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ABSTRACT

The Municipio de Yécora is in the Tropical Madrean zohthe Sierra Madre Occidental in
eastern Sonora, Mexico. The flora is very diverse Withi7 taxa in 150 families and 687 genera.
The most important families and genera are Asteradet&% of the flora), Poaceae (11.3%), and
Fabaceae (10.6%Muhlenbergia(38 taxa),Euphorbia (31 taxa),Cyperus(29 taxa),Ipomoea(26
taxa), Quercus(23 taxa including 7 hybrids), ardhlea (22 taxa). Herbaceous plants dominate the
flora (71.3%). Twenty-one species in the Yécora flora hmetection in NOM-059-SEMARNAT-
2010. Non-native species are 6.2% of the flora but only bufedgfennisetum ciliargin the
tropical lowlands and Natal graskli€linis repen¥ in grassland and oak woodland are invasive in
natural habitats.

Vegetation is zoned from foothills thornscrub and tropicaidimus forest in the lowlands to
oak woodland and pine-oak forest in the uplands. Plant spdiviersity increases with elevation and
rainfall, peaking in pine-oak forest. The Yécora flordhe Madrean Tropical Madrean zone serves
as a baseline to evaluate Madrean affinities in flonathe Madrean Archipelago in northeastern
Sonora and southeastern Arizona.

RESUMEN

El Municipio de Yécora se localiza en tnma Madrense Tropical de la Sierra Madre
Occidental al este de Sonora, México. La flora es diugrsa, con 1777 taxones en 150 familias y
687 géneros. Las familias y géneros mas importantes seraésae (14.5% de la flora), Poaceae
(11.3%) y Fabaceae (10.6%Yluhlenbergia (38 taxones)Euphorbia (31 taxones)Cyperus (29
taxones)Jpomoea(26 taxones)Quercus(23 taxones, incluye 7 hibridosDalea (22 taxones); y las
plantas herbaceas dominan la flora (71.3%). \eintiunacespele la flora de Yécora tienen
proteccion federal en la NOM-059-SEMARNAT-2010. Las especigsducidas representan el
6.2% de la flora, pero so6lo el zacate bufeérinisetum ciliafeen las partes bajas tropicales y el
zacate rosaddMelinis repenyen pastizales y encinales son invasoras de hab#atsles.

La vegetacion se divide en zonas de mat@spinoso de piedemonte y selva baja
caducifolia en las partes bajas, hasta encinales gubssde pino encino en las partes altas. La
diversidad de la flora aumenta con la altitud y la preciiditacon la mayor riqgueza en el bosque de
pino encino. La flora de Yécora es tipica de la zona &fesdr Tropical y sirve como referencia para
evaluar las afinidaes madrenses en las floras délifiétago Madrense del noreste de Sonora y
sureste de Arizona.
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INTRODUCTION

Sierra Madre Occidental

The Sierra Madre Occidental extends from Zacatecaslalgto north to Chihuahua and
Sonora in western Mexico (Rzedowski 1978). The Continentat® follows the Sierra Madre
northward to the Sierra Huachinera on the Chihuahua-Sonorar,bandethen through the isolated
Sierra el Pulpito and Sierra San Luis in Sonora and thmasMountains in southwestern New
Mexico. The Madrean Archipelago is the region of isol&ky Island mountain ranges between the
northern Sierra Madre Occidental in Sonora and Chihuahutharddogollon Rim of central Arizona
(Lowe 1992; McLaughlin 1995; Warshall 1995; Fig. 1A & B). Gonz#ézondo et al. (2012)
defined the floristic divisions of the Sierra Madre Ocotdé The Madrean Tropical zone is on the
northwestern crest of the Sierra Madre above tropical &ggeton the Pacific slopes. Floras of the
Sky Islands are extensions of both Madrean Tropical ldadhern Madrean floristic divisions
(Gonzélez-Elizondo et al. 2012).

Warshall (1995) recognized 40 Sky Island mountain ranges maitims of oak woodland and
pine-oak forest in the Madrean Archipelago based on the Browhaamel (1982) vegetation map. A
new GIS-based analysis identified 55 Sky Islands and Skgdstomplexes of ranges connected by
oak woodland corridors in the Madrean Archipelago, 23 in Arizand New Mexico and 32 in
Sonora and Chihuahua (Deyo et al. 2013; Van Devender et ah)2013

In this paper, we discuss the Tropical Madrean florda®Municipio de Yécora in the Sierra
Madre Occidental in eastern Sonora in regional florestid phytogeographic contexts.

BACKGROUND

Previous Floristic Studies

Howard Gentry's Rio Mayo Plants (1942) was a major iboriton to the knowledge of the
flora of northwestern Mexico. The Rio Mayo Region includdoroad area in southern Sonora and
adjacent Chihuahua in the Rios Fuerte, Mayo, and Yaaihalyes in both lowland tropical
vegetation and upland temperate woodlands and forests of the $edre Occidental. The
completion of Mexico Federal Highway 16 (MEX 16) in 1992 greatigreased access to the
northern Sierra Madre Occidental in Sonora and Chihuahina(Bz et al. 1992). A revision of the
Rio Mayo flora by Martin et al. (1998) recorded a totaR &35 taxa and incorporated the Madrean
floras of the Cascada de Basaseachi (Spellenberg é096) and Nabogame (Laferriére 1994),
Chihuahua.

