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XXIX. ON THE DISTRIBUTION OF THE NORTH 

AMERICAN HELVELLALES. 

LucIEN M. UNDERWOOD. 

The Helvellales with mostly a stalked ascoma open from the 

commencement of its development, form a somewhat natural 

group of fleshy fungi, with a few outlying members which are 

allied to several other discomycetous families and genera. 
Probably the most familiar form is the more] which is known 

in many parts of the country as ‘‘the spring mushroom,” and 

in certain parts is even called ‘‘ the mushroom” to the exclusion 

of other species of edible fungi. Several other species of the 
order are edible, but in this country little attention is paid to 

these delicacies and few of the possibilities of the group have 

been tested. The main object of the present paper is to show 

how little is known of the distribution of the group even among 

mycologists. 

Three well marked families constitute the order. Of these 

the GEOGLOSSACEAE are mostly slender, stalked, club-shaped 

or capitate fungi varying in consistency from fleshy to gelatin- 

ous or waxy. Their asci open by means ofa terminal pore. 

Most. of the species are small, an inch or two high, and grow 

in various situations, more commonly on old decaying wood or 

leaves in rather moist places. In color they vary from black 

to light yellow or even white. Superficially they resemble the 

club-fungi (Clavariaceae) with which group, indeed, Fries 
united some of them as late even as 1838.1! Some of the black 

forms also resemble some species of Xylaria, but the woody 

character of the latter genus will readily distinguish them. 

(1) Epicrisis Systematis Mycologici, 582-584. 1886-1838. 
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Twelve genera are recognized, nine of which are found in this 

country. They may be distinguished by the following table: 

Ascoma clavate or subcapitate, continuous with the stipe. 

Spores one-celled, colorless. 
Light colored, usually yellowish or light brown; ascoma 

sharply separated from the stipe................. ...Mitrula. 

Bright or dark colored; ascoma not clearly separated 

PEO MINGHE ISIS =. sco < sis s-< ss 0 © = <ceeee eenee Microglossum. 
Spores 2—many-celled by cross septae. 

SPOLER COIGIIESS.. . s/c. = vc sc oclse viene oie ca bare tenia Leptoglossum. 
SMOTES BLOW ss cscs oe 0% 0 cdediels si siecle sles paie eke ereteianae Geoglossum. 

Ascoma flat, decurrent on both sides of the stipe; 

SHUIFES TOR-SNAPEU oo «a ole. a \cieinin o> ones a eee Spathularia. 

Ascoma capitate or hollow-discoid usually with a free margin. 

Spores ellipsoid. 
GelatINOUB-PTISUY 2 <..d tic cs osc ccc ce op eee eae eae Leotia. 
SOW Siryate settaila Unies csi=\scteisss'al (os alc wis se See eee ee Cudoniella. 

Spores elongate-filiform. 
Fleshy: ascoma concave, hat-shaped, the margin 

ITEC MNGUEVERM « 2.5 20.2 Ss ass oe ete eee Cudonia. 

Waxy; ascoma discoid above, the margin adnate 

GONE ISLIPE.....6.5.-)<alecie> osc he mokle ae ee eee Vibrissea. 

Of the above genera we have one species in Vibrissea, two each 

in Cudonia, Cudoniella, and Spathularia, five in Leotia and six 

in Mitrula. The other genera are divided into well marked 

sections. Geoglossum is represented by ten species arranged in © 

two sections: 

§ Eugeoglossum with smooth stipes, containing G. difforme, 

nigritum, ophioglossoides, peckianum, and viscosum. 

§ Trichoglossum with hairy or bristly stipes, containing G. 

americanum, farlowi, hirsutum and velutipes. G. farinaceuwm 

has not been collected since its first discovery by Schweinitz 

and its characters are, therefore, imperfectly known. 

Leptoglossum also contains two sections: 

§ Euleptoglossum, blackish, containing ZL. microsporum and 

tremellosum. 

§ Xanthoglossum, yellowish or yellowish-brown, containing L. 

luteum: 

Microglossum is likewise formed of two sections: 

§ Eumicroglossum, containing the dark colored (olive-green) 

species, M. viride, and 

§ Geomitrula, containing the bright colored (yellowish or 

reddish) species: J. album, arenarium, elegans, lutescens, pis- 

tillare, rufum and vitellinum. These were all united to Mitrula 

by Saccardo. 
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Of this family only Leotia lwbrica is known to be edible. I have 

frequently seen this species growing in wet woods in Connecticut 
so abundant that several quarts could be gathered from an area 

of a few square rods. 

The HELVELLACEAE are distinguished by the pileate charac- 

ter of the ascoma and especially by the method of dehiscence of 

the asci by opercula. This family contains the largest species 

of the order, some of them weighing a pound or more. Most 

of the larger species and some of the smaller ones are edible, 
and the morels and gyromitras form the most luscious of the 

esculent fungi. There are five genera all represented in 

America, distinguished as follows:— 

Pileus fleshy, hollow throughout or at least in the upper portion. 

Pileus oval or conic, the upper surface consisting of deep pits 

formed by longitudinal and transverse ridges...... Morchella. 

Pileus irregular or lobed, the upper surface covered with 

Pee EID LCH 6 235 5 ariel cin cha pln hane Ve ps) aya8 anda viele = Lajen sie Gyromitra. 
Pileus tough or fleshy, attached to the stipe at the middle. 

Ree Ure ETEPIANEED ULL oc fan. Motes ne amin outs w oviniue or an eelwe'e' os Verpa. 
IPileus fatior arched, almost Giscoid. .22 0.5.06 5. Gece. s eke Cidaris. 

Pileus lobed, irregular or saddle-shaped................-. Helvella. 

Helvelia is the largest genus, represented.in this country by 

twelve species. These are divided into three somewhat natural 
groups according to the nature of the stipe. 

(1) Stipe thick, sulcate or furrowed. WH. californica, crispa, 

grisea, lacunosa, palustris. 

(2) Stipe thick, smooth. H. monachella. 
(83) Stipe slender, smooth (i. e. not suleate). H. atra, elastica, 

ephippum, gracilis, pezizoides, pusilla. 

Verpa contains two species and possibly a third representing 
two well marked sections:— 

§$ Ptychoverpa Boud. (WMorcheliaria Schroet.) with thick, 
simple or forked, longitudinal ridges on the pileus, is repres- 
ented by V. bohemica, and 

§ Euverpa with a smooth pileus, is represented by V. conica, 

and a second species with a dark colored pileus that may be 
identical with V. atro-alba Fries. 

The first section was formerly regarded as a member of Mor- 

chella, but its true position was first pointed out by Boudier? 
in which he has been followed by both Schroeter? and Rehm‘. 

(2) Bull. Soc. Mycologique, 7: 141. 1892. 

(3) Engler-Prantl. Die natiirl. Pflanzenfam. 1: 170. 1894. 

(4) Rabenhorst. Krypt.F1. Deutsch. Oesterr. und derSchweiz, Pilze, 3:1199, 1895. 
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Morchella has eight species likewise representing two sections: 

§ Eumorchella Schroet. Pileus hollow throughout, the cavity 
continuous with that of the stipe. Contains M. esculenta and 

most of the other species some of which are possibly mere 

varieties of this species. 

§ Mitrophora Lev., Pileus hollow above, the lower part free 

and surrounding the stem. Contains the two closely allied 

species UM. hybrida and rimosipes. 
Gyromitra contains seven species some of which are the larg- 

est members of the entire order and perhaps of the entire class 

of Ascomycetes. 

Cidaris contains a single Schweinitzian species which is un- 

known except from its original description. 

The third family, RHIZINACEAE, are stemless plants forming 

in some genera connections with the Pezizales. They resemble 

the Helvellaceae in the dehiscence of the asci by opercula, Four 

genera are known, one of which, Sphaerosoma, with spherical 

spores, is found only in Kurope. The other genera are found 

in America and can be separated as follows:— 

Ascoma firm, fieshy, flattish or arched. 

Smooth: Memeataics so. toutes cs oars oko aie ats ate atlas Psilopezia, 
With root-like filbrilis Demeathes. 1. oc ciere eee oie sie, wie s sisi ccjoiere Rhizina. 

Ascoma fleshy, columnar, the interior with longi- 

Gudinalichamberstecce screws e were eieinsece cere cee Underwoodia. 

Psilopezia is represented by two species on the continent 

and an additional one in Cuba. P. nummularis is a thick flat- 
tish, dark colored species the size of a five cent piece or a little 

larger, looking like a flattened Peziza. It is not uncommon on 

wet mossy logs in the northern states in which I have collected. 

Rhizina contains two American species, one of which is found 

only in Cuba. 

Underwoodia is peculiar to this country and has so far been 

found in only one locality, Kirkville, Onondaga County, New 

York. It was first discovered in 1889, by Dr. Joseph T. 
Fischer, a former companion on fungus forays, and although it 

has been carefully looked for at its season every year since, it 

has been met with only twice (21 June, 1890, and 19 June, 1893). 

Three plants were found the first time, two the second (one of 
which was double), and the third only the fragment of one that 

was distorted in attempting to push up through the somewhat 

dry earth, but clearly showing the very peculiar interior struc- 

ture which characterizes the genus. Like most of the mem- 

bers of this order it appears to have a brief period during 
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which it matures spores, the rest of the time remaining under- 

ground and invisible in its vegetative condition. 

It is over twenty years since a list of the members of this 

order of plants known to grow in America has been published. 
Schweinitz 5 in 1834, gave a list of those known to him, 

including 24 species. No further general list was published 

until 1875 when Cooke * recorded 41 species. Of these one 

species (Mitrula inflata Fr.) has been shown by Peck? to be- 
long to a distinct group, and a second species (Psilopezia bab- 

bingtonii) has been reduced leaving nominally 39 species belong- 

ing to ten genera. In the present list which simply records 

the species which have been reported, without attempting to 

detérmine the accuracy of the determinations, we give 73 

nominal species arranged in 17 genera, an increase of over 82 

per cent. for the last two decades of exploration. In recent 

years there have been several partial rearrangements of genera 

and in Europe a considerable critical work on the species. 

