Preface 14 November 2001
George W. Argus (argus@post.harvard.edu)

Since the publication of The Genus Salix in Alaska and the Yukon in 1973, many
changes have been made in Salix nomenclatural and classification. In order the bring this
volume up to date the following changes and corrections should be noted.

1. Nomenclatural changes and corrections

Table 1. p. 11, line 20. Johnson and Packer 1968 chromosome number for Salix
rotundifolia Trautv. applies to Salix phlebophylla Andersson.

Table 1. p. 11, line 39. Johnson and Packer 1968 chromosome number for Salix
brachycarpa Nutt. ssp. niphoclada applies to Salix hastata L.

Table 1. p. 11, line 41. Johnson and Packer 1968 chromosome number for Salix glauca
was retracted by the authors.

Table 1. p. 12, line 21. The Taylor and Mulligan 1968 chromosome number for Salix
scouleriana Barratt ex Hooker applies to Salix hookeriana J. Barratt ex Hook.

p. 35. Salix lasiandra Benth. = Salix lucida Muhl. subsp. lasiandra (Benth.) E. Murray
p. 41. Salix babylonica L. in Alaska was reidentified as Salix ~ sepulcralis Simonk.

p. 43. Salix interior Rowlee = Salix exigua Nutt. subsp. interior (Rowlee) Cronquist

p. 81-89. Header and Section 7. Glaucae Pax should read Salix sect. Diplodictya C. K.
Schneider

p. 89. Salix brachycarpa Nutt. ssp. brachycarpa = Salix brachycarpa Nutt. var.
brachycarpa

p. 91. Salix brachycarpa Nutt. ssp. niphoclada (Rydb.) Argus = Salix niphoclada Rydb.
p. 97. The Beringia Phase (var. glauca) = Salix glauca L. subsp. stipularis (Flod. ex
Héayrén) Hiitonen

p. 97. The Western Phase (var. acutifolia) = Salix glauca L. subsp. acutifolia (Hook.)
Hultén

p. 98. The Rocky Mountain Phase (var. villosa) = Salix glauca L. subsp. glabrescens
(Andersson) Hultén

p. 103-105. Salix athabascensis Raup is now placed in Salix sect. Myrtilloides (Borrer)
Andersson

p. 121. Salix rigida Muhl. should read Salix prolixa Andersson

p. 124. Salix monticola Bebb in Alaska and Yukon = Salix pseudomonticola C. R. Ball
p. 140. Salix novae-angliae Andersson = Salix pseudomyrsinites Andersson

p. 157-167. Section 13. Arbuscella Ser. ex Duby should read Salix sect. Phylicifoliae
(Fries) Andersson

p. 157. Salix planifolia Pursh ssp. planifolia = Salix planifolia Pursh

p. 159. Salix planifolia ssp. pulchra (Cham.) Argus var. pulchra = Salix pulchra Cham.
p. 161. Salix planifolia ssp. pulchra (Cham.) Argus var. yukonensis (C. K. Schneider)
Argus = Salix pulchra Cham.

p. 171. Salix lanata L. ssp. richardsonii (Hook.) A. Skv. = Salix richardsonii Hook.

p. 175. Salix barrattiana Hook. is now placed in Salix sect. Villosae (Andersson) Rouy
p. 177. Salix candida Fliiggé ex Willd. is now placed in Salix sect. Candidae C. K.
Schneider



p. 186. Salix drummondiana Barr. is now placed in Salix sect. Phylicifoliae (Fries)
Andersson

2. Classification of Salix in Alaska, the Yukon Territory, and adjacent regions
(based on: Argus, G. W. 1997, Infrageneric Classification of Salix (Salicaceae)
in the New World. Systematic Botany Monographs 52)

I. Salix subg. Salix
A. Salix sect. Subalbae
1. Salix xsepulcralis Simonk. Oesterr. Bot. Zeitschr. 40: 424. 1890
B. Salix sect. Salicaster Dumort. Fl. belge. 14. 1827
2. Salix lucida Muhl. Ges. Naturf. Freunde Berlin I1. 4: 239. 1803
2a. Salix lucida Mubhl. subsp. lasiandra (Benth.) E. Murray, Kalmia 15: 11. 1984
"1985"
2b. Salix lucida Muhl. subsp. caudata (Nutt.) E. Murray, Kalmia 15: 11. 1984
"1985"
3. Salix pentandra L. Sp. pl. 2: 1016. 1753
4. Salix serissima (L. H. Bailey) Fernald, Rhodora 6: 6. 1904
C. Salix sect. maccallianae Argus, Syst. Bot. Monogr. 52: 57. 1997
5. Salix maccalliana Rowlee, Bull. Torrey Bot. Club 34: 158. 1907

Il. Salix subg. Longifoliae
D. Salix sect. Longifoliae (Andersson) Andersson in DC. Prodr. 16(2): 214. 1868.
6. Salix exigua Nutt. N. Amer. Sylv. 1: 75. 1842
6a. Salix exigua subsp. interior (Rowlee) Cronquist, Vasc. Pls. Pacific NW 2:51.
1964

I11. Salix subg. Chamaetia

E. Salix sect. Chamaetia Dumort. Verh. Gesl. Wilgen 15. 1825

7. Salix reticulata L. Sp. pl. 2: 1018. 1753
F. Salix sect. Herbella Ser. Exemplaires desséchés de la révision inédit du genre Salix.
14th page 1824.

8. Salix polaris Wahl. Fl. Lapp. 261. 1812

9. Salix nummularia Andersson in DC. Prodr. 16(2): 298. 1868.
G. Salix sect. Setchellianae Argus, Syst. Bot. Monog. 52: 62. 1997

10. Salix setchelliana C. R. Ball, Univ. Calif. Publ. Bot. 17: 410. 1934
H. Salix sect. Myrtosalix A. Kerner, Verh. Zool.-Bot. Ges. Vereins Wien 10: 203. 1860

11. Salix arctophila Cockerell ex A. Heller, Cat. N. Amer. PI., ed. 3, 89. 1910

12. Salix chamissonis Andersson in DC. Prodr. 16(2): 290. 1868

13. Salix fuscescens Andersson, Monogr. Salicum 97. 1867

14. Salix phlebophylla Andersson in DC., Prodr. 16(2): 290.1868

15. Salix saxatilis Turcz. ex Ledeb. Fl. Ross. 3, 2: 621. 1850

16. Salix tschuktschorum A. K. Skvortsov, Bot. mat. Gerb. Bot. in-ta AN SSSR 21: 83,
90. 1961

17. Salix rotundifolia Trautv. Nouv. Mem. Soc. Nat. Mosc. 2: 304. 1832



17a. Salix rotundifolia subsp. dodgeana (Rydb.) Argus, Canad. J. Bot. 47: 795.
1969
17b. Salix rotundifolia subsp. rotundifolia
I. Salix sect. Ovalifoliae (Rydberg) C. K. Schneider in Wils. PI. Wils. 3: 140.1916
18. Salix ovalifolia Trautv. Nouv. Mem. Soc. Mosc. 2: 306. 1832
18a. Salix ovalifolia var. arctolitoralis (Hultén) Argus, Canad. J. Bot. 47: 795.
1969
18b. Salix ovalifolia var. cyclophylla (Rydb.) C. R. Ball, Proc. Nat. Acad. Sci. 21:
184. 1935
18c. Salix ovalifolia var. glacialis (Andersson) Argus, Canad. J. Bot. 47: 798. 1969
18d. Salix ovalifolia var. ovalifolia
19. Salix stolonifera Coville, Proc. Wash. Acad. Sci. 3: 333. 1901
J. Salix sect. Diplodictyae C. K. Schneider in Sarg. PI. Wils. 3: 136. 1916
20. Salix arctica Pall. FI. Ross. 1: 86. 1788
21. Salix sphenophylla A. K. Skvortsov in Tomatchev, Fl. Arct. URSS 5: 62. 1966.
K. Salix sect. myrtilloides (Borrer) Andersson in DC., Prodr. 16(2): 229. 1868
22. Salix athabascensis Raup, Rhodora 32: 111. 1930
23. Salix pedicellaris Pursh, FI. Am. Sept. 2: 611. 1814
24. Salix raupii Argus, Canad. J. Bot. 52: 1303. 1974
L. Salix sect. Glaucae (Fries) Andersson in DC. Prodr. 16: 273. 1868.
25. Salix brachycarpa Nutt. N. Am. Sylva 1: 69. 1842.
26. Salix glauca L. Sp. pl. 2: 1019. 1753
26a. Salix glauca subsp. acutifolia (Hook.) Hultén, Ark. f. Bot. 7: 40. 1967
26b. Salix glauca subsp. stipularis (Flod. ex Hayrén) Hiitonen, Suomen kasvio,
272.1933
26¢. Salix glauca subsp. glabrescens (Andersson) Hultén
27. Salix niphoclada Rydb. Bull. N. Y. Bot. Gard. 1: 272. 1899
28. Salix reptans Rupr. Fl. samojed. cisur. 54. 1845

IV. Salix subg. Vetrix

M. Salix sect. Hastatae (Fries) A. Kerner, Verh. Zool.-Bot. Ges. Vereins Wien 10: 241.
1860

29. Salix barclayi Andersson, Ofvers. Forh. Kongl. Svenska Vetensk.-Akad. 15: 125.
1858

30. Salix commutata Bebb, Bot. Gaz. 13: 110. 1888

31. Salix eriocephala Michx. var. famelica (C. R. Ball) Dorn, Brittonia 47: 165. 1995

32. Salix hastata L., Sp. pl. 2: 1017. 1753

33. Salix myrtillifolia Andersson, Ofvers. Forh. Kongl. Svenska Vetensk.-Akad. 15:
132. 1858

34. Salix pseudomonticola C. R. Ball, Standley, Contr. U. S. Natl. Herb. 22: 321. 1921

35. Salix pseudomyrsinites Andersson, Ofvers. Forh. Kongl. Svenska Vetensk.-Akad.
15: 130. 1858

36. Salix pyrifolia Andersson, Monogr. Salicum 162. 1867
N. Salix sect. Cordatae J. Barratt ex Hook. FI. bor.-amer. 2: 149. 1838

37. Salix prolixa Andersson, Monogr. Salicum 94. 1867
O. Salix sect. Fulvae J. Barratt, Salices Americanae. Sect. VII. (no pagination) 1840



38. Salix bebbiana Sarg. Gard. & For. 8: 463. 1895
P. Salix sect. Cinerella Ser. Exemplaires dessJ chJs de la rJvision inJdit du genre
Salix, 2nd page. 1824.
39. Salix discolor Muhl. Ges. Naturf. Freunde Berlin 11. 4: 234. 1803
40. Salix hookeriana J. Barratt ex Hook. Fl. bor.-amer. 2: 145. 1838
41. Salix scouleriana J. Barratt ex Hook. FI. Bor.-amer. 2: 145. 1838
Q. Salix sect. Phylicifoliae (Fries) Andersson in DC. Prodr. 16: 240. 1868
42. Salix drummondiana J. Barratt ex Hook. Fl. bor.-am. 2: 144. 1838
43. Salix planifolia Pursh, FI. Am. Sept. 2: 611. 1814
44. Salix pulchra Cham. Linnaea 6: 543. 1831
R. Salix sect. Arbuscella Ser. Exemplaires dessJchJs de la rJvision inJdit du genre
Salix, 5th page 1824.
45. Salix arbusculoides Andersson, Monogr. Salicum 147. 1867
46. Salix boganidensis Trautv. in Middendorff, Reise Sibir. 1, 2: 154. 1847
S. Salix sect. Candidae C. K. Schneider, Ill. Handb. Laubholzk. 1: 46. 1904
47. Salix candida Fluggé ex Willd. Sp. pl. 4: 708. 1806
48. Salix krylovii E. Wolf, Trudy SPb. bot. sada 28: 537. 1911
T. Salix sect. Lanatae (Andersson) Koehne, Deut. Dendrol. 87, 93. 1893
49. Salix richardsonii Hook. FI. bor.-amer. 2: 147. 1838
U. Salix sect. Villosae (Andersson) Rouy, FI. France. 12: 200. 1910
50. Salix alaxensis (Andersson) Coville Proc. Wash. Acad. Sci. 2: 280. 1900
50a. Salix alaxensis var. alaxensis
50b. Salix alaxensis var. longistylis (Rydb.) C. K. Schneider, J. Arnold Arb. 1: 225.
1919
51. Salix barrattiana Hook., FI. bor.-amer. 2: 146. 1838
V. Salix sect. Geyerianae Argus, Syst. Bot. Monogr, 52: 85. 1997
52. Salix petiolaris Sm. Trans. Linn. Soc. 6: 122. 1802
W. Salix sect. Sitchenses (Bebb) C. K. Schneider J. Arnold Arbor. 1: 91. 1919
53. Salix sitchensis Sanson ex Bong. Mem. Acad. St. Petersb. 6. 2: 162. 1833

Further information on the identification of Salix in Alaska and the Yukon may be found
in: Argus, G. W. 2001. A Guide to the Identification of Willows in Alaska, the Yukon
Territory, and adjacent regions. Workshop on Willow Identification. 112 pages. Including
The Interactive Identification of Native and Naturalized New World Salix using Intkey.
35 pp. and computer diskette. Privately Published.

A downloadable interactive key to New World Salix is available online at the Alaska
Natural Heritage Program’s website:
http://www.uaa.alaska.edu/enri/aknhp_web/


http://www.uaa.alaska.edu/enri/aknhp_web/
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Resume

Le present examen du genre Salix s'appuie sur des etudes
effectuees sur le terrain et visant a interpreter les especes
en fonction des criteres suivants : 1) variations au sein des
populations, 2) variations reliees au deveioppement, 3) varia-
tions provoquees par le milieu, 4) preferences ecologiques et
5) modifications resultant de I'hybridation et de l'introgression.
Il se refere aussi aux specimens d'herbiers et a la documenta-
tion existante.

Trente-neuf especes aborigenes, deux acclimatees. neuf
sous-especes et onze varietes composent cette flore. Chaque
espece est decrite en detail et les groupes taxonomiques
intraspecifiques sont compares a l'espece elle-mi.me. Les des-
criptions, qui se veulent le plus completes possible, expiiquent
largement les variations naturelles. L'expose des problemes
taxonomiques. ecologiques et evolutifs se complete d'un re-
sume des caracteristiques permettant l'identification defini-
tive. En outre, l'ouvrage decrit dans ses grandes lignes la
repartition ecologique et geographique de chaque groupe
taxonomique et la reporte sur une carte appropriee. Une an-
nexe issue de l'ordinateur enumere les specimens qui font
I'objet des descriptions et des cartes. L'ordinateur permet de
stocker et de recuperer les donnees pour ensuite imprimer
la liste systematique des specimens. Voila une innovation
dont on tire a bon compte toute la documentation que com-
portent les travaux de recherche.

L'un des principaux objectifs du present ouvrage est de
faciliter Il'identification des specimens. Cette operation devient
beaucoup plus simple si lI'on connait bien leur repartition
et leur ecologie. L'auteur a etabii une cle eco-geographique
qui se fonde sur la localisation. Avec la cle traditionnelle
refletant les traits morphologiques, elle facilitera grandement
les travaux d'identification. De plus, des tableaux comparatifs
mettent en evidence les caracteristiques qui differencient les
especes apparentees et exposent les difficultes d'ordre taxo-
nomique qu'elles soulevent.

Les especes du genre Salix forment un ensemble polyploide
dont le nombre des chromosomes somatiques varie de 38
(diploide) a 224 [dodecaploide]. On connait le nombre chro-
mosomien de 33 des 50 especes qui composent cette flore.
C'est une donnee precieuse permettant d'etablir ou de certifier
I'identification dans de nombreux cas. Les tableaux contien-
nent tous les nombres chromosomiens des especes de I'Alaska
et du Yukon.

L'hybridation naturelle semble beaucoup moins frequente
gu'on ne l'avait cru. Bien que 12 hybrides interspecifiques et
plusieurs populations introgressives soient notes, l'influence
de I'hybridation ne semble que relativement importante.

On traite egalement du r8le des especes du genre Salix
dans la succession ecologique des moraines glaciaires du
sud-est de I'Alaska: dans celle des plaines de fusion de la
chaine de I'Alaska; dans celle des alluvions de I'Alaska central
et du gravier des plaines alluviales de I'Alaska septentrional.
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Summary

The revision of the genus Salix which is presented here is
based on field studies which attempt to understand the species
in terms of the following: 1) population variation, 2) devel-
opmental variation, 3) environmentally induced variation, 41
ecological preferences, and 5) modification as a result of
hybridization and introgression, as well as on a study of
herbarium specimens and the literature.

Thirty-nine native species, two introduced species, nine sub-
species, and eleven varieties are recognized in the flora. A
detailed description is provided for each species and intra-
specific taxa are compared and contrasted with the species.
The descriptions attempt to describe the species fully and to
account for much of their natural variation. A discussion of
taxonomic, ecological, and evolutionary problems includes a
summary of diagnostic characteristics. In addition, a general
statement of the ecological and geographical distribution of
each taxon is included as well as a distribution map. The speci-
mens on which the maps and descriptions are based are cited
in a computer-generated appendix. The use of computerized
data storage and retrieval methods to prepare this list of
specimens is an innovation which permits the complete docu-
mentation of research materials at a modest cost.

One of the main objectives of the revision is to facilitate
the identification of specimens. I|dentification can be aided
greatly by a knowledge of the distribution and ecology of the
specimens. An eco-geographical key, based on the geograph-
ical and ecological occurrence of the species, has been
devised. The use of this key along with the conventional key
based on morphological characteristics will permit much easier
identifications than previously has been possible. In addition,
species are compared, in tabular form, with related and similar
species, and taxonomic problems are discussed.

Salix species form a polyploid complex with somatic chromo-
some numbers ranging from 38 (diploid) to 224 (dodecaploid).
Chromosome numbers are known for 33 of the 50 native taxa
in the flora and provide data valuable in making and cor-
roborating taxonomic decisions. All chromosome numbers
known for the Salix of Alaska and the Yukon are tabulated.

Natural hybridization is apparently less common than has
previously been suspected and although 12 interspecific hy-
brids and several introgressive populations are recognized,
the influence of hybridization on species variation is not
considered to be of major importance.

The role that Salix species play in successional develop-
ment on glacial moraine in southeastern Alaska, on glacial
outwash plains in the Alaska Range, on river alluvium I
central Alaska, and on gravel floodplains in arctic Alaska is
discussed. Their success as colonizers is based on their growth
forms and on their reproductive, evolutionary, and ecological
characteristics.
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Preface

The genus Salix in the flora of Alaska and the Yukon is one of
the largest, most widespread, and most taxonomically complex
genera. Its antiquity, wide distribution, perennial habit, poly-
ploidy, ability to hybridize, wide ecological amplitude, and
morphological plasticity all contribute to its complexity and
confer upon it great taxonomical, ecological, and evolutionary
interest. However, because of its taxonomic complexities and
uncertainties it is often avoided by taxonomists and ecologists
and thereby valuable information is lost. The taxonomic prob-
lems in Salix are not wholly inherent and many can be traced
to taxonomists who failed to understand the degree and impor-
tance of population variability, or who overemphasized the
occurrence of natural hybridization, or who studied specimens
as individuals rather than as samples of populations. It was
through a desire to contribute to the solution of some of the
taxonomic problems that this study was undertaken.

The only world-wide monograph of Salix was written in 1868
by N. J. Andersson for the A.P. de Candolle Prodromus. Since
that time increased collecting and field study, modern taxon-
omic, methods, and new concepts of taxa have made this
work obsolete. More recently, monographs have been written
for the genus in North America (Schneider 1918-1921; Raup
1943, 1959) and in Europe and Asia (Schneider 1917; Skvortsov
1957, 1961, 1966, 1968; Rechinger 1964). Numerous floristic
and monographic works dealing with smaller areas or with
portions of the genus have also been prepared. Over the
years, Salix in Alaska and the Yukon has received considerable
attention from taxonomists and phytogeographers. Coville
(1900, 1901) published two important papers on the willows
of Alaska; Floderus contributed a treatment of the genus to
Hulten. Flora of the Aleutian Islands (1937); Kimura prepared
a treatment for Tatewaki and Kobayashi. A Contribution to the
Flora of the Aleutian Islands (1934). Through the years, Eric
Hulten (1940, 1943, 1967) has paid close attention to the genus.
and his most recent treatment contained in his monumental
Flora of Alaska and Neighboring Territories (1968) has made
a significant contribution to our understanding of the taxonomy
and phytogeography of Salix Hugh Raup, on the basis of field
studies conducted along the Alaska Highway, on his wide
experience, and on extensive herbarium collections, prepared
a treatment of the willows of boreal western America (1959)
which summarized our understanding of the genus up to that
time. In 1964 Cronquist published a treatment of Salix in
Vascular Plants of the Pacific Northwest, treating a large num-
ber of species Which occur in Alaska and contributing a fresh
point of view to their taxonomy. Monographs dealing with
sections or with species complexes have been prepared by
Crovello (1968) for the section Sitchenses and by Argus
(1965a) for the Salix glauca-complex.

However, in spite of this attention, many of the Salix spe-
cies in Alaska and the Yukon are still not well understood.
The present work grew out of a study started in 1966 which
was designed to resolve some of the taxonomic problems as-
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sociated with the dwarf, arctic species. At that time 1 was also
asked to contribute a treatment of Salix to the revision of
Anderson's Flora of Alaska and Adjacent Parts of Canada be-
ing prepared by S.L. Welsh. Initially the treatment was to be
brief — more a compilation than a revision. However, as spec-
imens were studied and field-work was undertaken it became
evident that a revision would not only be possible but highly
desirable. The primary purposes of this study are: 1) to provide
a workable taxonomic treatment of Salix in Alaska and the
Yukon, and 21 to contribute to the understanding of each taxon,
including its morphology, variation, ecology, and distribution.

More than 3,000 herbarium specimens were studied in this
investigation and over 2,000 specimens were studied and
collected in the field. The collections were studied at the Uni-
versity of Saskatchewan [SASK]. Loans of all Salix from Alaska
and the Yukon were obtained from the University of Alaska
(ALA) and lowa State University, including the J.P. Anderson
collection (ISC); selected specimens and types were obtained
from the Plant Research Institute. Ottawa (DAO). the Uni-
versity of Minnesota (MINI and the Rocky Mountain Herbarium,
University of Wyoming [RM); visits were made to the Arnold
Arboretum [A), the National Herbarium of Canada [CAN), the
Chicago Natural History Museum (Fl, the Gray Herbarium
(GH]. the University of Michigan (MICHI. the U.S. National
Arboretum (NA], the New York Botanical Garden [NY), and
the US. National Museum (US1 to study type specimens, to
obtain range data, and to select loans for special study. All
specimens cited in Appendix B as located in GWA [Argus
personal herbarium] have been deposited in CAN, and repre-
sentative specimens are located at SASK. ALA, US, GH, the
Naturhistoriska Riksmuseum. Stockholm, Sweden, and the Bo-
tanical Garden Herbarium, University of Moscow, U.S.S.R.l1am
indebted to the curators of these institutions for making avail-
able materials and facilities for study. | am also indebted to
L. Viereck, D.B. Murray, W. Klein, W. Drury. S.L. Welsh, and M.
Williams for placing their recent Alaska and Yukon collections
at my disposal.

My experience with the willows of Alaska dates from 1952
when 1 collected the alpine flora on nunataks of the Juneau
Icefield. This was followed by trips to the Kennecott region in
1955. and by extensive collecting in central Alaska in 7956
and 1957. in Mount McKinley Park in 1956, and along the Alaska
Highway in 1956 and 1966. In 1966 my assistant Walter Chunys
and | were accompanied by Dr. Yutaka Suda. the cytologist.
to the Arctic Research Laboratory at Barrow, Alaska. There,
through the invaluable logistical support provided by Drs. M.
Brewer and J. Schlindler. we were able to visit Barrow, Meade
River, Cape Beaufort, Nuvagapak Point, and Bullen on the Arctic
slope of Alaska. In 1967 we visited southeastern coastal Alaska,
travelling to Yakutat with the assistance of R. Hurd, US. Forest
Service; to Glacier Bay. where we received logistical support
from R. Howe of the US. National Park Service; and to Haines,
Juneau, Sitka, Petersburg, Wrangell. and Ketchikan.
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As is usual in studies covering a large geographical area, it
was necessary to rely heavily on the knowledge, experience,
and hospitality of many people. | would particularly like to
acknowledge Les and Teri Viereck, College, Alaska; Keith and
Betty Lou Hart, Juneau: M. Perensovich, Juneau; and C. Jonda.
Glacier Bay; Walter Chunys, whose accomplished outdoor
skills and fine companionship did much to ensure the success
of the field research in 1966 and 1967; Yutaka and Sumi Suda.
who accompanied us to Alaska in 1966; Jo Whitehorn. who
spent many long hours looking up specimen latitude and lon-
gitude to upgrade the herbarium label data and supervising
the keypunching of the summary data cards; and my wife,
Mary, who undertook yeoman service while we were en route
to Alaska in 1966.

Ihe base map is used with the permission of the Canada
Department of Mines and Technical Surveys. Assistance in
mapping data was provided by Eric Argus, Michael Argus, and
M.L. Anderson. The final maps were drafted by the Canada
Department of the Environment, Cartographic Section, under
the supervision of J. Brittain. The computer print-out used in
the Appendices was produced by the Canada Department of
the Environment, Biometrics and Computer Science Branch,
under the supervision of J. Barnabe.

The research was supported by grants from the National
Research Council of Canada (A1955), the Arctic Institute of
North America (ONR-390) under contractual arrangements with
the U.S. Office of Naval Research, and from the Institute for
Northern Studies, University of Saskatchewan.



Taxonomic Relationships

One of the weakest links in the clas-
sification of Salix is the organization
of species into sections. | am not at
all confident that it is possible, with
our present knowledge, to recognize
meaningful sectional groupings, and a
strong argument could be made for
following the method used by Raup
(1959) and simply group related spe-
cies, assigning them informal "group™
names. However, in this study I used
sectional nomenclature, recognizing
the difficulties and pitfalls involved
in this method. | have not attempted
to typify the sectional names, but
rather selected names in common use
by Schneider (1921) and Skvortsov
(1968).

The sections are arranged accord-
ing to a reductional series in stamen
number, starting with section Pentan-
drae having more than two stamens,
followed by the sections with two
stamens and ending with section Sit-
chenses having one stamen. Within
the sections with two stamens, sec-
tion Maccallianae is first, indicating
a presumed relationship with section
Pentandrae, followed by sections Sub-
albae and Longifoliae. The latter sec-
tion is assumed to be among the more
primitive sections because of the oc-
currence of branched aments (Argus
1964). These sections are followed by
those containing dwarf or low-growing
species and their relatives, and then
by sections containing taller, erect
shrubs. This arrangement of sections
cannot be interpreted in phylogenetic
terms — except perhaps for the re-
ductional series in stamen number
— but only as a convenient way to
arrange groups of presumably related
species.



Classification of Salix in Alaska and the Yukon

Section 1.Pentandrae (Borr.) Schneid.

1. S. pentandra L.
2. S.lasiandra Benth.

Section 2. Maccallianae Argus
3. S. maccalliana Rowlee

Section 3. Subalbae Koidz.
4. S.babylonica

Section 4. Longifoliae Anderss.
5. S.interior Rowlee

Section 5. Chamaetia Dumort.
6. S.reticulata L.

ssp. reticulata

ssp. glabellicarpa Argus

Section 6. Retusae Kern.
7. S.polaris Wahl.
8. S.rotundifolia Trautv.
ssp. rotundifolia
ssp. dodgeana (Rydb.) Argus
9. S. nummularia Anderss.
. phlebophylla Anderss.
11. S.ovalifolia Trautv.
var.ovalifolia
var. arctolitoralis (Hult.) Argus
var. cyclophylla (Rydb.) Ball
var.glacialis (Anderss.) Argus
12._ S. stolonifera Cov.
13. S. setchelliana Ball

Section 7.Glaucae Pax
14. S. arctica Pall.
15. S. sphenophylla Skvortsov
16. S. brachycarpa Nultt.

ssp. brachycarpa

ssp. niphoclada (Rydb.) Argus
17. S.glauca L.

var.glauca

var. acutifolia (Hook.)Schneid.

var.villosa (Hook.) Anderss.
18. S. athabascensis Raup

Section 8. Myrtosalix Kern.
19. S. chamissonis Anderss.
20. S. arctophila Cock.

Section 9. Myrtilloides Koehne
21. S.fuscescens Anderss.
22. S.pedicellaris Pursh.

Section 10.Hastatae Kern.
23. S. hastata L.