Stephen S. White of the University of Michigan led éhimtanical expeditions to explore
northeastern Sonora in 1938-1941, (White 1948). His collections fbi¢he El Tigre were the first
intensive inventory of a major Sky Island mountain rangeomoga. Fishbein et al. (1995) presented
a preliminary flora of the Sierra de los Ajos, a haavation range near Cananea.

History of collections

The Rio Mayo Region of Gentry (1942) includes the Yécoea m the Rio Yaqui drainage,
but difficulty of access prevented him from reaching thetater, he went to Santa Ana on the
southwestern edge of the Mesa del Campanero in November 19%tardRic Felger collected in the
Yécora area in June 1955 and December 1959. Campbell W. Rennaampducted ethnographic
studies of the Mountain Pima Indians in El Kipor and ttda east of Yécora in July 1968 (with
Timothy Dunnigan) and August 1970. His plant collections mtbe University of Texas herbarium
in Austin.

Raymond M. Turner and J. Rodney Hastings, coauthors of "fais Aof Some Plant
Distributions in the Sonoran Desert" (Hastings et al. 197a§lenYécora area collections in October
1969; in May 1975 with Annetta Carter, Reid Moran, George Cusinaind G. Culver and also in
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August 1985 with Paul S. Martin. Deborah E. Goldberg nextlensive collections in the Santa Ana
and Santa Rosa areas with Stephen P. McLaughlin andrTasrpart of her dissertation on vegetation
and flora of hydrothermally-altered soils on gossans in 1975-18F 71280 (Goldberg 1982, 1985).
In March 1975, Martin led an expedition from the UniversityAdzona to cross the Sierra Madre
Occidental through Yécora to the Cascada de Basase&Chiiuahua. Martin returned to Mesa del
Campanero with George M. Ferguson in May 1988, March 199Q]aynd 992.

With the completion of MEX 16, which connects Hermosillpn&a, and Ciudad
Chihuahua, floristic knowledge of the Yécora area and the nestewn Sierra Madre Occidental
increased dramatically, and was included in the revileea in Gentry’s Rio Mayo Plants (Martin et
al. 1998). Mark Fishbein, Michelle McMahon, Ferguson, Felged Michael F. Wilson collected
extensively in the Yécora area in July 1994. Van Devender aimd-Beerrero began an intensive
inventory of the flora of the Municipio de Yécora in 1995i(ReG. et al. 1999). About 180 botanists
have been on collecting trips in the Yécora area. Excepinftividual species descriptions, our
publications on the flora of the Ciénega de Camilo (Van Devegtdal. 2003) and the sedges and
grasses of the Municipio de Yécora (Roalson et al. 2002;Dé&vender et al. 2005) are the first for
the Yécora area.

The Madrean Archipelago Biodiversity Assessment (MABR®Qgram was initiated by Sky
Island Alliance in 2009 to accumulate biological recordsnfthe Sky Islands Region in Sonora and
Chihuahua. The Madrean Discovery Expeditions (MDE) pragitaGreaterGood.org was created in
2015 to continue biotic inventories in the Madrean Archipela There were nine expeditions to
Sonoran Sky Islands where large groups of biologists documentadlar@nd plants, plus smaller
inventory trips to ten additional mountain ranges. Aimieary flora of the Sierra Bacadéhuachi was
based on inventories on four trips in 2011-2012 (Van Devender2818b). This range, located 165
km north of the Yécora area, has been considered eigwrtiaern Sky Island or a western extension
of the Sierra Madre Occidental. All of these recordsnf MABA and MDE inventories and many
high-resolution images are publicly available in the MABA (mad.org) and MDE
(madreandiscovery.org) databases for use in conservatgegrch, and education. The FLORA parts
of these databases are directly linked to the Southwest Envirtairir@ormation Network (SEINet,
swhbiodiversity.org/seinet/), which contains locality imf@tion on 4.2 million regional herbarium
specimens and 802,000 images from the southwestern USA and neethviéexico.

Study Area and Inventories

MEX 16 provides an elevational transect through the Mumicg® Yécora from lowland
tropical vegetation to highland montane forests (Fig. 2A)& Bhe Municipio is an area of 3,300
km2. Most of the Municipio is in the Rio Yaqui drainage; athlg southeastern edge of Mesa del
Campanero is in the Rio Mayo watershed. Elevation inMbeicipio ranges from 480 m along
Arroyo Tepoca near Curea to 2,150 m on Mesa del Campanerocr@ase of 1,770 meters in 27
kilometers (by air). Regional base level is 160 m elevationg the Rio Yaqui at Onavas west of the
Municipio de Yécora.