There is still considerable work of this kind necessary on the 
material already reported from America and as the following 

will show we have only begun to know anything of distribu- 

tion. Besides the generic arrangement of Saccardo ® after 

which the species of the Sylloge were arranged, we have two 
by Schroeter, one ® of which covers the 34 species of Silesia, 
andthe other !° includes descriptions of all the genera. Fol- 
lowing these we have the wholly similar arrangement of 

Rehm !! covering the 73 species of Central Europe (Germany, 
Austria and Switzerland). Phillips’!* earlier revision of the 
species of the British Isles inciuded 44 species. Of the American 
species, 31 (about 40 per cent.) are also found in’Europe, the 
remaining species appearing to be endemic. In distribution 

they extend all the way from Cuba to Greenland and from 

Southern California to Behring’s Strait. The following distri- 

bution by states represents more properly the poverty of our 
collections from various parts of the country than the actual 

abundance in the various sections. It will also point out to 

(5) Sysopsis Fungorum in America Boreali media degentium. Trans. Amer. 

Philos. Soc. 4:169, 170, 178, 181. 1834. 
(6) Synopsis of the Discomycetous Fungi of the United States. Bull. Buffalo Soc. 

Nat. Sei. 2+ 285-300. 1875. 

7) Fungiin wrong genera. Bull. Torr. Bot. Club, 9: 1-4. 1882. 

(8) Conspectus genera Discomycetum hucusque cognitorum. Bot. Centralblatt. 

18 : 213-220, 247-256. 1884. 

(9) Sehroeter. Kryptogamen FI. von Schlesien, 3: 16-31. 1893. 

(10) Helvellineae, in Engler-Prantl. Die naturl. Pflanzenfam. 1: 162-172. 1894. 
(11) Rehm. Pilze. 3: 1134-1208. in Rabenhorst. Krypt. Flora. 1895. 

(122) Phillips. A Manual of the British Discomycetes. 1887. 
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future collectors the regions where field work is sadly needed 

in contrast with those states that are fairly well explored. In 

this way New York stands at the head of the list with thirty- 

four species because of the untiring work of her veteran 
botanist, Charles H. Peck. Massachusetts and North Carolina 

follow, the former with 18 species 1% and the latter with 16. In 

the first named state there have been numerous collectors; the 

latter was the early collecting ground of Schweinitz and later 

that of Curtis. California stands fourth with 13 species 
representing the earlier work of Harkness and the later of 

McClatchie. Then follow Rhode Island with 11 and Pennsy]l- 

vania with 10, the latter representing the later work of 

Schweinitz. South Carolina and New Jersey each have 9, the 

work of Ravenel in the South and Ellisin the North. Wis- 
consin has 8, Nebraska has 7. Then come Indiana and 

Greenland with 5 each. Ohio and Connecticut and New 
Hampshire, with 4, Minnesota, Illinois, Alabama and Cuba 

with 38, Maine, Kansas, Iowa, Louisiana and Florida 

with 2, and Vermont, Maryland, Virginia, Kentucky, Missis- 

sippi, Michigan, Ontario. British Columbia and Alaska, each 

with a single species. It will thus be seen that of the 49 states 

and territories of the United States, not a single species of the 

order Helvellales, one of the conspicuous groups of fungi, have 

been collected in 21 states, and only eleven states have furnished 

aS many as five species. In the face of facts like these, there 

are those who persistently maintain that the work of the sys- 

tematic botanist in America is nearly exhausted! Over vast 

portions of our domain the collector of even our most conspic- 

uous fungi has never yet roamed, and the example of New 

York shows clearly that in well known regions additional 

species and even genera are continually coming to light.14 The 

species are mostly transitory, some of them are apparently 

local in their range, many are erratic in their appearance— 

occurring one year and missing three or four, turning up in 

(13) There uresome four species reported simply from “ New England”’ without 

closer reference. It is therefore fair to state that from all New England 27 species 

have been reported. 

(14) As an illustration of this we give the dates at which the species of New York 

were first collected as announced in Peck’s annual reports. 

1868 (22nd Report.) 4 species 1876 (30th Report.) 4 species. 

1869 (23rd )3 1878 (32nd )3 

1870 (24th ty )6 se :1879 (33rd 2 i td 

187L (25th ay )5 “© 1888 (37th Bs yy * 

1873 (27th i )3 rf 1885 (39th ee ay 

i874 (28th oe )1 Fe 1889 (48rd oF at os 

1st) (oth . *) jae 

a 
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unexpected quarters and at unexpected seasons,—so that the 

traveling or random collector is only likely to see the more 

common ones. It will be years before even our higher fungous 

flora will be even fairly well known. 

In the list that follows the distribution given represents (1) 
The original or type localities from which the plants were de- 
scribed. (2) The published local lists of fungi. (3) Species 

mentioned in miscellaneous incidental notes occurring in botan- 

ical literature, and (4) Specimens occurring in the writer’s 

herbarium, which hitherto have not been reported from their re- 

spective localities. It is more than likely that some minor refer- 
ences have been missed and the writer would be greatly obliged 

not only for corrections of this character but more especially 

for the communication of species from all quarters, especially 

from those regions where few or no species have been hereto- 

fore reported. 

The types of the species should be distributed somewhat as 

follows. The writer expects to examine all of these which are 

available before a monograph of the species is attempted. 

European types mostly unavailable as described by early 

authors, 36. 

At Kew, 18 (Berkeley and ‘‘B. & C.” types 8, Cooke types 7) 
At Albany, N. Y. (Peck types) 9. 
At Philadelphia, Pa. (Schweinitz types) 7. 
At Newfield, N. J. (Ellis types) 1. 
At Preston, Ohio, (Morgan types) 1]. 
At Auburn, Ala. (Underwood types) 2. 
Besides these there are two of Bose’s species (1811) of whose 

types I have no knowledge. 

HELVELLACER. 

I. HELVELLA L. Sp. Pl. 1180. 1753.. [Hlvela the original 
orthography |. 

1. Helvella atra Konic. FI. Island, 20. 1770. 
H. nigricans Pers. Obs. Myc. 1:72. 1796. 

South Carolina (Ravenel). [Europe]. 

2. Helvella californica Point. Trans. Linn. Soc. 1: 423, 
pl. 48. 1880. 

California (Harkness, McClatchie,) British Columbia (Macoun) 

3. Helvella crispa (Scop. ) Fr. Syst. Myc. 2:14. 1822. 
Phallus crispus Scop. F), Carn. 2: 475. 1772. 
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New England (Sprague), Massachusetts (Frost), Rhode Is- 

land (Bennett), New York (Peck, Underwood), Maryland 
(Banning), North Carolina (Curtis), Illinois (Brendel), 
Wisconsin (Bundy) Nebraska (Bot. Surv.) California (Harkness, 
McClatchie). [Europe]. 

4. Helvella elastica Butt. Champ. Franc. 299. pl. 242. 
1785. 

New York (Peck) Massachusetts (Frost, Underwood), Rhode 
Island (Bennett), Nebraska (Bot. Surv. Neb.), California (Mc- 
Clatchie). [Europe]. 

5. Helvella ephippium Ley. Ann. des Sc. Nat. Il. 16: 240, 
pl. 15,7. 7. 1841. 

Rhode Island (Bennett), Massachusetts (Frost), Virginia’ 

Curtis), North Carolina (Curtis). [Europe]. 

6. Helvella gracilis Peck. Reg. Rap. 24:94. 1872. 
New York (Peck). 

7. Helvella grisea CLEMENTS. Bot. Surv. Neb. 4:8. 1896. 
Nebraska (Bot. Surv.) 

8. Helvella lacunosa Arz. Act. Holm, 304. 1783. 
Helvella sulcata A¥Z. Vet. Akad. Handl. 305. 1783. 

. New Hampshire (Farlow), Massachusetts (Frost), Rhode Is- 
land (Bennett), New York (Peck), New Jersey (Hillis), Penn- 

sylvania (Schweinitz), Wisconsin (Bundy), North Carolina 

(Schweinitz, Curtis), South Carolina (Curtis), Alabama (Curtis), 
Nebraska* (Bot Surv.), California (Harkness, Blasdale, Mc- 
Clatchie). [Europe }. 

8a. Helvella lacunosa minor Rostr. Medd. om Gronl. 3: 605. 
1891. 

Greenland ( Rostrup). 

9. Helvella monachella (Scop.) Fr. Syst. Myce. 2:18. 

1822. 
Phallus monachella Scop. Fl. Carn 2: 476. 1772. 

New England (Sprague), California (Harkness). [Europe]. 

10. Helvella palustris Peck. Reg. Rep. 33:31. pl. 2. f. 16-18. 
1883. 

New York (Peck). 

*The form here reported isdescribed (l.c. 8) as Helvella sulcata minor CLEMENTS 

which is preoccupied under the present species. It may or may not be the same form 

as the next from Greenland. 



Underwood: NORTH AMERICAN HELVELLALES. 491 

-11. Helvella pezizoides Arz, Vet. Ak. Handl. 308. Pl. 10. 
fe 2783; 

Nebraska (Bot. Surv.) 

12. Helvella pusilla B. & C. Amer. Acad. Arts. and Sci. 4: 127. 
1858. 

‘‘Behring’s Strait.” 

EXCLUDED SPECIES. 

Helvella acaulis Pers. Syn. Meth. fung. 614. 1801.—Rhizina influta. 

Helvella costata Scuw. Syn. fung. Car. 1822.—Gyromitra costata. 

Helvella, esculenta Pers. Champ. comm. 220, pl.4. 1800—Gyromitra 
esculenta. 

Helvella gigas KRoMBH. Schwiimme 3:28, pl. 20, f. 1-5. 1834.— 

Gyromitra gigas. 
Helvella grandis Cum. Act. Taur. pl. 2. 1805.—H. monachella. 