Section 11. Cordatae Barr. ex Hook.
24_ S.rigida Muhl.

25. S. monticola Bebb

26. S. barclayi Anderss.

27. S.hookeriana Barr.

28. S. commutata Bebb

29_ S. novae-angliae Anderss.

30. S. myrtillifolia Anderss.

31. S.pyrifolia Anderss.

Section 12. Vetrix Dumort.
32. S. bebbiana Sarg.
33. S. scouleriana Barr.

Section 13. Arbuscella Ser. ex Duby
34. S.planifolia Pursh
ssp. planifolia
Ssp. pulchra (Cham.) Argus
var.pulchra
var.yukonensis (Schneid.]
Argus
35. S.arbusculoides Anderss.

Section 14. Lanatae Koehne
36. S. lanata L.
ssp. richardsonii [Hook.)
Skvortsov
37. S. barrattiana Hook.

Section 15. Villosae Rouy

38. S. candida Flugge ex Willd.

39. S. alaxensis (Anderss.] Cov,
var. alaxensis
var.longistylis (Rydb.)
Schneid.

40. S.drummondiana Barr.

Section 16. Sitchenses Bebb
4]1. S. sitchensis Sanson



Hybridization

The genus Salix is frequently cited as
an example of a taxonomically com-
plex genus in which hybridization is
at the root of many, if not most, of
its taxonomic problems. Evidence
supporting the occurrence of hybrid-
ization in Salix is based on: 1) the
extensive hybridization experiments
conducted by Heribert-Nilsson (1918,
1930); and 2) the occurrence of
polyploidy. presumed to be largely of
the alloploid type.

Heribert-Nilsson's artificial hybrid-
izations and experiments in species-
making were very extensive and
proved that hybrids are easily formed
between species, particularly those
with the same chromosome number
and within the same section. Chromo-
some homology between species in
the same section was subsequently
shown to be high (Hakansson 1955).
and remarkably good chromosome
pairing was found even in 10- and
12-hybrids.  Heribert-Nilsson  also
demonstrated the potential for new
stabilized species to arise by the seg-
regation and recombination which
occurs during hybridization, citing
the production of the "trigena-type"
from the cross (S. repens X phylici-
folia) X (S.viminalis X phylicifolia)
and the natural occurrence of S. arc-
togena Flod. in northern Sweden de-
rived from the cross S. herbacea X
polaris.
~In 1918 he stressed the observa-
tion that sometimes the offspring of
crosses did not resemble one or
either of the parents and that con-
clusions concerning the origin of
these "extravagant” forms based on
external morphology alone were like-
ly to be erroneous. He cited as ex-
amples, certain shrubs of the cross
S. viminalis X caprea which morpho-
logically resemble the hybrids S. vi-
minalis X cinerea, S. viminalis X

aurita, S. aurita X repens and S.

repens X viminalis; specimens of the
hybrid (S. cinerea X purpurea) X
S. caprea that could be mistaken for
a S. phylicifolia hybrid and one plant
of the cross (S. cinerea X purpurea)
X (S. purpurea X viminalis) which
diverged so widely from the parents
that its origin would be doubtful.
Although Heribert-Nilsson was very
successful in producing artificial
hybrids, he was sceptical about the
permanence of the new forms, be-
lieving that they would be rapidly
exterminated by nature.

The recognition and taxonomic
treatment of natural hybridization
has been the subject of considerable
dispute and is not yet resolved.
Standing at one extreme was the
Swedish salicologist, B. Floderus
(1926), who tended to treat most
arctic and subarctic Salix populations
as large, polymorphic hybrid popula-
tions, restricting species rank to more
or less pure populations. Du Rietz
(1930) noted that there were obvious
dangers in assigning triple and quad-
ruple hybrid names, as Floderus had
done, to complex populations even if
the occurrence of "exaggerant"
forms was exaggerated by Heribert-
Nilsson. He suggested as an alter-
native approach that highly poly-
morphic populations could be treated,
without reference to their hybrid
origin, as a single species subdivided
into subspecies, varieties and forms.
He noted, however, that this could re-
sult in the undesirable lumping to-
gether of widely divergent types. A
second alternative, used widely today.
is to hold a less rigid species concept
than the Floderan one and to recog-
nize as hybrids only those forms
clearly intermediate between the
"pure™ species.

in 1959 Raup argued that since
the recognition of most hybrids was
based on the inspection and com-
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MAP 1 Safix Hybrids.

B sretica x glauca

O erctica x ovalifolia
& arctice x barclayi
O arctica x stolonifera

parison of small numbers of spec-
imens. which could not be subjected
to modern studies of introgression
and hybridization, it is more appro-
priate to group such specimens with
the species they most nearly resem-
ble. He writes,

The recognition of hybrids among the willows
by simple comparison ,of a few specimens. if
carried to its logical conclusion. can lead to
utter taxonomic confusion where this is not
warranted.

In this study | have attempted to
appraise hybridization and introgres-
sion in terms of; 1) discordant varia-
tion in several morphological char-
acteristics, 2) signs of infertility, and

@ Prachycerpa Ssp. niphociads x glaucs
. brachycarpa $5p. niphoclade
~ x glauca (Argus 1965a)

3) the sympatric occurrence of the
putative parents. Where hybrids or
introgressants are recognized | pro-
vide documentation to support such
a conclusion. In the flora of Alaska
and the Yukon the following hybrids
are recognized: Salix arctica X glau-
ca. S. arctica X ovalifolia. S. arctica
X barclayi, S. arctica X stolonifera
and S. brachycarpa ssp. niphoclada X
glauca [Map 1); S. phlebophylla X
rotundifolia, S. athabascensis X pedi-
cellaris, S. barclayi X commutata, S.
barclayi X lanata ssp. richardsonii. S.
barclayi X stolonifera, S. planifolia
ssp. pulchra X scouleriana and S.
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MAP 2 Salix Hybrids and Intergrades.

@ phivbophylia x rotundifolia

O rotundifalia > phiebophylia
phighophylis x rotundifoiies and
rotundifolia » phiebophyils

@ sthabascensis x pedicellans

padiceilaris > athabascensis

alaxensis var. alaxensis X lanata SsP.
richardsonii (Map 2). Four of these
hybrids are based on studies of large
population samples in the field and
in the herbarium (S.phlebophylla X
rotundifolia, S. arctica X stolonifera.
S. athabascensis X pedicellaris, S.
barclayi X stolonifera). whereas the
others are based on isolated spec-
imens.

The following intergrades, which
are apparently the result of hybridi-
zation and introgression, are recog-
nized: S. rotundifolia = phlebophylla
and S. pedicellaris > athabascensis
(Map 2): S. alaxensis var. alaxensis>

& barcleyi x commutata

& barclayi x lanata SSp. richardsonii
O barclayi x stofonifers

U pianifotinssp. pulchra x scoulsriana

a alaxensis var, alaxensis x
lanata 58D, richardsonii

alaxensis var. longistylis (Map 3).

I am unable to recognize most of
the hybrids recorded for Alaska and
the Yukon by Hulten (1968). His
suggestions that S. glacialis (S.ova-
lifolia var. glacialis) = S. arctica X
ovalifolia, that S. myrtillifolia var.
pseudomyrsinites (S. novae-angliae)
= hybrid forms, that the glabrescent
forms of S. commutata and S. arbus-
culoides are probably of hybrid origin,
and that S. reticulata ssp. glabelli-
carpa is a possible hybrid are unsub-
stantiated and highly speculative. In
my field experience natural hybrid-
ization was encountered infrequently.
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MAP 3 Satix Intergrade.

alexensis var. alaxensis >var.
fongistylis

supporting the view that hybridization
and introgression, although present
in Salix, are not the major causes of
its variability.



species in the flora of Alaska and
the Yukon reveal a polyploid series
including: 2x. 3x, 4x. 5x. 6x, 8x. I0x
and 12x (Table 1). These numbers
are primarily derived from the basic
number 19. although a parallel series
based on number 22 is known in Salix
and the count reported for S. rigida is
based on this number. The polyploid
series probably represents, for the
most part, alloploidy, a conclusion
supported by the experimental pro-
duction of tetraploid S. cinerea from
crosses between the diploids S. cap-
rea and S. viminalis (Hakansson
1955): but the possible occurrence
of segmental allopolyploidy and auto-
polyploidy cannot be discounted.

Intraspecific variation in chromo-
some number is known, in our flora,
for Salix maccalliana, S. rotundifolia,
S. arctica, S. pedicellaris, S. hastata,
S. sphenophylla and S. scouleriana,
and intrapopulation variation is known
to occur in S. glauca, S. athabascensis
and S. planifolia ssp. planifolia. This
variation in chromosome number,
when unaccompanied by significant
morphological differences, may be
the result of autopolyploidy (Hakans-
son 1955). However, this remains to
be proved. The taxonomic importance
of this variation is that it emphasizes
the need for many more chromosome
counts, even for those species that
have already been counted, before
these data can be used with confi-
dence in classification.

Many of the polyploid species, such
as Salix glauca, S. arctica, S. scou-
leriana and S. planifolia are highly
variable morphologically and have
wide distributional ranges. This varia-
bility may be explained in terms of
a rich environmental diversity (see
S. arctica for discussion). or by re-
peated intergenomic exchange result-
ing in new linkage relationships and
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or may be due to polyphylesis. It is
very likely that many Salix poly-
ploids have arisen several times
(polychronism) and in several places
(polytopism) in the past, and it is
probable that some are actively evolv-
ing now. The possibility of the poly-
phyletic origin of species is receiving
serious attention in the taxonomic
literature (see Davis and Heywood
1963 and Cain 1944 for review) and
the proof of its occurrence in Salix
will have important taxonomic impli-
cations.

In this study chromosome numbers
have been of assistance in making
certain decisions concerning species
relationships. For example, the rela-
tionship between Salix brachycarpa
ssp. brachycarpa and ssp. niphoclada
has been supported by their common
diploid chromosome number, and their
differentiation from the tetraploid-
hexaploid S. glauca has been affirmed.
Similarly, S. planifolia ssp. planifolia
and ssp. pulchra share @ common
tetraploid chromosome number in
contrast to the hexaploid (or tetra-
ploid on basic number 22) S. phylici-
folia. It is the heuristic value of chro-
mosome number data that makes
them so important to the taxonomists,
and our hopes for an improved classi-
fication of Salix depend upon obtain-
ing further chromosomal and cytolog-
ical data.
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Table 1 Chromosome Numbers of Salix Indigenous to Alaska and the Yukon
Geographic
Species 2n  Origin References
Sect. Pentandrae
S. lasiandra 76 California[?) Wilkinson 1944
Sect. Maccallianae
S. maccalliana cB. 190, 224  Saskatchewan Suda and Argus 1968
Sect. Longifoliae
S. interior 38 Saskatchewan Suda and Argus 1968
Sect. Chamaetia
S. reticulata 38 Alaska Suda and Argus 1969. Johnson and
Packer 1968
38 NWLT. Hedberg 1967
38 Manitoba(?) Love 1954
38 USSR Sokolovskaja and Strelkova 1941, 1960.
Zhukova 1967
38 Scandinavia Holmberg 1931
Sect. Retusae
S. polaris 76  Scandinavia Holmberg 1931
S. rotundifolia 38 Alaska Johnson and Packer 1968
114 USSR. Zhukova 1968
S. nummularia 38 USSR Zhukova 1969
S. phlebophylla 38 Alaska Suda and Argus 1969
38 USSR Zhukova 1967
S. ovalifolia
var. ovalifolia 38 Alaska Suda and Argus 1969, Johnson and
Packer 1968
Sect. Glaucae
S. arctica 76  Alaska Johnson and Packer 1968
76 NW.T. Mosquin and Hayley 1966
76  Greenland Suda and Argus 1968, Holmen 1952
114  Alaska Suda and Argus 1969
ca. 120 USSR Sokolovskaja and Strelkova 1948
S. sphenophylla 38 USSR Zhukova 1969
5254 USSR. Zhukova 1968
S. brachycarpa
ssp. brachycarpa ca. 38 Manitoba Argus 1965a
38 Saskatchewan Suda and Argus 1968
SSp. niphoclada ca. 38 Alaska Johnson and Packer 1968
S. glauca 76. 95. 114 Alaska Suda and Argus 1969
ca. 76 Alaska Johnson and Packer 1968
114  Alberta Suda and Argus 1968
152  Europe Love 1954
152  Scandinavia Holmberg 1931, Love and Love 1948
176  Scandinavia Wilkinson 1944
190 Manitoba[?] Love 1954 (as cordifolia s.I.1
190 Iceland Love and Love 1956 [as caiiicarpaeal
S. athabascensis ca. '76, 95, 114  Manitoba Argus 1965a (as glauca)
76  Yukon Suda and Argus 1969
114  Saskatchewan Suda and Argus 1969
Sect. Myrtasalix
S. chamissonis 114 USSR. Zhukova 1968
S. arctophila 76  Greenland Jorgensen. Serensen, and

Westergaard 1958
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Geographic
Species 2n  Origin References
Sect. Myrtilloides
S. fuscescens 38 Alaska Suda and Argus 1969. Johnson and
Packer 1968
38 USSR Zhukova 1967
S. pedicellaris 38 Manitoba[?] Love 1954

57  Yukon Suda and Argus 1969
76  Manitoba Love and Ritchie 1966
Sect. Hastatae
S. hastata 38 Scandinavia Holmberg 1931
38 USSR Zhukova 1967
ca. 110 U.SSR. Sokolovskaja and Strelkova 1960
Sect. Cordatae
S. rigida 44 ? Wilkinson 1944 [as cordata]
S. monticola 38 Saskatchewan Suda and Argus 1968
S. myrtillifolia 38 Saskatchewan Suda and Argus 1968
Sect. Vetrix
S. bebbiana 38  Manitoba[?) Love 1954
S. scouleriana 76  Saskatchewan Suda and Argus 1968
ca. 114 B.C. Taylor and Muiligan 1968
Sect. Arbuscella
S. planifolia
ssp. planifolia 57  Yukon Suda and Argus 1969
57, 76  Saskatchewan Suda and Argus 1968
76 New Hampshire Love and Love 1964
152 Manitoba[?) Love 1954
Ssp. pulchra ca. 76, 76  Alaska Johnson and Packer 1968
76  Alaska Suda and Argus 1969
76 US.S.R. Zhukova 1967. 1968. 1969
S. arbuscoloides 38 Alaska Suda and Argus 1969
38 Saskatchewan Suda and Argus 1968
Sect. Lanatae
S. lanata
SsSp. richardsonii 38 USSR Zhukova 1969
Sect. Villosae
S. candida 38 Saskatchewan Suda and Argus 1968
S alaxensis
var. alaxensis 38 Alaska Suda and Argus 1969. Johnson and
Packer 1968
38 USSR Zhukova 1967. 1969
S. drummondiana 57 Saskatchewan Suda and Argus 1968 (as subcoerulea)
Sect. Sitchenses
S. sitchensis 38 B.C. Taylor and Mulligan 1968

12



Ecology

In Alaska and the Yukon Salix species
occupy a wide variety of habitats
from forests to tundra and from
wet bogs and marches to dry sandy
forests, talus slopes and rock out-
crops. These habitats are extremely
diverse in terms of moisture and
nutrient regimen and in species com-
position, but they have one important
common attribute, namely, they are
subject to change. This change may
take the form of physical disturbance
or of a labile successional stage. The
relationship of Salix to habitat insta-
bility has long been known and wil-
lows are characteristically associated
with seasonally disturbed river flood-
plains, gravel outwash plains. glacial
moraines, fire disturbance, frost dis-
turbed arctic and alpine tundra, and
sites of human disturbance. They are
also known to be components of
labile successional stages often ap-
pearing in the earliest stages and
becoming less and less important as
vegetational succession leads to a
relatively stable, mature vegetation.

An example of the role Salix plays
in successional development on gla-
cial moraine in southeastern Alaska,
on glacial outwash in the Alaska
Range, and on river alluvium in cen-
tral and northern Alaska will illus-
trate this generalization.

Succession on Glacial Moraine
This account of the successional
development on glacial moraine in
southeastern Alaska is based on ob-
servations made at Muir Inlet, Glacier
Bay National Monument in 1967, and
on work done by Decker (1966).
Stage 1. Recently uncovered glacial
moraine near the ice front. No vegeta-
tional development except for seed-
lings of Epilobium latifolium. Dryas
drummondii, Salix reticulata, S. stolon-
ifera, S. arctica, S. commutata. S. ala-
xensis, S. barclayi and S. sitchensis.

Stage 2. Glacial moraine vegetated
by separate, often circular. Dryas
mats interspersed with lichens and
the willows Salix stolonifera, S. reti-
culata (in lichen mats), S. arctica
(usually in Dryas mats), S. commu-
tata. S. alaxensis, S. barclayi, and
S. sitchensis.

Stage 3. pryas forms an almost
continuous mat interspersed with
shrubs of Alnus incana and Salix
commutata. S. alaxensis, S. barclayi
and S. sitchensis. The dwarf species,
Salix arctica, often occurs under
clumps of Alnus and under taller
Salix.

Stage 4. A young Alnus-Salix thick-
et about 3 m tall. The same Salix
species are present as in Stage 3
but S. arctlca and S. commutata are
less frequent.

Stage 5. A dense Alnus thicket
with saplings of Picea and Populus.
The only Salix present are S. barclayi
and S. sitchensis.

Stage 6. In this stage succession
has led to a young Picea sitchensis
forest in which Salix sitchensis is the
last surviving species of willow. As
this forest type matures even Salix
sitchensis is eliminated except for its
occurrence in forest openings and
along stream margins.

In general all the willow species
in this example occur in the pioneer
stages of vegetational development.
As taller and taller shrubs invade the
area, the dwarf willows are the first to
be eliminated with only Salix arctica
able to survive even under tall alder
(Stage 4). The next to be eliminated
is the low shrubby species, S. com-
mutata, followed by S. alaxensis and
S. barclayi and finally by S. sitchensis.
The latter species is the only willow
that occurs inthis area from the fresh
moraine up to the young Plcea forest
stage. In the early stages of vegeta-
tional succession, Salix sitchensis
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may be a prostrate or a very low-
growing shrub, later producing erect
branches and finally reaching a height
of about 4 m tall. Inthe mature Picea
sitchensis-Tsuga heterophylla forests
few shrubs of any kind occur. How-
ever, the Salix that do occur there
are always associated with forest
openings, water courses and human
disturbance.

The characteristics of these spe-
cies that permit their rapid establish-
ment on glacial moraine include the
production of abundant, wind-borne
seeds and rapid seed germination
(Argus 1965a). Their elimination from
the later successional stages is prob-
ably related, at least in part, to their
growth habit. The dwarf species are
eliminated as soon as they are over-
topped by taller shrubs which shade
them and which lead to a more rapid
aggradation of the soil surface due to
the accumulation of organic debris.
The smaller shrubs are next shaded
out and the longest surviving species.
such as Salix sitchensis, are those
which are able to remain in the
canopy for the longest time.

Succession on Glacial Outwash
Viereck (1966) describes the vegeta-
tional succession on gravel outwash
in Mount McKinley National Park,
Alaska.

1 Pioneer Stage. Outwash plain
vegetated by mats of Dryas drum-
mondii and D. integrifolia and the
willows. Salix alaxensis var. alaxen-
sis, S. myrtillifolia. S. brachycarpa
ssp. niphoclada. S. glauca and S. set-
chelliana. On the basis of my ex-
perience elsewhere, | would suspect
that in this stage seedlings of all the
Salix species that are to follow would
be present: but the identification of
willow seedlings is difficult and they
may be easily missed.

2. Meadow Stage. Elymus-Festuca-
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Poa meadow. The two low-growing
species, S. myrtillifolia and S. setchel-
liana, present in stage 1 are absent
and several taller species, including
S. lanata ssp. richardsonii, S. plani-
folia ssp. pulchra and S. barrattiana
are present for the first time. The
dwarf species, S. reticulata, is also
reported in this stage but its occur-
rence is erratic and its frequency is
low.

3. Early Shrub Stage. In the early
Betula glandulosa shrub stage, two
additional tall Salix enter the picture,
S. arbusculoides and S. barclayi.

4. Late Shrub Stage. In general.
all the Salix in stages 2 and 3 persist
through the late shrub stage although.
as the Betula glandulosa thicket be-
comes more dense, several of these
species decline in importance.

5. Climax Tundra. In the Eriopho-
rum-Betula glandulosa tundra the
only willow present is Salix glauca;
however, this species is now erratic
and infrequent.
Succession on River Alluvium in
Central Alaska
In central Alaska, the role of Salix
in succession on silty-sandy alluvial
deposits follows a similar pattern of
invasion and dominance in the early
successional stages, followed by de-
cline and elimination. Pioneer vegeta-
tion on silty-sandy bars is dominated
by S. alaxensis in association with S.
arbusculoides. S. lasiandra and S.
planifolia ssp. pulchra var. yukonen-
sis. As the site becomes more stabi-
lized and the thicket increases in
height and density, S. lasiandra and
S. planifolia are eliminated. Salix ala-
xensis and S. arbusculoides may dom-
inate such a site for a considerable
period of time, reaching a height of 7-
9 m and obtaining a circumference
near the base of 5-10 dm. Populus
balsamifera and Picea glauca then in-
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vade the site, eventually dominating
it and eliminating the willows. In ma-
ture Picea glauca forests, Salix beb-
biana may occur in forest openings
produced by fallen trees or snow
breakage but the original, pioneer
Salix are absent.
Succession on River
Northern Alaska

Bliss and Cantlon (1957) studied the
vegetational succession on the Col-
ville River at Umiat. Alaska, recogniz-
ing four plant communities.

1. Perennial Herb Community. Suc-
cession is initiated on pockets of
sand and silt on the bare floodplain
gravels. The pioneer species include
the herbs, Crepis nana, Erigeron pur-
puratus, Epilobium latifolium, et al,
and the willows, Salix alaxensis var.
alaxensis, S. arbusculoides and S.
glauca.

2. Voung Felt-Leaf Willow Com-
munity. On the next terrace vigorous
stands of Salix alaxensis develop, in
association with S. glauca, S. hastata.
S. arbusculoides and S. lanata ssp.
richardsonii.

3. Decadent Felt-Leaf Willow Com-
munity. In this community Salix ala-
xensis is still the dominant species
but there are many dead stems pres-
ent. There is an increase in the im-
portance of S. arbusculoides and S.
glauca: S. hastata is absent and S.
brachycarpa ssp. niphoclada is pres-
ent for the first time.

4. Terrace Communities. The vege-
tation on the higher terraces is com-
posed of a mixture of shrubby, dwarf
heath meadow and marsh types. Salix
planifolia ssp. pulchra is the domi-
nant shrub and is associated with S.
lanata ssp. richardsonii, S. glauca and
S. arbusculoides. The willows S. ala-
xensis, S. hastata and S. brachycarpa
ssp. niphoclada are absent in this rel-
atively undisturbed vegetation type.

Alluvium in

Succession on Arctic Floodplain

On the arctic coast of Alaska at Cape
Beaufort, a transect from the sandy-
gravel floodplain of a creek to the
upper terrace reveals a change in the
Salix species composition (Argus, un-
published].

1. Floodplain. On the floodplain of
the creek, frequently disturbed by
flooding and the resulting erosion and
siltation, Salix alaxensis var. alaxen-
sis is the dominant species in thickets
1-2 m tall and is associated with
occasional low shrubs of S. hastata.

2. First Terrace. At the level of the
first terrace an organic turf develops
over the gravel, and the vegetation
consists of an open Salix alaxensis
thicket with the shrubby S. lanata
ssp. richardsonii and the dwarf wil-
lows, S. rotundifolia, S. reticulata
and, rarely, S. arctica. The dwarf wil-
lows grow in the turf within openings
in the Salix thicket.

3. Second Terrace. The drier second
terrace is dominated by a Salix
glauca, S. planifolia ssp. pulchra
thicket, 3-6 dm tall, with the dwarf
S. phlebophylla and S. reticulata in
the openings.

4. Tussock Meadow. An Eriopho-
rum, Arctagrostis tussock meadow
develops on the upper terrace. The
dominant shrub is Salix planifolia ssp.
pulchra, and S. fuscescens grows in
the wet depressions between the tus-
socks.

In the Cape Beaufort area the taller
Salix occupy the open floodplains
where drainage is better and where
the depth to permafrost is greater.
The dwarf species occur in the rela-
tively stable vegetation in which dis-
turbance and siltation are minimal
and where drainage is still good. In
the poorly drained vegetation only
Salix planifolia ssp. pulchra is com-
mon and Salix fuscescens is restrict-
ed to the wettest habitats.
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Colonizing Attributes of Salix
Ehrendorfer (1965) developed three
models of successful colonizers based
on habit and on reproductive, evolu-
tionary, and ecological factors. The
habitat requirements of Salix corre-
spond very closely to those of Ehren-
dorfer's type 1 colonizer, the peren-
nial polyploid type which occurs in
"labile successional stages or open
facies of otherwise more or less clos-
ed associations™ or in secondary com-
munities opened by man. A compari-
son of Salix with the characteristics
of Ehrendorfer's type 1 colonizer may
help explain its great success as a
colonizer and its rapid geographical
expansion. In the following discus-
sion | will cite the factor to be con-
sidered, followed by the general
characteristics exhibited by Ehren-
dorfer's type 1 colonizer in brackets
and a discussion of the factor as it
occurs in Salix.

1. Predominant form of fertiliza-
tion (type 1, allogamy). Salix is dioe-
cious and therefore obligately out-
crossed.

2. Differentiation of seed or fruit
structure and dispersal [type 1. weak,
conservative). The seeds of Salix are
specialized for wind dispersal by
their light weight and the presence of
an arillate comae of fine trichomes
(Argus 1965a).

3. Vegetative reproduction (type 1.

often present). Most Salix propagate
readily from cuttings, and the dis-

persal of branch fragments by water
is common. Some species, such as the
North American S. hookeriana, S. sit-
chensis and S. lasiandra. and the Eu-
ropean S. fragilis, are characterized
by highly brittle branchlets, an at-
tribute which confers an adaptive ad-
vantage, facilitating dispersal, to spe-
cies occupying riverine habitats. Salix
interior, a very aggressive colonizer
of sandy and silty river bars and is-
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lands, reproduces by shoot buds on
roots, enabling it to spread rapidly
and to form large colonies. This
mode of vegetative reproduction is

uncommon in Salix and is only
known in section Longifoliae.
4. Chromosome number (type 1.

often polyploid). About 40 per cent
of Salix species are polypoid (Suda
and Argus 1968).

5. Chromosome structural differen-
tiation (type 1, weak). In general,
the structural variation in Salix chro-
mosomes is small. Wilkinson (1944).
in describing the morphology of chro-
mosomes in Salix, notes that the typ-
ical pattern consists of four long
chromosomes with secondary con-
striction, four satellited chromo-
somes (two of these with median
constrictions and two either con-
stricted or unconstricted) and gener-
ally four to eight unconstricted chro-
mosomes in a short length class.

6. Chromosome centromere posi-
tion (type 1, relatively symmetrical).
The majority of the somatic chromo-
somes in Salix have a median centro-
mere (Wilkinson 19441.

7. Population isolation (type 1. pri-
marily geographical and ecological).
Salix species are differentiated ecolo-
gically and geographically and such
isolation probably plays an important
role in speciation. However, many Sa-
lix communities contain several spe-
cies, and hybrids are not as abundant
as they theoretically could be (Heri-
bert-Nilsson 1918, 1930). suggesting
that other isolating mechanisms, such
as differences in flowering time (Ar-
gus 1965a), are also operative.

8. Population differentiation (type
1, mostly allopatric). The geographi-
cal differentiation within Salix sug-
gests that this pattern is also dis-
played by Salix.

9. Hybridization (type 1. in contact
areas, often extensive). Hybridization



Ecology

between Salix species is theoretically
possible (see Hybridization, p. 6)
and occurs in some areas. However,
of greater importance is the hybridiza-
tion between incompletely differenti-
ated geographical populations Which
were isolated by Pleistocene glacia-
tions and have in post-Pleistocene
time subsequently re-established their
ranges. The great population variation
in Salix glauca in the central Cana-
dian Arctic and Subarctic is thought
to be due to this process (Argus
1965a) .

10. Population variability [type 1,
populations relatively variable]. In
Salix population variation is relatively
high (cf. S. arctica, S. glauca, S. ova-
lifolia and S. scouleriana), as would
be expected in an outcrossing taxon
occurring in habitats which exert rel-
atively low selection pressures (Baker
1959). However, at the same time,
polyploidy. acting as a buffer against
genetic change [Stebbins 1950, and
Mosquin 19661, and vegetative re-
production may lead to a reduction
in variability.

