forma trapezoidal, 

margenes erosionados, abriéndose longitudinalmente y exponiendo 

la médula; acido norestictico presente... eee beeen U. alata 

18 Segmentos de las ramas no alados pero claramente acostillados, 

margenes no abiertos longitudinalmente, médula no expuesta; Acido 

salazinico o acido caperarico presente........ 0000.0... .. bode seeeseeaee U. goniodes 

Con pseudocifelas conspicuas, a menudo en grupos en las ramas principales; 

grietas longitudinales presentes, corteza vitrea y dura; acido estictico o 

  
metabolitos secundarios no identificados UP1 y UP2.. bene ceeeaeeee U. papillata 

Sin pseudocifelas conspicuas ni grietas longitudinales, corteza blanda de 

opaca a brillante; acido salazinico presente ..........cccceeecceeee oe U. sanctaeritae 
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SECCION B. Talos saxicolas. 

1. Corteza con pigmento rojo, especialmente conspicuo en la parte basal, ramas laterales 

no constrefiidas en la base... ee ce . U. mbicunda 

  

1. Corteza sin pigmento rojo, o sdlo como pequefias manchas; ramas laterales 

constrefiidas en la base... teeter eo seeeneetesisateentenseees 2 

2, Médula C+ amarillo fuerte o anaranjado, con pigmento rosa en la 

  

meédula, acido diftactaico presente ... sees Loe) o U, ceratina 

2. Médula C-, CK-, y K- o K+ rojo anaranjado, sin pigmento en la 

médula, acido difractaico ausente,. 6. ..oeecccccsescecessesetecseetscesesestsenraciee oe 3 

3. Médula con pigmento rojo vino; soralios puntiformes, con isidiomorfos 

numerosgs; papilas ausentes; acidos grasos del grupo del acido murdlico 

presentes; médula K-, PD~ 0.0.0 cece vee ceeeeeesteeeenee ceesee eeeveeeens U. mutabilis 

3. Médula sin pigmento rojo vino; soralios puntiformes © grandes, 

con o sin isidiomorfos; papilas presentes o ausentes; acidos grasos 

del grupo del acido murdlico ausentes; médula comunmente K+ 0 PD+ 

(rara vez ambas reacciones, checar el quimiotipo 5 de U. cornuta s. lat.)....00. 4 

4. Médula con pigmento amarillo; ramas laterales claramente constrefiidas 

en la base; corteza brillante; Acido norestictico o acido psorémico en los 

SOTAIOS eee ceccesceeeeeeeeceetessseeeseeeseseereneneatin coves ve cesueneveneneneaes 

  

4. Médula sin pigmento amarillo; ramas laterales constrefiidas o no en 

la base; corteza brillante u opaca; acido norestictico o acido 

psorémico presentes pero no restringidos a los sorali0s 0.0... ceeeeeereees 5 

Médula K- y P+ rojo-naranja; acido protocetrarico como sustancia principal............. 6 

Médula K- y P+ de amarillo a rojo; acido protocetrarico nunca como 

sustancia principal 0.0.0.0... vue ceeapeveceeseenenenenee sessreanavenecsseeeaeencates 9 

6.  Fibérculos grandes con puntas blancas y fibrillas cortas parecidas 

  

a isidiomorfos alrededor; soralios ausentes.. ....... . ... 

6.  Fibérculos grandes, sin puntas blancas, sin fibrillas parecidas a 

isidiomorfos; soralios generalmente presentes ....0...0.cccceececeesesteseteee vee ee 7D 
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11. 

11. 

Ramas laterales claramente constreftidas en la base; talo arbustivo, 

erecto con ramas divergentes ..quimiotipo 6 de U. cornuta 

  

Ramas laterales no constrefiidas en 1a base, talo subpéndulo o péndulo 

  

con ramas mas o menos paralelas occ ce eee ce ete creeetereeenene ee . 8 

8. Corteza distintivamente brillante o vitrea, ramas principales no 

anilladas ............0 beets ..U subscabrosa 

8. Corteza opaca, ramas anilladas, principalmente en la base............... U. hesperina 

Base negra; soralios grandes, mas o menos circulares, al madurar alcanzan 

el tamaiio del diametro de la rama, a menudo la rodean, ligeramente concavos, 

con pocos isidiomorfos; ramas laterales no contrefiidas en la base; 

sdlo acido salazinico presente b teseseseseeereeates U. ammannii 

  