Between May 1995 and August 2008, and again in August 2012, we visit&tEcora area
36 times in all seasons. The flora is based on 8100 planttiatie (6567 by Van Devender and
Reina-G.). Label information for most of the collectiassavailable online in the MABA/SEINet
databases. Specimens were deposited into herbarialdnitregsity of Arizona (ARIZ), Universidad
de Sonora (USON), Universidad Nacional Autonoma de MéxicoX)EArizona State University
(ASU), New Mexico State University (NMC), Centro devéstigaciones Biologicas del Noroeste
(HCIB), University of Texas (TEX), Missouri Botanical fdan (MO), Rancho Santa Ana Botanical
Garden (RSA), Instituto de Ecologia del Bajio (IEB), atiters.
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Figure 1B. Map of the convergence zone of five biotavimces in the Madrean Archipelago. Map by Nick
Deyo, Sky Jacobs, and Van Devender.
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Floristic Analyses

The Yécora flora has a total of 1777 taxa in 150 families 687 genera. The families with
the most species are Asteraceae (257 taxa, 14.5% of tia@, fRoaceae (200 taxa, 11.3%), and
Fabaceae (188 taxa, 10.6%). The grasses were summari¥ad Devender et al. (2005). These
families plus 14 others with 20 or more taxa (Table 1) make Ug¥®®f the flora. Asteraceae,
Poaceae, and Fabaceae are typically the most impdammilies in North American floras, with
Fabaceae dominant in tropical deciduous forest. In theidipio de Yécora, the numbers of species
of Asteraceae and Poaceae increase with elevatioia temperate areas. Ferns and allied plants
are diverse with 15 families, 31 genera, and 78 taxa (4.4&ki¥aych et al. 2010). The importance
of Euphorbiaceae (3.2%), Convolvulaceae (2.5%), Solanaceae) (2MBsaceae (2.1%), Rubiaceae
(1.8%), Apocynaceae (including Asclepiadaceae, 1.7%)Omobidaceae (1.5%) in the flora reflects
the influence of the New World tropics.

Muhlenbergia(38 taxa) Euphorbia(31 taxa) Cyperus(29 taxa)lpomoea(26 taxa)Quercus
(23 taxa including 7 hybrids), and Dalea (22 taxa) are espediverse genera. These genera plus
eleven others with 11 or more taxa represent 18.2% of tha. flaWith eleven specie®inus is
relatively diverse.

Plant nomenclature follows Gentry's Rio Mayo Plants (Maetiral. 1998), the flora of
Sonora appendix in Van Devender et al. (2010), the Taxonomic Thesaor SEINet
(http://swbiodiversity.org/portal/index.php), and personal a®ic Names, synonyms, and authors
were checked in Missouri Botanical Garden’s Tropicos taxon@mbsite (http://www.tropicos.org/).

Life forms. The Yécora flora has a wide range of life forms (Ta)le Woody plants,
including shrubs (8.9% of the flora), trees (7.5%), subshruld84), woody vines (1.8%), and woody
parasites (0.4%) make up 23.1% of the flora. The vegetatitredfiunicipio de Yécora, with the
exception of montane grasslands, is dominated by trndmssh are relatively minor components in the
flora. Succulents including cacti akgjaveand its relatives account for 2.5% of the flora. The
majority (71.3%) of the plants in the flora are herbs, withe perennials (43.9%) than annuals (27.4
%). The importance of annual dicots in the Yécoraflemrelatively low (338 taxa, 19.0%) compared
to Mohave Desert floras in California and Sonoran Defleras in southwestern Arizona and
northwestern Sonora, where annual dicots comprise 40-50% ofllwees. Moreover only 13.3% of
the annual dicots are obligatory winter-spring specedteating the distance from the North Pacific
Ocean and decreasing importance of rainfall from wimtertal storms. Grasses and sedges account
for 14.5% of the flora, with more perennials (9.0%) tharuafe(5.5%). Ferns and their relatives are
common herbs (4.4%). Aquatic herbs (0.6%) are both peremdaam@nual as are parasitic plants
(0.8%). Vines are common (6.1%) in the flora and include wdiadgs, herbaceous perennials, and
annuals, especially Ipomoea (1.5%).

Non-native species A total of 111 taxa (6.2%) in the Yécora flora is introed from
elsewhere. Non-natives are most common in the Poaceaexéd1Brassicaceae (7 taxa), Asteraceae
(6 taxa), and Fabaceae (5 taxa). The percentages of tieesria very low in all habitats, reflecting
low levels of disturbance, i.e., foothills thornscrub (1.2%9pitral deciduous forest (3.0%), oak
woodland (2.2%), grassland (0.9%), and pine-oak forest (3.58h-natives often follow roadways
or are most common near houses and in gardens. The highbensuof non-natives in tropical
deciduous forest and pine-oak forest partially refldegslocations of the main settlements in those
areas.