The comparison of Salix with
Ehrendorfer's type 1 colonizer leads
to the conclusion that the general
success of Salix species as colonizers
is due to an interrelated complex of
ecological, reproductive and evolu-
tionary characteristics. A comparative
study of Salix species in relation to
these characteristics could lead to
hypotheses explaining the narrow
ecological amplitude of some species
and the limited geographical distri-
bution of others.
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Eco-geographical Key

A knowledge of the distribution and
ecology of unknown specimens of Sa-
lix can be very useful in arriving at
their identification. The following key
is an attempt to organize the Salix
species of Alaska and the Yukon in
relation to these attributes. The ar-

rangement of the species is based
largely on my field experience and
on the herbarium specimens that |
have studied. Further exploration and
study are sure to result in some modi-
fication of this key, but its major out-
line is unlikely to be changed.

I. Forested Regions

A. Central Alaska and Southern Yukon

1. Treed vegetation
a. Upland forests

bebbiana, scouleriana, planifolia ssp. planifolia, arbusculoides

b. Floodplain forests

monticola, bebbiana, arbusculoides, alaxensis

c. Picea mariana muskegs

maccalliana, glauca var. acutifolia. fuscescens, pedicellaris. monti-
cola, novae-angliae, myrtillifolia, bebblana, scouleriana, planifolia ssp.
planifolia. ssp. pulchra var. yukonensis, arbusculoides

2. Treeless Vegetation
a. Fens

maccalliana, brachycarpa ssp. brachycarpa. athabascensis. pedicella-
ris, myrtillifolia, planifolia ssp. planifolia, ssp. pulchra, candida

b. Floodplains

lasiandra, maccalliana, interior, brachycarpa Ssp. brachycarpa, ssp.
niphoclada, glauca var. acutifolia, var. villosa, rigida, novae-angliae.
planifoila ssp. pulchra var. yukonensis, lanata ssp. richardsonii. ala-

xensis, drummondiana
B. Southern Coastal Alaska
1. Treed vegetation
a. Forest openings

barclayi, scouleriana, sitchensis
b. Floodplains and glacial outwash plains
lasiandra, barclayi, commutata, alaxensis. sitchensis

2. Treeless vegetation
a. Sand dunes

hookeriana, alaxensis var. alaxensis

b. Fens

lasiandra, barclayi, commutata, hookeriana, scouleriana

Il. Alpine and Subalpine Regions

A. Yukon-Tanana Hills, Alaska Range, Coast Ranges and Northern Rocky

Mountains
1. Alpine vegetation
a. Tundra

reticulata ssp. reticulata, ssp. glabellicarpa, rotundifolia ssp. rotundi-
folia. ssp. dodgeana, phlebophylia, stolonifera. arctica. chamissonis,
fuscescens, hastata. arbusculoides
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b. Snowbeds
reticulata, polaris
2. Shrubby subalpine vegetation
brachycarpa. glauca var. acutifolia, var. villosa, hastata, barclayi, com-
mutata, bebbiana, planifolia ssp. pulchra, lanata ssp. richardsonii,
barrattiana, drummondiana
3. Floodplain vegetation
setchelliana, brachycarpa, hastata, monticola, commutata, bebbiana,
scouleriana, planifolia ssp. pulchra, arbusculoides, lanata ssp. richard-
sonii, alaxensis
B. Brooks Range and Northern Mackenzie Mountains
1. Alpine vegetation
a. Tundra
reticulata, rotundifolia, phlebophylla, arctica, chamissonis, arctophila,
fuscescens, planifolia ssp. pulchra, arbusculoides
b. Snowbeds
reticulata, polaris
2. Subalpine vegetation
brachycarpa ssp. niphoclada. glauca var. glauca, planifolia ssp. pul-
chra, lanata ssp. richardsonii, barrattiana
3. Floodplain vegetation
brachycarpa ssp. niphoclada, glauca var. glauca, var. acutifolia, has-
tata, pyrifolia, alaxensis

Il. Arctic Regions

1. Northern Alaska and Yukon, Western Alaska
a. Herbaceous tundra
reticulata, polaris, rotundifolia ssp. rotundifolia, ssp. dodgeana, phle-
bophylla, arctica, sphenophylla, chamissonis, arctophila, fuscescens
b. Shrubby tundra
glauca var. glauca, planifolia ssp. pulchra, arbosculoides, lanata ssp.
richardsonii, barrattiana
c. Fell-fields and talus slopes
reticulata, phlebophylla. arctica
d. Coastal beaches and marshes
ovalifolia var. ovalifolia, var. arctolitoralis. var. glacialis, arctica
e. Floodplains and sand dunes
brachycarpa ssp. niphoclada, glauca var. glauca. hastata, arbuscu-
loides,alaxensis var. alaxensis, barrattiana
2. Bering Sea Islands
reticulata, polaris, rotundifolia ssp. rotundifolia, ssp. dodgeana, num-
mularia, phlebophylla, ovalifolia var. ovalifolia. var. cyclophylla, arc-
tica, sphenophylla, chamissonis, fuscescens, planifolia ssp. pulchra,
alaxensis var. alaxensis
3. Aleutian lIslands
reticulata, rotundifolia ssp. rotundifolia, ovalifolia var. ovalifolia, var.
cyclophylla, arctica. barclayi, commutata
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Method of Study

This study began by an examina-
tion of herbarium specimens and the
literature in order to obtain a pre-
liminary understanding of the units
(usually corresponding to species or
intraspecific taxa) occurring in Alaska
and the Yukon. These units were then
studied as natural populations in the
field during 1966 and 1967 at which
time 36 of the 41 species in the flora
were encountered. In the field an
effort was made to gain an appre-
ciation of the following: 1) population
variation, 2) developmental variation,
3) environmentally induced variation,
4) ecological preferences, and 5) the
occurrence of hybridization or intro-
gression. This information, along with
chromosome numbers and geograph-
ical distribution, was then used to
delimit the taxa. Finally, the appro-
priate nomenclature was determined
through a study of original descrip-
tions and type specimens.

Descriptions

A detailed description of each taxon
based on specimens from Alaska and
the Yukon was compiled. In some taxa
(Salix nummularia. S. sphenophylla.
S. maccalliana, S. pyrifolia and S.
rigida) there were insufficient speci-
mens from Alaska and the Yukon, and
therefore extraterritorial specimens
were used. Descriptive data were ob-
tained from a number of specimens
and generally the more variable the
characteristic, the more specimens
that were examined. For example, in
S. planifolia ssp. pulchra the relative-
ly invariable bract length and anther
length were based on five to ejght
ORSarv A e "tengtn asd9Ligule
length were based on 71 observa-
tions. Every effort was made to
characterize the mean and the ex-
tremes of variation of each character-
istic; for example, leaf length in S.

planifolia ssp. pulchra is given as
(2.2) 3.26 (7.5)cm, indicating that
the general variation in leaf length
is between 32 and 6 cm, but ex-
tremes of 2.2 and 7.5 cm also occur.
Measurements were made using a
millimetre scale or an ocular micro-
meter in a dissecting microscope at
22X.

Terminology

The terminology used for simple, sym-
metrical, plane shapes follows the
system proposed by the Systematics
Association Committee for Descrip-
tive Biological Terminology (1962).
Other terminology generally follows
W.T. Stearn, Botanical Latin. 1966.

In the case of certain commonly
used terms for indumentum types,
the following standards were set up
within Salix.

Sericeous: the type of indumentum
on the lower side of the leaves of
S. arbusculoides.

Villous: the type of leaf indumen-
tum in S. commutata.

Densely white lanate: the type of
indumentum on the underside of
leaves of S. alaxensis var. alaxensis.

Sericeous-lanate: the type of indu-
mentum on the lower surface of the
leaves of S. barrattiana.

Villous-woolly: the type of indu-
mentum on the young branchlets of
S. alaxensis var. alaxensis.

Some morphological terminology
conventionally used in Salix is evi-
dently incorrect and several new
terms have been used in this paper:

Stipe: the pedicel of authors. If
the nectary represents a reduced
perianth as was suggested by Fisher
(1928). then this structure cannot
be a pedicel, which is the stalk of
a flower, but rather a stipe or gyno-
phore.

Floriferous pranchlet: the peduncle
of authors. In 1965 | proposed using
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Fig. 1 Summary data card
Columns  Data Authority
1-5 Genus code number Dalla Torre and Harms 1900-1907
6-8 Species code number Arbitrary
9 Subspecies code number Arbitrary
10 Variety code number Arbitrary
11-13 Hybrid code; code number Arbitrary
of second parent
14-15 Province/State code number Arbitrary
16-18 Quadrangle! code number; Orth 1967 [Alaska). Arbitrary
1:250,000 magsheet (Canada)
19-22 Latitude
23-27 Longitude
28-41 Locality place name
42-48 Date
49-64 Collector's name;
first collector only
65-70 Collection number
71-74 Herbarium acronym Lanjouw and Stafleau 1964
75-80 Herbarium accession number

the term reproductive branchlet for
the leafy branchlet terminating in an
ament. However, this term is not
completely appropriate and | have
changed it to floriferous branchlet,
that is, a branchlet bearing flowers.
The length of the floriferous branch-
let is measured from the proximal
end of the branchlet to the lowermost
(often sterile) bract. A true peduncle
does occur (Argus 1965a) but its
limits are often doubtful and this
term is not used here.

Bract: the scale of authors. Usually
this term is applied to the foliar struc-
tures on the floriferous branchlet, but
| see no reason not to refer to them

as leaves, and | use the term bract
for the foliar structure subtending
each flower.

Specimen Citations

Herbarium label data were recorded
on 3 x 5 inch index cards as the
research proceeded. After these data
were supplemented by geographical
and taxonomic code numbers and,
where necessary, by latitude and lon-
gitude, the data were key-punched on
IBM-type summary data cards (Fig.
1) The cards were patterned after
those used by Soper (1964) to ma-
chine map species distribution. Sum-
mary data cards were produced for
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the Argus & Chunys 1967 collections

as a by-product of a computerized
herbarium labelling system. The sum-
mary data cards were machine sorted
in terms of taxa and geography, and
a print-out of the information on these
cards is included as Appendix B.
Appendix A contains a list of code
numbers, acronyms, and abbrevia-
tions used in Appendix B and in the
text.

The use of computerized data stor-
age and retrieval methods to prepare
a list of specimen citations is an in-
novation which permits the complete
documentation of research materials
at a modest cost.

Nomenclature

No attempt was made to cite com-
plete synonymy for each taxon, and
names used in reference to the spe-
cies in northwestern North America
are emphasized. Wherever possible
type material was studied and all the
types cited have been examined. In
cases where type specimens were
not seen, the evaluation of names
was based on the original descrip-
tions and on common usage.

Distribution Maps

The specimens examined in this study
(listed in Appendix B) were hand-
plotted on outline maps. The map
projection is Lambert azimuthal equal
area. On the species maps dots rep-
resent specimens and circles repre-
sent literature reports or doubtful
identifications. The distribution maps
of Alaska and the Yukon are relatively
comprehensive. However, all possible
sources of collections from the west-
ern Northwest Territories and north-
western British Columbia were not
consulted and the maps in these
regions are therefore less complete.
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Salicaceae

SALIX L. Sp. Pl. 1015. 1753.
Description of genus

Plants dioecious: dwarf or trailing arctic-alpine shrubs, erect shrubs, or
occasionally trees; buds covered with a single scale; leaves alternate, simple
and usually stipulate, the margins entire or variously toothed; flowers uni-
sexual, borne in spike-like aments which are either sessile or are borne on
floriferous branchlets (short shoots) on the branches of the previous year:
each flower subtended by an entire bract [scale). and by one to several
nectaries (glands): staminate flowers usually consist of two stamens, rarely
one, or three to five, the filaments distinct or partly united: pistillate flowers
consist of a single pistil which may be sessile or borne on a stipe (pedicel).
the single style sometimes bifurcate, the two stigmas usually bifurcate or
horseshoe-shaped: fruit a two-valved capsule with several seeds surrounded
by a coma of fine hairs.



Key to the Species

1. Dwarf or prostrate, trailing shrubs under 2 dm tall.

2. Pistillate and staminate flowers with two nec-
taries, one 0N either side of stipe: leaves prom-
inently reticulate and pale beneath; aments borne
on prominent, subterminal floriferous branchlets.

3.

Pistils densely sericeous; stipes sericeous;
bract apex rounded Or retuse ...

Pistils glabrous and glaucous or with patchy
pubescence; stipes glabrous; bract apex re-

2. Pistillate flowers with one nectary between the
stipe and the ament axis; aments borne on lateral,
floriferous branchlets.

4. Pistils pubescent, sometimes only on beak.

5. Leaves distinctly and minutely serrulate ..........

5. Leaves entire or toothed only on the lower
half.

6. Leaves green or pale green beneath, non.
glaucous.

7. Branches clothed with persistent, skel-

etonized leaves: leaf margins usually
ciliate; nectaries usually shorter than the
SHPES i

. Branches without persistent, skeleton-

ized leaves; leaf margins rarely ciliate:
nectaries 2-5 times as long as the
S U] 01 T

6. Leaves glaucous beneath

8. Leaves 0.9-1.5 cm long. margins promi-

nently ciliate; aments globose .......cc.......

8. Leaves longer than 1.5 cm, margins not

ciliate; aments cylindrical.

S. reticuiata ssp.
reticulata, p. 45

S. reticulata ssp.
glabellicarpa, p. 47

S. chamissonis,
p. 107

S. phlebophylla,
p. 61

S. polaris, p. 49

S. ovalifolia var.
glacialis. p. 68
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9. Styles 0.1-0.5 mm long.

10.

10.

Leaves obovate to elliptic 1.7-2.7
times as long as wide, glabrous
above, margins distinctly toothed on
lower half; pistils sparsely pubes-
cent with ferruginous trichomes ......

Leaves narrowly elliptic to narrowly
obovate, 2-3.7 times as long as wide,
pubescent on both sides, margins
entire: pistils densely pubescent
with white trichomes ...

9. Styles longer than 0.5 mm.

11.

11.

Pistils sparsely pubescent with
crinkly, refractive trichomes, nec-
taries shorter than the stipes,
branchlets slender and trailing, gla-
brous; leaves glabrous ..

Pistils sparsely or densely pubes-
cent with non-refractive trichomes:
nectaries equal to or longer than
the stipes; branchlets and leaves
various.

12. Pistils densely pubescent; leaves

dark green and usually glossy
above, cuneate to rounded at
base; branchlets trailing to erect.

12. Pistils glabrous or sparsely pu-

bescent on beak; branchlets trail-
ing and rooting.

13. Leaves dull above, base usually
cuneate, sometimes acute ........

13. Leaves glossy above, base
acute to rounded or subcordate

S. fuscescens,
p. 113

S. brachycarpa ssp.
niphoclada, p. 91

S. arctophila,
p. 109

S. arctica, p. 81

S. sphenophylla.
p. 85

S. stolonifera.
p. 72



Key to the Species

4. Pistils glabrous,

14. Leaves green [non-glaucous] beneath

15.

15.

Decumbent or trailing forest shrubs, leaves
narrowly elliptic to narrowly obovate, 2-5
cm long, margins crenate to crenate-
Serrulate ...,

Dwarf, sometimes trailing, arctic shrubs:
leaves circular to obovate or narrowly el-
liptic, 0.5-1.4 cm long. margins entire or
toothed only at base.

16. Leaves subcircular. prominently reticu-

late, margins glandular toothed on lower
halt, non-ciliate; branchlets more or less
trailing; styles 0.2-0.4 mm loNg ...cccceeeeeene

16. Leaves circular or sometimes narrowly

elliptic, not prominently reticulate, mar-
gins entire and ciliate: branchlets erect,
not trailing; styles 0.5-1 mm long.

17. Pistillate aments 4-12 (151-flowered;
leaves 5-10-14 mm long, 0.9-1.3 times
as long as wide: petioles 1.4-2-3 mm
[ONQ e

17. Pistillate aments 2-4 (91-flowered;
leaves 4-6 mm long, 1.7-2.7 times as
long as wide; petioles 0.8-1.6mm
IONG e ———

14. Leaves glaucous beneath.

18.

18.

Branchlets usually densely woolly: leaves
lemon green, coriaceous, obovate to nar-
rowly obovate and tapering to a short
petiole: petioles 0-0.3 mm long: bracts
tawny, the apex often retuse: pijstils brick
FEU i

Branchlets glabrous to sparsely pubescent:
leaves thin, elliptic to subcircular: petioles
2-20 mm long: bracts brown to blackish:
pistils reddish, purplish or greenish.

S. myrtillifolia.
p. 145

S. nummularia, p. 59

S. rotundifolia ssp.
rotundifolia, p. 53

S. rotundifolia ssp.
dodgeana. p. 55

S. setchelliana,
p. 77
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19. Pistillate nectaries shorter than the
stipes: leaf margins distinctly toothed
on lower half: petioles 2-5.6 mm long ....

19. Pistillate nectaries longer than or equal
to the stipes; leaf margins usually en-
tire; petioles usually 4-20 mm long.

20. Leaves dull above, base usually cu-
NEALE oovvererrerererreserer e ssseeseaas

20. Leaves glossy above, base acute to
rounded or subcordate.

21. Branches short and erect, some-
times trailing, often glaucous:
plants often rhizomatous: styles
0.8-1.6 MM 10NQ rvvrererrerersrrerresessenens

21. Branches long and trailing, non
glaucous: styles 0.2-0.8mm long.

22. Leaves subcircular ...

22. Leaves obovate to narrowly ellip-
tic.

¥ 23. Leaves obovate, elliptic or
broadly elliptic: pistillate am-
ents generally shorter; pistils
2.5-4 MM 10NQ .vrrnnerrmerssseseeenns

23. Leaves narrowly elliptic. 2.5-
4.6 cm long: pistillate aments
2.2-5 cm long: pistils 5.2-9.6
(10120 J (0] o Vo [

S. fuscescens.
p. 113

S. sphenophylla.
p. 85

S. stolonifera, p. 72

S. ovalifolia var.
cyclophylla, p. 67

S. ovalifolia var.

ovalifolia. p. 65

S. ovalifolia var.
arctolitoralis, p. 66



Key to the Species

1. Erect shrubs, exceeding 2 dmtall, or trees.
24. Flowering precocious.
25. Pistils glabrous.

26. Stipules absent: branchlets brittle and with
persistent, long villous hairs at the base ......

26. Stipules present, often persistent: branchlets
tenacious, without long, villous hairs at the
base.

27. Stipules persistent for several years, linear
to ovate, the apex attenuate; styles longer
than 1.2 rnrn: nectaries 2-3 times as long
as the Stipes .

27. Stipules not persistent for more than
one year, elliptic to broadly ovate, apex

rounded; styles shorter than 1.2 mm; nec-
taries shorter.

28. Aments precocious, on floriferous
branchlets 0-0.5 cm long; styles 0.8-
1.2 mm long; branchlets sparsely pu-
bescent; leaves elliptic or obovate ......

28. Aments subprecocious, on floriferous
branchlets 0.3-1.3cm long; styles 0.5-
0.75 rnm long: branchlets glabrescent;
leaves narrowly oblong-obovate ............

25. Pistils pubescent.

29. Leaves densely white lanate beneath, bright
green above: stipes 0-0.4 rnrn long.

30. Branchlets densely white yellow, villous-
woolly and non-glaucous ...

30. Branchlets glabrescent and glaucous ........

29. Leaves sericeous or densely villous to

sparsely pubescent or glabrescent beneath;
stipes 0.2-2 mm long.

S. hookeriana,
p. 131

S. lanata ssp.
richardsonii, p. 171

S. monticola, p. 124

S.rigida, p. 121

S. alaxensis var
alaxensis. p. 181

S. alaxensis var.
longistyiis, p. 182
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31. Branchlets with thick glaucescence ..........

31. Branchlets non-glaucous (rarely thinly so
in S. planifolia) .

32. Buds and stipules oily; stipules broad-
ly ovate, margins prominently glandular:
leaves white or grey sericeous-lanate
beneath ...

32. Buds and stipules not oily; stipules
ovate to linear: leaves glabrous, gla-
brate or sericeous beneath.

33. Branchlets velutinous: styles 0.2-0.5
mm long, stipes 0.8-2 mm long ............

33. Branchlets pubescent to Vvillous:
styles 0.5-1.8 mm long; stipes 0.2-
0.8 mm long.

34. Stipules narrowly elliptic, not per-
sistent for more than one year, 0.8-
2.8 MM I0NQ e
34. Stipules linear, often persistent for
two to four years, 3.5-14. up to
32 mm long.
35. Branchlets glabrous or sparsely
PUDESCENT ..

35. Branchlets densely white grey.
VIllOUS e
24. Flowering coetaneous or serotinous.
36. Pistils glabrous.

37. Introduced species cultivated in some south-
ern centres.

30

S. drummondiana,
p. 186

S. barrattiana. p. 175

S. scouleriana,
p. 153

S. planifolia ssp.
planifolia, p. 157

S. planifolia ssp.
pulchra var.
pulchra, p. 159

S. planifolia ssp.
pulchra var.
yukonensis, p. 161



Key to the Species

38. Leaves broadly ovate to narrowly elliptic,
green or pale beneath; branches not
pendulous; staminate flowers with five

STAMENS i S. pentandra, p. 35

38. Leaves narrowly ovate, glaucous beneath;
branchlets pendulous: staminate flowers
With two Stamens .....vcvccvereseserenens S. babylonica, p. 41

37. Indigenous species.

39. Leaves green or pale beneath, non-glau-
cous.

40. Leaves linear, 7-18 times as long as
wide, margins distantly denticulate:
aments often branched: bracts decid-
uous after flowering: stipes pubescent S. interior. p. 43

40. Leaves not linear, only 2-5 times as long
as wide, margins serrulate or crenate:
aments unbranched: bracts persistent:
stipes glabrous.

41. Leaves coarsely villous on both sides,
margins glandular serrulate or partly
ENLIE oo eases S. commutata,

p. 135
41. Leaves glabrous or glabrescent, mar-

gins glandular, crenate to crenate-
serrulate.

42. Shrubs decumbent, 0.1-0.9 m tall;
stipules minute to 1-2 m long:
styles 0.3-0.5 mm 10Ng  crereererreennns S. myrtillifolia,
p. 145
42. Shrubs erect, 0.6-4 m tali, stipules
1-5 mm long; styles 0.5-09 mm
[0 o [ S. novae-angliae,
p. 140.
39. Leaves glaucous beneath.

43. Immature leaves membranaceous and
translucent, glabrate and green on
both sides becoming glaucous beneath;
leaves and buds with persistent balsam-
like fragrance ... S. pyrifolia, p. 147
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43. Immature leaves thicker and opaque,
glabrous to pubescent, lacking a balsam-
like fragrance.

44. Petioles glandular near base of leaf:
stamens 5; leaf apex acuminate to
CAUAALE e

44. Petioles non-glandular; stamens 2;
leaf apex acute to rounded.

45, Styles 0.1-0.4 mm long.

46.

46.

Stipes 2-32 mm long. gla-
brous; leaves coriaceous, gla-
brous styles; 0.1-0.2 mm long ......

Stipes 0.4-1.2 mm long, pubes-
cent; leaves thin, glabrescent
with ferruginous trichomes per-
sistent along midrib; styles 0.2-
0.4 mm long

45, Styles 0.5-2 mm long.

47,

47.

Stipules absent: leaves pubes-
cent beneath, at least on mid-rib:
branchlets brittle, with long, per-
sistent, villous hairs at base;
styles red in life ..

Stipules present; leaves glabrous
beneath: branchlets tenacious,
lacking persistent hairs at base;
styles greenish.

48. Leaves elliptic or obovate, the

immature green and opaque;
petioles  green; branchlets
densely to sparsely villous:
styles 0.6-1.6 mm long ..............

48. Leaves narrowly oblong to nar-

rowly obovate, the immature
reddish and translucent; peti-
oles reddish: branchlets gla-
brescent; styles 0.5-0.75 mm
long

S. lasiandra. p. 35

S. pedicellaris.
p. 115

S. hastata, p. 119

S. hookeriana,
p. 131

S. barclayi, p. 129

S.rigida, p. 121



Key to the Species

36. Pistils pubescent.

49. Stipes 2.8-4.8 mm long, about 10 times as
long as the Nectaries .....——"—"

49. Stipes 0-2 mm long, 1-2 times as long as
the nectaries.

50. Leaves sericeous beneath, margins glan-
dular serrulate to distantly so.

51.

51.

Leaves narrowly ovate, 5-7 times as
long as wide, sericeous beneath with
short, white or ferruginous trichomes
oriented toward the apex, margins prom-
inently glandular serrulate, styles 0.3-
(O 191 o' 1 (o] o Vo AT

Leaves narrowly elliptic to obovate. 2.5-
3 times as long as wide, appearing
satiny beneath with matted sericeous
trichomes, margins distantly and incon-
spicuously glandular serrulate to glan-
dular crenate: styles 0.5-0.8 mm long.

50. Leaves densely pubescent to glabrescent
beneath, not sericeous.

52.

52.

Leaves pale green [non-glaucous) and
glabrescent beneath, margins prom-
inently glandular dotted to glandular
serrulate; immature leaves sericeous
with a mixture of white and ferruginous

trichomes; stipes 0.8-2 mm long ............

Leaves glaucous beneath. variously pu-
bescent, margins entire: stipes 0.1-1.5
mm long.

53. Leaves densely dull white lanate-

floccose beneath, floccose to glabres-
cent above, narrowly elliptic to nar-
rowly ovate, 3.5-7 times as long as
wide; styles red ...

S. bebbiana, p. 149

S. arbusculoides,
p. 169

S. sitchensis, p. 191

S. maccalliana,
p. 38

S. candida, p. 177
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53. Leaves not pubescent as above, obo-
vate to broadly or narrowly elliptic,
2-4 times as long as wide: styles
yellow green.

54. Leaves with ferruginous trichomes
sparsely distributed on both sides,
especially on immature leaves ........ S. athabascensis.
p. 103
54. Leaves without ferruginous tri-
chomes.

55. Petioles 3-15 mm long, yellowish:
stipes 0.5-2 MM 10Ng eeeeeerrennnnns S. glauca. p. 95

55. Petioles 1-3 mm long, often red-
dish; stipes 0-0.5mm long.

56. Pistillate aments subglobose.
densely flowered; styles 0.5-
0.8 MM 10NQ wmmmmsssssssssssens S. brachycarpa ssp.
brachycarpa. p. 89
56. Pistillate aments cylindrical,
loosely flowered: styles 0.2-0.5
(00T 0 I o] o Vo S. brachycarpa ssp.
niphoclada, p. 91



Pentandrae ( Schneid.

Section 1. Pentandrae (Borr). Schneid.
1. SAUX PENTANDRA L.

S. pentandra L. Sp. Pl. 1016. 1753.

Description of species

Introduced shrubs or small trees up to 7 m tall: branchlets brown to reddish
brown, glabrous and glossy. Leaves broadly ovate to narrowly elliptic, the
largest mature leaves (3.51 7-85 (11) cm long (excluding apex]. (1.5) 2.5-3
(431) cm wide and 2.3-2.9 times as long as broad (excluding apex); apex
acuminate on later leaves, 7-12 mm long; base rounded; margins glandular
serrulate; immature leaves reddish and glabrous, mature leaves coriaceous,
the upper side dark green, the lower side green or pale, non-glaucous: peti-
oles 4-10 mm long. glandular at the distal end; stipules minute glandular
lobes or narrowly obovate to transversely ovate, 1.4-4 mm long, deciduous.
Aments coetaneous. on leafy, floriferous branchlets. Staminate aments 2-6
cm long, floriferous branchlets 1-2 cm long; stamens 5. filaments distinct,
pilose below middle; anthers 0.5-0.6 mm long. Pistillate aments 3.5-6 cm
long; floriferous branchlets 1.5-4.5 cm long; pistils ca. 25 mm long: capsules
5-6 mm long, glabrous; styles 0.5-1 mm long; stigmas 0.2-0.3 mm long: stipes
0.5-1 mm long, glabrous: nectaries 2, cup-like with lobes abaxially and adax-
ially, sometimes laterally, 0.4-06 mm long, about 05 times as long as stipe;
bracts narrowly elliptic, apex broadly acute to round, 2-3 mm long, pale
yellow, glabrate adaxially. pubescent at base abaxially, deciduous after
flowering.

Habitat Range

Cultivated. Petersburg. southeastern Alaska: Eur-
asia, from British Isles eastward to
Yenisei and Angara Rivers in central
US.SR.