Base clara o de café a rojiza; soralios irregulares, rara vez alcanzan el 

tamafio del didmetro de la rama, nunca la rodean, planos o ligeramente 

tuberculados, con pocos o numerosos isidiomorfos; ramas laterales 

a menudo ligeramente constrefiidas, sdlo acido salazinico presente 

(checar el quimiotipo 1 de U. comuta s. lat.) 0 2 eee Le ceeeeseseeee 10 

10. Corteza opaca; soralios mas o menos tuberculados y convexos 

almadurar, usualmente alcanzan la mitad del diametro de la rama 0 

mas, con numerosos isidiomorfos en grupos; fibérculos usualmente* 

  

  

AUSENEES cee ccceeerecenenceecee coteeeeeesteneneieieseeaies © ur tueneageeneseeneettetees U. halei 

10. Corteza brillante o vitrea; soralios mas o menos planos, puntiformes, 

rara vez grandes (sin embargo checar U. dasaea), sobre los fibérculos 

- Ono, cono sin isidiomorfos, simples o en grupos; fibérculos de 

AUSENTES 2 MUMETOSOS ooo. ce ec neteescreneceeesereeneetseseneetennceeneseennengees ll 

Isidiomorfos gruesos, usualmente solitarios, a menudo uno solo sobre 

un soralio, con puntas negras, siempre presentes, soralios puntiformes, 

nunca grandes, mas o menos tuberculados, numerosos, densamente 

distribuidos, originandose en fibérculO «0.0.0.0... eects U. amblyoclada 

Isidiomorfos delgados, en grupos, nunca con puntas negras o 

ausentes; soralios puntiformes a mas o menos agrandados, especialmente 

en las ramas terminales, mas o menos planos, originandose en la corteza 
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Oen fiberculos ee ee ceeee seteeeeesesseseeteseanesean sae cee seseeeeee 12 

12.  Fibrillas cortas y espinulosas, densa pero irregularmente distribuidas en 

porciones restringidas de las ramas, rara vez cubriéndolas totalmente, 

soralios grandes, al madurar alcanzan la mitad de la rama o mas, 

a menudo ligeramente fusiformes, no confluentes; acido galbinico 

PIOSONTC cette cee ceeeereeeteeeeee ete ceeeeseeeesee setsteraseees U. dasaea 

12.  Fibrillas usualmente mas largas y delgadas, dispersas en todo el talo; 

soralios puntiformes, a menudo confluentes y cubriendo grandes 

  

  

areas; Acido galbinico ausente.. Be teeeneteteees . U. cornuta s. lat. 

SECCION C Talos arbustivos a péndulos, sorediado-isidiados o apoteciados, 

regularmente con pigmento cortical, medular y/o axial. 

VT, Eye hue i eececeterenreee crete teeters cer ener vines ees .2 Eumitria 

1,  Bje sdlido 0 fistuloso ee eeeeseereeteniene 0 tn ev vee teverererees 0 tnae geeeeee 3 

2. Eumitrinas presentes, CK-, acido difractaico ausente ........0.... ee U. baileyi 

2. Eumitrinas ausentes, CK+ amarillo-naranja brillante, acido difractaico presente 

(con soralios: U. vainiod) 0 ic cccccccecscseseseseseeeceeseteeseseenetesrateene U. perplectata 

Eje central ocraceo o café amarillento, fistuloso......0 000 eee .U. mexicana 

Eje central no ocraceo ni café amarillento, sOldO 0.0... cceeeeeesesesteteneeseseseaeseeees 4 

4,  Pigmento cortical rojo o rojo-naranja, continuo o discontinuo, en las 

ramas o en los apotecios, con o sin pigmento medular o axial.............. .. a) 

4. Sin pigmento cortical, pero con pigmento medular y/o axial... 6 

5. Pigmento cortical en los apotecios... 

   5. Pigmento cortical en las ramas 

6. Médula con pigmento rosa y/o amarillo; ocasionalmente eje rojo; 

CK+ amarillo-naranja brillante; acido difractaico presente 0... cee cos 8 

6. Médula tnicamente con pigmento rosa o unicamente con pigmento 

amarillo; eje blanco o amarillo; CK- or CK+, rosa, nunca con Acido 

205 

 