Most non-native species are not invasive with little immac native species or vegetation.
Mustards are widespread in the study area but not dense amemyThe only invasive species in the
Municipio de Yécora are buffelgragatate bufe(Pennisetum ciliarein the tropical lowlands and
Natal grass/acate rosad@Melinis repens) in grassland and oak woodland. Hindi dEiskanthium
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annulatum is a common invasive in the Alamos area that recemély introduced into Arizona
(Felger et al. 2005). It is only present in a few aredsopical deciduous forest in the Municipio de
Yécora but is potentially invasive in tropical lowland vegiein.

Non-natives that are widespread but not invasive include Bk ngrass/zacate inglés
(Cynodon dactylon black mustarahostaza (Brassica nigra, and London rocket/pamiton
(Sisymbrium irig. South American tree tobacp@n loco (Nicotiana glaucg is not common but
occurs as high as 1900 m elevation in pine-oak forest atdPderla Cruz. Castor beaiguerilla
(Ricinus communjsis occasional in the tropical lowlands but is invasiveotiher areas in Sonora
(Van Devender et al. 2009). Today it is widespread in Spespecially in warmer areas, but Gentry
(1942) did not report it from the Rio Mayo Region.

A cultivated tobacco with pink flowers calledapante (Nicotiana tabacum is well
established in the Mountain Pima Indian village of El Kipo€hinaberry tre@iocha (Melia
azederach was formerly used as an ornamental tree in lowlawehs. It is now established in
tropical riparian forests near Curea, La Quema, Saaldicand Santa Rosa, and in montane forests
along MEX 16 near Maycoba and Yécora. Pehaf@zno (Prunus persica following MEX 16
westward from Chihuahua has reached Puerto de la Crinfnéscora.

Lantanagonfituria negra(Lantana camarp with orange and red flowers is native to the
tropical lowlands in the Municipio, but a cultivar. (camaravar. “mozellé) with pink and yellow
flowers was encountered in pine-oak forest along MEX é&\of Yécora.

Neither species of tamarigkho salado(Tamarix aphylla, T. chinengisre common in the
Municipio, although they are invasive in other parts ofda (Van Devender et. al. 2009).

Vegetation

Vegetation zonation There are important changes in vegetation with elevéteamrare most
easily seen along MEX 16 from Tepoca to the Chihuahua boraerZf&). The transition between
the New World tropics and the northern temperate zoné &aut 29°N in east-central Sonora.
Foothills thornscrub ratorral espinospis a very important biotic community in Sonora that is
transitional between Sonoran desertscrub and tropical @eddorest in southern Sonora and oak
woodland in eastern Sonora (Van Devender et al. 2013c). IMuheipio de Yécora, thornscrub
only occurs in a limited area at 460-550 m elevation in &xgbhadow valley at Curea (Fig. 3A).
Dominants includetepeguaje(Lysiloma watson)i torotes (Bursera fagaroidesvar. elongata, B.
laxiflora), papelio (Jatropha cordat® palo chino (Havardia mexicang tree morning gloryalo
blanco (Ipomoea arborescefstree ocotillodcotillo macho (Fouquieria macdougaljj organpipe
cactus/pitahayaStenocereus thurbgriand tropical chollatviri (Cylinodropuntia thurbeii

In the Municipio, tropical deciduous forese(va baja caducifolipis found in a broad band
at 500-1160 m elevation. Dominants include most of the saawespin foothills thornscrub plus
mauto (Lysiloma divaricatur)) torotes (4 additional species), figggueras (5 species),amapa
morada (Tabebuia impetigino9a kapokpochote(Ceiba acuminatp palo zorillo (Senna atomarig
and etcho (Pachycereus pecten-aboriginuriig. 3B). Two oaks, including Chihuahua aaldi
peludo (Quercus chihuahuengisand encino (Q. tuberculatd, occur locally in tropical deciduous
forest.

In the Yécora area, oak woodlar@h¢ina) is present at 1050-1700 m elevation. Dominants
include oaks Quercus arizonica, Q. oblongifoliglus 8 other species, and 5 interspecific hybrids),
Chihuahua ping@ino chino(Pinus chihuahuana and alligator junipétascate(Juniperus depeana).

At 1220-2240 m, oak woodland often occurs in a mosaic with pikéenast posque de pino encino
Fig. 4A). Pine-oak forest dominants include most ofsti@e trees as oak woodland plus additional
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Figure 2A. Highway MEX 16 was finished in 1992. Photo hii Er Enderson.
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igure 3A. Foothills thornscrub near Curea. PhotvaIyDevendr.
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Figure 4A. Oak woodland near Los Pilares. Photos byDéuender.
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Figure 5A. Mixed-conifer forest in Barranca el Salto oessl del Campanero. Photo by George M. Ferguson.
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pines @. arizonica, P. engelmannii, P. yecorensiplus 6 other species) and Arizona
madronehadrofio (Arbutus arizonica Fig. 4B). High elevation pine-oak species include
southwestern white pir@fon (P. strobiformi3, oaks Q. durifolia, Q. jonesii andQ. mcvaughi,
and madrofio (A. xalapensis  Mixed-conifer forest fosque de coniferas mixjawith Durango
fir/ pinabete duranguens@bies durangen)srestricted to Barranca El Salto and two other aceas
Mesa del Campanero at 1900-2100 m are the only examples of geaati@n type in Sonora (Fig.
5A & B).