2. SALIX LASIANDRA Benth.

S. lasiandra Benth. PI. Hartweg. 335. 1857.

S. lancifolia Anderss. Kg. Sv. Vet. Akad. Handl. 6: 34. 1867. S. lasiandra
var. lancifolia (Anderss.] Bebb. in Watson, Bot. Calif. 2: 84. 1879.

S. lasiandra var. recornponens Raup, Sargentia 6: 149. 1947. (Type: Raup
& Soper 9076. A].
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Plate |

Salix lasiandra Benth. Argus 6682
Scale: On all the plates. one square represents one centimetre.



Pentandrae (Borr.) Schneid

Description of species

Shrubs or small trees 1-7 (11) m tall; branches brown, glabrescent or
sparsely lanate; branchlets tawny, brown or reddish, lanate to sparsely
pubescent with spreading trichomes or glabrescent, brittle. Leaves narrowly
to broadly ovate, the largest mature leaves 6.7-14.2 cm long, 1.3-3 cm wide
and 3.7-5.5 (8.7)times as long as wide; apex acuminate to caudate, the
apex or proximal leaves acute; base obtuse to round; margins glandular ser-
rate-crenate to serrulate; immature leaves often reddish and densely lanate
with white and ferruginous trichomes; the upper side of mature leaves gla-
brescent, green and glossy, the lower side sparsely pubescent, sometimes
with ferruginous trichomes, becoming glabrescent, thinly glaucous, pale in
about 20 per cent; petioles 1.3-3 cm long, glandular at distal end near base
of blade, lanate; stipules semi-ovate, 1.4-5.6 mm long, glandular dotted on
margins and at base. Aments coetaneous. on leafy, floriferous branchlets.
Staminate aments 2-3.5 cm long, floriferous branchlets 0.9-2 cm long;
stamens 4-5, filaments 3.5-4 mm long, pubescent at base; anthers 0.6-0.8
mm long; nectaries 2, adaxial and abaxial, small, up to 05 mm long.
globular. Pistillate aments 2.5-5 cm long, rachis pubescent, floriferous
branchlets 1.3-3.5cm long; pistils 3-4.8 mm long, glabrous, capsules 5-6.5 mm
long; styles 0.4-0.8 mm long; stigmas 0.2-0.3 mm long, 2 horseshoe-shaped
lobes; stipes 0.9-1.2 mm long, glabrous; nectaries 1. adaxial, 0.2-0.4 mm
long, broader than long, about 0.25-0.5 times as long as stipe; bracts nar-
rowly oblong, apex acuminate, 1.7-3.2 mm long, tawny, pubescent on lower
half, margins distantly denticulate or entire, often revolute, deciduous after
flowering.

Habitat Range

Thickets on river banks and alluvial Boreal: Central Alaska; Yukon River
deposits; wet Calamagrostis-Carex and its tributaries; Matanuska River;
meadows. southeastern Alaska from Glacier Bay
to the head of Lynn Canal (Haines);
Liard River, Yukon Territory; east-
ward in the boreal forest to Saskatch-
ewan; southward in the codillera to
California and New Mexico [Map 4).

Discussion

Salix lasiandra is characterized by 4-5 stamens and 2 nectaries per staminate
flower, narrowly to broadly ovate leaves with long acuminate to caudate
apices and by immature leaves pubescent with ferruginous and white
trichomes.

This species is the western element of a North American complex including
the eastern S. lucida Muhl. and the central S. serissima (Bailey) Fern. Boivin
(1967) has combined S. lasiandra and S. lucida under the latter name, main-
taining that they are not distinguishable geographically or morphologically.
Further study may show that this view is tenable.

Several varieties of S. lasiandra have been based on variation in leaf glau-
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Maccallianae Argus

170" 165”7

Map 4 Salix lasiandra

cescence and in branchlet pubescence (Raup 1959). Following this view most
of the Alaska and Yukon material must be referred to var. lancifolia which
has leaves glaucous or pale beneath and branchlets densely pubescent: others
with glabrous branchlets must be referred to var. lasiandra. S. lasiandra var.
recomponens. with leaves green beneath [non-glaucous) and branchlets
pubescent, described from the Mackenzie River basin, is unknown in our
flora. Branchlet pubescence varies widely in this species and within the
same population densely lanate to glabrescent branchlets may be recog-
nized. Furthermore, this variation does not seem to have any geographical
integrity and | am of the opinion that these taxa are minor variants not
deserving taxonomic recognition.

Section 2. Maccallianae Argusl
3. SALIX MACCALLIANA Rowlee

S. maccalliana Rowlee. Bull. Torr. Bot. Club 34: 158. 1907. [Type: McCalla
2252a, US].

1 Maccallianae sect. nov.

Folia coriacea, concolora: pistilla sericea. 68 rnm  Stamina 2; nectaria 4-6 loba, cupulata.
longa: styli 0.8-1.2 mm |ongi; bracteae fulvae: stamina. Species typica Salix maccalliana Rowlee.



Maccallianae Argus

Description of species

Shrubs 0.9-2.5-3.5mtall; branches dark reddish brown, glabrous and glossy;
branchlets reddish brown or chestnut brown, glossy, puberulent with short,
curved trichomes becoming glabrescent or sometimes glabrous from the start.
Leaves coriaceous, narrowly elliptic to oblong, the largest mature leaves
52-7 cm long, 0.8-2cm wide and 3.1-4.1 (5.7) times as long as wide:
apex acute to sometimes more or less acuminate; base acute to round:
margins entire and prominently glandular dotted or glandular serrulate to
glandular crenate: immature leaves reddish, sericeous on both sides with
white and ferruginous trichomes; the upper side of mature leaves glabres-
cent, the midrib sometimes remaining puberulent, glossy, the lower side
glabrescent and pale, non-glaucous; petioles 5-10 mm long, yellow brown,
puberulent adaxially; stipules small glandular lobes or sometimes narrowly
elliptic with glandular margins, 0.2-0.5 (2) mm long. Aments coetaneous, on
leafy, floriferous branchlets. Staminate aments 1.8-2.7 cm long, floriferous
branchlets 0.3-1.3 cm long; stamens 2, filaments 4.8-6.5 mm long, pubescent
near base, distinct; anthers 0.8-1.1 mm long; nectaries cup-like and surround-
ing the stamens, usually with 4-6 lobes. Pistillate aments 2-6 cm long,
densely flowered becoming loose in fruit, floriferous branchlets 1-2.8 cm
long; pistils 6-8 mm long, densely sericeous often with white and ferrugi-
nous trichomes, tawny or green, capsules about 8 mm long, tawny, sericeous-
villous; styles 0.8-1.2 mm long; stigmas 0.4-0.5 mm long, 2-lobed; stipes 0.8-2
mm long, densely sericeous; nectaries 1. adaxial, 0.4-0.6 mm long, about 0.5
times as long as stipe; bracts narrowly oblong, apex rounded, 1.6-3.6 mm
long, tawny or lemon green, sometimes brownish toward apex, villous to
glabrescent abaxially.

Habitat Range
Muskegs: wet Carex-Betula glandu- Boreal, Aspen Parkland: Known in Yu-
sa fens; river margins. kon Territory only from Watson Lake,

southeastern Yukon; along the Liard
River in adjacent British Columbia;
southward in the Rocky Mountains to
Alberta: eastward to Saskatchewan,
southern Manitoba, Ontario, and Que-
bec [Map 5).

Discussion

Salix maccalliana is a very distinctive and relatively invariable species. Its
leaves are coriaceous, glossy and green on both sides; the immature leaves
are sericeous with white and ferruginous trichomes; the pistils are large
(6-8 mm long) and densely sericeous with long styles (0.8-1.2 mm long)
and are subtended by tawny or lemon green bracts; the stamens are sur-
rounded by a cup-like nectary with 4-6 lobes.

The taxonomic relationships of this species have been the subject of much
speculation. Because of the superficial resemblance of its aments to those of
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Salix maccalliana Rowlee. Argus 4319



Subalbae Koidz.

Map 5 Salix maccalliana

S. glauca it has often been aligned with that species (Rowlee 1907; Schneider
1920: Raup 1959). In his discussion Rowlee (1907) also suggested a rela-
tionship with S. lucida of section Pentandrae on the basis of its leaves and
buds. This suggestion has not been followed by later authors, but it does seem
to have some merit and is further supported by the cup-like staminate nec-
taries and the large, long-beaked capsules. There are certain important points
of discrepancy, however, including the presence of 2 stamens instead of 4-5,
and sericeous rather than glabrous pistils; but I would suggest looking to
section Pentandrae rather than to S. glauca for at least one element of its
ancestry. The very high chromosome number (2n = 190-224, Suda and

Argus 19681 suggests that it is a very complex polyploid, probably with a
diverse ancestry.

Section 3. Subalbae Koidz.
4, SALIX BABYLONICA L

S. babylonica L. Sp. PI. 1017. 1753.
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Plate 111

Salix interior Rowlee. (A) Pistillate specimen, Cody 8273. (B) Staminate specimen. Cody 8157



Longifoliae Anderss.

Description of species

Introduced trees up to 12 m tall; branchlets slender, pendulous, yellowish to
brown, glabrous. Leaves narrowly ovate, the largest mature leaves 8-12 cm
long, 05-1.5 cm wide; apex long-acuminate; base acute; margins serrulate;
immature leaves sericeous. the upper side of mature leaves glabrate, yellow-
ish green, the lower side glaucous; petioles glandular at the distal end;
stipules 2-7 mm long, narrowly ovate, often absent. Aments coetaneous. on
leafy, floriferous branchlets. Staminate aments slender, up to 4 cm long,
floriferous branchlets 05-1.5 cm long; stamens 2, filaments distinct, pubes-
cent at base. Pistillate aments 2-3.5 cm long, slender, floriferous branchlets
present; capsules narrowly ovoid, 1-2 mm long, glabrous; styles about 0.5
mm long; stigmas short; stipes very short: nectaries 1, adaxial;, bracts pale
yellow, pubescent and caducous.

Habitat Range

Cultivated. Petersburg and Wrangell, southeast-
ern Alaska; originally Asian but nat-
ural range obscured by widespread
cultivation throughout Asia, Europe,
and North America.

Section 4. Longifoliae Anderss.
5. SALIX INTERIOR Rowlee

S. interior Rowlee. Bull. Torr. Bot. Club 27: 253. 1900

S. exigua ssp. interior Crong. in Hitchcock. Cronquist, Ownbey and Thomp-
son, Vas. Pl. Pacific NW. 2: 51. 1964.

S. longifolia Muhl. in Muhl. and Willd. Neue Schr. Ges. Nat. Fr. Berlin 4: 238.
1803, non Lam. 1778.

S. longifolia var. pedicellata Anderss. Kg. Sv. Vet. Akad. Handl. 6: 55. 1867.
S. exigua ssp. interior var. pedicellata Crong. in Hitchcock, Cronquist. Own-
bey and Thompson, Vas. Pl. Pacific NW. 2: 51. 1967.

Description of species

Shrubs 0.5-4 m tall, colonial, with shoots arising from roots; branches grey-
ish; branchlets reddish brown, sparsely sericeous becoming glabrescent.
Leaves narrowly oblong to linear, the largest mature leaves 4-12.8 cm long,
0.3-1 cm wide and 7-18.3 times as long as wide; apex acute; base narrowly
cuneate; margins distantly glandular denticulate to subentire or entire: the
upper side of mature leaves glabrous and green, the lower side sparsely seri-
ceous to glabrescent and pale green, non-glaucous; petioles 0.8-5 mm long;
stipules minute glandular lobes, rarely narrowly elliptic and up to 1.5 mm
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17’ 165

Map 6 Salix interior

long. Aments coetaneous, on leafy, floriferous branchlets. Staminate aments
2-5 cm long, often branched and bearing lateral secondary aments, florif-
erous branchlets 0.5-5 cm long: stamens 2, filaments 2.4-2.8 mm long,
lower half pubescent, distinct; anthers 0.5-0.8 mm long, curved or coiled
after opening: nectaries 2, abaxial and adaxial. Pistillate aments 2.5-6 cm
long, unbranched, floriferous branchlets 1.3-5.5 cm long: pistils long-beaked,
2-45 mm long, glabrous, capsules 5-8 mm long; styles 0-0.1 mm long; stig-
mas 0.2-0.3mm long, 4 broad lobes: stipes 0.6-0.8 mm long, pubescent or
glabrous: nectaries 2, abaxial and adaxial. 0.5-0.8 mm long, 2-3 times as
long as stipe; bracts oblong, apex acute to acuminate, 2.8-3.2 mm long,
tawny to yellow green, glabrous abaxially, tomentose adaxially. inflated,
deciduous after flowering.

Habitat Range

River banks and alluvial deposits Boreal: Yukon River and its trib-
within the forested region. utaries. extending as far west as
Tanana: south to the Liard River,
Yukon Territory; in the cordillera to
California; eastward across Canada to
northeastern United States (Map 6).
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Discussion

Salix interior is a sand bar species spreading colonially, by shoots borne on
roots, over newly formed alluvial deposits. It is characterized by linear, usual-
ly glabrous and distantly glandular denticulate leaves, aments which are
often branched (Argus 1964) and bracts deciduous after flowering.

This species is part of the highly variable and taxonomically complex sec-
tion Longifoliae which includes S. fluviatilis, S. exigua, S. melanopsis, et al.
Revisions of this group have been proposed by Cronquist (1964) and by
Boivin (19671. The section was once thought to be endemic to America
(Schneider 1919b) but the southern Asian species S. blakii Gorz. and possibly
others, clearly belongs here.

Section 5. Chamaetia Dumort.

6a. SALIX RETICULATA L. ssD. RETICULATA

S. reticulata L. Sp. PI. 1018. 1753,

S. reticulata a [var.] glabra Trautv. in Ledeb. FI. Alt. 291. 1833. Chamitea
reticulata Kerner, Verh. Zool. Bot. Ges. Wien. 10: 277. 1860.

S. reticulata (var.] subrotunda Ser. Essai Mon. Saules Suisse 29. 1815

S. orbicularis Anderss. in DC. Prodr. 16 (21): 300. 1868. S. reticulata [ssp.?)
S. orbicularis Flod. Sv. Vet. Akad. Ark. Bot. 20A: 5. 1926. S. reticulata ssp.
orbicularis Flod. in Hult. FI. Aleut. 162. 1937.

S. reticulata var. gigantifolia Ball. Proc. Nat. Acad. Sci. 21: 185. 1935

S. reticulata f. villosa Kimura, in Tatewaki and Kobayashi, J. Fac. Agr., Hok-
kaido Imp. Univ. 36 31. 1934.

Description of species

Dwarf shrubs, prostrate and rooting along stems; branches light brown with
short internodes; branchlets green to greenish brown, glabrous, rarely glau-
cous; buds glabrous or pubescent at tip, sometimes glaucous, bud scale
persistent at base of shoot. Leaves elliptic-circular to oblong, the largest
mature leaves 1.2-5-6.6 cm long, 0.8-5 cm wide and 1-1.5 times as long as
wide; apex round, obtuse or rarely retuse; base obtuse, rounded or cordate;
margins subentire to indistinctly glandular crenate, revolute; the upper side
of mature leaves dark green and glossy, glabrous or rarely villous with long
straight trichomes, the veins impressed, the lower side pale green and non-
glaucous or rarely glaucescent. sparsely pubescent with long, silky, caducous
trichomes, venation prominently reticulate, sometimes reddish; petioles (3)
10-25 (30-46) mm long, reddish or yellowish, glabrous; stipules minute
glandular lobes 02-0.4 mm long. Aments coetaneous on prominent, leafy,
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Plate IV

Salix reticulata L. [A, B, C) Subspecies reticulata, population sample, Argus 5621
(D) Subspecies glabellicarpa Argus, Argus 6645
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floriferous branchlets. Staminate aments 1.1-5.2 cm long, floriferous branch-
lets 1.1-3.2 cm long; stamens 2, filaments about 2.8 mm long, pubescent
on lower half; anthers 0.3-0.4 mm long; nectaries 2-3, abaxial and adaxial,
sometimes more or less surrounding stamens. Pistillate aments 1-6 cm long,
floriferous branchlets 1.2-45 cm long, as long as vegetative branchlets,
glabrous to coarsely pubescent distally: pistils 25-3 mm long, densely
sericeous with white or mixture of white, red violet and ferruginous tri-
chomes, capsules about 4.5-5 mm long, sparsely sericeous: styles 0.2-0.3 mm
long: stigmas 0.2-0.4 mm long, 4-lobed: stipes 0-04-0.8 mm long, pubes-
cent: nectaries 2, adaxial, 0.5-0.8 mm long, equal to or 2 times as long as
stipe: bracts oblong to obovate, apex retuse or rounded, 0.8-1.8 mm long,
reddish, greenish, tawny or drying brownish, sometimes white puncticulate,
glabrous or glabrescent abaxially. densely pubescent adaxially.

Habitat Range

Arctic: tundra vegetation including Arctic, alpine: Throughout Alaska and
polygonal tundra, dry tussock tundra, Yukon Territory; southward in the
partly stabilized sand dunes, and Rocky Mountains to British Columbia;
Carex-Eriophorum meadows. Alpine: transcontinental across Arctic and
Dryas tundra: snow accumulation Subarctic Canada to Newfoundland
areas; stabilized talus slopes. In and Greenland: Eurasia (Map 7).
forested regions within mountains, it

may occur in moss both in Picea

glauca woods and in P. mariana

muskegs.

6b. SALIX RETICULATA ssp. GLABELLICARPA Argus

S. reticulata ssp. glabellicarpa Argus, Can. J. Bot. 43: 1021. 1965. (Type:
Calder & Taylor 36347, DA0).

Description of subspecies

Differs from ssp. reticulata in pistils glabrous or sparsely pubescent distally,
glaucous: stipes glabrous: styles 0.2-0.4 mm long.

Habitat Range

Alpine tundra. Alpine: Mount Gastineau near Ju-
neau: Queen Charlotte Islands. Brit-
ish Columbia (Map 8).

Discussion

Salix reticulata is a dwarf, trailing willow characterized by prominently retic-
ulate, elliptic-circular to oblong leaves and aments which are borne on long,
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Map 7 Salix reticulata ssp. reticulata. Circles based on Skvortsov, 1966. as S. reticulata

leafy, floriferous branchlets. These branchlets are as long and bear as many
leaves as do the vegetative branchlets.

There are two variations within S. reticulata that deserve discussion. The
first is represented by S. reticulata ssp. glabellicarpa, a variant with glabrous
and glaucous pistils which was described from the mountains of the Queen
Charlotte Islands. Because of its localized distribution, the absence of gla-
brous pistils elsewhere within the species, and the possibility that it may have
survived the Pleistocene glaciation on a refugium on the Islands. it was as-
signed subspecific rank (Argus 1965b). In 1967 it was found to occur also in
the alpine tundra on the sjopes of Mount Gastineau near Juneau. In this re-
gion it is sympatric with ssp. reticulata, which is absent from the Queen
Charlotte Islands, and some signs of intergradation were observed. Some
specimens (Argus 6633 and 6644, SASK) were very sparsely pubescent,
whereas others were either glabrous [Argus 6620a. SASK) or had a few
trichomes at the apex (Argus 6632, SASK]. This subspecies is to be expected
elsewhere in southeastern Alaska and coastal British Columbia where the
ranges of the two subspecies evidently overlap.

The second variant is represented by S. reticulata f. villosa which has vil-
lous trichomes on the underside of mature leaves. This type of pubescence
resembles that which occurs in S. vestita of the Rocky Mountains and eastern
North America, and would probably be interpreted as an indication of hybrid-
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ap 8 Salix reticulatassp . glabellicarpa

ization if the species were sympatric. | have seen specimens with this type
of pubescence throughout the range of ssp. reticulata in Alaska and the
Yukon, including Whitehorse, the Bering Sea Coast (Scammon Bay and Cape
Thompson), the Alaska Range (Rainbow Mountain, Donnelly Dome and Eure-
ka Roadhouse), and southeastern Alaska (Coronation Island), and specimens
with villous leaves have been reported from Attu Island and Unalaska (Kimu-
ra 1934). Whether 0r not this unusual pubescence is a remnant of an ancient
trans-Bering Straits distribution of S. vestita as suggested by Hulten (1967)
is difficult to say. but it does deserve further study.

Section 6. Retusae Kern.
7. SALIX POLARIS Wahl.

S. polaris Wahl. Fl. Lapp. 261. 1812.

S. pseudopolaris Flod. Sv. Vet. Akad. Ark. Bot. 20A (6): 8. 1926. S. polaris
ssp. pseudopolaris Hult. Fl. Alaska and Yukon 3: 510. 1943.

S. polaris var. selwynensis Raup. Contr. Arnold Arb. 6: 144, 1934.
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Plate V

Salix polaris Wahl. Murray 1042 (left) and Viereck 8361 [right)



Retusae Kern

Description of species

Dwarf shrubs often partly subterraneous, stems rooting, branches reddish
brown, glaucous: branchlets short and not conspicuously trailing, greenish
brown, glabrous: buds glabrous and glaucous, the scale often persistent at
base of shoot. Leaves obovate to narrowly elliptic, the largest mature leaves
1-2-2.8 cm long. 0.8-1-1.8 cm wide and 1.1-1.7-2.5 time as long as wide:
apex round, retuse or obtuse, usually conduplicate when pressed, base cune-
ate or round, inequilateral: margins entire, flat, often reddish, rarely ciliate:
the upper side of mature leaves glabrous or rarely ciliate toward margin,
glossy, the lower side glabrous or rarely pubescent with long, sparse, cadu-
cous trichomes, green and glossy, secondary veins prominently raised: pet-
ioles 2-5-10 mm long, yellow to reddish; stipules absent or minute glan-
dular lobes 0.1-0.4 mm long. Aments coetaneous, on leafy, floriferous
branchlets. Staminate aments 15-1.8 cm long, floriferous branchlets 0.5-
1.5 cm long; stamens 2, filaments 4-4.4 mm long, glabrous, distinct: anthers
about 0.6 mm long. Pistillate aments 1.5-3.5 mm long, floriferous branch-
lets 1.2-2 cm long: pistils about 25 mm long, reddish and glossy, entirely
pubescent or sparsely pubescent on distal half, capsules 4.8-6.4 mm long,
pale reddish brown, pubescent: styles 0.7-1.6 mm long, entire or bifurcate:
stigmas 0.2-0.6 mm long, 4 linear lobes; stipes 0.2-0.7 mm long, glabrous
or pubescent: nectaries 1, adaxial, 0.9-1 mm long, often 2-5 times as long as
stipe; bracts oblong to broadly obovate, apex rounded, uniformly brown or
dark brown, sometimes bicolour, sparsely pubescent to glabrescent abaxially.
sparsely pubescent adaxially.

Habitat Range

Tundra vegetation: late snowbed and Arctic, alpine: Bering Sea region:

snow flush areas; alpine scree slopes. eastern Brooks Range: central Alas-
ka; Alaska Range: southward to the
St. Elias Mountains, Yukon Territo-
ry: eastward to northern British Co-
lumbia; Eurasia (Map 9).

Discussion

Salix polaris is a dwarf species characterized by pubescent pistils, long styles
(0.7-1.6 mm long] and leaves non-glaucous beneath.

This species is commonly misunderstood in the North American literature.
and many specimens in herbaria are misidentified. Wiggins and Thomas
in A Flora of the Alaskan Arctic Slope (1962) completely misunderstood the
species (as S. pseudopolaris), and many of the specimens they cited are S.
ovalifolia var. glacialis or S. ovalifolia var. ovalifolia. 1 have not seen any
authentic S. polaris from the Arctic slope of Alaska (reported by Hulten 1968.
Map 4), although it does occur in the eastern Brooks Range.

In my opinion the characteristics that have been used to distinguish S.

pseudopolaris from S. polaris, namely, light-coloured bracts with wavy hairs
(Hulten 1943) and a greater number of flowers in the aments (Skvortsov
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Map 9 8alix pofaris. Circles based on Skvortsov, 1966

1966). and the characteristics that have been used to distinguish S. polaris
var. seiwynensis, namely, longer aments and leaves ovate-elliptic or obovate
(Raup 1934), are inconsequential and scarcely extend the normal range of
variation of S. polaris. The taxonomic confusion results from a lack of spec-
imens, and from typological thinking that fails to recognize and understand
population variation. In his discussion of S. pseudopolaris Floderus (1926)
referred to the hybridogenous nature of many of the specimens he studied
and suggested that some characteristics were derived from crossing with S.
arctica. S. glauca or S. chamissonis. In my opinion Floderus' presumption of
hybridity is, in most cases, conjectural and originates from a lack of appre-
ciation of character variation. However, as | studied S. polaris, | was repeat-
edly impressed with the apparent morphological links with S. rotundifolia,
S. arctica and S. ovalifolia and with the heterogenous composition of the
species. The material available to me is inadequate to fully understand this
species and extensive field and laboratory studies are indicated.

Salix polaris is apparently related to S. rotundifolia, S. phlebophylla and
S. stolonifera and is similar morphologically to some variants of S. arctica.
The comparison table (Table 2) will aid in distinguishing them.
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Table 2 Comparison table: Salix polaris, S. rotundifolia. S. stolonifera. S. phlebophyllaand S

arctica
Characteristics polaris rotundifolia stolonifera phlebophyila arctica
leaves non-glaucous  non-glaucous laucous non-glaucous glaucous
beneath neath eneath beneath eneath
rarely ciliate  sometimes non-ciliate i+-ciliate non-ciliate
margins ciliate margins margins margins margins but
with long
trichomes
beneath
non-persistent often persis- non-persistent  persistent non-persistent
tentfor several and skeleton-
years ized
pistillate more than 4-15-flowered more than more than more than
aments 15flowered 25Hflowered 25flowered  25-flowered
pistils pubescent usually usually usually pubescent
glabrous glabrous pubescent
nectary 2-5times 1-3times 1.5-3times less than 1.5-4times
length stipe stipe stipe or equal to stipe
stipe

8a. SALIX ROTUNDIFOLIA Trautv. ssp. ROTUNDIFOLIA

S. rotundifolia Trautv. Nouv. Mem. Soc. Nat. Mosc. 2: 304. 1832.

S. polaris var. leiocarpa Cham. Linnaea 6: 542. 1831. S. leiocarpa Cov. Proc.
Wash. Acad. Sci. 3: 338. 1901.

S. behringica v. Seemen, Engler Bot. Jahrb. 21. 52: 6. 1895. (Type: Krause
85, US).

Description of species

Dwarf shrubs with slender branches arising from a taprooted caudex, form-
ing a highly branched, largely subterranean shrub about 2-3 cm tall; bran-
ches yellow brown, glabrous, glossy and with short internodes: branchlets
yellow brown, yellowish red or reddish green, sometimes glaucous, bearing
2-3 leaves: buds tawny to greenish or reddish, sometimes glaucous, the scale
persistent at base of shoot. Leaves circular, elliptic or sometimes narrowly
elliptic, the largest mature leaves 5-10-14 mm long, 4.2-6-9 (11.2) mm wide
and (0.9) 1.2-1.3 (2.2) times as long as wide: apex rounded to more or less
retuse: base rounded, narrowly cuneate in narrower leaves: margins entire.
usually reddish, sometimes ciliate, revolute; the upper side of mature leaves
glossy and glabrous, primary veins usually prominently raised, sometimes
impressed, the lower. side glossy, glabrous and green, non-glaucous, the 3-4
secondary veins prominently raised and veinlets evident, marcescent leaves
often persistent for several years but not becoming skeletonized: petioles
1.4-2-3 mm long, tawny and glabrous; stipules usually minute glandular
lobes, 0.1-0.2 (0.4) mm long, yellowish or reddish. Aments coetaneous or
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Plate VI

Salix rotundifolia Trautv. [A. B) Subspecies rotundifolia. Argus 5695,(C) Subspecies dodgeana
(Rydb.) Argus, Murray 788
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serotinous, terminal on previous year's shoot, and borne on floriferous
branchlet bearing 2 leaves. Staminate aments 0.3-1 cm long, 7-15-flowered.
floriferous branchlets 3-7 mm long; stamens 2, filaments about 1.8-4 mm
long. glabrous; anthers 0.4-0.6 mm long; nectaries long and narrow. Pistil-
late aments 0.7-2 cm long, rachis pubescent, 4-12 [15)-flowered, floriferous
branchlets 0.7-25 cm long, as long or longer than aments; pistils 1.5-2.5
mm long, glabrous or rarely sparsely pubescent at tip, glossy and reddish
brown. capsules 4-6-7.2 mm long, beak sometimes flattened; styles 0.5-1
mm long, entire or sometimes slightly bifid; stigmas 4 linear lobes. 0.4-0.5
mm long; stipes (1408 mm |ong, glabrous or sometimes pubescent, Nec-
taries 1, adaxial, 0.9-1.6 mm |gng, reddish, equal to or up to 3 times as |ong
as stipe; bracts broadly obovate, apex rounded or retuse, 1.6-2.8 mm long.
uniformly brown or bicolour and pale reddish brown at base, usually glabrous
or sparsely pubescent abaxially. sparsely pubescent adaxially with long
straggly trichomes appearing as cilia around margin.