    

  

  

   

ifractaico oe cle ce ce ceesteceteeneeeies 0 ensseeecsese cesteey cane bv aneaaes 9 

7. Pigmento cortical continuo, en bandas en las ramas mas jovenes y 

en fas fibrillas..0. cee fo seeeeteteteieee Gee cueuensee e sneearaees 10 

7 Pigmento cortical discontinuo en pequefias manchas de 

densidad variable... 0. uu. Loreen euneneeseeese seesetasesse Ge ce cen enseeres U wirthii 

8 Talos soredio-isidiados, apotecios ausentes 0 £aP0$ v0.0... cece U ceratina 

8. Talos nunca soredio-isidiados, siempre apoteciados.........000 ...... U cristatula 

9. Médula y/o eje amarillos, a veces muy tenue, nunca con Acido murélico 

como metabolito secundario principal. .. U. wirthii 

9. Médula rosa, a veces muy intenso hasta rojo vino, acido murdlico como 

metabolito secundario principal. ......ccccccceccsees cccssssesvssesssssseseee seeeveres U. mutabilis 

10. Talos soredio-isidiados, apotecios ausentes 0 raros .......0..0..0.006. U. rubicunda 

10. Talos nunca soredio-isidiados, siempre apoteciados.......... 00... U. sanguinea 

SECCION D. Agregados de especies apoteciadas mexicanas de Usnea 

1. Talos con pigmento cortical, medular 0 axial oe veaeeeeveseenes 2 

1. Talos sim pigmentos..... 0.0 occ ec cee ceeeeee ces cevsvesescenesesseees 0 y cuneeavsnees 5 

  

2. Pigmento cortical rojo ee . 

  

2. Pigmento medular. .. ............0.005 

3. Ramas no constrefiidas en la base, segmentos principalmente cilindricos, 

pigmento rojo naranja continuo o en bandas, frecuentemente mas concentrado 

en las partes basales del talo 000 eecceetccetee oe tereeseeseeseesessessesessaes U. sanguinea 

3. Ramas constrefiidas en la base, segmentos principalmente hinchados, pigmento 

rojo vino en el borde del disco apotecial (a veces ausente) y en los 

PHCMIIOS ee cceccecscseseee. sevessseesscsescsvscscscsescesevevstsvetasvstssutasavacanss U cirrosa 

4, Médula con pigmento rosa y/o amarillo (a veces muy tenue); 

. U. cristatula   

CK+ amarillo-naranja brillante, acido difractaico presente... 

4. Médula rojo naranja; CK- o CK+, nunca con Acido 
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li. 

i. 

iGACEAICO oo ccccccesceee  sesvecsseescsestsvsvecseseseen sessessesererteennenes U strigosa s. str. 

Segmentos de las ramas cilindricos, corteza gruesa, brillante u opaca, 

médula densa a compacta, talos arbustivos con terminales cortas 0 

  

subpéndulos con terminales largas .     

Segmentos de las ramas hinchados o irregulares, corteza delgada, brillante 

o vitrea, médula laxa a densa, talos siempre arbustivos con terminales cortas ......... 11 

.... Morfotipo 14 

wT 

6. Talos subpéndulos. .. ...... 

6 Talos siempre arbustivos.. 

    

      

Base del talo parcialmente negra, del mismo color o més clara que las ramas 

principales, rojiza o amarillenta.... 0.0.00. cece o ceceseeecsesrsestssestnses evesenseeses 9 

Base del talo totalmente negra 0. e b deesneseseseseeseaeenees b eteeeeneeees 8 

8. Acidos escuamatico, tamndélico como metabolitos secundarios 

principales oo... eke ee ceeesteeeeteeeeteses | saeseeueneessneeeseseateass . U florida 

8. Acido lecanorico como metabolito secundario principal ................. U lecanorica 

Base del talo negra sdlo al al contacto con el sustrato, corteza opaca 

  

y suave. ... cb ceteeteetersereceninnee 0 Geeuaeseeeseeeeae U. arizonica s, lat. 

Base del talo del mismo color o mas palida que las ramas principales, 

corteza brillante y dura ce ee teeneeeseeeseessesesnerensatisssscnses consseneneneaeneaees 10 

10. Acido burgednico como metabolito principal o.oo ee U. arbusculiformis 

10, Acido bougénico nunca como metabolito secundario 

principal U. strigosa s. lat. 