Figure 5B. Durango firAbies durangensjs Photo by George M. Ferguson.
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Grassland gastiza) occurs in high valleys at 1200-1700 m, often in a mosaib wék
woodland or pine-oak forest. Grassland also occurs ibrtieel Yécora Valley. The Yécora grassland
is dominated by a diverse mixture of native perennial herbsydimg grasses (42 species) and
composites (56 species).

Special habitats Riparian areas bisect all other vegetation types in Mio@icipio.
Dominant riparian trees in tropical vegetation inclugeasima (Guazuma ulmifolip and
willows/sauces (Salix bonplandiana, S. goodingii, S. taxifdliaMexican bald cypressabino
(Taxodium distichunvar. mexicanuis at Tepoca. Velvet agtésno (Fraxinus velutina Arizona
walnuthogal (Juglans majoy, andsabino (Juniperus blancowvar. mucronatd are locally common
riparian trees in oak woodland. Arizona ald&millo (Alnus oblongifolid, bigtooth mapldlaya
(Acer grandidentatuip Gentry cherry Prunus gentry), and Mexican white cedadbino(Cupressus
lindleyi) are locally common in pine-oak forest riparian canyomsile hophornbearpalo prieto
(Ostrya virginiang and Mexican basswoodilia americanavar. mexicang, and Mexican hollies
(llex rubra, I. tolucana are rare. Wetlands include the Ciénega de Camilo, &mpesgo(Sphagnum
palustrg spring mound in a riparian canyon in pine-oak forest 1550 m alavat east of Maycoba
(Van Devender et al. 2003; Fig. 6A). There are marshy wetlamélse south edge of Yécora that are
disappearing as the town expands.




Van Devender and Reina-Guerrero: Flora of Yécora, Sonora 13

Figure 6B. Barren areas near niclowadeposits of the Baucarit Form
Van Devender.
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Volcanic mudflow deposits of the Baucarit Formation fornrdras near Yécora (Fig. 6B).
This is a very unusual habitat that supports widely seatteaks and pines or no woody plants at all,
even though 913 mean annual mm/yr rainfall (Burquez e¢9812) is adequate to support pine-oak
forest. Mudflow deposits intercalated between volcaoaks in the Yécora area were deposited in
the middle Miocene age (17.0-17.6 mya, million years ago; Caeh&nbDemant 1991) at the
beginning of the tectonism that transformed northwesterxiddeincluding the Yécora Valley, and
the southwestern USA into the modern Basin and Range Pro@ocagmé & Demant 1991). The
mudflow surfaces in the Yécora Valley likely formed laierthe Miocene (R. Scarborough, pers.
comm., 1998). From July through September, heavy rainfafpskéhe mudflow surfaces wet and a
diverse dwarf herb flora flourishes including sedges (10 speci&s genera), succulentédave
polianthiflora, Echinocereus stoloniferusar. tayopenss, Mammillaria wrightii var. wilcoxii,
Phemeranthus marginatuandSedum vinicoldt grassesMicrochloa kunthii, Muhlenbergia annua,
M. shepherdii andM. texand, legumes Aeschynomene americarar. glandulosa Dalea confusa,
D. filiformis, andStylosanthes humilisand six endemic plants (see below).

Another unusual habitat in the Municipio de Yécora is theagmsshydrothermally-altered
volcanic areas with bright red or yellow acidic soils (pHaw as 4, Fig. 7A). Islands of open pine-
oak forest or oak woodland are surrounded by tropical decgl forest (Goldberg 1982, 1985).
Notable low elevation stands of montane trees include Chitsuaak at 650 m on volcanic soils near
La Concepcion; Yécora pirmho colorado(Pinus yecorens)s and Chihuahua and willowleatisi
(Quercus albocinctaFig. 7B) oaks at 900 m elevation at Agua Amarilla;iDhihua pine, Chihuahua
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oak, and encino at 820 m west of Santa Ana; eggconegppiaethomonquiP. oocarpa at about
1000 m between San Nicolas and the turn off to Santa Ariphbark alligator junipetéscate
(Juniperus deppeanwar. patoniang at 900 m north of San Nicolas; and hand basingdeha (Q.
tarahumarg at 1020 m near Santa Rosa.
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Figure 7A. Gossan at Agua Amarilla west of Tepoca. Pbydan Devender.
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Figure 7B Cusi(Quercus albocinct)afrom- Cerros Colorado near Alamos. Photo by Vandbder.
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DISCUSSION
The largest area of Tropical Madrean forests ihénrtorthwestern Sierra Madre Occidental
from Yécora to the Huachinera area in eastern Sonora.fldfa of the Municipio de Yécora with
1777 taxa is very diverse. It serves both to characttfedrean Tropical floristic division of the
Sierra Madre Occidental, and as a baseline to evaloat®ladrean contribution to Sky Island floras
in the Madrean Archipelago (Reina-G. and Van Devender 2@05Dévender et al. 2013a, b).