Habitat Range

Tundra. Arctic, alpine: St. Lawrence Island,
Bering Sea islands: Seward Peninsula;
northern Alaska to Barter Island;
Aleutian Islands: Alaska Peninsula:
Kodiak Island; Talkeetna Range;
Alaska Range; Eagle Summit, central
Alaska; Ruby Range, southwestern
Yukon; to the Mackenzie Mountains,
Northwest Territories (Map 10).

8b. SALIX ROTUNDIFOLIA ssp. DODGEANA [Rydb.) Argus

S. rotundifolia ssp. dodgeana (Rydb.) Argus, Can. J. Bot. 47: 795. 1969

S. dodgeana Rydb. Bull. N.Y. Bot. Gard. 1: 277. 1899. (Type: Rydberg &
Bessey s.n. NY).

Description of subspecies

Differs from ssp. rotundifolia in leaves smaller and narrower, 4-6 mm long,
1.7-36 mm wide and 1.7-2.7 times as long as wide, venation on upper side
of mature leaves less prominent; petioles shorter, 0.8-1.6 mm long. Pistillate
aments with fewer flowers, 2-4 (9)-flowered (Table 3).

Habitat Range

Tundra. Alpine, Arctic: Disjunct distribution
in North America; northwestern Wyo-
ming and adjacent Montana: Kluane
Lake region, Yukon Territory: Mac-
kenzie Mountains. Northwest Terri-
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Map 10 Salix rotundifolia ssp. rotundifolia. Circles based on Skvortsov, 1966

tories. It also occurs sporadically
throughout the range of ssp. rotun-
difolia in Alaska [Map 111.

Discussion

Salix rotundifolia is a dwarf, largely subterranean shrub characterized by
circular or elliptic leaves which have 3-4 prominent veins and are glossy and
green on both sides. The aments have few flowers (4-15) and the nectaries
usually exceed the stipes.

There is some variation in pistil indumentum from usually glabrous to
sometimes sparsely pubescent on the beak or, rarely, sparsely pubescent all
over. The pubescent-capsuled variants have been named S. rotundifolia f.
pilosiuscula Schneider (1919a), and Hulten (1943) regarded specimens with
pilose capsules as the hybrid S. phlebophylla X rotundifolia. To base a con-
clusion of hybridity on pistil indumentum alone is unsound, for it requires the
assumption that this characteristic is invariable. There are several species in
Alaska and the Yukon which have been shown to have variable pistil pubes-
cence. including S. hookeriana, S. reticulata. S. ovalifolia and S. phlebophylla,
and the possibility that the pilose-capsuled forms of S. rotundifolia are part of
the normal variation within this species must be seriously entertained.
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Map 11 Salix rotundifolia ssp,dodgeana.Siberian locality: C. Wright, 1853.1856,
Arakamechetchene Island. NY, US 26252

However, hybridization apparently does occur between S. phlebophylla
and S. rotundifolia and, within sympatric populations, intermediate specimens
can be detected on the basis of discordant combinations of characteristics
including leaf shape, leaf pubescence, skeletonization of leaves, nectary
length, and pistil indumentum. On the basis of these characteristics | have
determined a series of specimens from the Arctic slope and central Alaska
as S. rotundifolia = phlebophylla and S. phlebophylla > rotundifolia to in-
dicate the varying degrees of intermediacy. There are no evident signs of
infertility in the intermediate specimens and further study is necessary in
order to establish the origin of the intermediates and to prove the occurrence
of hybridization (Map 2).

Salix rotundifolia is closely related to S. phlebophylla and S. nummularia
(Table 4), and is similar to S. polaris and S. stolonifera (Table 2).

In 1967 Hulten noted that S. behringica had long been neglected by most
modern authors and that the type specimen was probably destroyed when the
Berlin Museum was bombed. There is a fragment of the type collection at the
U.S. National Herbarium which | have been able to examine (Krause, A. &
A. 85, Luetke Harbour, St. Lawrence Bay, Siberian Coast of Bering Sea,
1881, US 411218). The specimen consists of 3 leaves and 4 somewhat dam-
aged capsules. The leaves are elliptic, glabrous and non-glaucous; the cap-
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Table 3 Comparison table: Salix rotundifolia ssp. rotundifolia and ssp. dodgeana

Characteristics ssp. rotundifolia ssp. dodgeana

leaves 5-10-14 mm long 4-6 mm long

4.2-6-9 mm wide 1.7-3.6 mm wide

length/width  (0.9) length/width
12-13 (2.2) 1727

apex round to retuse.
rarely acute

apex acute and
+/- conduplicate
when pressed

veins prominent above veins faint above

petiole length 1.4-2-3 mm 0.8-1.6 mm

4-12-flowered

pistillate aments 2-4(9)-flowered

Table 4 Comparison table: Salix rotundifolia, S. phlebophylla and S. hummularia

Characteristics rotundifolia phlebophylla nummularia

leaves often persistent,
not skeletonized

persistent and
skeletonized

not persistent

glossy highly glossy glossy

not arcuate, usually
pressing flat

not arcuate,
pressing flat

arcuate. conduplicate
when pressed

pistillate aments 4-12(15)-flowered 25-flowered 4-5-flowered

pistils glabrous usually pubescent glabrous

nectary length 1-3 times stipe less than or about 2 times
equal to stipe stipe

capsule length 4-6-7.2 mm 2.9-48 mm ca. 35 mm

habitat wet tundra dry tundra dry tundra

sules and stipes are glabrous and the nectaries are slightly longer than the
stipes. | am of the opinion that this fragmentary material represents S

rotundifolia.

Salix rotundifolia ssp. dodgeana is a diminutive race of the species which

is distinguishable only on the basis of quantitative characters [Table 3).
Salix dodgeana traditionally has been given a very narrow circumscription
(Raup 1959). However, when the variation, present even within the type
locality, has been taken into consideration it is evident that it intergrades
with S. rotundifolia (Argus 1969). It has been assigned subspecific rank be-
cause of its distinctive cordilleran distribution.
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9. SALIX NUMMULARIA Anderss

S. nummularia Anderss. in DC. Prodr. 16 (2):298. 1868

S. tundricola Schljak. Bot. Mater. Herb. Bot. Inst. Akad. Nauk SSSR 16: 67.
1954. S. numrnularia ssp. tundricola Love and Love, Bot. Not. 114: 51. 1961.

Description of species

Dwarf, trailing shrubs; branches slender, arising from a stout caudex, chest-
nut brown, glossy, glabrescent and sometimes glaucous; branchlets yellow
brown, sparsely pubescent with spreading trichomes. Leaves subcircular, the
largest mature leaves about 10-12 mm long. 8-10 mm wide and 1.2 times as
long as wide: apex round to retuse; base subcordate to round; margins entire
but with 3-4 pairs of glands or glandular teeth on lower half, mature leaves
glabrous and glossy on both sides, green and non-glaucous beneath, the
lowermost leaves with sparse, long trichomes beneath, venation prominently
reticulate and with 4-5 pairs of secondary veins, leaves may persist for 2-3
years but are more commonly deciduous each year: petioles 1.5-2 mm long.
reddish; stipules minute glandular lobes. Aments probably coetaneous or
serotinous, on shortfloriferous branchlets with 2-3 leaves. Staminate aments
unknown in the flora of North America. Pistillate aments about 3-5 mm long,
4-5-flowered. floriferous branchlets about 1.5 mm long; pistils about 2 mm
long. brownish and glabrous, capsules about 3.5 mm long: styles 0.2-0.4
mm long; stigmas 0.3-0.5 mm long, 4 linear lobes; stipes about 0.4 mm long,
glabrous or pubescent; nectaries 1, adaxial, about 0.8 mm long and about 2
times as long as stipe; bracts obovate, apex rounded to retuse, about 1.2 mrn
long, pale brown, sparsely pubescent adaxially, more or less glabrous abaxially.

Habitat Range

Tundra. Arctic: Known in Alaska only from St.
Paul Island; widely distributed in
northern US.S.R. from the Kola
Peninsula to the Chukotsk Peninsula
[Skvortsov 1966) and in Transbaika-
lia [Map 12).

Discussion

The Eurasian Salix nummularia has not previously been known to occur in
North America. | have seen three specimens from St. Paul Island [Cole, July
8-9. 1941, WIS. ISC and Johnston,June 14, 1925. NA) which compare very
favourably with S. nummularia from the U.S.S.R. and seem to represent that
species. This species is characterized by prominently reticulate leaves which
have several glandular teeth on the lower half of the blade, aments produced
by lateral buds and often elongate and trailing vegetative shoots. These
characteristics contrast with S. rotundifolia which has non-reticulate. entire
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Plate VII

Salix nummularia Anderss. Skvortsov 10589, 23 VIl 1964, Northern Urals. USSR.. GWA
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Map 12 Saiix nummularia. Circles based on Skvortsov. 1966

leaves, aments produced by subterminal buds and short vegetative shoots
(Table 4).

| am accepting the opinion of Skvortsov (1966) in treating S. tundricola as
a synonym of S. nummularia. The Love and Love (1961) combination of
these taxa which was accepted by Hulten (1968) was not accompanied by a
discussion and therefore cannot be evaluated.

10. SALIX PHLEBOPHYLLA Anderss.

S. phlebophylla Anderss. Ofvers. Vet. Akad. Forh. (Stockh.) 15: 131. 1858
S. anglorum Cham. Linnaea 6: 541. 1831

S. paleoneura Rydb. Bull. N.V. Bot. Gard. 1: 267. 1899. [Type: Murdock s.n.
GH).

Description of species

Dwarf shrubs forming compact mats up to 2 m in diameter, stems thick and

arising from a taprooted caudex, stems partly subterranean and rooting,
mostly aerial and clothed with persistent, skeletonized leaves: branches red-
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Plate VIII

Salix phlebophylla Anderss. Argus 5827
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dish brown, glossy and glabrous; branchlets glabrous, non-glaucous. Leaves
marcescent. narrowly obovate to broadly obovate or broadly elliptic, the
largest mature leaves 7-11-15 mm long, (2.5) 3-5-11 mm wide and 1.1-1.7-
2.3 (3.5) times as long as wide; apex obtuse, sometimes retuse, often con-
duplicate when pressed; base cuneate to broadly cuneate; margins entire,
often reddish and somewhat ciliate; the upper side of mature leaves glabrous
and glossy, the lower side sparsely pubescent with long, straight, caducous
trichomes, glossy and non-glaucous, the 3-4 or 5 secondary veins and some-
times the tertiary veins prominent on both sides; petioles 1.2-2.4-3.2 (4.8)
mm long, tawny and sparsely pubescent; stipules minute glandular lobes,
0.1-0.2-0.4 mm long. Aments coetaneous. borne on leafy, floriferous
branchlets. Staminate aments 1.3-2.5 cm long, floriferous branchlets 5-13
mm long; stamens 2, filaments 2.5-4 mm long, glabrous: anthers 0.3-0.5
mm long; nectaries 1, adaxial or 2, adaxial and abaxial, 0.4-0.6 mm long,
reddish or greenish. Pistillate aments 1.6-2.5 cm long, rachis pubescent and
bearing more than 25 flowers, floriferous branchlets 0.8-2.4 cm long; pistils
about 1.8 mm long, sericeous, with short, refractive trichomes, occasionally
pubescent only on beak or entirely glabrous, non-glaucous. capsules 2.9-4.8
mm long, reddish, sparsely sericeous or glabrescent; styles 0.3-1 mm long,
sometimes slightly bifid; stigmas 0.2-0.3 mm long, 2-lobed and broad; stipes
0.4-1.4 mm long, sparsely pubescent; nectaries 1, adaxial, 0.4-1 mm long,
shorter than or equal to stipe; bracts broadly oblong, apex rounded, 1-1.3
mm long, dark brown to black or bicolour, pubescent on both sides with long
straight or curly trichomes.

Habitat Range

Tundra, Arctic, alpine: St. Lawrence Island;
northern Alaska; northern Yukon;
Alaska Peninsula; mountains of cen-
tral Alaska; Alaska Range; to south-
eastern Yukon [Map 13).

Discussion

Salix phlebophylla is a dwarf, mat-forming shrub characterized by stems
bearing persistent, skeletonized leaves. Leaves may be persistent in other
species, such as S. rotundifoiia and S. planifolia ssp. pulchra, but they do
not become skeletonized as in S. phlebophylla. The many-flowered aments,
pubescent pistils and nectaries which are shorter than the stipes also distin-
guish this species from S. rotundifolia. See S. rotundifolia for a discussion of
hybridization and Tables 2 and 4 for a comparison with related and similar
species.
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Plate IX

Salix ovalifolia Trautv. (A} Variety arctolitoralis {Hult.)} Argus, Argus 5945, (B) Varlety ova-
litolia, Argus 5788, [C) Variety glacialis (Anderss.) Argus, Argus 5981, (D) Variety cyclophyiia
(Rydb.) Ball, Harms 5649
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Map 13 Salix phlebophylla. Circles based on Skvortsov. 1966

[la. SALIX OVALIFOLIA Trautv. var. OVALIFOLIA

Sovalifolia Trautv. Nouv. Mem. Soc. Nat. Mosc. 2: 3061832,

S. ovalifolia var. camdensis Schneid. Bot. Gaz. 66: 139. 1918. (Type: Johan-
sen 116. CAN].

S. flagellaris Hult. Sv. Bot. Tidskr. 34: 376. 1940. (Type: Walpole 1672, US)

Description of species

Dwarf trailing shrubs: branches long, slender and trailing sometimes up to
45 cm long, arising from a stout caudex with a strong taproot, yellow or
greenish brown, glabrous or rarely sparsely pubescent, glossy: branchlets
long and trailing, yellow brown or greenish brown, glabrous or sparsely
pubescent toward distal end becoming glabrescent, non-glaucous; the distal
2-3 buds vegetative, the others reproductive, buds glabrous or sparsely
pubescent, bud scales persistent at base of shoot. Leaves obovate, elliptic
or broadly elliptic, the largest mature leaves 1.3-1.8-2.8 cm long, 0.7-1.2-
18 cm wide and 1.1-1.6-2.2 times as long as broad; apex obtuse, acute or
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round; base round, subcordate or acute, inequiiaterial; margins entire, flat or
slightly revolute, reddish, often ciliate; immature leaves sparsely villous with
long straight trichomes, becoming glabrescent: the upper side of mature
leaves glabrescent and glossy, the venation prominently reticulate. the lower
side sparsely villous to glabrescent, glaucous, sometimes purplish. venation
reticulate; petioles 2-4-7 mm long, reddish or yellow, concave adaxiaily and
glabrous or sparsely ciliate; stipules minute glandular lobes, 0.2-0.6 (1.6)
mm long, the longer are narrowly elliptic prophylla sometimes with glandular
margins. Aments coetaneous. on leafy, floriferous branchlets. Staminate
aments 0.6-1.8 cm long, floriferous branchlets 0.3-1.2 cm long; stamens 2,
filaments 2-3.6 mm long, distinct and glabrous; anthers 0.3-0.5 (0.6) mm
long. Pistillate aments 0.9-1.5-2.8 cm long, floriferous branchlets 0.5-1.5-
25 cm long: pistils 2.5-4 mm long, dark purple, reddish or reddish brown,
glabrous and glaucous with about 11 per cent somewhat pubescent, cap-
sules 5.2-6.5 mm long, greenish or reddish brown, glabrous and glaucous;
styles 0.2-0.8 mm long; stigmas 0.3-0.6 mm long, 4-lobed: stipes 0.2-0.7-
1.4 mm long, glabrous or sometimes pubescent: nectaries 1, adaxial, rarely
2. adaxial and abaxial. 0.5-1-1.4 mm long, with two linear or several irregular
lobes, reddish, 1-3 times as long as stipe; bracts narrowly to broadly oblong,
apex rounded or rarely acute, 1.2-2 mm long, dark brown to blackish, some-
times bicolour and reddish at base, sparsely pubescent with straight or
curly trichomes.

Habitat

Usually at sea level on coastal beach
ridges: gravel spits; wet, Carex aqua-

tilis-Eriophorum meadows; saline
marshes; occasionally in upland
tundra.

Range

Arctic: Firth River, Yukon Territory;
westward along the coast to Alaska

Peninsula: Kodiak Island; Aleutian
Islands: Asia: Chukotsk Peninsula
[Map 14].

11b.SALIX OVALIFOLIA var. ARCTOLITORALIS [Hult.] Argus

S. ovalifolia var. arctolitoralis [Hult.) Argus, Can. J. Bot. 47: 795. 1969

S. arctolitoralis Hult. Sv. Bot. Tidskr. 34: 373. 1940.[Type: Anderson 4705,

us).

Description of variety

Differs from var. ovalifolia in leaves sometimes narrowly elliptic, the largest
mature leaves 2.5-4.6 cm long, 1-2.2 cm wide and 1.6-3.4 times as long as

wide;

petioles 4-16 mm long. Pistillate aments 2.2-5 cm long, floriferous

branchlets 1-4 cm long; pistils 5.2-9.6 mm long.

Habitat

Sea level; coastal beach ridges and
sand spits; tundra meadows: low
ridges near coast.
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Arctic: Northeastern Alaskan coast;
Unalakleet to Point Lay: northern
Yukon; Mackenzie Delta [Map 15).
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Map 14 Salix ovalifolia var. ovalifolia. Circles based on Skvortsov. 1968

11c. SALIX OVALIFOLIA var. CYCLOPHYLLA [Rydb.) Ball

S. ovalifolia var. cyclophylla [Rydb.] Ball, Proc. Nat. Acad. Sci. 21: 184.
1935.

S. cyclophylla Rydb. Bull. N.Y. Bot. Gard. 1: 274. 1899. (Type: Macoun
16645, NY).

S. rotundata Rydb. ex Macoun, Plants Pribilof Is., in D. Jordan, Fur Seals and
Fur-Seal Is. N. Pacific Ocean 3: 571. 1899, nom. nud., non Forbes 1829.

Description of variety

Differs from var. ovalifolia in leaves subcircular, apex round or retuse, the
largest mature leaves 1-1.5 times as long as wide, prominently reticulate
above; branches stout, not as conspicuously trailing.

Habitat Range

Sea level to ca. 100 ft on shores of Arctic: Bering Sea islands; Aleutian
lakes and lagoons; Empetrum tundra: Islands; from Rat Islands to Stepovak
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Map 15 Salix ovalifolia var. arctolitoralis

in moss on rocky pavement; mead- Bay. Alaska Peninsula [Map 16)
ows: beach ridges.

11d. SALIX OVALIFOLIA var. GLACIALIS IAnderss.] Argus

S. ovalifolia var. glacialis [Anderss.) Argus, Can. J. Bot. 47: 798. 1969
S. glacialis Anderss. Ofvers. Vet. Akad. Forh. [Stockh.) 15: 131. 1858.

Description of variety

Differs from var. ovalifolia in leaves sometimes ovate, the largest mature
leaves 8.5-14 mm long, 4.5-7-9 mm wide: mature leaves sparsely pubescent
to glabrescent on both sides: margins remaining ciliate: petioles 1.1-3.2 mm
long. Staminate aments 4-9 mm long and globose, floriferous branchlets 2-3
mm long. Pistillate aments 0.7-1.3 cm long and globose, floriferous branch-
lets 2-8 mm long: pistils pubescent or rarely glabrous, capsules 4.3-5.2 mm
long, non-glaucous, 85 per cent pubescent or at least partly so, 15 per cent

glabrous: stipes 0.2-0.8mm long.
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Map 16 Salix ovalifolia var. cyclophylla

Habitat Range

Coastal sandy-gravel spits. Arctic: Point Barrow: Meade River:
Topagoruk River: possibly Collinson
Point, Camden Bay [Map 17].

Discussion

Salix ovalifolia is characterized by a dwarf, trailing habit, glabrous and often
glaucous pistils, nectaries 1-3times as long as the stipes and styles 0208
mm long.

This species is closely related to S. stolonifera and with that species consti-
tutes an arctic-alpine complex occurring in coastal Alaska and Yukon. There
is a zone of overlap between these species from the Kenai Peninsula to Ko-
diak Island and King Cove, Alaska Peninsula, within which intergradation
may occur. However, the material available to me is inadequate to determine
whether or not the taxa hybridize and to what degree they intergrade. Be-
cause of this lack of information and because each of the taxa occupy differ-
ent kinds of habitats, | am treating them as species.

Salix ovalifolia consists of four varieties: 1) var. ovalifolia. 2) var. arcto-
litoralis, 3)var. cyclophylla. and 4) var. glacialis. Salix ovalifolia var. ovali-
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Map 17 Salix ovalifolia var. glacialis

folia is a wide-ranging taxon occurring throughout the range of the other
varieties. It generally occupies habitats close to the ocean and is character-
ized by long, trailing branches and branchlets bearing small, obovate to
elliptic or sometimes subcircular leaves and glabrous and glaucous pistils.

Salix ovalifolia var. arctolitoralis has a disjunct distribution in northwestern
Alaska and the Mackenzie Delta region. It is characterized by large, some-
times narrowly elliptic leaves, large aments, large floriferous branchlets and
large pistils. It is essentially a robust form of the species and, as suggested
by its disjunct distribution, may be simply an environmental modification.
However, because of its characteristic appearance | have recognized it as a
variety until the necessary study has been completed (Argus 1969).

Salix ovalifolia var. cyclophylla is a Bering Sea variant of the species
characterized by cubcircular. prominently reticulate leaves and branchlets
often not as long and trailing as in the other varieties. Hulten (1967) notes
that this taxon seems to occupy upland rather than coastal habitats and for
that reason he would treat it as a species. In general his observation seems to
be supported. However, | have seen specimens of this variety from "sea
level" and the occasional specimen of var. ovalifolia from upland situations.
This taxon seems to be insufficiently distinct morphologically to be treated
as a species.
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Salix ovalifolia var. glacialis is an unusual variant of the species with a
very limited distribution on the Arctic Coast of Alaska. The type material,
which | have not seen, was collected by Captain Pullen, "between Cape
Barrow and Mackenzie River" (Anderson 1858) and may have been col-
lected from the extensive Point Barrow population located on the sand spit
between the air strip and the old Eskimo village of Nuwuk. Andersson's
(1858) description depicts very well the distintive Point Barrow population
which is characterized by small, ovate leaves with ciliate margins, small
globose aments, short floriferous branchlets and usually pubescent pistils.
Point Barrow has been visited by many botanists and there are numerous
specimens of this taxon from the vicinity of Nuwuk. The overwhelming
number of specimens alone gives this taxon a disproportionate significance
and it may not even deserve varietal rank. However, it is a distintive local
variant which may prove to have some phytogeographic or evolutionary sig-
nificance and for that reason | have assigned it varietal status [Argus 1969).

Two of these varieties, the distinctive var. glacialis and the large var.
arctolitoralis, are quantitatively distinct from one another in reference to leaf
length, leaf width, leaf length/width. petiole length, floriferous branchlet
length and pistillate ament length [Fig. 2]. However, their range of variation
overlaps that of the other varieties and the species as a whole presents a
completely intergrading variation pattern. Pistil indumentum also varies
significantly Within the species. An analysis of pjstil indumentum in popula-
tion samples of var. ovalifolia and var. glacialis and in herbarium specimens
of var. arctolitoralis and var. cyclophyila is shown on the graph in Fig. 3.
Within the species, excluding var. glacialis, 60 per cent of the pistils are
glabrous and glaucous, 29 per cent glabrous and 11 per cent variously
pubescent. In var. glacialis pistil indumentum varies conversely. Within the
Point Barrow population 86 per cent of the pistils are pubescent, although
sometimes only sparsely so. and 14 per cent are glabrous.

Pistil indumentum in Salix has been assumed to be relatively invariable
and variation in pistil indumentum such as described here is often attributed
to hybridization. If we accept this assumption as an explanation of variation
in pistil pubescence in S. ovalifolia, an argument could be made for hybridi-
zation between: 1) the sympatric S. ovalifolia var. glacialis [pubescent
pistils) and S. rotundifolia [glabrous pistils). and 2) the glabrous-pistilled
varieties of S. ovalifolia and the pubescent-pistilled S. phlebophylla or S.
arctica. However, such a conclusion based on single character variation is
untenable unless it is supported by additional evidence of hybridization, such
as a reduction in fertility or a recombination of other characteristics. Only in
the case of several specimens of the putative hybrid S. arctica X ovalifolia
were other characteristics found to be recombined [see S. arctica and Table
6). It is therefore concluded that the variation in pistil indumentum described
here is the normal variational pattern for the species and not the result of
hybridization.

Hulten (1968) regards S. glacialis as the hybrid S. arctica X ovalifolia.
However, this assumption is unlikely since at Point Barrow, where glacialis
is most abundant, neither S. arctica nor "typical" S. ovalifolia occurs.
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Fig. 2 The variation of some morphological petiole length, [F] relative leaf shape
characteristics in Salix ovalifolia: [A] leaf [length/width). Code: glac = var. glacialis.

length, [B] pistillate ament length, [C] florif- arcto = var. arctolitoralis, cyclo = var. cyclo.
erous branchlet length, [D] leaf width, [E] phylla. Logarithmic scales used in A-E.

12. SALIX STOLONIFERA Cov.

S. stolonifera Cov. Proc. Wash. Acad. Sci. 3: 333. 1901. (Type. Walpole 1075,
us).

Description of species

Dwarf shrubs arising from a stout caudex, the short branches may trail on the
surface or if buried may spread underground rhizomatously: branches dark
reddish brown, glabrous and glossy, sometimes glaucous; branchlets greenish

72



Retusae Kern.

60
/
var. iali
giacialis P

=
o
£
= L
=2
a
o)
a
= -
-
=
©
Q
- r
©
o

101

glabrous glabrous partly pubescent

| & pubescent
glaucous

Pistil Indumentum
Fig. 3 The variation in pistil indumentum in Salix ovalifolia

or greenish brown, glabrous and glossy, sometimes glaucous; buds glabrous
and usually glaucous. Leaves broadly obovate or broadly elliptic, sometimes
elliptic or subcircular. the largest mature leaves 1.6-4.2 cm long, 1.2-3 (3.8)
cm wide and 1-1.5-1.9times as long as wide; apex round, obtuse or retuse,
more or less conduplicate when pressed; base round, obtuse or acute, some-
times inequilateral and more or less conduplicate when pressed; margins
entire Or with several irregularly spaced glands or glandular teeth on lower
half: the upper side of mature leaves glabrous or pubescent near margin,
glossy and plane or subreticulate. the lower side sparsely pubescent to
glabrescent, glaucous; petioles 3-9-20 mm long, tawny or reddish tawny,
concave adaxially ;and glabrous or ciliate; stipules usually small glandular
lobes 0.2-04-1.2 mm long, rarely absent or narrowly elliptic. Aments
coetaneous. on leafy, floriferous branchlets. Staminate aments 1.2-2 cm long,
floriferous branchlets 0.4-1 cm long; stamens 2, filaments about 4.5-4.8
mm long, glabrous, distinct; anthers 0.5-0.6 mm long. Pistillate aments
1.5-3-3.7 cm long in fruit, floriferous branchlets 0.8-25-6 cm long; pistils
456 mm long, greenish reddish brown or greenish yellow, glabrous or
the beak sparsely pubescent, glossy, sometimes glaucous: styles (0.6) 0.8-1.4-
16 mm long; stigmas 2-4-lobed, 0.2-0.6 mm long; stipes 0.2-0.6-0.8 mm long,



Plate X

Salix stolonifera Cov. Argus 6772
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glabrous, pubescent if pistil is so: nectaries 1, adaxial, 0.5-1.2 mm long, (0.8)
1.5-3 times stipe; bracts broadly oblong. apex rounded, 1.6-2 mm long, brown
to dark brown, sparsely pubescent to glabrescent, adaxially more or less

pubescent with long straight or curly trichomes usually 2 times as long as
bract.

Habitat Range

Tundra: slide rock; moraine; sandy Alpine: Southern coastal Alaska from
lake margins: to sea level. King Cove, Alaska Peninsula to Ko-
diak Island: Cape Peirce to the Kenai
Peninsula; southeastern Alaska and
adjacent British Columbia (Map 18).