  

Ramas principalmente hinchadas, espinulas y fibrillas de abundantes 

a escasas, irregularmente distribuidas en las ramas y al borde de los 

apotecios, sin cubrirlas por completo... ecee ces ae testesessertstectcsniens sense 12 

Ramas principalmente irregulares o angulares, espinulas abundantes 

cubriendo totalmente las ramas y al borde y el envés de los apotecios.......... U. sabrida 

12. Médula K-, P+ rojo-naranja; acido protocetrarico como metabolito 

secundario principal 00... eects ce ceseeee oe .U. ramillosa s str,



12. Médula K+ amarillo 0 rojo, P+ amarillo 0 rojo, o K- P-; dcido 

protocetrarico ausente ... 

  

fete te tee aveseateee U. ramillosa s. lat. 

SECCION E. Agregado U. fragilescens 

Talos erectos a subpéndulos, segmentos de las ramas constrefiidos, ligera o fuertemente 

hinchados 0 irregulares, corteza delgada a moderadamente gruesa, médula laxa a densa, 

eje delgado a moderamente grueso; soralios variables en forma y tamafio. 

1. Soralios y/o isidiomorfos presentes; apotecios ausentes 0 £af08......000 0 ecssceeseceeee 2 

1. Soralios y/o isidiomorfos ausentes, apotecios escasos o abundantes.............. 6 Ad 

2. — Soralios pequefios (menos que la mitad del ancho de la rama donde 

CTOCEN) «ee ececeececeteseeeeeeensscee tee sueseansneseceesssesseatenens wae ee 

2. Soralios grandes (més de la mitad del ancho de la rama donde crecen). 
   
  

Pigmento amarillo en la médula (a veces muy tenue)...0.0 0c eee U._wirthii 

Pigmento ausente .. 0. occ eececeeeeetesesteseatesees co eeeetetteteesececeseneentee 0 savaeeeeee 4 

4. Ramas con abundantes espinulas triangulares (a veces ausentes); 

acido galbinico como metabolito secundario principal ...... 0.0.00... _U. dasaea 

4. Ramas sin espinulas triangulares, pero con fibrillas largas o 

cortas, acidos salazinico o protocetrarico como metabolito 

secundario principal 0.0... ccceccessectes cetertssetee ove ccseeseesesesseets s eeneenseee 5. 

5. Segmentos conspicuamente hinchados y/o irregulares en seccion 

longitudinal; comunmente ramas rigidas y gruesas, corteza delgada 

(x=8.5%), médula laxa (x=76%), eje delgado (x=15%), Acido 

protocetrarico como metabolito secundario principal ....0..000000 U brasilensis 

5. Segmentos no conspicuamente hichados a irregulares; ramas de flacidas 

a rigidas, delgadas a gruesas; corteza moderadamente gruesa (x= 14%), 

médula de laxa a densa (x= 63%), eje moderadamente grueso (x= 23.5%); 

acido salazinico y otras substancias del grupo del Acido estictico como 

metabolitos secundarios prinicpales ..0..0....0. ccc cecesssenseveseneesees U. cornuta s. str. 

6 Soralios circulres de ligeramente levantados a tuberculados, 
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algunas veces planos, principalmente separados, con margen 

definido; isidios presentes .. U. fragilescens 

6.  Soralios superficiales, a veces ligeramente levantados, casi siempre 

  

confluentes, ligeramente o muy excavados; margen desgarrado 

  

o no, isidiomorfos ausentes... 

7. Soralios profundamente excavados, frecuentemente exponiendo el eje; dcidos 

protocetratico y/o estictico como metabolito secundario principal.............. U. glabrata 

7. Soralios no excavados, o muy ligeramente, nunca exponiendo el eje; 

acido bourgedénico como metabolitio secundario principal...... ... ... .... U. esperantiana 

8.  Pigmento rojo vino en el borde del disco apotecial; picnidios 

rojos frecuentes (a veces ausentes), espinulas cortas abundantes ...... U. cirrosa 

8. Pigmento y picnidios siempre ausentes, fibrillas medianas 

. oconspicuamente largas de densidad variable .......... tere reneeeeeneneneaees 9 

9. Segmentos claramente hinchados; tubérculos no conspicuos; acido 

protocetrarico como principal metabolito secundario ........0.00.0..... U. ramillosa s. str. 