Helvella infula SCHAEFF. Icon. fung. pl. 159. 1763.—Gyromitru infula. 

Helvella macropus (PERS.) KARST. Myc. Fenn. 1:37. 1871.—Macrop- 
odia macropus. 

Helvella sphaerospora Peck. Reg. Rep. 27: 106. 1875.—Gyromitra 

spheragpora. 

Helvella suleata AF¥FZEL. Vet. Akad. Handl. 305. 1783.—H. lacunosa. 

II. GYROMITRA Fr. Summa Veg. Scand. 346. 1849. 

1. Gyromitra brunnea UNDERW. Proc. Ind. Acad. Sci. for 
1893:33. 1894. 

Indiana (Underwood), Ohio (Lloyd), Kentucky (Price). 

2. Gyromitra caroliniana (Bosc) Fr. Ofvers. vet. Akad. 
1871:173. 1871. | 

Morchella caroliniana Bosc, Berl. Mag. Naturf. 86, pl. 5, f. 6. 1811. 

North Carolina (Curtis), Massachusetts, New York ( jide 
Schweinitz), Pennsylvania ( Schweinitz). 

3. Gyromitra costata (ScHw.) CooKE. Mycogr. 194. pl. 91. 
f. 832. 1879. 

Helvella costata Scuw. Syn. fung. Car. 1822. 

North Carolina (Schweinitz, Curtis). 

4. Gyromitra esculenta (PERsS.) Fr. Summa Veg. Scand. 
346. 1849. 

Helvella esculenta Pers. Champ. comm. 220 pl. 4. 1800. 

Maine (Bolles) New Hampshire (Minn), Massachusetts 
(Sprague, Frost), New York (Torrey, Peck), Ohio (Lea), Illinois 
(Brendel), California (Harkness). [Europe]. 
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5. G@yromitra gigas (KROMBH.) COOKE. Mycogr. 191, pl. 88, . 
¥. e272 1879: 

Helvella gigas KRoMBH. Schwiimme, 3: 28. pl. 20. f. 1-5. 1834. 

Gyromitra curtipes* Fr. At. Svamp. pl. 56. 1869. 

New York (Peck). [Europe]. 

6. Gyromitra infula (SCHAEFF.) QUEL. Enchir. fung. 272. 
1886, 

Helvella infula SCHAEFF. Icon. fung. pl. 159, 1763. 

New York (Peck), North Carolina (Schweinitz, Curtis). 
[Europe]. 

7. G@yromitra spherospora (PK.) Sacc. Syll. fung. 8:16. 
1889. 

Helvella spherospora PK. Reg. Rep. 27: 106. 1875. 

New York (Peck). 

Till. VERPA Swz. Vet. Akad. Handl. 1815:129. 1815. 

1. Verpa bohemica (KRomMBH.) SCHROET. Schles. Krypt. Fl. 
3: part 2. 25. 1893. 

Morchella bohemica Krompy. Monatschr. bdhm. Nat. Mus. 1828; 

Schwimme, 3:3, pl. 15, f. 1-13, pl. 17, f. 5-8. 1834. 
Morchella gigaspora Cook. Trans. Bot. Soc. Edinb. 10: 440. 

1870. 

Morchella bispora SOROKIN. Myc. Unters. 21. pl. 6. f. 1-3. 1872. 

Morchella bispora var. truncata PK. Reg. Rep. 46:38. 1893. 

New York (Peck, Underwood), Michigan (Hicks). [Europe]. 

2. Verpa conica (MiILL.) Swz. Vet. Akad. Handl. 136. 
1815. 

Phallus conicus Mitu. FI. Dan. pl. 654. f. 2. 1770. 
Verpa digitaliformis Pers. Myc. Europ. 202. pl. 7. f. 1-3. 1822. 

New York (Peck, Fischer), Wisconsin (Bundy), California 

(Harkness). |Hurope]. 

EXCLUDED SPECIES. 

Verpa caroliniana ScHw. Syn. fung. Bor. Am. 170. 1834.— 

Cidaris caroliniana, 
Verpa digitaliformis Pers. Myc. Europ. 202. 1822.—V. conica. 

TV. CIDARIS Fr. Summa Veg. Scand. 347. 1849. 

1. Cidaris caroliniana (ScHw.) Fr. Summa Veg. Scand. 

347. 1849. 
Verpa caroliniana Scuw. Syn. fung. Am. Bor 170. 1834. 

North Carolina (Schweinitz). 

(*) Rehm, in Rabenh. Krypt Fl. Deutsch. 1: part 3, 1193, unites this species with G. 

gigas. If Cooke’s figures in Mycographia are to be relied on, we doubt the propriety 

of uniting the two species. It is G. curtipes that has been collected by Peck. 
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VY. MORCHELLA Pers. Tent. Disp. Meth. Fung. 36. 1797. 
[Ex Dill. 1719]. 

1. Morchella angusticeps Pk. Bull. N. Y. Mus. 1:19. pl. 7. 
f. 19-21. 1887. 

New York (Peck, Underwood). 

2. Morchella conica PERS. Champ. com. 257. 1818. 
M. deliciosa Fr. Syst. Myc. 2:8. 1822. 

Rhode Island (Olney), New York (Peck, Underwood), Pen- 
nsylvania (Everhart), Ohio (Lea), Indiana ( Underwood), Kan- 

sas (Cragin), California (Harkness, McClatchie), Greenland 
(Rostrup). [Europe]. 

3. Morchella crassipes (VENT. ) PERS. Syn. Meth. fung. 620. 
1801. 

Phallus crassipes VENT. Mem. Inst. Nat. 1:509. f. 2. 1798. 

Kansas (Cragin). [Hurope ]. 

4. Morchefta elata Pers. Syn. Meth. Fung. 618. 1801. 
? Phallus elatus L. Sp, Pl. 1178. 1753. 

New England (Sprague). [Europe]. 

5 Morchella esculenta (L.) Pers. Syn. Meth. fung. 618. 
(1801). 

Phallus esculentus L. Sp. Pl. 1178. 1753. 

New England (Sprague), Massachusetts (Frost, Farlow), 
Rhode Island (Bennett), New York (Peck), New Jersey (Ellis), 
Pennsylvania (Schweinitz), Maryland (Banning), North Carolina 

(Schweinitz, Curtis), Ohio (Lea), Indiana (Underwood), Wis- 
consin (Tirelease, Bundy), Illinois (Brendel), Iowa ( Bessey, 

McBride), Nebraska (Webber), Kansas (Cragin), California 
(Harkness), Cuba (Wright), Mexico. [ Europe ]. 

6. Morchella foraminulosa Scuw. Syn. fung. Am. Bor. 169. 
1834. 

North Carolina (Schweinitz). A doubtful species. 

7. Morchella hybrida (Sow.) Pers. Syn. Meth. fung. 620. 
1801. 

Helvella hybrida Sow. Fungi. pl. 238. 1801. 

Morchella semilibera D.C. Fl. Franc. 2:212. 1815. 

Massachusetts (Farlow), New York (Peck), Indiana ( Under- 

wood), Ontario (Dearness). [ Europe }. 

8. Morchella rimosipes DC. Fl. Franc. 2:214. 1815. 
New York (Underwood), Indiana (Underwood), Wisconsin 

(Trelease). {Europe }. 
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EXCLUDED SPECIES. 

Morchella bispora SoROK. Myc. Unters.21. 1872.—Verpa bohemica. 

Morchella bohemica KRoMBH. Monatschr. bohm. Nat. Mus. 1828. 

—Verpa bohemica. 
Morchellu caroliniana Bosc, Berl. Mag. Naturf. 86. 1811.—Gyromi- 

tra caroliniana. 
Morchella deliciosa FR. Syst. Myc. 2:8. 1822.—WM. conica. 

Morchella gigaspora CooKE. Trans. Bot. Soc. Edinb. 10:440. 1870. 

—Verpa bohemica. 
Morchella semilibera DC. Fl. Franc. 2:212. 1815.—M. hybrida. 

GEOGLOSSACEEX. 

I. GEOGLOSSUM Pers. Obs. Myc. 1:11. 1795. 

1. Geoglossum americanum (Cooke) Sacc. Syll. Fung. 8: 

46. 1889. 
G. hirsutum var. americanum CooKE. Mycogr. 3. pl. 1. f. 1. 1879. 

New York (Gerard). 

2. Geoglossum difforme Fr. Obs. Myc. 1:159. 1824. 

Massachusetts (Frost), Rhode Island (Bennett), New York 

(Peck), North Carolina (Curtis), South Carolina (Curtis). 

[ Europe ]. 

. 8. Geoglossum farinaceum Scuw. Syn. Fung. Car. 1822. 
North Carolina (Schweinitz). A doubtful species. 

4. Geoglossum farlowi Cooke, Grev. 11: 107. 18883. 

Massachusetts (Sturgis). 

5. Geoglossum hirsutum Pers. Comm. Schiff Icon. Fung. 

Bav. 37. 1800. 
Massachusetts (Hitchcock, Frost), Rhode Island (Bennett), 

New York (Peck), New Jersey (Hillis), North Carolina 
(Schweinitz, Curtis), South Carolina (Curtis), Lousiana (Hale), 

Cuba (Wright). [Europe }. 

6. Geoglossum nigritum(FR.) Cooks. Mycogr. 205, pl. 96. f. 

: o45,- 1879: 
Clavaria nigrita Fr. Epicr. 578. 1838. 

New York ( Peck), Nebraska (Bot. Surv.) [Europe ]. 

od 

7. Geoglossum ophioglossoides (L.) Sacc. Syll. Fung. 8: 48, 
1889. 

Clavaria ophioglossoides L. Sp. Pl. 1182. 1753. 
Geoglossum glabrum PERS. Obs. Myc. 2:61. 1796. 

Geoglossum simile Pk. Reg. Rep. 25:97. 1873. 
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Massachusetts (Frost), Rhode Island (Farlow), New York 

{ Peck), New Jersey (Ellis), North Carolina (Schweinitz, Curtis), 
Nebraska (Bot Surv.) [Europe ]. 