Discussion

Salix stolonifera is characterized by long styles, 0.8-1.6 mm long, glaucous
branches and buds, and a tendency for buried branches to produce yellowish
underground shoots. Coville (1901) referred to these shoots as "stolons".
Inthe original description of S. stolonifera, he contrasted it with S. ovalifolia
emphasizing its characteristic "production of slender, leafless, subterranean
branches or stolons", and the absence of glaucescence on the capsules. The
presence of subterraneous branches is more or less characteristic of the
species but this condition seems to occur only in unstable habitats with an
aggrading ground surface. Many specimens of S. stolonifera from southern
coastal Alaska lack subterranean branches and have long branches trailing
on the surface similar to S. ovalifolia. The absence of capsule glaucescence is
superficially distinctive but | have seen some specimens of S. stolonifera
which have glaucous pistils, and in S. ovaiifolia about 30 per cent of the
specimens have non-glaucous pistils (Fig. 3). Clearly these taxa are closely
related and | have seriously considered combining the two as suggested by
Raup (1959); however, because of their distinctive eco-geographical distribu-
tion and in the absence of evidence of intergradation in the narrow zone of
overlap (Alaska Peninsula and Kodiak Island). | have decided to treat them
as species.

Some of the variation within Salix stolonifera may be attributable to hy.
bridization. 1 have collected specimens from two possible hybrid swarms
involving S. stolonifera, S. arctica and S. barclayi. The hybrid swarm in the
Glacier Bay area is located on a wet, unstable clay-gravel morainal slope
near Goose Cove, Muir Inlet. The open vegetation cover is dominated by
Dryas drummondiana and Salix with patches of Alnus incana and Salix
arctica. Many of the Salix, including S. stolonifera. S. barclayi, S. arctica.
S. sitchensis, S. commutata and S. reticulata, are prostrate or only up to
3 dm tall. In this area I collected a series of putative hybrids including S.
arctica X stolonifera and S. barclayi X stolonifera. The hybrids S. arctica
X stolonifera are distinguished by their more or |ess pubescent pistils,
narrowly obovate leaves which are often cuneate at the base. pubescent
beneath, and by their prominent stipules. The hybrids S. barclayi X stolo-
nifera are characterized by small leaves that are irregularly glandular ser-
rulate, some young leaves reddish green, and a prostrate habit. A second
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Map 18 Salix stolonifera

hybrid swarm is located on Mount Glave in northwestern British Columbia
on the Haines Highway between Alaska and the Yukon. The habitat is a
partly stabilized scree slope and adjacent alpine slopes are vegetated with
Empetrum nigrum, Phyllodoce, Potentilla fruticosa, Salix stolonifera, S. retic-
ulata, S. arctica and scattered S. planifolia ssp. pulchra thickets. In this
area there are some very robust specimens which 1 have tentatively deter-
mined as S. arctica X stolonifera. Salix stolonifera requires study first, to
determine its relationship with S. ovalifolia and secondly, to assess its
capacity to hybridize with other species in the mountains of southeastern
Alaska.

In 1969 Hulten stated that the occurrence of Salix stolonifera in the Kodiak
Island refugium [NNW of Amara Lake] contributes to the tendency toward
endemism which occurs in that area, and that this species may have survived
the Wisconsin glaciation in that refugium. It is probable that S. stolonifera
did survive the glaciation in the Pacific coastal region, but its present distri-
bution suggests that it may have survived in more than one refugium — at
least on the Kenai Peninsula [Heusser 1960) and in the regjon south of
Yakutat Bay. Its apparent absence between Yakutat Bay and the Kenai
Peninsula may be a collecting hiatus. However, if it is real, it would support
the hypothesis that this species survived the glaciation in more than one
refugium.
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The report of an isolated occurrence of S. stolonifera in central Alaska
(Hulten 1968. Map 19) is doubtful, and Hulten's material should be re-
examined.

13. SALIX SETCHELLIANA Ball

S. setchelliana Ball, Univ. Calif. Publ. Bot. 17: 410. 1934. [Type: Setchell
587, US).

S. aliena Flod. Sv. Vet. Akad. Ark. Bot. 27A: 1. 1935.

Description of species

Prostrate or semiprostrate shrubs up to 25 cm tall; branches grey brown
to reddish brown, bark loose and coriaceous, often grey lanate; branchlets
reddish, densely white lanate becoming grey lanate or glabrate. rarely red-
dish and glabrous from start. Leaves coriaceous, narrowly obovate, the largest
mature leaves 2.5-6.6 cm long, 1-2 cm wide and 2-3.9 times as long as
wide: apex round to obtuse or acute; base tapering into the short petiole or
sometimes acute; margins entire to glandular serrulate or irregular glandular
crenate; the upper side of mature leaves lemon green, glabrous, venation
impressed, the secondary veins tapering toward base, the lower side glabrous,
glaucescent or pale yellow green; petioles short 0-3 mm long, glabrous, red-
dish, sometimes glaucous. rarely inflated around buds, the branchlet below
the petiole glabrous and appearing to be a part of it; stipules absent or small
glandular lobes about 0.3 mm long. Aments coetaneous. on leafy, floriferous
branchlets. Staminate aments 1.3-2 cm long, floriferous branchlets 0.7-1.3
cm long; stamens 2, filaments 2.8-3.2 mm long, glabrous Or sparsely villous
at base; anthers 0.6-0.8 mm long, slender; nectaries 2, abaxial and adaxial,
about 0.6 mm long; bracts 2-28 mm long, greenish to golden brown,
glabrous. Pistillate aments 4-20-flowered. 1.5-2.5 cm long, floriferous branch-
lets 1-2 cm long; pistils 3.5-4.8 mm long, brick red, glabrous, capsules 3.6-
10 mm long, grey brown to brick red: styles 0.3-0.4 mm long, bifid to base;
stigmas 0.4-0.5 mm long; stipes 0-0.6 mm |ong, glabrous; nectaries 1,
adaxial. 0.8-1 mm long, equal to or up to 1.33 times as long as stipe; bracts
broadly obovate, apex rounded and erose or entire, 2-3.6 mm long, papery,
golden tawny, glabrous.

Habitat Range

Pioneer on sandy beaches, sandy- Montane: Alaska Range: Kuskokwim

gravel margins of glacial rivers, and River; upper Tanana River: Matanus-

on glacial moraine. ka River: Chitina River; southwestern
Yukon and adjacent coastal Alaska
[Map 19).
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Plate X

Salix setchelllana Ball. Anderson 8431 [top) and Murray 365 [bottom)
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1

Map 19 Salix setchelliana

Discussion

Salix setchelliana is a highly distinctive willow growing on unstable morainal
and alluvial surfaces associated with glacial streams. It is characterized by a
prostrate habit, branches with leathery, loose, reddish bark, usually lanate
branchlets, and coriaceous, lemon green leaves on very short petioles. The
pistils are brick red and almost completely surrounded by the golden tawny
bracts.

It is not closely related to any North American species but does seem to
have some affinities with the European S. retusa L. and is included here in
section Retusae.

The isolated locality for S. setchelfiana from the north slope of the Brooks
Range (Hulten 1968, Map 3) was probably based on Spetzman's (1959)
report of this species from the lltkillik River. | was unsuccessful in obtain-
ing documentation for this report from the University of Minnesota Herbarium
and it is possibly based on a misidentification.
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Plate XII

Salix arctica Pall. [A] Arctic coastal form, Argus 5914,
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Section 7. Glaucae Pax
14. SALIX ARCTICA Pall.

S. arctica Pall. Fl. Ross. 1: 86. 1788.

S. arctica R. Br. Bot. Ross Voy. App. 143. 1819, nom. nud. S. arctica R.
Br. ex Richards. Bot. App. in Frankl. J. 752. 1823.

S. angloruM Cham. Linnaea 6: 541. 1831, attempt to validate S. arctica R.
Br.. but type represents S. phlebophylla.

S. torulosa Trautv. Nouv. Mem. Soc. Nat. Mosc. 2: 309. 1832. S. arctica var.
torulosa Raup. Contr. Gray Herb. 185: 49. 1959. S. arctica ssp. torulosa
Hult. Ark. Bot. Il. 7: 38. 1967.

S. crassijulis Trautv. Nouv. Mem. Soc. Nat. Mosc. 2: 308. 1832. S. arctica
ssp. crassijulis A. Skvortsov. in Tolmatchev, Fl. Arct. URSS 5: 59. 1966. S.
arctica ssp. crassijolis Hult. Ark. Bot. II. 7: 38. 1967.

S. anglorurn var. kophophylla Schneid. Bot. Gaz. 66: 130. 1918. S. arctica
var. kophophylla Polunin. J. Bot. 77: 271. 1931.

S. anglorurn var. araioclada Schneid. Bot. Gaz. 66: 133. 1918. S. arctica var.
araioclada Raup, Sargentia 4: 100. 1943.

S. anglorurn var. arrtiplasta Schneid. Bot. Gaz. 66: 134. 1918. S. arctica var.
antiplasta Fern. Rhodora 48: 44. 1946.

Description of species

Dwarf shrubs, usually prostrate or trailing but sometimes up to 3-5 dm tall in
protected habitats; branches stout or long, slender and appressed, sometimes
rooting, chestnut brown to dark brown, glabrescent and sometimes glaucous;
branchlets yellow green to chestnut brown, glossy, glabrous or sparsely
pubescent with straggly trichomes, sometimes densely villous at first but
soon becoming glabrescent, sometimes glaucous. Leaves narrowly obovate to
elliptic (Arctic Ocean populations), subcircular to broadly elliptic or narrowly
obovate (Bering Sea populations), obovate to narrowly obovate or broadly
elliptic (Pacific Coast and interior populations). the largest mature leaves
1.9-45-76 cm long (Arctic Ocean and interior populations), 2.5-5-8.5 cm long
(Bering Sea and Pacific Coast populations). 0.7-1.8-3.4 cm wide (Arctic
Ocean and interior populations). 1.9-3-6 cm wide (Bering Sea and Pacific
Coast populations) and 1.4-2.4-35 times as long as wide (Arctic Ocean,
interior and Pacific Coast populations) or 1.1-1.5-2.3 times as long as wide
(Bering Sea populations); apex obtuse, round or acute in narrow leaves,
obtuse and conduplicate to round or retuse in broad leaves: base narrowly to
broadly cuneate or round in the broadest leaves; margins entire. slightly
revolute, often glandular dotted on the lower quarter of the blade; the upper
side of immature leaves glabrous or sparsely pubescent, the lower side
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pubescent with long straight trichomes oriented toward the apex: the upper
side of mature leaves usually glabrescent, indumentum may persist along
the margins and on the lower half of the midrib, glossy, the lower side
glabrescent, some long straight trichomes may persist near the apex pro-
ducing a "bearded" apex, glaucous: petioles (3) 9-15-35 mm long, the length
more or less correlated with leaf length, tawny or reddish (especially in some
Arctic Ocean and interior populations), adaxially usually concave and glabrous
to sparsely pubescent; stipules absent, minute glands or linear and up to 7-10
mm long. Aments coetaneous, on leafy, floriferous branchlets. Staminate
aments 2.2-5 cm long, floriferous branchlets 0.9-5.5 cm long: stamens 2, fila-
ments 4-5 mm long, glabrous and distinct: anthers 0.4-0.6-0.9 mm long (the
longest in the Aleutian Islands and central Pacific Coast populations]: nec-
taries 1, adaxial, sometimes also with a second, smaller abaxial nectary.
Pistillate aments 4-8-12 cm long, 1.5-5 cm long in Arctic Ocean populations,
floriferous branchlets (1) 3-8 (12) cm long: pistils reddish or tawny, densely
white pubescent, capsules 5.6-9 mm long, reddish or tawny, sometimes
streaked with red, sparsely pubescent or sometimes remaining densely pu-
bescent or becoming glabrescent, glossy: styles 0.6-2.2 mm long, entire or
bifid up to one third the length of style, red in life, drying purplish; stigmas
0.2-0.8 (1) mm long, 4 linear or 2 broad lobes; stipes 0.2-1.6 mm long, elon-
gating in age, pubescent: nectaries 1. adaxial, 0.4-1.8 mm long, usually 1.5-4
times as long as stipe, rarely equal to stipe: bracts broadly oblong, apex
rounded to obtuse or rarely acute, 1.6-2 mm long, uniformly brown or bicolour.
apex dark brown to black (light brown bracts common in Pacific Coast popu-
lationsl. sparsely pubescent on both sides with long straight trichomes 2-3
times as long as bract.

Habitat

Occurring in a wide variety of tundra
situations: Arctic: Carex aquatilis
meadows; Carex-Alopecurus mead-
ows: sandy Kobresia tundra: Eiymus-
Deschampsia vegetation on beach
ridges: Ernpetrum-lichen heath: snow-
bed vegetation: polygonal tundra. Al-
pine: glacial moraine: talus slopes;

Range

Arctic, alpine and subalpine: Through-
out arctic and alpine Alaska and
Yukon Territory: absent from the
forests in the Yukon-Tanana River
region and coastal Alaska: extending
eastward to Greenland: southward
in the cordillera to New Mexico: cir-
cumpolar (Map 20).

Salix-Phyllodoce tundra: Dryas tun-
dra: subalpine shrubby tundra.

Discussion

Salix arctica is characterized by a dwarf habit, elliptic to narrowly obovate
or subcircular leaves, usually sparsely pubescent beneath with long straight
trichomes producing a "beard" at the apex, coetaneous flowering, aments

on prominent floriferous branchlets, pubescent pistils, and nectaries longer
than the stipes.

This species is a taxonomically difficult circumpolar taxon-morphologi-

Ca_lly polymorphic, nomenclaturally confused and seriously in need of mono-
graphic study. It is not within the scope of this paper to conduct the critical
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Map 20 Salix arctica. C rcles based on Skvortsov. 1966

studies required to resolve the many problems; therefore, | will refer the
reader to the pertinent literature and restrict myself to a few brief comments
on variation and nomenclature. The synonymy cited here includes only the
more important names used in the literature dealing with Alaska and the
Yukon.

In Alaska and the Yukon Hulten recognizes three major geographical varia-
tions. In 1943 he treated them, tentatively, as species, S. arctica Pall., S. cras-
sijulis and S. torulosa,and in 1917 he reduced them to the rank of subspecies.
Every author who has commented on the taxa within Salix arctica has noted
that, although the extremes are distinctive, they appear to be confluent and
that, for the most part, only trends are evident. Therefore, even the recogni-
tion of these taxa as subspecies presents problems.

One of the most distinctive variants, S. arctica ssp. crassijulis, has its
centre of occurrence in the Bering Sea, the Aleutian Islands and the Pacific
coastal regions. It is characterized by a tendency toward large, subcircular
leaves, although they may vary from broadly elliptic to narrowly obovate,
long petioles and large fruiting pistillate aments. In short, it is a robust
variant of the species with leaves tending to be somewhat broader. | have had
an opportunity to make and to study population collections of this form in
southeastern Alaska. In the Glacier Bay region a population collection was
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made on the moraine of the Casement Glacier. While collecting specimens
along transect lines, | noted that the robust plants were all associated
with Alnus thickets whereas the small plants occurred on the open
moraine. It has been shown by Crocker and Major (1955) that Alnus crispa
has the ability to fix nitrogen in the soil, probably through the association of
nitrogen-fixing bacteria with its roots, and that nitrogen accumulates under

alder at the rate of 62 kg/ha/per annum (55 Ib./acre). Also, they showed
that thedevelopment of the soil nitrogen profile depends uponplant distribu-
tion, and it is possible to assume that there are higher nitrogen levels asso-
ciated with Alnus shrubs and lower levels in the open moraine. If this is so,
then it is possible that the more robust specimens of S. arctica are either
modified directly by the increased nitrogen levels or that such specimens are
able to grow only in nitrogen-rich soils. Several authors have suggested that
the smaller forms of the species are the product of more rigorous environ-
ments, but no one has proposed that the more vigorous forms may be the
product of more favourable environments. The possibility that the robust plants
may be the result of direct environmental modification certainly cannot be
ignored. Furthermore, the geographical integrity of this taxon is not as good
as it may first appear. Robust plants are most evident in western and southern
coastal Alaska but similar individuals occur in central Alaska. Porsild in 1951
reported this taxon from the Canol Road, Yukon, and Raup (1959) maintained
that var. arioclada in eastern North America could not be distinguished from
it. This preliminary evidence suggests that the taxon 'crassijulis™ may be
better recognized as a form rather than as a subspecies, but no new combi-
nation is proposed here.

The taxon S. torulosa, which is supposed to be the characteristic form of S.
arctica in central Alaska and the Yukon, is a very elusive one. It is character-
ized, according to Hulten (1943 and 1968). by light brown young twigs,
leaves narrower, acute, light green and more or less glabrescent in age,
styles 1-1.5 mm long and light brown, oblong or pointed bracts. In my ex-
perience it is virtually impossible to distinguish this taxon on the basis of
these characteristics, all of which occur outside central Alaska and the
Yukon in a wide variety of recombinations. For example, light brown bracts
are more common in Pacific coastal populations than in the central Alaska
populations and the variation in style length in central Alaska populations,
1-2 mm long, is exactly the same as occurs anywhere else. Itis possible that
S. torulosa occurs in central Siberia and Mongolia (Skvortsov 1966) but I
doubt that it occurs in North America. It is my impression from examining a
large series of specimens that the central Alaska population of S. arctica.
rather than forming a distinct geographical entity, recombines most of the
characteristics of the arctic Alaska, Bering Coast and Pacific coastal popu-
lations.

In 1959 Raup recognized five "poorly defined" varieties of Salix arctica
in western America, var. arctica, var. kophophylla. var. araioclada, var.
antiplasta and var. torulosa. For a key to these taxa which, "will do little
more than indicate trends" see Raup 1959, p. 50. This key is difficult to
use, reflecting the great and confluent variability within S. arctica.
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Those who wish to pursue this subject further will find the following ref-
erences required reading: Schneider 1918a; Hulten 1943, 1968; Ball 1950;
Raup 1959; Skvortsov 1966. There are a number of other, less important,
papers which are referred to by these authors. It is important to be aware
that none of these papers is monographic in its approach. In attempting to
solve problems as an adjunct to other, usually floristic, considerations,
the authors have often added as much to the confusion as to the elucida-
tion of the problems at hand.

A problem almost as difficult as recognizing the variation patterns within
S. arctica as taxa is to distinguish this species from its "relatives". In North
America and Eurasia S. arctica is related to S. glauca and S. sphenophylla
and in North America to S. brachycarpa. Salix arctophila. which many
American authors have related to S. arctica [see that species and Table 9),
is in reality related to S. chamissonis and only superficially resembles
S. arctica. The characteristics which can be used to distinguish S. arctica
from S. glauca and S. brachycarpa are few and often somewhat trivial
and variable. Nevertheless, these taxa are distinct species belonging to
the same section; Table 5 will aid in their identification. For a comparison
with S. sphenophylla see Table 6.

Hybridization involving S. arctica seems to occur very infrequently, if at all,
in Alaska and the Yukon. Skvortsov (1966) also comments that in arctic
U.S.S.R. hybrids involving this species are rare. In Flora of Alaska and
Yukon. Hulten (1943) recognized seven hybrid combinations involving S.
arctica s.l., most of which are very difficult to substantiate, and in 1968 he
cited ten taxa with which this species hybridizes. In my studies | have been
able to recognize three putative hybrids in our flora: 1) S. arctica X stoloni-
fera in the Glacier Bay and Haines regions of southeastern Alaska and ad-
jacent British Columbia, 2) S. arctica X ovalifolia in the Bering Sea regions,
and 3) S. arctica X glauca in northern Yukon [Map 1).All of these hybrids
are putative, and until the variation within the species is better understood,
it is very difficult to recognize hybridization.

The somatic chromosome number data for Salix arctica seem to suggest
the presence of two chromosomal races (Table 1):tetraploid inthe eastern
American arctic and hexaploid in Asia and the western American arctic
[Suda and Argus 1969). The pattern is disturbed by the report of a tetraploid
count from Ogotoruk Creek, Alaska [Johnson and Packer 1968). but further
cytological studies may reveal a differentiation pattern that could aid in the
solution of the taxonomic problems in this very difficult species.

15. SALIX SPHENOPHYLLA Skvortsov

S. sphenophylla A. Skvortsov. in Tolmatchev, Fl. Arct. URSS 5: 62. 1966.
S. cuneata Turcz. in Ledeb. Fl. Ross. 3: 623. 1850, non Nutt. 1842.

S. sphenophylla ssp. pseudotorulosa A. Skvortsov. in Tolmatchev. Fl. Arct.
URSS 5: 63. 1966.
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Plate XIII

Salix sphenophylla Skvortsov. Argus 5912
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Table 5 Comparison

table: Salix srctica. S. giauca and S. brachycarpa

Characteristics

arctica

glauca

brachycarpa

chromosome number

2n 76.114

2n76.95.114

2n 38

habit

dwarf shrubs up to
3-5dm tall, pros-
trate or trailing

erect shrubs 0.3-0.9
(4.5) mtall

erect shrubs 0.3-0.9
(2) m tall,sometimes
prostrate

style length

0.6-2.2 mm

0.5-1 mm

0.2-0.5 0r0.5-0.8
(2.5) mm

style colour

red in life

greenish in life

greenish in life

leaf pubescence

lower side pubescent
with long, straight tri-

chomes or glabrescent,
a "beard" remaining at

apex

lower surface villous
to villous-sericeous
or glabrescentwith
short trichomes

lower surface dense-
ly matted greyish
white trichomes to
glabrescent or
sparsely lanate or
villous-lanate

bract colour

usually black, some-

times brownish to light

brown

light brown to tawny

light brown to dark
brown or blackish

bract pubescence

long. straight trichomes.
2-3times length of bract

short, wavy trichomes

short. wavy or
straight trichomes

bract shape

broadly oblong, apex
rounded to obtuse,
rarely acute

ovate to narrowly
elliptic. apex acute to
obtuse

elliptic to broadly or
narrowly SO. apex
acute to obtuse

Table 6 Comparison table: Salix sphenophylla.

S. arctica and S. ovalifolia

Characteristics

sphenophylla

arctica

ovalifolia

branches

trailing and rooting

trailing and rooting
or erect

trailing but not
rooting

leaf base

mostly cuneate

cuneate to rounded

round to subcordate

to acute or acute
leaf surface dull above usually glossy above  glossy above
petiole length 4-14 (15) mm (3) 9-15-35mm 2-4-7mm
pistillate floriferous  2.5-4.5 (5) cm 3-8 (12) cm 0.5-1.5-2.5 cm
branchlet length
pistillate ament 2-45(6) cm 4-8-12 cm 0.9-15-2.8cm

length

pistil pubescence

glabrous or sparsely
pubescent on beak

densely white
pubescent

mostly glabrous
and glaucous

style length

0.6-1.8mm

0.6-2.2 mm

0.2-0.8 mm

Description of species

Dwarf shrubs, branches brownish, trailing and rooting, glaucous: branchlets
more or less ascending, greenish brown, glabrous, bud scale often persistent
at base. Leaves elliptic to narrowly or broadly so. the largest mature leaves
1.9-4.8 (6) cm long, 1-2 cm wide and 1.9-3times as long as wide; apex
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acute to obtuse or rounded; base cuneate to acute (rarely rounded) : margins
entire, sometimes ciliate: the upper side of mature leaves light green,
glabrous and dull, the lower side glabrous or sparsely pubescent with long,
caducous trichomes, glaucous, venation prominent; petioles 4-14 (15) mm
long, stipules minute lobes to 0.8 or sometimes 5.5 mm long. Aments
coetaneous. on leafy, floriferous branchlets. Staminate aments [unknown in
Alaska and the Yukon, description based on Siberian specimens) ca. 2.7-3
cm long, floriferous branchlets ca. 2.2-2.3 cm long, stamens 2, filaments ca.
45 mm long, glabrous, distinct; anthers (0.4) 0.5-0.6 mm long. Pistillate
aments 2-45 (6) cm long, floriferous branchlets 2.5-45 (5) cm long, sim-
ilar to vegetative shoots; pistils ca. 4 mm long, greenish, suffused with red,
glabrous or sparsely pubescent on the beak, capsules ca. 5-6 mm long,
glabrous or sparsely pubescent; styles 0.6-1.8 mm long, entire or partly
bifurcate: stigmas 0.4-0.6 mm long, four linear lobes, stipes 0.5-1.4 mm
long, glabrous or pubescent, nectaries 1, adaxial, 0.8-1.6 mm long, equal
to or up to 2 times stipe: bracts narrowly elliptic, dark brown to blackish,
sparsely pubescent on both sides, ca. 1.6-2 mm long.

Habitat Range

Polygonal tundra; Carex aquatilis Arctic: Little Diomede Island: Seward

fens: dry, rocky slopes covered with Peninsula: Barter Island: Nuvagapak

Dryas. Point; Cape Dalhousie. Northwest
Territories: Asia: Lake Baikal; Lena
River; eastward to Kamchatka and
the Chukotsk Peninsula [Map 21).

Discussion

Salix sphenophylla seems to be related to S. ovalifolia and S. arctica.
Skvortsov (1966) claims that it is not too closely related to S. arctica
but belongs to a group of Asian species including S. nakamurana Koidz. and
S. kurilensis Koidz. [S. longipetiolata Flod.). However, he does include it
in the same section as S. arctica and it is similar enough morphologically
so that he has described some specimens called S. torulosa by Hulten
(1943). included as part of S. arctica in this treatment, as S. sphenophylla
ssp. pseudotorulosa. According to Skvortsov, subspecies pseudotorulosa
occurs in eastern Siberia and Alaska and is characterized by very sparsely
pubescent pistils in contrast to the completely glabrous pistils of the species.
The Alaskan specimens that | have determined as S. sphenophylla vary in this
characteristic from specimens with completely glabrous pistils, to those with
sparsely pubescent pistils [Argus & Chunys 5912).to one in which most
pistils are glabrous but a few are very sparsely pubescent [Argus & Chunys
5848]. In view of this almost continuous variation, | have decided not to
recognize the Alaska material as the subspecies. Salix sphenophylla can be
distinguished from S. ovalifolia by a large number of characteristics [Table
6). but from S. arctica it is distinguishable only on the basis of its glabrous
or sparsely pubescent pistils, and its dull leaves. Other characteristics which
Skvortsov uses in his key, such as light yellow branches, the cuneate leaf
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Map 21 Salix sphenophylla. Circles based on Skvortsov, 1966
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base, the supposed absence of stipules and the shorter styles are too vari-
able within these taxa to be of diagnostic value. It is with some hesitation
that | recognize S. sphenophylla in the North American flora. and a case
could be made for considering it either as an extreme variant of S. arctica
or perhaps as the hybrid S. arctica X ovalifolia. However, it is relatively
distinctive and 1| include it here with the hope that it will stimulate further
consideration of this eastern Asian species in North America.

16a. SALIX BRACHYCARPA Nutt. ssp. BRACHYCARPA

S. brachycarpa Nutt:. N. Am. Sylva 1. 69. 1842. [Type col.: Nuttall s.n. GH).

S. desertorum P (var.) stricta Anderss. in DC. Prod. 16 (2): 281. 1868.
(Type: Bourgeau s.n. photo and frag. A). S. stricta Rydb. Bull. N.Y. Bot.

Gard. 1. 273. 1899.
S. desertorum y (var.) fruticulosa Anderss. in DC. Prod. 16 (21: 281. 1868.

S. brachycarpa var. glabellicarpa Schneid. Bot. Gaz. 66: 338. 1918. [Type:
Macoun 95374. CAN].
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S. brachycarpa var, sansonii Ball, Univ. Calif. Publ. Bot. 17: 414. 1934.
(Type: Sanson 119, Banff Nat. Pk.)