9. Segmentos cilindricos o ligeramente hinchados; tubérculos grandes; Acido 

criptoestictico o salazinico como principal metabolito secundario ... .. .. U. jamaicensis 

SECCION F. Agregado Usnea subfloridana-Usnea madeirensis     

Talos erectos a subpéndulos, segmentos de las ramas cilindricos, corteza gruesa, médula 

densa a compacta, eje grueso; soralios variables; apotecios 

Taros o ausentes . 

1. Abundantes pseudocifelas isidiadas o soralios isidiados, acidos 

grasos cominmente como metabolitos secundarios principales 0.0.0.0... U hirta 

1. Pseudocifelas ausentes, soralios isidiados 0 no; acidos grasos nunca como 

metabolitos secundarios principales 02.00.00... ccc ccceeeeeeeneneeeeeresnesaesucensensensanease 2 

2. — Soralios principalmente puntiformes, circulares, nunca o rara 

VEZ OXCAVAMOS oo ce ccssseseststereteneessnersscarecsnsnsene satis fee ey setveereneeaneasaeneases 3 

2.  Soralios variables, frecuentemente excavadOs ...........ccccce o cscce sesesesrsceeeesesseees 5 
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Soralios confluentes, con frecuencia densamente isidiados, a veces 

P+ amarillo 4 anaranjado; acidos escuamiatico, tamndlico y/o 

baeomisésico como metabolitos secundarios principales... 4. U. subfloridana 

Soralios separados o parcialmente confluentes, no densamente 

isidiados, P-; acido salazinico 0 norestictico como metabolitos 

  

secundarios principales 0.0.0.0. 0 cece bere cereeteet te ec rete 4 

4.  Apices largos, finos y capilares; acido salazinico como metabolito 

secundario principal ..0..0.0 ccc cesses ce ctiteee teense U. setulosa 

4.  Apices cortos y gruesos, rara vez finos, nunca capilares; acido 

norestictico como metabolito secundario principal ......0.... .0.00 5 ..U. sp 2 

Soralios circulares, ligera a profundamente excavados, a veces 

exponiendo el eje, parcial o totalmente confluentes; Acidos salazinico, 

norestictico y/o diftactaico como metabolitos seoundarios ............. .... U. fulvoreagens 

Soralios de forma variable, ligeramente excavados o no, nunca 

exponiendo el eje, acido satazinico como metabolito secundario principal .. 

  

6.  Soralios circulares a irregulares; tronco con numerosas grietas 

transversales, sin finas grietas longitudinales, con pigmentacion 

negra se extiende frecuentemente a la base de las ramas principales; 

meédula compact... ene: cotiteeeereeree reteset U. madeirensis 

6.  Soralios oblongos a circulares; tronco con pocas grietas transversales, 

pero con finas grietas longitudinales, la pigmentacién negra nunca 

se extiende a la base de las ramas principales, médula variable..... .. U. wasmuthii 
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DISCUSION 

En sistematica se trata de establecer relaciones detectando semejanzas, comparando 

las diferencias, con la idea de que mientras mas se parezcan dos entidades, mas cercanas 

pueden ser. A su vez, es deseable construir sistemas de clasificacién, lo mas naturales 

posibles, que reflejen esas relaciones y su evolucién (Jahns 1989 b; Tehler 1996). Sin 

embargo, uno de los aspectos mas complicados de la taxonomia es la definicién de los 

caracteres diagnésticos y la interpretacién de su variacion, ya sean éstos morfoldgicos, 

anatémicos, quimicos o moleculares. 

El estudio del género Usnea no esta excento de controversia en la interpretacion de los 
  

caracteres. Por ejemplo, en el caso de los caracteres quimicos, Culberson et al. (1983) 

describieron una nueva especie, Usnea lecanorica Cul., Culb., y Fiscus basandose en la 
  

  

presencia de acido lecandrico, distinguiéndola de U. arizonica, morfologicamente similar, 

que contiene dcido salazinico. Mientras que Stevens (1992) reagrupo las especies del 

complejo australiano U. scabrida-U. molliuscula en tan sdlo dos especies con distintas 

subespecies de acuerdo a diferencias en morfologia relacionadas con distintas regiones 

climaticas. En este nuevo arreglo, la quimica no fue considerada importante porque los 

compuestos encontrados correspondieron a B-orcinol depsidonas. Para Swinscow y Krog 

(1979) los compuestos secundarios detectados en las especies fruticosas del este de Africa 

no fueron de valor taxonémico a menos que sean considerados en combinacién con la 

morfologia y/o la pigmentacién de los talos. En estudios més recientes, los caracteres 

quimicos han sido considerados como parte de la combinacién de caracteristicas que 

defininen a las especies, sin asignar ninguna categoria taxonémica a los quimiotipos 

morfologicamente indistinguibles (Clerc y Herrera-Campos 1997; Herrera-Campos et al. 