8. Geoglossum peckianum Cooke. Grey. 3:150. 1875. 
New York (Peck), New England (Murray), Florida (Ravenel). 

9. Geoglossum velutipes PK. Reg. Rep. 28:65. 1876. 
New York (Peck), Mississippi ( Tracy). 

10. Geoglossum viscosum PERS. Obs. Myc. 40. pl. 5. f. 7. 
1796. 

New York (Peck). [Europe }. 

EXCLUDED SPECIES. 

Geoglcssum album JOHNS. Bull. Acad. Nat. Sci. Minnesota. 1: 
1878.—Microglossum album. 

Geoglossum glabrum PERS. Myc. Obs. 2: 61. 1796.—G. ophioglos- 
@ soides. 

Geoglossum irregulare Pk. Bull. N. Y. State Mus. 1:28. 1887.— 
Microglossum viteliinum irregulare. 

Geoglossum luteum PK. Reg. Rep. 24.94. 1872.—Leptoglossum 

luteum. 

Geoglossum microsporum CKE. and Pk. in Peck: Reg. Rep. 26: 97. 

1873.—Leptoglossum microsporum, 

Geoglossum pistillare B. and CooKE. Mycogr. 206. pl. 96. f. 348. 

1879.—Microglossum pistillare. 
Geoglossum rufum Scuw. Syn. fung. Am. Bor. 181. 1834.—Mi- 

croglossum rufum. 

Geoglossum simile Pk. Reg. Rep. 25:97. 1873.—G. ophioglossoides. 

Geoglossum tremellosum CooKE. Mycogr. 206. pl. 96. f. 347. 1879. 
—Leptoglossum tremellosum. 

Geoglcssum viride PERS. Comm. 40. 1797.—Microglossum viride. 

II. MICROGLOSSUM Gituet, Discom. Franc. 25. 1879. 

1. Microglossum album (JOHNS.) 
Geoglossum album JOHNS. Bull. Acad. Nat. Sci. Minnesota. 1: 

1878. 

Mitrula johnsonii Sacc. Syll. Fung. 8:36. 1889, 

Minnesota (Johnson). A doubtful species. 

2. Microglossum arenarium Rostr. Medd. om Groénl. 3: 606. 
1891. 

Greenland ( Rostrup). 

3. Microglossum elegans (BERK. ) 
Leotia elegans BERK. Lond. Jour. Bot. 5:6. 1846. 
Mitrula clegans BERK. Grey. 3:149. 1875; Hedwigia 14:9. 

1875. 

‘‘United States ” (Green). 



496 MINNESOTA BOTANICAL STUDIES. 

4. Microglossum lutescens (B. & C.) . 
Mitrula lutescens B. & C. Grey. 3:149. 1875; Hedwigia 14:9. 

1875. 

South Carolina (Curtis), New York (Peck). 

5. Microglossum pistiliare (B. & Ckx.) SCHRGT. in Engler- 
Prantl. Die natiirl. Pflanzenfam. 1:164. 1894. 

Geoglossum pistillare B. & CKre. Mycogr. 206, pl. 96, f. 348. 1879. 
Mitrula pistillaris BERK. in Saccardo. Syll. Fung. 8:38. 1889. 

Louisiana (Hale). 

6. Microglossum rufam (ScHw.) 
Geoglossum rufum Schw. Syn. fung. Am. Bor. (1831). 
Mitrula rufa Sace. Syll. Fung. 8:38. (1889). 

New Jersey (Schweinitz, Ellis). 

7. Microglossum viride (PERS.) GiLL. Discom. franc. 25. 
1879. 

Geoglossum viride PERS. Comm. 40. 1797. 
Mitrula viridis KARsT. Myc. Fenn. 1:29. 1871. 

Pennsylvania (Everhart), South Carolina (Curtis). [Europe]. 

8. Microglossum yitellinum (PERS.) SCHR@T. in Engler- 
Prantl. Die natiirl. Pflanzenfam 1:164. 1894. 

Geoglossum vitellinum Bres. Fung. Frid. 41. pl. 45, f. 1. 1882. 

Mitrula vitellina Sacc. Atti Real. Inst. Venet. VI. 3:725. 1885. 

Mitrula luteola ELuis. Am. Nat. 17:192. 1883. 

New Hampshire (Farlow), New Jersey (Ellis). 

8a. Microglossum vitellinum irregulare (PK.) 
Geoglossum irregulare PK. Bull. N. Y. State Mus. 1:28, pl. 1, f- 

5-7. 1887. 

Mitrula vitellina *irregularis Sacc. Syll. Fung. 8:36. 1889. 

New York (Peck). 

Ill. LEPTOGLOSSUM Sacc. Bot. Centralb. 18:214. 1884. 

1. Leptoglossum luteum (PK.) Sacc. Syll. Fung. 8:48. 
1889. 

Geoglossum luteum Pk. Reg. Rep. 24:94, pl. 3, f. 20-24. 1872. 

Massachusetts (Frost), New York (Peck, Underwood), New 

Jersey (Ellis), Wisconsin (Bundy), Minnesota (Arthur). 

2. Leptoglossum microsporum (CKE. & PK.) Sacc. Syll. 

: Fung. 8:47. 1889. 
Geoglossum microsporum CKE. & PK. in Peck. Reg. Rep. 25:97. 

1873. 

New York (Peck). 
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3. Leptoglossum tremellosum (CKE.) Sacc. Syll. Fung. 
§:47. 1889. 

Geoglossum tremellosum CKE. Mycogr. 206. pl. 96. f. 347. 1879. 

‘* Amer. boreali” (Saccardo). Doubtfully American. 

IV. MITRULA Pers. Tent. Disp. Meth. Fung. 36. 1797. 

1. Mitrula crispata Fr. Epicr. 583. 1838. 
Spathularia crispata FR. Summa Veg. Scand. 347. 1849. 

New England (Sprague). A doubtful species. 

2. Mitrula cucullata (BatscH.) FR. Epicr. 384. 1838. 
Elvela cucullata BATSCH. Contr. Myc. f. 132. ——. 

Mitrula abietis FR. Syst. Myc. 1:493. 1821. 

New York (Peck), Massachusetts (Frost), Rhode Island (Ben- 
nett). [ Europe |. 

3. Mitrula exigua (ScHw.) Fr. Elench. 1:235. 1880. 
* Leotia exigua Scuw. Syn. Fung. Car. 1822. 

North Carolina (Schweinitz). 

4. Mitrula gracilis KARST. Rev. Mon. 110. 1885. 

Greenland (Rostrup). [ Hurope ]. 

5. Mitrula phalloides(BuLu.) CHev. Flor. Paris.114. 1826. 
Clavaria phalloides BuLL. Champ. 214. pl. 463. f. 3. 1789. 

Mitrula paludosa Fr. Syst. Myc. 1:491. 1822. 

Massachusetts (frost, Farlow, Underwood), Rhode Island 

(Bennett), New York (Peck), New Jersey (Hillis), Pennsylva- 
nia (Schweinitz), North Carolina (Schweinitz, Curtis), Alabama 
(Beaumont). [Europe ]. 

6. Mitrula roseola Mora. Jour. Cinn. Soc. Nat. Hist. 18: 42, 
a3) F216. 1895; 

South Carolina (Atkinson). 

EXCLUDED SPECIES. 

Mitrula elegans BERK. Grey. 3:149. 1879.—Microglossum elegans. 
Mitrula inflata Fr. Elench. 1:234. 1830.—Physalacria inflata. 
Mitrula johnsonii Sacc. Syll. Fung. 8: 36. 1889.—Microglossum 

album. 

Mitrula luteola Exits. Am. Nat. 17:192. 1883.—Microglossum 
vitellinum. 

Miirula lutescens B. and C. Grey. 3:149. 1875.—Microglossum 
lutescens. 

Mitrula paludosa FR. Syst. Myc. 1:491. 1822.—M. phalloides. 

Mitrula pistillaris BERK. in Saccardo: Syll. Fung 8:38. 1889.— 

Microglossum pistillare. 

Mitrula rufa Sacc. Syll, Fung. 8:38. 1889—Microglossum rufum. 
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Mitrula spathulata FR. Summa Veg. Scand. 583. 1849.—Spathu- 
laria clavata. 

Mitrula viridis KArstT. Myc. Fenn. 1:29. 1871.—Microglossum 
viride. 

Mitrula vitellina irregularis Sacc. Syll. Fung. 8:36. 1889.— 
Microglossum vitellinum irregulare, 

VY. SPATHULARIA Pers. Tent. Disp. Meth. Fung. 36. 1797. 

1, Spathularia clavata (ScHAEFF.) Sacc. Michelia, 2:77, 
1880, 

Elwela clavata SCH4@FF. Icon. fung. 2: pl. 149, 1774. 

Spathularia flavida PERS. Tent. disp. Meth. fung. 36. 1797. 

Spathularia flava Swz. Vet. Akad. Handl.10. 1812. 

Mitrula spathulata FR. Summa Veg. Scand. 583. 1849. 

Maine (Curtis), Massachusetts (Frost), Connecticut ( Under- 

wood), New York (feck), Pennsylvania (Schweinitz), lowa 

{ Holway), Minnesota (Arthur), California (Moore)*. [ Europe ]. 

2. Spathularia velutipes CkE and Faru. Grey. 12:37. 1883. 
Vermont (Farlow), New Hampshire (Farlow). 

EXCLUDED SPECIES. 

Spathularia inflata (ScHw.) CKE. Mycogr. 204. pl. 395. f. 44... 1879. 

—Physalacria inflata. 

VI. LEOTIA Fr. Syst. Myc. 2:29. 1822. [Bx. Hill. Hist. 
Pl. 43, 1751.] 

1. Leotia chlorocephala Scuw. Syn. fung. Car. 88. 1822. 
Massachusetts (Frost), Connecticut (Underwood), Pennsyl- 

vania (Michener), North Carolina (Schweinitz, Curtis), South 
Carolina (Curtis), Florida (Calkins). 