S. brachycarpa var. psammophila Raup, J. Arnold Arb. 17: 230. 1936.
(Type: Raup 6888, GH) .

Description of species

Shrubs erect, commonly 0.3-0.9 m tall, some up to 2-3 m tall; branches
stout, reddish brown. pubescent with persistent, greyish indumentum. some-
times glabrescent; branchlets densely white or grey villous-lanate. sometimes
sparsely pubescent with coarse trichomes. Leaves obovate to broadly or
narrowly elliptic to narrowly obovate, the largest mature leaves (1.2) 2.3-3
(4) cm long, 6-9-16 mm wide, (1.5) 2.8-3 (4) times as long as wide;
apex acute to obtuse; base rounded; margins entire; mature leaves pubescent
on both sides with densely matted greyish white trichomes, sometimes only
sparsely pubescent, glaucous beneath; petioles (0.5) 1-3 (4) mm long,
usually shorter than bud, often reddish; stipules less than 0.5-1.5 mm long,
broad, often obscured by the dense branchlet pubescence. Aments coeta-
neous. on leafy, floriferous branchlets. Staminate aments about 6-15 mm long,
short-cylindrical to globose; floriferous branchlets rarely more than 10 mm
long; stamens 2; filaments distinct or sometimes united at base, glabrous;
anthers about 0.4-0.5 mm long; nectaries 2, abaxial and adaxial. Pistil-
late aments 15-20 mm long, short-cylindrical to nearly globose; floriferous
branchlets 3-20 mm long; pistils densely white lanate. short-beaked, capsules
less pubescent, light brown; styles 0.5-0.8 (1.5) mm long; stigmas 2, 0.2-
0.3 mm long, each two-lobed; stipes usually absent or up to 0.25-0.5 mm
long, pubescent; nectaries 1, adaxial, often 0.5times as long as pistil; bracts
elliptic to broadly so. light brown, often greenish early in development,
pubescent on both sides with straight or curly trichomes.

Habitat Range

Alpine slopes; unstable limestone Montane, boreal: Southeastern Yu-
scree: Betula glandulosa-Carex-Salix kon; adjacent British Columbia and
fens: margins of alkaline or marly Northwest Territories; southward in
ponds and fens; unstable gravel mar- the cordillera to Utah and Colorado;
gins of streams and lakes. eastward in Subarctic Canada to Hud-
son Bay, James Bay, Ungava. and the
Gaspe Peninsula: across southern Al-
berta and Saskatchewan (Map 22).

16b. SALIX BRACHYCARPA ssp. NIPHOCLADA (Rydb.) Argus

S. brachycarpa ssp. niphoclada Argus, Contr. Gray Herb. 196: 119. 1965.
S. niphoclada Rydb. Bull. N.Y. Bot. Gard. 1: 272. 1899. [Type: Taylor
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Map 22 Salix brachycarpa ssp. brachycarpa

60, CAN). S. glauca ssp. niphoclada Wiggins. in Wiggins and Thomas,
Fl. Alaskan Arct. Slope 144. 1962.

?S. lingulata Anderss. in DC. Prodr. 16 (2): 281. 1868. (Type col.:
Kastalsky s.n. NY).

S. brachycarpa ssp. mexiae Ball, Univ. Calif. Publ. Bot. 17: 412. 1934.
(Type: Mexia 2131, A). S. niphoclada var. mexiae Hult. Ark. Bot. I 7: 41.
1967.

S. muriei Hult. FI. Alaska and Yukon 3: 531. 1943. (Type: Murie sRr. A).
S. niphoclada var. muriei Raup, Contr. Gray Herb. 185: 60. 1959.

Description of subspecies

Differs from ssp. brachycarpa in low shrubs, erect to prostrate, often
spreading, 0.3-1 (2) m tall; branches thin and flexible, reddish brown,
greyish or yellowish brown, sometimes with persistent pubescence. The
largest mature leaves (2.1) 2.5-3.2 (4.5 cm long, 7-11-15 mm wide and
(21) 2937 (55) times as long as wide; apex acute-attenuate; base
cuneate to rounded; margins entire or distantly glandular; immature leaves
sericeous with appressed trichomes, the upper side of mature leaves sparsely
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pubescent to glabrescent. the lower side sparsely lanate or villous-lanate.
glaucous, the margin sometimes ciliate; petioles reddish to yellowish; stipules
2 mm or less up to 4 mm long, sometimes prominent, narrowly ovate,
glandular on margin, pubescent. Staminate aments 1.6-3.7 cm long, narrowly
cylindrical; anthers about 0.3-0.5 mm long. Pistillate aments 2355 cm
long; slender, loosely flowered, capsules sparsely pubescent. light brown
sometimes greenish; styles 0.2-0.5 mm long, entire or bifurcate; nectaries
0.5-1.5-2 mm long, sometimes with lobes laterally as well as adaxially,
often longer than pistil; bracts elliptic to narrowly elliptic or oval, apex
rounded or emarginate. 1.5-2.8 mm long, tawny, greenish tawny or some-
times dark brown to blackish, pubescent on both sides with short trichomes
or glabrescent abaxially.

Habitat

Arctic: tundra; Salix thickets on
stream margins and in sandy blow
outs. Montane: dry alpine slopes: un-
stable limestone talus: glacial out-
wash; subalpine shrubby tundra.
Boreal: early successional stages on

Range

Arctic, montane, boreal: Central
Alaska; Alaska Range; arctic Alaska;
Alaska Peninsula; throughout Yukon
Territory to adjacent British Colum-
bia; Northwest Territories to Hudson
Bay (Map 23).

alluvial deposits and on margins of
semi-saline prairies

Discussion

Salix brachycarpa is characterized by a low shrubby habit, very short
petioles, 0.5-1-3 (4) mm long, subglobose (ssp. brachycarpa) or narrowly
cylindrical (ssp. niphoclada) aments. densely white lanate. almost sessile.
pistils, the stipes 0-0.5 mm long, and small anthers, 0.3-0.5 mm long.

This species is closely related to S. glauca and S. arctica from which it
may be distinguished by the characteristics in Tables 4 and 6. It is also re-
lated to the Eurasian S. reptans Rupr. and may eventually prove to be con-
specific with it. | have seen specimens of the latter species from eastern
Siberia (Gyda River and Vakutskaya) which have the short, subglobose
aments of typical ssp. brachycarpa and others with the slender aments of
ssp. niphoclada. However, there is wide variation within the specimens that
| have seen and | am unable at the present time to formulate a clear
concept of S. reptans. It is possible that the broad-leaved specimen that | have
named ssp. niphoclsda. such as: Johnson. et al. 215 (Argus 1965a, Figs. 54
and 55). 673 & 215A, from Ogotoruk Creek; Harbo 42, from Cold Bay;
Schofield 2274, from Naknek; and Scott 2023, from the Wrangell Moun-
tains, may be referred to that species. For discussion of the broad-leaved
variant of ssp. niphoclada, see Argus 1965a.

In 1965 | discussed the historical development of the concepts of the
relationships of niphoclada and presented reasons for combining it with S.
brachycarpa rather than with S. glauca as has been proposed by Hulten
(1943). Raup (1959) and Wiggins (Wiggins and Thomas 1962). | pointed out
that niphoclada differed from S. glauca in a number of important char-
acteristics including stipe length. style length, petiole length, anther length,
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Map 23 Salix brachycarpa Ssp. niphoclada

the shape of the proximal leaves on vegetative shoots and probably also in
chromosome number [based on stomata size]. Chromosome counts from
Cape Thompson, Alaska, indicate that ssp. niphoclada is diploid (2n = ca. 38.
Johnson and Packer 1968), supporting the indirect stomatal length data
[Argus 1965a]. It was also noted that it was very similar to S. prachycarpa
in all of these characteristics and that the two taxa seem to intergrade in
southern Yukon and northern British Columbia. Since that time | have been
able to collect additional specimens along the Alaska Highway in northern
British Columbia and | am convinced that there is a continuous intergrada-
tion between these taxa in that area. Ssp. brachycarpa differs from ssp. ni-
phoclada in ament shape, longer styles [Table 7] and in its coarsely
pubescent leaves.

The apparent intergradation that seems to exist between S. glauca and
S. brachycarpa ssp. niphoclada may be due to hybridization, which was
suspected to be relatively common in arctic Alaska and in the Alaska Range
[Map 11 as discussed by Argus [1965a), and to environmental modification,
which may produce robust forms of ssp. niphoclada resembling S. glauca.
Hybridization between these taxa needs to be verified.
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Table 7 Comparison table: Salix brachycarpa ssp. brachycarpa, ssp. niphoclada and S. glauca

Characteristics brachycarpa brachycarpa
ssp. brachycarpa ssp. niphoclada glauca
chromosome number 2n=38 2n=38 2n=(76,95). 114
petiole length (0.5) 1-3 (4) mm 1-3-4mm 2.5-5-15 mm
stipe length :absent 10.25-0.51mm [absent) 0.25.0.5mm 0.25-1-2 mm
anther length @ 0.4-05 mm 0.3-0.5 mm 0.5-0.8 mm
proximal leaves strap-shaped, apex strap-shaped, apex obovate to oblong,
on vegetative rounded to obtuse rounded to obtuse apex acute to
shoots obtuse
ament shape short-cylindrical to sub- narrowly cylindrical. cylindrical,
globose. densely flowered loosely flowered densely flowered
style length 0.5-0.8 (1.5)mm 0.2-0.5 mm 0.5-1 mm

17. SALIX GLAUCA L.*

S. glauca L. Sp. PI. 1019. 1753.

S. desertorum Richards. Bot. App. in Frankl. J. 753. 1823. S. glauca (ssp.)
S. desertorum Anderss.. Ofvers. Vet. Akad. Forh. (Stockh.) 15: 127. 1858.
S. glauca ssp. desertorum Hult. Fl. Alaska and Yukon 3: 527. 1943.

S. villosa Hook. Fl. Bor.-Am. 2: 144, 1838. S. glauca var. villosa Anderss.
Ofvers. Vet. Akad. Forh. (Stockh.) 15: 127. 1858. S. X glaucops a (var.)
villosa Anderss. in DC. Prodr. 16[2): 281. 1868.

S. villosa p [var.) acutifolia Hook. FI. Bor.-Am. 2: 144. 1838. S. glauca
var. acutifolia Schneid. Bot. Gaz. 66: 327. 1918. S. glauca ssp. acutifolia
Huit. Ark. Bot. II. 7: 40. 1967.

S. X glaucops [var). glabrescens Anderss. in DC. Prodr. 16 (2): 281.
1868. S. glauca var. glabrescens Schneid. Bot. Gaz. 66: 329. 1918.
S. glauca ssp. glabrescens Hult. Ark. Bot. 1l 7: 40. 1967.

S. glauca var. acutifolia f. poliophylla Schneid. Bot. Gaz. 67: 61. 1919.
S. glauca var. pol/iophy//a Raup. J. Arnold Arb. 17: 233. 1936 (as poliophila).

S. glauca var. alicea Ball. Univ. Calif. Publ. Bot. 17: 416. 1934.

S. glauca ssp. desertorum var. sericea Hult. Fl. Alaska and Yukon 3: 527.
1943.

S. glauca var. perstipula Raup, Sargentia 6. 154. 1947.

'See Argus 1965a for typification and further synonymy.
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Plate XV

Salix glauca L. (A) Beringia phase (var. glauca), Argus 6959, (B) Western phase (var. acu-
tifolia), Rouse 52. IC) Rocky Mountaln phase (var.illosa), Argus 5276
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Description of species

Erect shrubs 0.3-0.9 (4.5) m tall, sometimes prostrate; branches reddish
brown to greyish, epidermis often exfoliating, glabrate or variously pubescent,
sometimes glaucous; branchlets pubescent to white vilious. sometimes
glaucous. Leaves obovate, narrowly obovate or elliptic, the largest mature
leaves 2.4-6-10 cm long, 0.7-1.8-3.2 cm wide, 2-3-5.2 times as long as wide:
apex acute, acuminate or obtuse; base acute to acuminate or obtuse; margins
entire often glandular on lower portion of blade, sometimes revolute; the
upper side of mature leaves dark green, glossy, glabrescent or sometimes
villous, the lower side villous with short appressed trichomes to villous-
lanate or glabrescent; petioles 2.5-5-15 mm long, yellowish, pubescent or
glabrate; stipules narrowly ovate, apex attenuate to acute, minute to 1-7-17
mm long, margins glandular. Aments coetaneous. on leafy, floriferous branch-
lets. Staminate aments 1.6-2.5 cm long, floriferous branchlets 0.5-1.5cm
long, persistent after aments fall; stamens 2; filaments distinct or united at
base, glabrous or pubescent near base: anthers 0.5-0.6-0.8 mm long, reddish
in preanthesis. becoming brown; nectaries 2. abaxial and adaxial. Pistillate
aments 2.2-4-7 cm long, cylindrical, floriferous branchlets 1-3.5cm long:
pistils densely white lanate. capsules sparsely pubescent to glabrescent, light
brown, long-beaked, styles 0.5-1 mm |gng, entire or bifurcate: stigmas with
4 linear lobes sometimes as long as style; stipes 0.25-1-2 mm long, pubes-
cent: nectaries 1, adaxial 0.6-1.2 mm long, 0.4-2 times as long as stipe:
bracts ovate to narrowly elliptic, light brown to tawny, pubescent both sides
with short wavy trichomes, sometimes glabrate abaxially.

Salix glauca S.l. ranges in Eurasia from arctic Scandinavia to the Chukotsk
and Kamchatka Peninsulas. U.S.S.R.

Beringia Phase (var. glauca)
Habitat Range

Arctic tundra; commonly forming Arctic, alpine: Western Alaska Penin-

thickets on the edges of creeks and sula; Kodiak Island; Lake lliamna;

rivers, on sandy and gravel flood- east Cook Inlet; northward to the

plains, and on old beaches. Kuskokwin River; along the Bering
Sea Coast to the Seward Peninsula;
eastward along the Arctic Coast and
the Brooks Range (Map 24).

Western Phase (var. acutifolia)
Habitat Range

Common in Picea mariana muskegs, Boreal, montane: Central Alaska;
along drainage channels in P. glauca Alaska Range; Yukon Territory: east-
woods, and on river floodplains; sub- ward to Great Bear and Great Slave
arctic Salix-Betula glandulosa thick- Lakes: southward into northern Brit-
ets; alpine tundra. ish Columbia (Map 25).
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Map| 24 Salix glauca, Beringia phase Ivar. glauca). Circles based on Skvortsov, 1966, as
S. glauca

Rocky Mountain Phase (var. villosa)

Habitat Range

Along rivers and creeks; openings in Montane, Boreal: Rocky Mountains
spruce woods: thickets on subalpine from northern British Columbia and

slopes. adjacent Yukon Territory to Utah and
New Mexico; eastward to Hudson Bay
(Map 26).

Discussion

Salix glauca is a highly variable circumpolar taxon which, although subject
to repeated study (Schneider 1918b: Hulten 1943: Raup 1959; and Argus
1965a), is not completely understood. In 1965 | published a study of this
complex in which | concluded that it was advisable to treat the species in
a broad sense and to recognize four geographical variants in North America.
The decision to refer to these geographical variants by informal phase
names was based on three considerations. First, the taxonomic concept
of the geographical variants was based more on geography than on clearly
defined morphological differences: secondly, extensive intergradation oc-

98



Glaucae Pax

ettt !
L
Sty

Map 25 Salix glauca, Western phase (var. acutifolia)

curred in the areas of overlap of the ranges of the variants; and thirdly, speci-
mens which morphologically resemble each of the variants occurred within the
range of the other variants. The geographical variation of each of the phases
was described and problems which required special study were noted. Since
that time | have been involved in additional study; chromosome numbers have
been determined for the species in Alberta and Alaska (Suda and Argus
1968, 1969) and a study of S. athabascensis in Saskatchewan and the Yukon
has resulted in its separation from S. glauca but in its retention within the
S. glauca-complex (see S. athabascensis for discussion). However, this infor-
mation has not yet substantially aided in the solution of the problems of
classification, and the variation within the species and its relationships
remain obscure.

Skvortsov (1966) has independently arrived at a similar conclusion concern-
ing this species in arctic US.S.R. He notes that there is some geographical
correlation of characteristics in populations in Altai. Sayan, and Khanga
which usually bear small leaves with sparse pubescence, lack stipules, and
have short aments and floriferous branchlets. Whereas, in parts of the
Lena, Indigira and Kolyma Rivers the leaves are larger, more strongly
pubescent and have well developed stipules and longer aments. However, he
does not attempt to recognize these variants nomenclaturally. Within the cir-

99



Glaucae Pax

175

Map 26 Salix glauca, Rocky Mountain phase (var. villosa)

cumpolar extent of the species he suggests that there are four "races", one
in eastern North America and Greenland, a second in Eurasia and western
North America (west of Hudson Bay), a third beginning to be differentiated
in southern Siberia and a fourth in the Alps. He ascribes formal nomenclatural
recognition only to the latter which he recognizes as the species S. glauco-
sericea Floderus.

In Alaska and the Yukon | recognize three geographical phases: the
Beringia phase, which is very similar to the Scandinavian S. glauca and may
be named S. glauca L. var. glauca; the Western phase, which may be named
S. glauca var. acutifolia (Anderss.) Schneider; and the Rocky Mountain phase,
which may be named S. glauca var. villosa (Hook.) Andersson. For those who
may wish to recognize the geographical variants as informal units or as formal
taxa | have provided a key to the phases and maps depicting their approx-
imate distribution. The synonyms listed here include only important names
used in reference to the flora of Alaska and the Yukon; for a more complete
synonymy see Argus 1965a.

Key to the major variants of Salix glauca in Alaska and the Yukon.
la. Shrubs (0.3) 0.9-1.2 (3 m tall: leaves 2.4.4 (5) cm long, elliptic to

obovate, 1.6-3 times as long as wide: stipules minute to 2-6mm long,

100



Glaucae Pax

generally inconspicuous: pistillate aments 2-4 cm long. Rocky Mountain
phase (var. villosa) .
1b. Shrubs prostrate to 45 m tall; leaves 4-10 cm long, obovate to nar-
rowly obovate, 2.8-4 times as long as wide; stipules 4-10 (17) mm long,
prominent; pistillate aments 3.5-7cm long.
2a. Shrubs 0.9-2.1 up to 45 m tail; leaves dark green and glabrescent
above, villous-lanate or sometimes glabrescent beneath; petioles 3-7-16
mm long; stipules very prominent; branchlets villous to pubescent;
pistillate aments stout, long-cylindrical; bracts light brown to tawny.
Western phase (var.acutifolia).
2b. Shrubs prostrate to 0.3-0.9 m tall; leaves light green above. pubescent
on both sides, becoming glabrescent above, never villous-lanate
beneath; petioles 2-5-10 mm long: stipules variable; branchlets dense-
ly villous, internodes usually short; pistillate aments shorter, narrowly
cylindrical; bracts often dark brown. Beringia phase (var. glauca).

Salix glauca is characterized by pubescent branchlets and leaves, the usual
occurrence of prominent, narrowly elliptic stipules, densely white lanate
pistils borne on distinct stipes, and bracts usually tawny but sometimes
brownish. It is related to S. athabascensis. S. brachycarpa and S. arctica (see
those species for comments and Tables 5 and 7). It is also related to the
Eurasian S. reptans. and to the European S. glaucosericea Flod., S. pyrenaica
Gouan, and S. stipulifera Flod. ex Hayren.

The Beringia phase (var. glauca) is characterized by densely villous branch-
lets with short internodes, leaves villous to pubescent on both sides, short
petioles and stipules usually exceeding the petioles, densely lanate pistils on
short stipes and bracts tending to be brownish rather than tawny.

The Western phase (var. acutifolia) is characterized by large leaves often
with a distinctive villous-lanate pubescence beneath and glabrescent to
sparsely pubescent above, long petioles and prominent narrowly elliptic
stipules. The aments are large and the pistils are borne ON prominent stipes.
There are some glabrescent forms which are included within this phase.

The Rocky Mountain phase [var. villosa) is characterized by a tendency
toward more glabrescent leaves, less prominent stipules and smaller leaves
and aments. It intergrades with the Western phase in southern Yukon and
northern British Columbia and individuals are often very difficult to assign
to one phase or the other on morphological grounds.

There are seven authentic chromosome counts for the North American
Salix glauca (Suda and Argus 1968, 1969; Johnson and Packer 1968). Three
of the counts based on specimens from Alberta representing the Rocky
Mountain phase are hexaploid (2n = 114); three counts based on specimens
from Umiat. Alaska, representing the Western phase, include tetraploid.
pentaploid and hexaploid levels @1 =76, 95 and 114): and one count
representing the Beringia phase from Ogotoruk Creek, Alaska, is tetraploid.
This evidence suggests that the North American S. glauca is basically hexa-
ploid in contrast to the octoploid levels reported for European specimens
[Holmberg 1931; Wilkinson 1944; Love and Love 1948). This evidence may
eventually provide a basis for segregating the North American and Euro-
pean members into two major taxa; but in view of the intrapopulation
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Plate XVI

Salix athabascensis Raup. Population sample Argus 5054
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variation in chromosome number for the Western phase and the tetraploid
count for the Beringia phase, many more counts are needed before this
apparent difference can be evaluated.

Within Alaska and the Yukon Salix glauca is suspected to hybridize with
S. arctica and with S. brachycarpa ssp. niphoclada. In arctic Alaska the latter
cross is reportedly common [Argus 1965a), but this conclusion was based on
a subjective analysis of morphological intermediacy and character recombina-
tion, and therefore requires corroboration from other kinds of data. It could
be speculated that the three ploidal levels reported for the Umiat material
are the result of hybridization and backcrossing with S. brachycarpa ssp. ni-
phoclada. If the basic number of S. glauca is 2n = 114 then hybridization
with ssp. niphoclada. which is thought to be diploid [2n = 38], could yield F,
tetraploids and backcross pentaploids. However, the tetraploid and pentaploid
specimens (Suda 271-66, 274-66 and 277-66, SASK) show no morphological
signs of hybridization and do not support such a hypothesis.

18. SALIX ATHABASCENSIS Raup

S. athabascensis Raup, Rhodora 32: 111. 1930. (Type: Raup 8129, CAN).

S. pedicellaris Pursh var. athabascensis Boivin. Phytologia 15: 411. 1967.
S. glauca L. [ferruginous form) Argus, Contr. Gray Herb. 196: 85. 1965.

S. fallax Raup, Contr. Arnold Arb. 6; 149. 1934. [Type: Raup 4312, A)

Description of species

Shrubs 0.6-0.9-1.3 rn tall; branches grey brown, epidermis exfoliating; branch-
lets reddish brown, glossy, densely or sparsely pubescent with short tri-
chomes curved toward the stem, becoming glabrescent. Leaves narrowly
elliptic to elliptic or narrowly obovate, the largest mature leaves 1.7-3.7-5
cm long, 0.8-1.3-18 cm wide, 2-3.2times as long as wide; apex acute or
more or less acuminate; base round or acute, often inequilateral; margins
entire, often glandular on lower portion of blade or indistinctly and distantly
glandular serrulate, flat or slightly revolute; the upper side of immature
leaves usually villous or sericeous with mixed white and ferruginous tri-
chomes, often rugulose; the upper side of mature leaves glabrescent. ferru-
ginous trichomes sometimes persistent on midrib, glossy and reticulate, the
lower side glabrescent but with some appressed white and ferruginous tri-
chomes persistent for some time, glaucous; petioles 3-5-10 mm long, tawny
or reddish, villous or puberulent adaxially; stipules glandular lobes, minute
to 0.2-0.5 mm long. Aments coetaneous. on leafy, floriferous branchlets.
Staminate aments 5-9 mm long, floriferous branchlets 2-3 mm long, per-
sistent after aments fall; stamens 2, filaments distinct, pubescent on lower
half; anthers 0.4-0.6 mm long, nectaries 2, abaxial and adaxial. Pistillate
aments 1.2-3.7 cm long, loosely flowered, especially in fruit, floriferous
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Map 27 Salix athabascensis

branchlets 0.2-1.5 cm long; pistils 1.8-2 mm long, greenish or tawny, densely
sericeous with white or sometimes with white and ferruginous trichomes,
capsules 5.6-7.2 mm long, tawny, reddish or greenish, sparsely sericeous
to glabrescent; styles 0.5-1 mm long, partly bifid; stigmas 0.2-0.5mm long,
4 linear lobes; stipes 0.8-1.2 mm long, pubescent; nectaries 1, adaxial,
sometimes 2-lobed. 0.4-0.8 mm long, usually 05 times as long as stipe;
bracts ovate, apex rounded, 1-1.6 mm long, tawny, sometimes bicolour and
brown at apex, pubescent on both sides or glabrescent abaxially.

Habitat Range

Carex-Salix-Betula glandulosa fens; Boreal: Central Alaska along the
Picea mariana muskegs and bogs. Tanana River; southern Yukon and
adjacent British Columbia: Northwest
Territories to Hudson Bay (Map 27).

Discussion

Salix athabascensis is characterized by glabrescent, narrowly elliptic leaves
usually sparsely pubescent with appressed white and ferruginous trichomes,
loosely flowered aments, grey sericeous pistils sometimes with ferruginous
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Table 8 Comparison table: Salix athabascensis and S. pedicellaris

Characteristics athabascensis oediceiiaris

pistils pubscent glabrous

style length 0.5-1 mm 0.10.2 rnm
branchlet short, curved trichomes very minute, straight
pubescence trichomes

leaves sparsely sericeous with white glabrous

and furruginous trichomes

and white trichomes, long stipes (0.8-1.2 mm long) and short nectaries. it is
morphologically similar to S. pedicellaris from which it may be distinguished
by the characteristics in Table 8.

In 1965 | incorrectly treated this species as a "form™" of S. glauca (Argus
1965a) and attributed some sterile intermediates to hybridization between
S. glauca (or S. planifolia or S. discolor) and S. pedicellaris. My 1965
opinion concerning the relationship of S. athabascensis and S. glauca was
based on experience at Churchill, Manitoba. In this area S. glauca occurs in
the tundra on the outcrop ridge and in streamside Salix thickets, whereas
S. athabascensis occupies river floodplains, Picea mariana muskegs and
forests, and also occurs occasionally in the tundra and in Salix thickets.
The distinction between these taxa in central Canada is very tenuous and
is based on the sparser leaf, branchlet and pistil pubescence of S. athabas-
censis and the characteristic occurrence of ferruginous trichomes on its
leaves and sometimes on its pistils. Since that time new information has
been obtained leading to reconsideration of this taxon. I am now of the opin-
ion that it is best treated as a species related to S. glauca and hybridizing
with S. pedicellaris.

Hybridization between S. athabascensis and S. pedicellaris is suspected to
be relatively common in central Canada, and hybrid swarms have been studied
in Saskatchewan and southern Yukon (Map 2). Apparent Fl's. which are
usually infertile and have a high percentage of aborted and unfilled pol-
len grains, may be distinguished by their sparsely pubescent pistils (often
with patches or streaks of pubescence), undeveloped ovaries, short styles,
sparsely pubescent branchlets and subcoriaceous leaves. A preliminary com-
parative chromatographic analysis of leaf pigments [Argus, unpublished]
supports a hypothesis of hybridization between these species, and further
study is in progress.

Chromosome counts indicate that S. athabascensis and S. pedicellaris
are both tetraploid, 2n = 76 (Suda and Argus 1969; Love and Ritchie 19661
and that hybrids between these taxa, although sterile, are also tetraploid
(Suda and Argus 1968). The three chromosome numbers reported for
S. glauca from Churchill, Manitoba (Argus 1965a) were based on speci-
mens of S. athabascensis growing on the floodplain of the Churchill River,
and should be referred to that species. The three specimens counted exhib-
ited three ploidal levels, 2n = ca. 76 [Argus 15s);2n = 95 (Argus 517-58)
and 2n =ca. 114 [Argus 26s). The tetraploid level is now thought to repre-
sent the general ploidal level for this species; the pentaploid and hexaploid
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Salix chamissonis Anderss. Suvorova s.n., 12 VIl 1962, Leninogorsk, Eastern Altai. U.S.S.R..
GWA
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levels may be the product of hybridization and backcrossing with the hexa-
ploid S. glauca, or of autoploidy within S. athabascensis.

Section 8. Myrtosalix Kern.
19. SALIX CHAMISSONIS Anderss.