Madrean Archipelago flora

McLaughlin (1995) estimated the number of plants in 12 maumgnges in southeastern
Arizona to be 627 species per flora on average, with 33€§a%e regional flora in each of the larger
ranges. He estimated 2100 species occur in the Sky IslandnR¥ southeastern Arizona, or 42.1%
of the 4212 taxa documented in SEINet for Arizona (Leslendum, pers. comm. 2013).
McLaughlin (1995) estimated 2300 to 2800 plant taxa for the eskiydsland Region, but the total is
probably higher because plant species diversity increas#s/sard in New World tropical vegetation
and in the Sierra Madre Occidental.

The flora of the state of Sonora with an area of 184,934pkes®ently includes 3790 species
and infraspecific taxa documented by herbarium specimears Pévender et al. 2015, unpublished
data). Considering that plant species diversity is higiheSbnora in tropical deciduous forest and
Madrean woodlands and forests, perhaps 60-70% of the stae@icurs in the eastern third of the
state. The Yécora flora with 1777 taxa makes up more tathirofithe Madrean Archipelago flora
and 46.9% of the Sonoran flora.

Species diversity gradient

Diversity in the Yécora flora increases with elesatii.e. 313 taxa in foothills thornscrub,
795 taxa in tropical deciduous forest, 839 taxa in oak woodkamd, 1121 taxa in pine-oak forest.
Several factors influence these numbers. The areaottilis thornscrub is limited to a small area
around Curea. West of the Municipio, thornscrub is widesprsupporting many additional species
(Van Devender et al. 2013c). Grassland in the Yécoraoatgdas 328 taxa, reflecting its secondary
role as openings in oak woodland and pine-oak forest.

MEX 16 is a dispersal corridor for species in the Mymicide Yécora. The Mountain Pima
Indians said that willow ragwortiina (Barkleyanthus salicifoliyswas not in El Kipor prior to the
construction of MEX 16, but has moved from Chihuahua as far agftuerto de la Cruz west of
Yécora. Tropical species move to higher elevations intor&éadvegetation during warmer periods.
Examples include boatthorn acagidiholo (Acacia cochliacanthgat 1700-1720 m elevation in pine-
oak forest west of Puerto de la Cruz and at Barrdthoada, and sweet acaciaiorama (A.
farnesiang at 1700-1820 m elevation on the north slopes of Mesa el Gemgpa However, the
extreme freeze of February 2011 likely killed most of thesdalnd plants.

Endemism

Between 1977 and 2014, 29 plant taxa were described from the Murdeipiécora (Table
3), 20 of them based on collections from this study. Fourtgecies are endemic to the Municipio,
including Dalea analiliana, Echinocereus laui, Erigeron reinaremd Stevia reinana Other new
species such &Boerhavia traubae, Mammillaria saboaar. laudeana, Menodora yecorana, Pectis
vandevenderi, Portulaca yecorensand Tridax yecoranaare restricted to the BAucarit Formation
mudflow barrens. Eleocharis yecorensisvas described from the marshy wetlands near Yécora
(Roalson 1999), but was later determined to have a widerbdistm in the Sierra Madre Occidental
(M.S. Gonzalez-E., pers. comm. 2000).

Although the rhetoric commonly used in Arizona describes kiydsfand mountain ranges as
evolutionary arenas for speciation, their floras diffenfrtrue insular floras in high species diversity,
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low local and regional endemism, and low percentages of norerspecies (McLaughlin 1995).
New species are discovered much more often in the Yéceeia the mainland Sierra Madre
Occidental than in any of the Sky Islands.

Protected species

Twenty-one species in the Yécora flora are legally pteteby the Mexican government in
the Norma Oficial Mexicana, NOM-059-SEMARNAT-2010 (Diarioi¢Xl de la Federacion 2010;
Table 4). Litsea glaucescengar. subsolitariaand Tilia americanavar. mexicanahavePeligro (P,
endangered) status. Seven species Aarenazada(A, threatened):Agave parviflora subsp.
densiflorg A. polianthiflora, Echinocereus lauii, Juglans major, Tabebuia chrysantheypetiginosa
(asT. palmer), and Trifolium wormskjioldii var. ortegae Twelve other species aR¥otegida (Pr,
special protection).