2. Leotia lubrica (Scop.) PERS. Syn. Meth. fung. 613. 1801. 
Leotia gelatinosa HiLu. Hist. Pl. 43 1751. 
Elvela lubrica Scop. Fl. Carn. 2:477. 1772. 
Helvella gelatinosa BULL. Champ. Franc. 296. pl. 473. f. 2. 1786. 

Massachusetts (Hitchcock, Frost, Underwood), Connecticut 

(Underwood), Rhode Island ( Bennett), New York (Peck), New 
Jersey (Hillis), Pennsylvania (Schweinitz), North Carolina 
(Schweinitz, Curtis), lowa (Holway), Wisconsin (Bundy). [ Eu- 
rope |. 

3. Leotia ochroleuca CKE. et Hark. Grev. 9:8. 1880. 
California (Harkness). 

4. Leotia rufa Rostr. Medd. om Gronl. 3: 536. 1888. 
Greenland (Rostrup). 

*Reported as var. californica Moore, name only. 
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5. Leotia stipitata (Bosc) SCHROET. in Engler-Prantl: Die 
natiirl. Pflanzenfam. 1:166. 1894. 

Tremella stipitata Bosc, Berl. Mag. naturf. 89. pl. 6. f. 14. 1811. 
Leotia viscosa FR. Syst. Myc. 2: 30. 1822. 

Pennsylvania (Schweinitz), North Carolina (Schweinitz, 
Curtis), South Carolina (Ravenel). 

EXCLUDED SPECIES. 

Leotia brunneola B. and Br. is from Ceylon; erroneously reported 
from Cuba in Saccardo: Syll. Fung. 8: 611. 

Leotia circinans Pers. Icon. et Descr. fung. 16. pl. 5. f. 5-7. 1798.— 
Cudonia circinans. 

Leotia elegans BERK. Lond. Jour. Bot. 5:6. 1846.—Microglossum 
elegans. 

Leotia exigua Scuw. Syn. fung. Car. 1822—Mitrula exigua. 

Leotia gelatinosa H1iuu. Hist. Pl. 43. 1751.—L. lubrica. 

Leotia inflata Scuw. Syn. fung. Car. 1822.—Physalacria inflata, 

Leotia marcidu Pers. Syn. fung. 613. 1801.—Cudoniella marcida. 

Leotia truncorum A. and S. Consp. fung. Nisk. 297. 1805.— Vi- 
brissea truncorum, 

Leotia viscosa Fr. Syst. Myc. 2:30. 1822.—L. stipitata. 

VII. CUDONIELLA Sacc. Syll. Fung. 8:41. 1889. 

1. Cudoniella fructigena Rostr. Medd. om Grénl. 3: 605. 
1891. 

Greenland ( Rostrup). 

2. Cudoniella marcida (M@tLu.) Sacc. Syll. Fung. 8:41. 
1889. 

Phallus marcidus MUELL. F). Dan. pl. 654. f. 1.1770. 
Leotia marcida PERS. Syn. fung. 613. 1801. 

New York (Peck). [Europe ]. 

VIII. CUDONIA FR. Summa Veg. Scand. 348. 1849. 

1. Cudonia circinans (Pers.) Fr. Summa Veg. Scand. 348. 
1849. 

Leotia circinans PERS. Icon. et Descr. Fung. 16. pl. 5. f. 5-7. 1798 

New York (Peck), North Carolina (Schweinitz, Curtis). 
{ Europe |. 

2. Cudonia lutea (PK.) Sacc. Atti Real. Inst. Venet. VI. 
$:725. 1885. 

Vibrissea lutea PK. Reg. Rep. 25:97. pl. 1.f. 19-23, 1873. 

New York (Peck), Massachusetts (Frost). 

IX. VIBRISSEA Fr. Syst. Myc. 2:31. 1822. 

1. Vibrissea truncorum (A. &S.) FR. Syst. Myce. 2:31. 1822. 
Leotia truncorum A. & §. Consp. fung. Nisk. 297. pl. 3. f. 2. 1805. 
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New Hampshire (Farlow), Massachusetts (Frost), New York 

(Peck), New Jersey (Ellis), North Carolina (Schweiniz), 

California (Harkness). 

la. Vibrissea truncorum albipes PK. Reg. Rep. 44:37. 
1891. 

New York (Peck). 

EXCLUDED SPECIES. 

Vibrissea lutea PK. Reg. Rep. 25: 97. 1873.—Cudonia lutea. 

Vibrissea turbinata PuHILuLips. Trans. Linn. Soc. 2:10. 1881.— 

Gorgoniceps turbinata. 

RHIZINACEX. 

I. RHIZINA Frits. Obs. Mycol. 1:161. 1815. 

1. Rhizina inflata (SCHAEFF.) Karst. Rev. Mon. 112. 
1885. 

Elvela inflata SCHAEFF. Fung. Bav. et Palat. Icon. pl. 153. 1774. 

Rhizina undulata Fr. Obs. Mycol. 1:161. 1815. 
Helvella acaulis Pers. Syn. fung. 614. 1801. 

Connecticut (Thaxter) New York (Peck), Rhode Island (Ben- 
nett), Pennsylvania (Schweinitz), Wisconsin (Bundy) North Caro- 

lina (Curtis), South Carolina (Curtis). 

2. Rhizina spongiosa B. & C. Jour. Linn. Soc. 10:364- 
1869. 

Cuba (Wright). 

II. PSILOPEZIA Berk. Lond. Jour. Bot. 6:325. 1847. 

1. Psilopezia flavida B.& C. Grev. 4:1. 1875. 

Alabama (Peters). 

2. Psilopezia mirabilis B. & C. Jour. Linn. Soc. 10:364. 

1869. 
Cuba (Wright). 

8. Psilopezia nummularis Berk. Lond. Jour. Bot. 6:325. 

1847. 
New York (Peck, Ellis, Underwood), Pennsylvania (Michener), 

Ohio (Lea), Indiana (Underwood), North Carolina (Curtis), South 
Carolina (Curtis). 

III. UNDERWOODIA Pecr. Reg. Rep. 43:32. 1890. 

1. Underwoodia columnaris Peck. Reg. Rep. 43:82. pl. 4 
f. 1-4. 1890. 

New York (Fischer, Underwood). 

Auburn, Alabama, 1 February, 1896, 



XXX. A CONTRIBUTION TO THE PHYSIOLOGY 

OF THE ROOT TUBERS OF ISOPYRUM BI- 

TERNATUM (RAF.) TORR AND GRAY. 

DT. MACDOUGAL, 

Isopyrum biternatum is found in North America northward 
from Florida and Kentucky and eastward from the Rocky 
mountains. It reaches its best development in a moist leaf 

mould or coarse sandy alluvial soil on northern slopes and 

shaded ravines near the margin of deciduous forests. The vege- 
tative body of the plant consists of a thickened branching, 

woody perennial rhizome with closely crowded internodes, 
from which depends a dense tangle of fibrous roots. Arising 
from the rhizome are anumber of annual smooth, slender stems 

11 to 20 centimeters in height, on which are borne the 2 or 3 

ternately compound leaves, and the axillary (Gray XV.) flowers. 

The roots penetrate the soil to a depth of 10 or 15 centimeters 
and to an equal distance laterally. They are characterized by 

Asa Gray (III) as ‘‘thickened here and there into small tubers.” 

The rhizomes die away in the older portions as they extend in 
length, so that the attached roots may attain an age of two or 

three years. A few biternate leaves in a functionally active 
condition are present during the entire winter; the seasonal 
vegetative period begins when the soil reaches—5° to3° C., and 
continues 80 to 110 days—March-June—according to the lati- 

tude. The greatest leaf area is exposed during May and June. 

The small anemone-like flowers appear during April—June, each 

lasting two or three days. The seeds mature in June and since 

no seedlings have been found around the old plants in the 

autumn, and seeds placed in the soil in the plant house did not 

germinate until five months later, it seems safe to conclude 
that their latent period ordinarily extends through the winter 

following maturity. In the autumn the rhizomes send out 

numerous runners which serve as a very effectual means of 

propagation. ‘The general aspect of the adult plant may be 

seen in Plate 28 and Fig. 1. Pl. 29, and the seedling in Fig. 

10 Pl. 29. 
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My attention was first called to the somewhat peculiar feat- 
ures of the anatomy of the tubers in 1888 and since that time I 

have had the plant under more or less continual observation in 

the botanical laboratories of De Pauw and Purdue Universities, 

the State University of Minnesota. and the Botanic Institute, 

Leipsic, as well as inthe natural habitats of the plant, with 
the result that some noteworthy features of the mechanisn of 

protection and storage of reserve material have been brought 

to light. 
Anatomy of roots and tubers. The long slender roots are 

closely crowded together at the point of origin on the internodes 

of the rhizome, and since they penetrate a loose friable moist 

soil, are only slightly geotropic, and grow very slowly with but 

little expenditure of outward work in the way of external pres- 
sure. Asa natural accompaniment of this method of growth, 

only a rudimentary root cap has been developed and the zone 

of root hairs extends to within 1 or 2 millimeters of the tip. 
In a discussion of the features of the morphology of the 

roots of the Ranunculaceae, Mr. Maxwell (VIII) has without 
examination classed the roots of Isopyrum among those of 

tetrarchic formation. It is seen, however, to be diarchic (Fig. 

2, Pl. 29). The formation of the secondary hadrome and 
differentiation of the endodermis only slightly precedes the 

development of the root-hair cylinders of the piliferous layer. 

It has been observed that in some instances the formation of 

the tuber began simultaneously with, or immediately following 

the appearance of the secondary hadrome, and previous to the 
formation of the root-hairs, although it does not usually begin 

until some time later—a fact which accounts for great dif- 

ferences in the cortex of the mature tuber. The secondary 
hadrome is formed from the arches of meristematic tissue 

lying between the two groups of primary vessels, and the 

lateral vessels of the secondary hadrome border directly on 

the innermost vessels of the primary hadrome, both in normally 

thickened roots and in tubers, thus forming an irregular ring. 