S. chamissonis Anderss. in DC. Prod. 16 (2): 290. 1868.

S. rectijulis Ledeb, ex Trautv. Nouv. Mem. Soc. Nat. Mosc. 2. 313. 1832.
p.m.p. (quoad pl. ex. Ins. Sti. Laurentii).

Description of species

Prostrate, usually trailing shrubs; branches long, trailing on ground, aments
and some vegetative branchlets arising at right angles to branch, reddish
brown; branchlets yellow green, glabrous or sparsely pubescent with curly
trichomes, becoming glabrescent. Leaves obovate to elliptic-obovate, the
largest mature leaves 3-5 cm long, 1.7-3 cm wide and (1.1) 1.6-1.9 (2.1)
times as long as wide: apex obtuse to round or retuse, rarely acute, some-
times conduplicate when pressed; base cuneate; margins prominently and
uniformly glandular serrulate; the upper side of mature leaves glabrous and
semi-glossy, sometimes drying black, the lower side glabrous or with cadu-
cous trichomes, thinly glaucous; petioles 5-13 mm long; stipules narrowly
elliptic, 2.8-9 mm long, glandular serrulate. Aments coetaneous, on leafy,
floriferous branchlets. Staminate aments 2.2-3.2 cm long, floriferous branch-
lets 1.3-2.2 cm long: stamens 2, filaments about 7 mm long, glabrous; an-
thers 0.5-0.6nm long, reddish; nectaries 1, adaxial, about 0.8 mm long. Pis-
tillate aments 3-6 cm long, rachis sparsely pubescent, branchlets 1.5-4 cm
long: pistils 2.4-4.8 mm long, greenish red with reddish sutures, pubescent
all over, rarely glabrous, pubescent in strips or in patches at the base and
apex, indumentum of flat, crinkled, refractive trichomes, capsules 5-7 mm
long, bronze or greenish bronze with red sutures, generally glabrescent but
beak remaining sparsely pubescent; styles 0.8-1.2 mm long, reddish, drying
dark purple, sometimes bifid: stigmas about 0.4 mm long; stipes 0.2-0.4 mm
long, pubescent; nectaries 1, adaxial, 0.3-0.6 mm long, dark red, equal to or
slightly exceeding stipe: bracts ovate, apex obtuse to rounded, 1.2-2.8 mm
long, black to dark brown, pubescent on both sides, trichomes 2 times length
of bract.

Habitat Range

Tundra. Arctic, alpine: Attu lIsland: St. Law-
rence Island; Seward Peninsula; Arc-
tic slope; Brooks Range; southward
to Wiseman and Twelvemile Summit;
eastward to Richardson Mountains,
northern Yukon, and adjacent North-
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Plate XVIII

Salix arctophila Cock. ex Heller. Argus 142-58
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west Territories; Asia: eastern Sibe-
ria along the northern shores of the
Sea of Okhotsk; Kamchatka Penin-
sula; Commanders lIslands; Chukotsk
Peninsula (Map 28).

Discussion

Salix chamissonis is wide ranging but infrequent in arctic and alpine tundra.
It forms relatively large disjunct populations on Twelvemile Summit and
Eagle Summit and is only known to occur elsewhere in central Alaska in the
Kokrines Range.

This species is closely related to the European S. myrsinites L., the Eura-
sian S. saxatilis Turcz. (S. fumosa Turcz.] and the eastern American S. arc-
tophila Cock. All four species have the characteristic pistil pubescence con.
sisting of crinkled, refractive trichomes and more or less glandular serrulate
leaf margins. S. chamissonis differs from S. myrsinites in having obovate
leaves that are glaucous beneath, and shorter petioles. It differs from S.
arctophila in its prominently and uniformly glandular serrulate leaf and stip
ule margins.

20. SALIX ARCTOPHILA Cock. ex Heller

S. arctophila Cock. ex Heller. Cat. N. Amer. Pl. (ed. 3) 89. 1910.

Description of species

Dwarf shrubs, decumbent and often trailing; branches long, slender and
chestnut brown or greenish brown; branchlets long, slender, usually yellow
green and glabrous, rarely slightly glaucous. Leaves broadly elliptic or obo-
vate, sometimes narrowly elliptic, the largest mature leaves 1.7-3.7 cm long,
0.7-1.6 cm wide, 1.3-1.8 (4.3) times as long as wide; apex obtuse, round or
sometimes acute; base obtuse, acute or cuneate: margins entire with minute
glands or minutely glandular serrulate, rarely eglandular; immature leaves
glabrous or very sparsely pubescent beneath; the upper side of mature leaves
glabrous, glossy and yellow green, the lower side glabrous, plane and glau-
cous: petioles 3-13 mm long, yellow green; stipules absent or 0.4-4 mm
long, glabrous, margins glandular. Aments coetaneous. on erect, leafy, flori-
ferous branchlets. Staminate aments about 2-5 cm long, floriferous branch-
lets 0.8-2cm long; stamens 2, filaments 6-7 rnm long, glabrous and purplish:
anthers 0.5-0.6 mm long. Pistillate aments 2.1-6 cm long, floriferous branch-
lets erect, 1.5-5.3 tom long; pistils 3-4 mm long, sparsely and uniformly
pubescent with short, flat, crinkled, refractive trichomes, reddish purple,
capsules 5-6 mm long, glossy; styles 0.6-1 rnm long, usually entire but some-
times bifid, red in life, drying purple; stigmas 0.2-0.4 mm long, each bifid;
stipes 0.8-1.2 mm long, pubescent; nectaries 1, adaxial, 0.5-0.9 mm long,
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Map 28 Salix chamissonis. Circles based on Skvortsov, 1966

05-066 times as long as stipe; bracts broadly oblong, apex rounded. 0.8-
16 mm long, distinct, usually purplish red or black, pubescent with long
straight trichomes.

Habitat Range

Wet tundra Arctic: Arctic Ocean Coast from Bul-
len, Alaska, to the Mackenzie River
Delta; eastern Brooks Range; Yukon
Territory; Canadian Arctic; Green-
land; northern Saskatchewan; Chur-
chill, Manitoba (Map 29).

Discussion

Salix arctophila is an eastern Canadian Arctic species which has been infre-
quently collected in Alaska and the Yukon. It enters eastern Alaska and
extends westward to Bullen on the Arctic Coast and to Jago Lake in the
Brooks Range. The citation by Hulten (1943) of a specimen from Nome
(Jones 9042) is incorrect and was based on a misidentification. Most North
American authors (Raup 1959; Argus 1966) have related this species to S.
arctica, and Drury (1962) implied that they are conspecific. However, Skvort-
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Table 9 Comparison table: Salix arctophila and S. arctica

Characteristics

arctophila

arctica

branchlets slender. trailing, yellow usually stout and not
green and glabrous conspicuously trailing,
brownish, sparsely pubescent
leaf margins glandular serrulate entire or glandular

on the lower half

dotted on the lower quarter

leaf pubescence

glabrous

pubescent, at least beneath,
with long. straight trichomes

pistil trichomes

flat, crinkled and
refractive

cylindrical. straight or
curly. non-refractive

nectary length

05066 times stipe

1.5-4 times stipe

sov's view (1966) that its relationship is with S. chamissonis and S. myrsi-
nites. not with S. arctica, is the most tenable and S. arctophila could con-
ceivably be treated as a geographical race of s.chamissonis. Saiix arctophila

is morphologically similar to S. arctica. and vegetative specimens are partic-
ularly difficult to distinguish [Table 9].
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Plate XIX

Salix fuscescens Anderss. Argus 5871 (left) and Welsh 8178 (right)
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Section 9. Myrtilloides Koehne
21. SALIX FUSCESCENS Anderss.

S. fuscescens Anderss. Kg. Sv. Vet. Akad. Handl. 6: 97. 1867.
S. arbutifolia auct. non Pall. 1788.

S. fuscescens var. reducta Ball. Proc. Nat. Acad. Sci. 21: 183. 1935. (Type:
Coville & Kearney 20879, US).

Description of species

Low, trailing shrubs spreading from a central caudex; branches yellow brown
and rooting, aments arising at right angles; branchlets reddish brown, green-
ish brown or yellowish brown early in season, glabrous. Leaves obovate to
elliptic, the largest mature leaves (1.4) 1.7-2.7 (3.7) cm long, 0.7-2.1 cm
wide and (1.4) 15-2.3 (2.5) times as long as wide; apex round or obtuse,
rarely retuse: base obtuse to round, acute or rarely cuneate; margins entire,
glandular crenate or glandular serrulate on lower half, occasionally glan-
dular crenate all around, usually revolute: immature leaves glabrous, the
proximal leaves rarely sparsely pubescent with caducous, ferruginous tri-
chomes; the upper side of mature leaves glabrous, glossy and bright green,
the veins raised and prominent or sometimes pale green, the lower side
glabrous, glaucous or pale green; petioles 2-5.6 (6.4) mm long, pale reddish
yellow, stipules absent or minute. Aments coetaneous, on long, leafy, florif-
erous branchlets. Staminate aments 0.8-1.3 cm long, rachis pubescent, florif-
erous branchlets 0.3-2.2 cm long; stamens 2, filaments 3.5-4 mm long,
glabrous; anthers 0.3-0.4 mm long; nectaries 1, adaxial, 0.6-0.7 mm long,
yellowish. Pistillate aments 1.5-6 cm long, sparsely flowered at proximal end,
floriferous branchlets 1.0-4.5 cm long; pistils 4.4-5 mm long, long-beaked,
dark reddish brown, usually sparsely pubescent with short ferruginous tri-
chomes or densely white sericeous, rarely glabrescent, capsules 5.5-8 mm
long, tawny to reddish or greenish and streaked with red, often sparsely
pubescent with appressed, ferruginous trichomes, sometimes glabrescent;
styles 0.1-0.4 mm long, sometimes bifid; stigmas 0.2-0.4nm long, 4-lobed:
stipes 0.8-2.5 mm long, pubescent or glabrescent; nectaries 1, adaxial, 0.4-
0.6 mm long, 0.5-0.66 times as long as stipe; bracts oblong, apex rounded,
0.8-1.6 mm long, bicolour, apex dark brown and base tawny becoming uni-
formly brown, rarely completely tawny, pubescent on both sides with tri-
chomes longer than bract.

Habitat Range

Trailing in moss in wet tundra includ- Arctic, boreal: Throughout Alaska,

ing Eriophorurn-Arctagrostis tussock
tundra, Eriophoronr-Carex meadows,
and polygonal tundra; also occurring
in dry tundra and in Picea rnariana

muskegs.

except the Aleutian Islands and the
southeastern coast of Alaska; north-
ern half of Yukon Territory; North-
west Territories from the Mackenzie
Delta; southward to northern Mani-
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Plate XX

Salix pedicellaris Pursh. Argus 5054C
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toba; Asia: eastern Asia from the
Lena River to Chukotsk Peninsula;
Kamchatka; the region around
Okhotsk (Skvortsov 1966, Map 22)
(Map 301.

Discussion

Salix fuscescens is characterized by glabrous, obovate leaves, usually nar-
rowed toward the base and with several glandular serrulations on the lower
half, glossy above and glaucous beneath; pistillate aments loosely florewed,
pistils dark reddish brown and sparsely pubescent with short ferruginous
trichomes. This species is related to S. pedicellaris and S. myrtilloides from
which it can be distinguished by its pubescent pistils and broader leaves.

The type of the name S. arbutifolia has been shown by Skvortsov (19571
to be the genus Chosenia, not Salix. and the new combination Chosenia
arbutifolia (Pall.) Skvortsov was made. Although the type specimen is only
vegetative, Skvortsov maintains that the identification of it as Chosenia is
unequivocal and | have accepted his opinion. This, however, necessitates
replacing the name S. arbutifolia, which has been widely used in the North
American literature, with S. fuscescens.

22. SALIX PEDICELLARIS Pursh

S. pedicellaris Pursh. FIl. Am. Sept. 2: 611. 1814.

S. myrtilloides L. (ssp.) S. pedicellaris Anderss. Kg. Sv. Vet. Akad. Handl. 6:
96. 1867. S. myrtilloides p (var). pedicellaris Anderss. in DC. Prodr. 16 (21:
230. 1868.

S. pedicellaris var. hypoglauca Fern. Rhodora 11: 161. 1909. (Type: Forbes
s.n. GH).

S. pedicellaris var. tenuescens Fern. Rhodora 11: 162. 1909. (Type: Fernald
s.n. GH).

S. hebecarpa Fern. Rhodora 26: 123. 1924. S. fuscescens var. hebecarpa
Fern. Rhodora 9: 224. 1907. (Type: Fernald 8 Collins 207, GH).

Description of species

Shrubs 2-15 dm tall; branches grey brown, glabrous or glabrescent, epi-
dermis grey and exfoliating: branchlets reddish brown or reddish yellow,
minutely puberulent with short erect trichomes, sometimes glabrous; buds
glabrous. Leaves coriaceous. narrowly elliptic, narrowly rectangular or nar-
rowly obovate, the largest mature leaves 2.3-5.3 cm long, 0.7-1.3 cm wide
and 2.6-4.4 times as long as wide; apex acute to round; base acute to round,
sometimes inequilateral: margins entire, often glandular dotted or glandular
serrulate on lower quarter of blade, sometimes revolute; immature leaves
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Map 30 Salix fuscescens. Circles based on Skvortsov. 1966

glabrous, usually green or reddish and translucent: the upper side of mature
leaves glabrous, dull, usually glaucescent, and with raised, reticulate vena-
tion, the lower side glabrous and glaucous; petioles 3-4-8 mm long, reddish
or reddish yellow, glabrous or sometimes puberulent adaxially; stipules are
minute glands or glandular lobes about 0.1-1.5 mm long. Aments coetaneous.
borne on short, leafy, floriferous branchlets. Staminate aments 09-15 cm
long, floriferous branchlets 3-8 mm long; stamens 2, filaments 3.2-3.6 mm
long, glabrous, distinct or connate at base; anthers 0.4-0.6 mm long. Pistil-
late aments 1.3-3 cm long, often as broad as long, loosely flowered, florif-
erous branchlets 1.5-3 cm long; pistils 2.4-4.8 mm long, reddish or tawny,
glabrous and often glaucous, capsules 5.6-6.4mm long, tawny; styles 0.1-
0.2 mm long; stigmas about 0.2 mm long, 2-lobed; stipes 2.1-3.2 mm long,
glabrous; nectaries 1, adaxial, 0.2-1 mm long, broad, 0.2-0.5 times as long
as stipe; bracts ovate or narrowly oblong, apex rounded, 0.8-1.6 mm long,
tawny, sometimes with a reddish tinge, glabrous abaxially, sparsely villous
adaxially.

Habitat Range

Wet Carex-Betula glandulosa-Salix Boreal: Watson Lake, southeastern
fens: muskegs. Yukon; adjacent British Columbia:
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Map 31 Salix pedicellaris

southern Northwest  Territories:
southward in the Rocky Mountains to
Washington; eastward in the boreal
forest to Newfoundland: northern US.
from Minnesota to New England
(Map 31).

Discussion

Salix pedicellaris is a characteristic low willow of wet fens with erect
branches and coriaceous, glabrous leaves which are glaucous on both sides
and reticulate above. The aments are loosely flowered: the pistils are usually
reddish and glabrous and are borne on long stipes, 2.1-3.2mm long. It is
one of two Salix species known to have leaves with a waxy glaucescence on
the upper leaf surface. the other being S. purpurea L.

In the Yukon it is known only from Watson Lake where it is locally abun-
dant. There is no evidence that this species occurs in the Pelly River Valley
as reported by Porsild (1951). The specimen (Porsild & Breitung 9776) on
which Porsild's report was based has been re-identified as S. athabascensis.

This species hybridizes with S. athabascensis, which should be seen for dis-
cussion. A series of suspected intermediate specimens from Watson Lake
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Plate XXI

Salix hastata L. Johnson 135 [left) and Viereck 7869 (right)
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Table 10 Comparison table: Salix pedicellaris and S. myrtilloides

Characteristics pedicellaris rnvrtilloides
habit erect shrub, 2-15dm tall subterranean, creeping shrub.
0.3-0.5 dm tall
leaf shape narrower: narrowly elliptic broader: subcircular to ovate
to narrowly rectangular or or narrowly elliptic

narrowly obovate

immature leaves glabrous sparsely pubescent

have been determined as S. pedicellaris > athabascensis. These specimens
are characterized by immature leaves which are sparsely sericeous with
white and ferruginous trichomes, ovaries sometimes undeveloped but not
always so, stipes pubescent and pistils with patchy pubescence. In all other
respects they are "typical” S. pedicellaris and are assumed to be backcrosses
between S. athabascensis X pedicellaris and S. pedicellaris [Map 2].

Salix pedicellaris is closely related to the Eurasian S. myrtilloides L. from
which it can be distinguished by the characteristics listed in Table 10.

Section 10. Hastatae Kern.

23. SALIX HASTATA L.

S. hastata L. Sp. Pl. 1017. 1753.

S. farrae Ball. Contr. US. Nat. Herb. 22: 321. 1921. (Type: Farr 558, US).
S. hastata var. farrae Hult. Ark. Bot. 1l 7: 42. 1967.

S. farrae var. waipolei Cov. and Ball. Bot. Gaz. 71: 435. 1921. [Type: Wal-
pole 1624, US). S. walpolei Ball. Madrono 6: 231. 1942. S. farrae ssp.
walpolei att. to Ball by Hult. FI. Alaska and Yukon 3: 532. 1943.

S. hastata ssp. S. psiloides Flod. Sv. Vet. Akad. Ark. Bot. 20A: 54. 1926
S.farrae var. rnicroserrulata Ball, Univ. Calif. Publ. Bot. 17: 410. 1934.

Description of species

Shrubs 2-7 (10) (dm tall in Arctic, 1-3 m tall in interior; branches brown,
usually glabrescent but indumentum may persist for 2-3 years; branchlets
reddish brown, commonly white villous with short curved trichomes, some-
times sparsely pubescent to glabrescent. Leaves elliptic to obovate, the
largest mature leaves 2.5-4-6.8 cm long, 0.1-2-3.2 cm wide and 1.6-2.3-2.6 (3.4)
times as long as wide; apex acute to more or less attenuate: base acute or
round; margins entire or indistinctly and irregularly glandular serrulate,
revolute; the lower side of immature leaves sparsely pubescent with white or
white and ferruginous trichomes, pale; the upper side of mature leaves gla-
brescent and glossy, ferruginous trichomes often persistent on the midrib, the
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lower side glabrous or glabrescent, thinly glaucous or pale and non-glaucous;
petioles 1.5-4-6 (9) mm long, reddish, pubescent adaxially: stipules 1-4 (6)
mm long, ovate to elliptic, margins glandular dotted. Aments coetaneous, on
short, leafy, floriferous branchlets. Staminate aments 1.3-2.5 cm long, florif-
erous branchlets 0.1-3 mm long with small bract-like leaves; stamens 2,
filaments 3-4.4 mm long, glabrous: anthers 04-06 mm long. Pistillate
aments 2.5-4-7 cm long, often loosely flowered, floriferous branchlets 5-12
mm long; pistils 2-4 mm long, green and more or less reddish on lower half,
glabrous, capsules 3.2-8 mm long, greenish to tawny and remaining reddish
at base; styles 02-04 mm long, occasionally bifid; stigmas small 0.2-0.3
mm long, 2-4-lobed; stipes 04-0.8 (1.2) mm long, sparsely pubescent,
nectaries 1, adaxial, 0.3-0.6 mm long, broad at base and tapering toward
apex, about 05 times as long as stipe; bracts narrowly oblong, apex acute,
1.2-1.8 mm long, light brown or bicolour, sparsely pubescent on both sides
with long straight trichomes.

Habitat Range

Salix thickets along rivers and Arctic, montane: Northern Alaska,

streams; sandy tundra: Carex-Erio- mountains of central Alaska; Alaska

phorum meadows. Range; Dawson, Yukon Territory;
northwestern Northwest Territories;
Eurasia (Map 32).

Discussion

Salix hastata is characterized by branches villous with short, curved tri-
chomes; leaves with ferruginous trichomes on upper surface, especially the
upper surface of the immature leaves, non-glaucous beneath becoming pale
or sparsely glaucous and with more or less entire to irregularly glandular
serrulate margins: and pistils reddish, especially at base, borne on very short
stipes.

If is closely related to S. barclayi. and reports of the latter species from
arctic Alaska are usually misidentifications of S. hastata. These species may
be distinguished as in Table 11. For a comparison with S. novae-angliae, S.
myrtillifolia and S. commutata see Table 13.

| agree with Hulten (1967) that S. farrae and S. walpolei should be in-
cluded within the Eurasian S. hastata. Salix hastata is highly variable; three
subspecies are recognized by Rechinger [1964) in Flora Europea and one
variety (var. farrae) is recognized in North America (Hulten 1967). The
North American taxon S. hastata var. farrae has a disjunct distribution in
southeastern British Columbia, in Alberta, Idaho, Montana and Wyoming, and
iS distinguishable from the northern populations by its sparsely pubescent
branchlets and leaves distinctly glaucous beneath. However, the other char-
acteristics cited by Ball (1934) and reiterated by Hulten (1967). such as
yellowish branchlets, smaller, narrower leaves, shorter aments, and so on,
are of doubtful reliability. I am not convinced the variety is taxonomically
useful. Salix hastata in North America requires critical field study.
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Map 32 Salix hastata. Circle based on Skvortsov, 1966

Table 11 Comparison table: Salix hastata and S. barclayi

Characteristics hastata barclayi

leaf glaucescence non-glaucous or thinly glaucous beneath glaucous beneath

leaf pubescence ferruginous trichomes no ferruginous
on immature leaves trichomes

leaf colour not drying dark often drying dark

petioles reddish green

style length 0.2-04 mm 0.6-1.6 mm

pistiis reddish. at least at base green

Section 11. Cordatae Barr. ex Hook.
24_SALIX RIGIDA Muhl.

S. rigida Muhl. in Muhl. and Willd. Neue Schr. Ges. Nat. Fr. Berlin 4: 236.
1803.

S. cordata (ssp.) rigida Anderss. Kg. Sv. Vet. Akad. Handl. 6: 158. 1867.
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Plate XXII

Salix rigida Muhl. Argus 6069



Cordatae Barr. ex Hook

S. cordata Muhl. in Muhl. and Willd. Neue Schr. Ges. Nat. Fr. Berlin 4: 236.
1803, non Michx. 1803.

S. cordata y [var.] rnackenzieana Hook. Fl. Bor.-Am. 2: 149. 1838. [Type:
Richardson s.n. GH). S. mackenzieana Barr. ex Hook. FI. Bor.-Am. 2. 149,
1838, pro. syn. S. mackenzieana Barr. ex Anderss. Kg. Sv. Vet. Akad. Handl.
6: 160. 1867. (as mackenziana). S. X mackenzieana Anderss. in DC. Prodr.
16 (2): 252. 1868. (as S.cordata X rostrafa). S. rigida var. mackenzieana
Crong. in Hitchcock. Cronquist. Ownbey and Thompson, Vas. Pl. Pacific NW.
2: 63. 1964.

S. mackenzieana var. macrogemma Ball, in Piper and Beattie. Fl. Northwest
Coast 116. 1915. S. rigida var. macrogemma Crong. in Hitchcock, Cronquist.
Ownbey and Thompson, Vas. Pl. Pacific NW. 65. 1964.

Description of species

Shrubs 0.3-3 m tall; branches reddish brown, glabrous and glossy; branch-
lets reddish brown to yellow green, glabrous or velutinous. Leaves narrowly
oblong-obovate, 5-10.5 cm long, 1.2-2 cm wide and 3.7-5-6 times as long as
wide: apex gradually to abruptly acuminate; base round to rarely sub-
cordate; margins serrulate: immature leaves reddish, translucent, densely to
sparsely pubescent; the upper side of mature leaves glabrescent, the midrib
often remaining velutinous, the lower side glaucous and glabrescent: petioles
8-17 mm long, reddish, velutinous adaxially; stipules narrowly elliptic to
ovate, 5-9 (20) nm long, margins serrulate; buds velutinous to glabrescent,
inner bud scale separating from the outer and often clinging to base of shoot.
Aments coetaneous or subprecocious. on short, floriferous branchlets. Stami-
nate aments 1.5-2.5 cm long; floriferous branchlets 2-5 mm long; stamens
2, filaments connate at base, glabrous; anthers 0.5-0.6 mm long. Pistillate
aments 3-5 cm long: floriferous branchlets 3-13 mm long; pistils slender,
reddish or greenish and glabrous, capsules 4-5 mm long, tawny; styles 0.5-
0.75 mm long; stigmas small; stipes 1-2 mm long, glabrous, nectaries 1,
adaxial, 0.2-0.5 mm long, ca. 0.25-0.5 times as long as the stipe: bracts
narrowly elliptic, apex acute and reflexed in fruit, 1-2 mm long, tawny to
dark brown, sparsely villous.

Habitat Range

Sand bars and mud flats along rivers. Boreal; infrequent in southern Yukon
and adjacent British Columbia: south-
ward to Washington, California, and
Arizona; eastward to Newfoundland
and Virginia (Map 33).

Discussion

Salix rigida is a transcontinental North American species which just barely
enters southern Yukon. The northwestern North American populations are
sometimes treated as the species S. mackenzieana [Raup 1959) or as S.
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170" 1657

Map 33 Salix rigida

rigida var. mackenzieana (Cronquist 19641. The taxon mackenzieana is sup-
posed to be distinguished from S. rigida by its longer stipes (3-4 mm long in
fruiting material) and immature leaves glabrous, or nearly so. | have not
found these characteristics to be consistent or useful in distinguishing be-
tween mackenzieana and rigida. and | prefer to recognize them both under
the latter name until the entire complex can be studied.

Salix rigida is closely related to S. monticola, and although it may be dis-
tinguished by its narrower leaves and shorter styles (Table 12). there are
intergradations in leaf shape in southern Yukon and the two may eventually
be combined on the varietal level.

25. SALIX MONTICOLA Bebb

S. monticola Bebb in Coult. Man. Bot. Rocky Mt. Reg. 336. 1885. (Type:
Greene s.n. F).

S. cordata var. monticola Kelso. Biol. Leafl. 34: 7. 1946.

S. padifolia Rydb. Bull. Torr. Bot. Club 28: 272. 1901. non Anderss. 1859.
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Table 12 comparison able: Saiix rigida. S. monticola and S. barclayi

Characteristics rigida monticola barclayi

immature leaves reddish, translucent reddish. translucent green. opague

leaf shape narrowly oblong-obovate elliptic or obovate elliptic or obovate

leaf 1w 3756 14228 1.6-2.1-2.8

oetioles reddish reddish green

branchlet glabrous or glabrous or densely to sparsely

pubescence velutinous sparsely pubescent villous

flowering time coetaneous or precocious coetaneous
suborecocious

floriferous 0.3-1.3 cm 0-0.5 cm (0.511-2(3) cm

branchlet length

style length 05075 mm 0.8-1.2 rnm 0.6-1.6mm

(Type: Rydberg & Vreeland 6389, NY). S. padophylla Rydb. Bull. Torr. Bot.
Club 28: 499. 1901. S. pseudomonticola Ball var. padophylla Ball, J. Wash.

Acad. Sci. 28: 450. 1938. S. barclayi var. padophylla Kelso, Biol. Leafl. 34:
8. 1946.

S. pseudomonticola Ball in Standl. Contr. US. Nat. Herb. 22: 321. 1921.
[Lectotype: Sanson 233, US]. S. barclayi var. pseudomonticola Kelso, Biol.
Leafl. 34: 8. 1946.

Description of species

Shrubs 1-2-4 m tall: branches dark reddish brown to yellow brown, glossy;
branchlets yellow green. glabrous or sparsely pubescent to glabrescent and
glossy. sometimes sparsely glaucous. Leaves narrowly elliptic, elliptic or
obovate, the largest mature leaves 4.1-6.9 (8) cm long, 2.0-3.3 (4) cm wide
and 1.4-2-2.8times as long as wide; apex broad and abruptly acuminate to
acute; base obtuse, round to subcordate, often inequilateral; margins glan-
dular crenate-serrulate; immature leaves reddish, translucent and sparsely
pubescent, the midrib often remaining reddish; the upper side of mature

leaves green and glabrous Of glabrescent, the lower sjde glabrescent and

glaucous; petioles 6-12 (20) mm long, usually reddish, glabrous or pubescent;
stipules ovate with round apex, 1-5-12 mm long, margins crenate-serrulate

or often indistinctly so, glabrous on both sides and glaucous beneath. Aments
precocious, usually sessile or on very short floriferous branchlets bearing
several bract-like leaves. Staminate aments 2.5-3 cm long, sessile: stamens
2, filaments 2-3.5 mm long. distinct or connate at base, glabrous: anthers
0405 mm long, drying purplish. Pistillate aments 4-9 cm long, usually
sessile, floriferous branchlets less than 0.5 cm long; pistils about 45 mm
long, green and glabrous, capsules 55-6.5 mm long, tawny; styles 0.8-
1.2 mm long; stigmas 0.2-0.3 mm long, 2 slender lobes; stipes 0.9-1.5-2.2
mm long, glabrous: nectaries 1, adaxial, 0.3-0.8 mm long, 0.5-0.66 times as
long as stipe; bracts narrowly oblong, apex rounded or attenuate, 1.2-2.4
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Plate XXIII

Salix monticola Bebb. Pistillate specimen. Cody 8056 (left) and vegetative specimen, Argus
5121 (right)
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Cordatae Barr. ex Hook.

65"

170 1657 160%

Map 34 Saiix monticola

mm long, dark brown to blackish, sometimes bicolour. sparsely villous on
both sides with long straight tr