Biogeography

The oak woodlands and pine-oak forests are very similappearance in the Madrean
Tropical Sierra Madre Occidental and the Sky Island n@nntanges throughout the Madrean
Archipelago, reflecting widespread dominant trees andbshr Reina-G. & Van Devender (2005)
compared the floras of the Yécora area and the HuachuoatMes, one of the most diverse Sky
Island ranges in Arizona (Bowers & McLaughlin 1996). But only 40%ess of the Sky Island
floras actually occur in the mainland Sierra Madrei@eatal as temperate and desert plants increase
in importance northward. The Yécora flora is about 3i@¥er than any Sky Island.

The Madrean Archipelago is a convergence zone for fivechpotivinces (Van Devender et
al. 2013a; Fig. 1B), i.e., the cold temperate Rocky MountamusColorado Plateaus to the north, the
Great Plains grasslands/Chihuahuan desertscrub to theSem®ran desertscrub to the west, and
Neotropical vegetation and Sierra Madre Occidental tabp@mperate forests to the south. On the
west side of North America, the transition between the Mérld tropics and the northern temperate
zone is at about 29°N in east-central Sonora. Tropical weaesd forest is (or was formerly)
widespread along the Pacific coast from Costa Rica northwese Sierra San Javier (28°35'N),
west of the Rio Yaqui 80 km west-northwest of Yécora (Vawedder et al. 2010). The northern
limits of thornscrub are at about 30°30’N in the Rios Bavisp $onora valleys (Van Devender
2013c), but quite a few thornscrub plants cross the bordesontbern Arizona in desert grassland or
oak woodland.

In contrast, the main influences on the Yécora aredahe Neotropics and the Sierra Madre
Occidental. Northern cold temperate species are larejnclude bracken ferséri (Pteridium
aquilinum) and striped wintergreerChimaphila maculata Northern grassland elements include
calabacilla de burro(Apodanthera undulajaand pink throat morning glotydompillo rastrero
(Ipomoea longifolia The absence of species from other biotic province i rttman offset by
increasing diversity to the south in both lowland and monkaoi&c communities. This is primarily
related to warmer winter temperatures and reducsgliémcies of hard freezes. Desert grassland,
which is widespread in the southwestern USA and northeaSterora, supports a moderately diverse
flora (McClaran & Van Devender 1995), but is not preserthenYécora area. The southernmost
remnant desert grassland occurs in the Sierra de Baceaté (29°45’N, Van Devender et al. 2013b),
165 km north of Yécora. In the Arizona Sky Islands, theimasn species diversity is in the middle
elevations in the desert grassland-oak woodland ecotone aedtlowthe high elevation pine-oak
forests. However, Rzedowski (1978) found that in the Sieadr&Occidental in Mexico the highest
species diversity is in pine-oak forest, as it is inReora area.
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Table 1. Important families and genera in the Yécora floa.
Families (17 families — 1161 taxa [65.3%)]

Asteraceae - (257 taxa, 14.5% of the flora)
Poaceae — 200 taxa (11.3%)

Fabaceae — 188 taxa (10.6%)
Cyperaceae — 61 taxa (3.4%)
Euphorbiaceae — 57 taxa (3.2%)
Convolvulaceae - 45 taxa (2.5%)
Solanaceae — 45 taxa (2.5%)
Scrophulariaceae — 43 taxa (2.4%)
Lamiaceae — 40 taxa (2.2%)

Malvaceae 37 - taxa (2.1%)

Pteridaceae — 35 taxa (2.0 %)

Rubiaceae — 32 taxa (1.8%)

Orchidaceae — 27 (1.5%)

Asclepiadaceae — 26 (1.5%) (+ 5 taxa Apocynaceae = 31 taxa)J1.7%
Cactaceae — 25 taxa (1.4%)

Brassicaceae — 23 taxa (1.3%)
Onaceaceae — 20 taxa (1.1%)

Genera(17 genera — 324 taxa [18.2%)])

Muhlenbergia— 38 taxa (2.1%)
Euphorbia— 31 taxa (1.7%)
Cyperus- 29 (1.6%)

Ipomoea— 26 taxa (1.5%)
Quercus- 23 (1.3%, 7 hybrids)
Dalea— 22 taxa (1.2%)
Brickellia — 16 taxa (0.9%)
Cheilanthes- 15 taxa (0.8%)
Erigeron— 15 taxa (0.8%)
Salvia— 15 taxa (0.8%)
Solanum- 15 taxa (0.8%)
Stevia— 15 taxa (0.8%)
Bidens— 14 taxa (0.8%)
Physalis— 14 taxa (0.8%)
Paspalum- 13 taxa (0.7%)
Pseudognaphalium 12 taxa (0.7%)
Pinus— 11 taxa (0.6%)

Table 2. Life forms in the Yécora flora (1777 taxa).