The formation of a tuber consists primarily in the exaggera- 

ted external development of the pericycle, which retains in 

greater part its meristematic character even in old tubers, 
coupled with a co-ordinate extension of the cambiform rays 
(assise génératice of Van Tieghem XIV) Fig. 4 Pl. 29 which en- 

force tangential growth in the endodermis and cortex. The 

mass of cells formed from the pericycle are entirely without 

intercellular spaces. The nuclei of these cells lie in the lining 
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layer, and are most delicately sensitive to the metabolic con- 
ditions prevalent in the cell, to which they respond by changes 

in size, form and structure. These cells serve for the storage 

of reserve food—principally carbohydrates as will be des- 

cribed below. The tension of the expanding tissue derived 

from the pericycle induces a tangential expansion of both en- 

dodermis and cortex. In the endodermis this has been accom- 

plished by radial longitudinal division, and in many of the cells 

three or four secondary walls have been formed. The cortex 

which in normal roots may attain a thickness of 8 to 12 layers, 
in the tubers is rarely more than 4 to 6 in thickness, due to the 

expansion in a tangential direction. In both cortex and en- 

dodermis the secondary can be distinguished from the primary 
walls by their non-suberization. The division of the cortex is 

not so regular as in the endodermis, and portions of the outer 

layers are lost by decay. In some instances patches of the 

piliferous layer remain. The endodermis and outer layers of 

cortex contain large pale gray and yellowish brown globules 

and masses whose composition will form the subject of a sep- 
arate paragraph. The rays extending outwardly from the 

secondary tissues, reach one-half to two-thirds of the distance 

to the endodermis, and are composed of cambiform cells which 

are clearly meristematic except in some instances at the outer 

edge where in asmall group the protoplasmic content has been 
partially lost, the walls thickened and pitted and a trace of 

lignification has appeared. The rays comprise two or four layers 

of cells, which in the more external portions exhibit a greater 

radial than tangential diameter. The parenchymatous tissue 
lying in the plane of the rays exhibits a radial arrangement 

similar to thatof the rays. In the thickenings of the roots of 

Isopyrum trifoliatum which are triarchic, similar wedge-shaped 

extensions of cambium tissue occur, and one or more vessels 

may be formed at the outer edge of the ray. When the forma- 

tion of a tuber occurs ina portion of a root from which a branch 
arises, the thickening entails a disposition of the tissues which 

is most clearly seen by reference to Fig. 11 Pl. 29. The thick- 

ened woody nature of the cells at the outer edge of the ray is 

preserved in the lateral converging branches. 

In L. biternatum the small mechanical value of the woody 

elements is supplemented by the high degree of turgidity of 

the comparatively large mass of storage tissue; a turgidity 

resulting in part from the high osmotic coefficient of the con- 
tained sugars, but maintained even when free from reserve 
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substance by the acid content. Thus the state of firmness 

and plumpness of the tubers offers no indication of the pres- 

ence or absence of carbohydrates. 

So far as lL have been able to examine other species of this 

genus the amount of development of the secondary and tertiary 

woody tissue in the storage organs is in proportion to the 

tendency to convert the carbohydrates into solid form, and thus 

decrease the turgidity of the parenchymatous cells. It is of 

course to be admitted that other factors influence the develop- 
ment of woody tissues in root formations, but in such tubers 

as those of I. biternatum the mechanical strains to be borne 
by the roots are very slight. 

Outwardly the tubers are more or less irregular globoid or 

cylindrical thickenings of the roots which may attain a diame- 

ter of 5mm. or about three times the diameter of a normal 

root and the thickening may extend a distance of 2.5 cm. along 

the root. The metamorphosis of a root into a tuber may begin 

afew centimeters from the tip and a constant increase in size 

takes place during the entire life of the root—one to three 

years. On seedlings the thickening begins in 60 to 70 days 

after germination of the seed, when only three or four foliage 

leaves had appeared. The first outward indication of the 

change is the glistening silvery white appearance of the por- 

tion of the root concerned. 

In a brief description of the anatomy of the tubers Professor 

C.W. Hargitt(V )has noted that the mass of the tuber was due to 
the accented development of the conjunctive parenchyma, and 

also concluded that these cells contained inulin and that the 

“subepidermal” tissue contained aleurone. Ihave been unable 

to confirm this diagnosis as to the reserve material, and must 

also reject my former conclusion (XXII) that the tubers are 
not storage organs, a conclusion to which I was led by the early 

stage in the development of the root in which tuberous thick- 

ening might begin, their behavior when free from surplus food 

and the presence of a mycelium infecting the outer layers of 

several lots of material examined. 

It has been determined that the presence of this organism is 

purely incidental and in a few instances only has it penetrated 

farther than the endodermis. 

Reserve material. In the work upon the character and se- 
quence of the reserve substances from 1888 to 1893 only mater- 

ial taken from the natural habitat under entirely natural con- 
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ditions was used, but since the latter date I have had an ample 
supply of material under constant observation in the plant 
houses. 

In the determination of the contents of the storage cells of 

the tuber the following reactions were obtained from Septem- 
ber to May—during the winter resting period of plants under 
natural conditions. 

If sections of a tuber freshly detached from the plant were 

mounted ina drop of strong alcohol, the parenchyma cells were 

almost instantly filled with numerous small globules which ap- 

peared pale gray tinged with violet. An immense number of 

these globules might also be observed in the fluid surrounding 

the sections. If a drop of water were placed at the edge of 

the cover glass the globules instantly disappeared, and if the 

slide were allowed to remain in the open air a few hours the 

water absorbed from the air and extracted from the walls was 

sufficient to dilute the alcohol to such a point that the globules 

were dissolved. A series of tests with a number of solutions 

of alcohol revealed the fact that the globules were formed as 

above with all solutions of alcohol above 80 per cent. by volume 

but with the use of a 75 per cent. solution the globules were 
not formed so quickly and were redissolved in a few minutes. 

With 70 and 65 per cent. solutions the globules were slowly 

formed to disappear soon by an instantaneous breaking down. 

In a 60 per cent. solution no globules were formed. This 
globular formation on the addition of strong alcohol was first 

described by Kraus (VI) as seen in the sugar beet and was sup- 

posed by him to be indicative of the presence of sucrose; but it 
is possible that the globules might consist partially of reffinose 

or secalose (XIII). If the sugar laden cells were kept under 

observation when the drop of alcohol was allowed to act from 

one side, the globules might be seen forming against the cell 

wall through which the alcohol entere@ and being carried with 

the current toward the center of the cell, where the first ones 

were dissolved owing to the great proportion of water present 

here. With the saturation of the cell sap with alcohol, the 

sugar was again thrown down and finally the cells would be 

almost entirely filled with the globules which reached a size 

equal to one-tenth the diameter of the cell or were barely 

visible points (Fig. 4, Pl. 29). In Kraus’ reactions the 
globuies were seen to disappear briefly, doubtless owing to the 

gradual dilution of the alcohol as above described. In the 

material under examination, however, if the alcohol were re- 
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newed and kept free from water, the globules remained intact. 

Sections containing the globules were placed in asmall amount 

of alcohol (95 per cent.) for ten days and were unchanged. 

After 100 days in absolute alcohol the globules had taken on a 

firmer consistency, and an ovoid, or irregular form (See Pl. 29 

Fig. 4). In the ovoid and globoid forms an appearance of 

stratification could be detected, but no exact determination 

could be made. From time to time fusion of two or more of the 

globules in freshly treated sections occurred, and this fusion 

was greatly facilitated by warming to 50° C. Although Kraus 

obtained globules in the sugar laden cells on the addition of 

glycerine, the test was scarcely successful in Isopyrum. Only 

a few lumpy aggregations against the walls of the parenchy- 

matous cells might be seen. Further if strong alcohol were 

added to the preparation the globules were formed in great 

numbers outside of the cells showing the dialyzation of the 

sugar by the glycerine. Ether and chloroform caused no re- 

action in the cells, although in sections remaining in these 

fluids the globules previously formed were fused by their 

mechanical action in the extraction of the alcohol. Solutions 

of iodine gave no decided reaction either on the cell sap or 

on the globules. In order to determine the presence or 

absence of a membrane of precipitation on the globules 

formed by alcohol, Congo-red and a number of aniline stains 

were applied but no such formation could be found. An 

extract obtained by macerating 100 grams of fresh tubers taken 

from the soil in April, showed an active sugar which turned 
the plane of polarization to the right. On the addition of a 

mineral acid the sugar became inactive. This and the marked 

reaction obtained in the red color resulting from the use of 

thymol and sulphuric acid both on fresh sections and the ex- 

tract indicated a large proportion of sugar present. Sections 

of tuber placed in solution of methylene blue in absolute 

alcohol gave the usual aggregation which, however, contained 

none of the coloring matter. When placed in a weak solution 

of caffein in water a small amount of plasmolysis was observ- 

able in the meristematic cells but no aggregation of any sort 

in the reserve laden parenchyma. On the addition of strong 

alcohol to the sections thus treated the globules were formed 

in the usual manner. 
The tubers gave a strong acid reaction which was found to 

be due to the presence of a complex organic acid for which no 

test was available. This acid seemed to be uniformly present 
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and might account for the turgidity of the parenchyma and 

consequent plumpness of the tubers even when devoid of stored 
sugars. In tubers taken from plants in the open from May to 

August many of the leucoplasts surrounding the nuclei in the 

storage cells as well as in the cortex contained a simple poly- 

hedral or globoid granule, which gave reactions similar to the 

‘‘red starch” of Niigeli which has recently been so thoroughly 

exploited by A. Meyer (X). The formation of granules in the 

leucoplasts occurred in plants in the open air in the spring in 

about sixty days from the beginning of the vegetative season 

and the expansion of the chlorophyll area. Plants taken from 
the soil September 31st and placed in a green house at a tem- 
perature from 15° to 28° C., soon awakened from their dormant 
condition, began the expansion of the chlorophyll bearing 

area, and forty days later the formation of reproductive bodies 

and fifty days later granules appeared in the tubers. In the 

latter instance the plant had received an amount of illumination 

about equal in value to that of the first, and perhaps a greater 

number of heat units. Freshly cut sections placed in iodine 

water gave the granules a light dingy blue, slightly tinged with 

brown. Other sections allowed to remain 15 hours in the solu- 
tion gave a deeper shade of the same tints. In either case they 

faded if allowed to remain in distilled water after washing. On 

the addition of dilute chlor-zinc iodine to a section the granules 

became first a decided blue, passing gradually into a brown and 

finally into a reddish brown, which gradually faded if the iodine 

were washed out with water. Treatment of sections left in 

diastase for 24 hours resulted in the corrosion and almost total 

disintegration of the granules, but a large number of the cells 

of the cortex and parenchyma were filled with masses coloring 

reddish violet on the addition of potassium iodide-iodine, which 

by A. Meyer’s interpretation indicates the presence of a rem- 

nant of the granules consisting of aamylose and amylodextrin. 