1998; Halonen et al. 1998). 

También los caracteres anatomicos de Usnea han sido interpretados de diferente 

manera, en particular el grosor de la corteza, de la médula y del eje. Motyka (1936-1938) 

incluy6 los tamafios respectivos, en micrometros, en las descripciones de las especies. 

Asahina (1956) reconocié la importancia de las dimensiones de estos estratos en la 

caracterizacion de las especies y propuso un método para calcular y graficar el “radio 

  

stratorum" tomando el grosor de la corteza como la unidad. Sin embargo, Swinscow y 

Krog (1979) consideraron impreciso el uso del grosor de la corteza, aunque reconocieron 

su utilidad en la determinacién de U. picta (Steiner) Mot. Para otros autores Clerc 1984a, 

1987; Clerc y Herrera-Campos 1997; Herrera~Campos et al. 1998), el grosor relativo de 

cada uno de estos estratos con respecto al didmetro total de la rama principal fue de 

utilidad en la distincién de las especies. En el presente trabajo se muestra, en el analisis de 
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U. cornuta s. lat. (Clere 1987) y U_ brasiliensis, 1a utilidad de la quimica para identificar 

grupos morfologicamente cercanos que pueden distinguirse con estudios mas detallados 

de anatomia y/o distribucion geografica. 

La distribucion geografica de las especies estudiadas representa una importante 

adicion a la distribucién mundial conocida del género, no obstante, se reconoce que para 

algunas de ellas la distribucion reportada aqui pudiera ser mas amplia si la recoleccion se 

extendiera a otros tipos de vegetacion. También cabe la posibilidad de que la distribucion 

sea diferente en el caso de que la conceptualizacion de las especies se modifique. De 

cualquier manera, el conocimiento de la distribucién geografica de las especies mexicanas 

de Usnea no solo resulta importante en su caracterizacion, sino que posibilita la realizacion 

de estudios biogeograficos que pongan de manifiesto el papel de México como corredor 

y/o barrera en la distribucion de los liquenes, como ha sido documentado para otro tipos 

de organismos (Davila y Herrera-MacBryde 1997, Delgadillo 1983, 1987, 1992, 1995; 

Graham 1993; Ramamoorthy et al 1993; Rzdowski 1981, 1991, 1993, Toledo 1993; 

Toledo y Ordofiez 1997). 

Una aportacion importante es la contribucién a la definicion de los caracteres 

diagnosticos y a la interpretacién de su variacion en Usnea. Sin embargo, aun quedan por 

definir nuevos caracteres -como caracteristicas himeniales y/o de las acosporas- que sean 

utiles en el estudio de las especies fértiles. También es necesaria la evaluacién de 

caracteres menormente utilizados en la sistematica del género, como la estructura 

microscoépica de las células corticales (Tavares 1987, 1997; Tavares y Sanders 1998), y el 

estudio de la ontogenia de los propagulos vegetativos, la cual puede ayudar en el 

entendimiento de agregados como el de U. fragilescens. 

A través del andlisis de los caracteres taxondmicos, los métodos cladisticos permiten la 

inferencia de las homologias, de patrones filogenéticos y la clasificacién de grupos 

monofiléticos (De Luna y Mishler 1996; Villasefior y Davila 1996). Como en todos los 

estudios taxondmicos, el trabajo realizado por los autores citados a lo largo de esta tesis y 

  

ésta misma, ha implicado la seleccion de distintos tipo de caracteres diagnésticos con 

diferentes estados que pueden ser analizados usando métodos cladisticos y de sistematica 

molecular para proponer hipotesis de relaciones filogenéticas de las especies estudiadas y 

construir un sistema de clasificacion que las refleje. 
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