Life Form # taxa % taxa
Trees 133 7.5
Shrubs 159 8.9
Subshrubs 78 4.4
Woody vines 32 1.8
Woody parasites 8 0.4
Stem succulents 26 1.5
Rosette succulents 19 d 1
Ferns and allies 78 4.4

Perennial dicot herbs 495 27.8
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Epiphytes 4 0.2
Herbaceous perennial vines 42 2.4
Herbaceous perennial parasites 2 0.1
Perennial grasses/sedges 160 .0 9
Annual grasses/sedges 98 5 5
Annual dicots 338 19.0
Annual parasites 5 0.3
Annual vines 35 2.0
Aquatic herbs 11 0.6

Total woody plants: 410 (23.1%)
Total succulents: 45 (2.5%)

Total herbs: 1268 (71.3%)

Total perennial herbs: 781 (43.9)
Total annual herbs: 487 (27.4%)
Total grasses/sedges: 258 (14.5%)
Total vines: 109 (6.1%)

Total parasites: 15 (0.8)

Table 3. Taxa described from the Municipio de Yécora. = endemic to Municipio.

. Dalea pinetorunGentry varpinetorum- Barneby (1977)

. *Echinocereus lauis.R.W. Frank - 1978

. *Mammillaria saboaevar. haudeanglLau & Wagner) Glass & R. Foster - 1979
. *Ageratina yecoran®.L. Turner - 1987

. *Arceuthobium yecorengd¢awksworth & Wiens - 1989

. Hymenocallis piman&aaferriére - 1990

. *Pectis vandevendeB.L. Turner - 1995

. Pinus yecorensiBebreczy & Racz - 1995

. *Tridax yecoran&B.L. Turner - 1995

10. Euphorbia pionospermgW. Steinm. & Felger - 1997

11. *Menodora yecorand. Van Devender & B.L. Turner - 1997

12. Mimulus yecorensi¥ickery - 1997 (novErythranthe pallengGreene) Nesom)
13. Dasylirion gentryiBogler - 1998

14. *Erigeron reinanaG.L. Nesom - 1998

15. Hymenocallis clivoruntaferriére -1998

16.Boerhavia trauba&pellenb. - 1999

17.Eleocharis yecorensiB.H. Roalson - 1999

18. *Portulaca yecorensiblenrickson & T. Van Devender - 1999

O©CO~NOOUTEAWNPEF

19. Juniperus mucronat®.P. Adams - 2000 [now blancoiMartinez varmucronata(R.P. Adams)

Farjon]
20. Polypodium praetermissuMickel & Tejero - 2004
21.Woodsia cystopteroidé¥indham & Mickel - 2004
22. *Dalea analilianaSpellenberg - 2007
23. *Agave parviflorarorr. subspdensifloraG. Starr & T.R. Van Devender - 2011
24. Brickellia enigmaticaB.L. Turner - 2011
25. *Lepechinia yecoranglenrickson, Fishbein, and T. R. Van Devender - 2011
26. *Adenophyllum yecoranuBi.L. Turner -2013
27. *Stevia reinand.L. Turner - 2013
28. Astragalus martiniSpellenb., T. R. Van Devender & P. D. Jenkins - 2014
29. Quercus barrancan&pellenb. - 2014
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Table 4. Species in the Yécora flora protected in thidorma Oficial Mexicana, NOM-059-
SEMARNAT-2010 (Diario Oficial de la Federacion 2010). P: imlanger of extinction, A:
threatened, and Pr: special protection.

Family
Agavaceae

Agavaceae
Agavaceae
Arecaceae
Betulaceae
Bignoniaceae
Bignoniaceae
Bixaceae
Cactaceae
Cactaceae

Cactaceae

Cupressaceae
Fabaceae
Juglandaceae
Lauraceae
Malvaceae
Melanthiaceae

Poaceae
Rubiaceae
Rubiaceae
Zygophyllaceae

Species Category

Agave parviflorarorr. subsp.

densifloraG. Starr & T.R. Van Devender A
Agave polianthiflorgGentry A
Yucca grandifloraGentry Pr
Brahea nitidaAndre Pr
Ostrya virginiangMill.) Koch. Pr
Tabebuia chrysanth@acq.) G. Nicholson subsghrysantha A
Tabebuia impetiginoséMart.) Standl. T. palmeriRose] A
Amoreuxia palmatifiddMoc. & Sessé Pr
Echinocereus lauiG.R.W. Frank A
Echinocereus stoloniferd&.T. Marshall var.

tayopensigW.T. Marshall) N.P. Taylor Pr

Mammillaria saboaéslass var.

haudeangA.B. Lau & K. Wagner) Glass & R.C. Foster Pr
Cupressus lusitaniciill. Pr
Trifolium wormskjioldiiLehm. varortegae(Greene) Barneby A
Juglans major(Torr.) A. Heller A
Litsea glaucescensunth var.subsolitaria(Meissn.) Hemsl. P

Tilia american&. var. mexicanaSchitdl.) Hardin P
Anticlea virescer{g&unth) Rydb.

Zigadenus virescer{&unth) J.F. Macbr.] Pr
Tripsacum zopilotenddernandez X. & Randolph Pr
Crusea coronat#.L. Rob. & Greenm. Pr
Crusea hispidgMill.) B.L. Rob. var.hispida Pr
Guaiacum coulterA. Gray Pr