On treatment with boiling water for a few seconds the gran- 

ules were swollen, the outer skeleton was distinctly visible and 

remained unstained on the addition of potassium-iodide-iodine, 

while a portion of the inner mass was dissolved away. On 

lengthened treatment with boiling water to 100 seconds the 

entire granule was disintegrated, inclusive of the colorless 

skeleton. The granules remained unchanged during several 

days exposure to cold alkalies but were quickly broken down 

if the solution were raised to 100° C. On saturation with sul- 

phuric acid and subsequent treatment with iodine a blue color 
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resulted. In cells containing the ‘‘red starch” granules a cop- 

per reducing substance—a carbohydrate—is to be found during 

the entire year. 

The mesophyll cells of the leaves after a period of activity 

of the chlorophyll, contained a substance, which by its reac- 

tion to iodine, must have consisted largely of amylodextrin, 

and during the period of maximum activity, solid masses were 

to be found in the leucoplasts similar to those in the tubers. 

Only in such instance was a copper reducing sugar found and 

in small quantity in the mesophyll cells. It would appear by 

inference that the ultimate product of the synthetic process in 

the mesophyll is sucrose, that the surplus supply is converted 

into a starch different only from the ordinary forms by the 

proportions of @ amylose and B amylose, and that the form 

taken in translocation is probably maltose, or some copper re- 

ducing sugar since this form was present from the Maves to 

the tubers and in greatest quantity in the conducting cells. 

This is further confirmed by the fact that in detached por- 

tions of rhizomes and tubers the amount of copper reducing 

sugar was sensibly diminished and as the amount of cane sugar 

increased. The same was also true of tubers placed in a 5 per 

cent. solution of cane sugar. 

A similar scarcity of copper reducing sugar was noted in 

tubers in which the formation of red starch granules was be- 

gun. As for the physiological conditions which lead to the 

condensation of the sugars into starch granules containing 

large proportions of amylodextrin and in consequence reac- 

ting reddish brown to iodine, nothing exact can be given. Since 

the amylodextrin is formed from amylose by diastatic action 

it seems entirely possible that such starch granules indicate a 

constant and strong action of the ferment during the process 

of condensation, a view confirmed by the constant presence, 

during both the resting and actively vegetative period, of large 

proportions of a diastatic ferment in the storage cells. 

When sections of a tuber were mounted in water and a cry- 

stal of ammonium tartrate placed at the edge of the cover and 
allowed to dissolve there were formed large globules nearly 

filling the parenchymatous cell cavities. When fresh sections 

of the tuber were placed in alcohol-tartaric acid solution, a 
globular aggregation of granular or radial structure was formed 

in the perfect cells, but in those which had been mechanically 

torn or injured, a number of crystals of rhombic form of the 

hexagonal system with angles, incomplete or obscure. Ina 
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few of the intact cells, in the injured ones, and in the fluid 

around were a number of radially arranged groups of slender 

or needle shaped ixcomplete crystals. These crystals are 

easily soluble in water, insoluble in alcohol and acetic acid, 
and must have been mixtures of bitartrate of potassium and cal- 

cium (IV, p. 56). Ina farther differentiative test of crystal of 

ammonium oxalate placed at the edge of a cover glass diffused 

through the water in which the section was mounted forming 

a great number of tetragonal pyramidal and monosymmetric 

rhombohedral forms. Ammonium carbonate gave a similarly 

marked reaction, and if a drop of sulphuric acid were added to 

the ash a plentiful supply of gypsum needles were formed. 

The calcium occurs also in occasional crystals of the oxalate in 

the stems and rhizomes. Treatment of the ash of tubers with 

platinum bichloride gave a large number of the characteristic 

erystal forms of potassium-platinum-chloride. On the ad- 

dition of a solution of sodium phosphate containing a trace of 
ammonia to the ash of tubers a moderate amount of ammonium- 

magnesium-phosphate crystals were formed. 

Calcium was found somewhat evenly distributed through the 

parenchyma of the tubers and in alarge proportion of the cortex 

ofthe same. Inthe leaves the greatest amounts were found in 

the conducting sheaths of the fibro-vascular tissue, and in the 

epidermal cells of the entire organ in great plenty. The ap- 

plication of the platinum bichloride test to leaf stalks shows 

also a very large amount of potassium in the leaf lamina. 

While no quantitative determinations could be made it was ap- 

parent that the amount of this substance steadily increased 

from the root-tubers to the leaves. The amount of magnesium 

present in the leaf, stem, and tuber showed no great variation, 

though doubtless an exact determination would reveal distinct 

differences. 

With a view to the possible discovery of the conditions, which 

determine the formation of ‘‘red starch” recourse was had to 

the methods of Godlewski (II), Boehm (I), Schimper (XII), 

Meyer (IX) and Rendle (XI). In these tests chlorophyll-bear- 

ing areas of the plant were exposed to atmospheres contain- 

ing proportions of carbon dioxide from the normal to 25 per 

cent. and at the same time, or separately to solutions of cane 
sugar varying in strength from 5 per cent. to saturation. The 

tubers and other tracts containing colorless chromatophores 

were placed in solutions of cane sugar glycerine, glucose, 

glycogen, asparagin, etc. 
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In the exposure of chlorophyll bearing organs of the plants 

to atmospheres with increased carbon dioxide content, it was 

found that in all proportions below 25 per cent. the mesophyll 

cells and guard cells of the stomata contained an unusually 

large amount of some substance reacting reddish brown with 

potassium-iodide-iodine, and by farther exposure the chloro- 
plasts became distended and filled with apparently solid masses 

of similar substance. Similar formations were to be seen in 

the leucoplasts of the parenchyma, lateral to the mestome 

areas in the stems. Effects similar to the above were also se- 

cured by placing excised leaves in 5-10 per cent. sugar solu 

tions for 40 hours and the general results in no wise differ 

materially from those reached by exposure of plants to max- 

imum insolation. In stems which had lain in a5 per cent. solu- 

tion for a week, the parenchymatous elements in immediate 

contact with the bundles held large amounts of granules which 

on treatment with potassium hydrate and iodine gave a dingy 

purple color; in 20 per cent. solution one week a small num- 

ber of solid red bodies in the mesophyll of stem with iodine so- 
lution. In tubers placed in the 5 per cent. solution for a 

week, granules were formed which in every way reacted and 

had the appearance of those regularly appearing at the be- 

ginning of the vegetative season. In the 10 per cent. solu- 

tion the formation of granules was not more marked than in 

the 5 per cent. solution. From 5 to 10 per cent. was the most 

favorable concentration for the formation of starch from sugar. 

In tubers which had lain in5 percent. solution of cane sugar 

10 days the number and size of the leucoplasts and of red 

starch granules had increased while the nuclei were almost 

double their former.size. Not only were the leucoplasts con- 

taining red starch found plentifully in the parenchymatous 

cells and the meristem rays, but also in all but the outer layer 

ot the cortex as well as the endodermis. In one instance four 

small granules of similar reaction were unmistakably seen in 

the nucleus impinging on the nucleolus. A tuber which had 

lain in a ten per cent. solution of glycerine 50 hours had formed 
a large number of red starch granules in the parenchymatous 

cells. It had not effected any changes in a stem in 70 hours 

however. 
In order to test the effect of calcium and potassium salts on 

the translocation and condensation of the carbohydrates tubers 

with one end cut away were placed in the nitrates of these sub- 
stances in solution, which contained in one instance 1 per cent. 
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and in the other + per cent. of the salt. Four days later in 

the 1 per cent. solutions only occasional starch bodies were 
found. In the } per cent. solution of both substances numerous 

granules were formed. In both these instances the nucleus 
seemed extraordinarily large and ragged in outline after treat- 

ment with potassium-iodide-iodine. Many similar experiments 
show beyond doubt that in proportions as great as 1 per cent. 

these salts hinder the condensation of the carbohydrates. The 

influence upon the translocation and absorption of the sugar so- 
lution, appeared to be the same in the use of both substances. 
Since the cells in the beginning of the feeding experiments 

were almost saturated with sugar, however, it appears that the 

influence of the stronger solution is suchas to inhibit the con- 

densation of the sugars, most probably by changes brought 

about in them in the acid content. 

Contents ofexternal tissues. Thesap ofthe epidermal cells 
of thestems, leaves, the endoderm and certain cell of the cortex 

contains a bitter tasting substance which on the application of 

potassium-iodide-iodine forms a globular mass or meshwork of 

aggregations or precipitations reddish brown in color. Washed 

with water and mounted in glycerine, the color soon fades to a 

light reddish or yellowish brown. The guard cells of the 

stomata of the leaves and stems contain a substance which 

colors a more darkly reddish brown on the addition of the 

iodine solution, which after washing and mounting in glycerine 

fades entirely. The original color of both surface and guard 

cells may be obtained if the glycerine is replaced by water and 

iodine added as before. The addition of iodine in 96 per cent. 
alcohol gives a precipitate in the epidermal cells somewhat 

brighter in color than is obtained by the use of potas- 

sium-iodide-iodine, while the guard cells react as_ before. 

If such sections are left in alcohol over night the color 

disappears entirely, and the absence of reaction when a fresh 

solution of iodine is added shows that the substance precip- 

itated has been dissolved in alcohol. In stems which had lain 

in alcoholfor 5 months no trace of this substance could be 

found, it having been extracted by the fluid. By the use of 

iodine in water a dull yellowish precipitate was obtained. The 
precipitate obtained with potassium-iodide-iodine is insoluble 

in phosphoric, and hydrochloric acids when added in the form 

of a drop at the edge of the cover glass. Nitric acid, however, 

causes the precipitate to take the form of irregular jagged 
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masses or octahedral or needle shaped crystals all of which 

appear black in transmitted light. 
If epidermal sections of the leaves were placed in a solution 

of 1 part tartaric acid in 20 parts absolute alcohol for two hours, 

there appeared inside the cells a number of globular aggrega- 

tions of a granular or in some cases radial structure. Later in 

some of the cells these were broken up and were replaced by 

radially arranged bundles of crystals similar to those in the 

tuber which were not dissolved in 95 per cent. alcohol in 30 

days. When a cell containing these aggregations was dis- 

turbed by crushing the process was hastened. If untreated 

sections were placed in a Mayer’s solution of potassic-mercuric- 

iodide, a whitish granular precipitate was formed in the mount, 

partly inside the cells but for the greater part in the fluid 
in contact with them, or their inner walls. ‘This precipitate 

was insoluble in alcohol, and weak and strong hydrochloric 

acid. A small amount of the potassic-mercuric-iodide precipi- 
tate was also formed in the outer layers of the cortex in the 

tubers. 
So far as the above and the reactions with the alkaline car- 

bonates are capable of interpretation, it would appear that 

there is present in the sap of the external tissues of the leaves 
and stems some form of tannin and a chromogen from which 

_ the characteristic red color of the leaves may arise. In addi- 
tion the cells of the outer layers of the cortex of the tubers con- 

tained one or more pale grayish globules (Fig. 8, Pl. 29) whose 

diameter may be nearly equal to that of the cell. They are to 

be found as well in a large proportion of the cells of the exter- 

nal tissue in al] parts of the root to within 1 or 2mm. of the 

tip. These globules are immediately soluble in alcohol,slowly 

soluble in either, and take on an eosin red coloration on treat- 

ment of fresh material with chrom-acetic-osmic-acid, finally be- 

coming black. If sections treated with potassium-iodide-iodine 

are placed in 95 per cent. alcohol for 48 hours the globules will 

disappear entirely except at certain places in the outer layer of 

the cortex where a few retain their form,size and the charact- 

eristic reddish brown coloration. These globules take on a red 

color in a solution of alkannin, and appear to belong to the 

fatty oils. Similar globules are to be found in the outer lay- 

ers of the tubers of Isopyrum adoxoides. In a number of 

the outer cells are to be found pale yellowish masses or aggre- 

gations of rounded granules which are insoluble in cold alcohol 
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but dissolve on boiling, and are dissolved with difficulty by con- 

centrated solutions of chloral hydrate, and may be regarded 

as of a waxy nature. 

The tubers as well as the roots of I. biternatum are often 

thickly invested with a non-septate mycelium which penetrates 

the outer layer of the cortex by means of haustorial branches 

(Fig. 8, Pl. 29). Only in rare instances has the tuber been 

found to have been more deeply penetrated by the filaments, 

and in the many thousands which have been examined none 

have shown indications of injury from animals. The tubers 

have a pungent,slightly bitter taste, and the presumption seems 
entirely warranted that the tannin in the cell sap or the oily 

substance in the outer tissues may serve as a meansof pro- 

tection. 

A lot of tubers obtained October 10, 1894, weighing 2.8 grams 

gave .505 grams residue when dried over a water bath at 100° 

C. for 24 hours. A second lot taken from the soil April 11, 
1895, weighing 8.74 grams gave 1.923 grams of residue and 6.817 

grams of water. An ether extract, using the Soxhlet appar- 

atus, of the residue of the first lot amounted to 3 mg. 

Water cultures. Several small plants not yet a year old were 
placed in water culture jars filled with a solution of nutritive 

salts in river water on October 15, 1894. These plants lived, 

bloomed and sustained normal appearances until June, 1895, 

although no doubt considerably weakened since they were 

unable to form perfect seeds. In order to furnish these plants 

with a normal degree of root temperature the culture jars were 

imbedded in the soil of a box 20 cm. x 20. cm. x 1 meter. The 
soil in the box received the usual daily watering of the green 

house. The new water roots formed on these plants produced 
a lessened amount of mechanical tissue and developed only 

rudimentary root hairs. In several instances these roots began 

to show evidence of the thickening usually preliminary to the 
formation of tubers. 

Recapitulation. As asummary of the foregoing it may be 
stated that: 

1. The tubers are formed by an excessive development of 

the pericycle which may begin contemporaneously or follow- 

ing the formation of the secondary tissues of the root, and that 

the consequent enlargement is accompanied by an enforced 

tangential development of the cortex and endodermis anda 
radial development of the cambium. 

2. Acompensation for the low value of the mechanical ele- 

ments in the elongated tubers is furnished by the habit of 
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the root in penetrating a loose substratum, and the relatively 
high osmotic coefficient of the acid content of the storage cells. 

As species of this genus exhibit a tendency to condense 

reserve carbohydrates into solid form, and lower the acid 

content, the mechanical elements increase in value. 

3. The product of the photosynthetic action of the leaves 
is probably cane sugar, which in case of surplus accumula- 

tion is converted into a form reacting reddish brown to iodine 

solutions. During translocation it assumes the form of a cop- 

per reducing substance, and accumulates in the tubers as 

cane sugar. During the season of greatest chlorophyll ac- 

tivity a portion of the cane sugar is condensed into the form 

of ‘‘red starch” by the leucoplasts surrounding the nucleus. 

The starch disappears on the formation of the propagative 

shoots, in autumn. 

4. The tendency to form ‘‘red starch” is characteristic and 

may not be altered by exposure to high proportions of carbon 

dioxide, feeding with carbohydrates, or condensation by glyc- 

erine. 

5. No connection could be traced between the distribution 

of the mineral salts, except calcium, and the carbohydrates. 

The presence of 1 per cent. of calcium or potassium nitrate in 

a sugar solution will inhibit its condensation into starch. 

6. The tendency to form tubers on the roots seems firmly 
fixed, and such formation occurred in water cultures in an ap- 

parently starving condition. 

7. The sap of the external tissues contains a bitter tasting 

substance and in addition the outer cortical cells of the roots 

and tubers contain large drops of oil. These substances may 

subserve as a means of protection, since no plants have been 

observed to have been injured by animals, and only in rare 

instances has the investing mycelium penetrated the tuber, 

by means of its haustorial branches, as far as the endoder- 

mis. 

I am indebted to Mr. Percy Groom of Oxford, England, Mr. 

Theo. Holm of Washington, D. C., Professor Geo. EF’. Atkinson 

of Cornell University and others for helpful suggestions and 

material during the course of the work, and to Miss J. E. 

Tilden for the preparation of the plates. 
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EXPLANATION OF PLATES. 

PLATE XXVIII. 
Isopyrum biternatum with flowers and seed capsules. 

PLATE XXIX. 

Anatomy of Isopyrum biternatum. 

Fig. 1. Cross section of tuber. X 100. 
a. Cortex. 
b. Endodermis. 

c. Meristematic arch. 

dd. Rays of meristematic tissue. 

ee. Secondary hadrome. 

ff. Primary hadrome. 

Parenchyma cell showing leucoplasts containing starch grains 

- at time of flowering. X 450. 

Fig. 3. Parenchyma cell with nucleus covered by layer of starch grains 

at time of maturity of seeds. X 450. 

Fig. 4. Parenchyma cell taken from tuber grown in plant house during 
December. Treated with absolute alcohol for 100 days. X 450. 

Fig. 5. Parenchyma cell taken from tuberin February. Freshly treated 

with absolute alcohol. X 450. 

Fig. 6. Cross section of root3 mm. from tip. X 700. 
c. Hndodermis. 

b. Primary hadrome. 

a. Group of cells from which secondary hadrome arises. 

Fig. 7. Plant 4 months old. 
a. Tubers, + natural size. 

Fig. 8. Surface section of tuber. X 450. 

a. Oil drops. 
b. Hypha. 

Fig. 9. Root thickened into tuber. X 10. 

Fig. 10. Seedling. 

a. Cotyledon. X 12. 

c. First foliage leaf. 

b. Second foliage leaf. 

d. Third foliage leaf. 

Fig. 11. Diagram showing disposition of tissues in branch of tuber. 

c. Primary hadrome. 

b. Secondary hadrome. 

a. Endodermis. 

to Fig. 



XXXI. DETERMINATIONS OF PLANTS COL- 

LECTED BY DR. J. H. SANDBERG, IN 

NORTHERN MINNESOTA, 

DURING 1891. 

J. Ms HOLZINGER. 

[The plants listed below were collected by Dr. J. H. Sandberg, under 

commission from the U.S. Dept. of Agriculture. The determination of 

them was carried on by Mr. J. M. Holzinger while assistant botanist in 

the National Herbarium. Dr. George Vasey, at that time Chief of the 

Division of Botany at Washington, expressed a willingness to have the 

report printed by the Minnesota Survey, and Mr. F. V. Coville, present 

Chief of the Division of Botany, has ratified the wish of Dr. Vasey by 

turning the MS. over to Mr. Holzinger for publication in MINNESOTA 

BOTANICAL STUDIES. The collections here listed were made over that 

part of the state extending between the western end of Lake Superior 

and the lake Itasca region, covering the southern portions of the counties 

of Lake, St. Louis and Itasca, and portions of the counties of Carlton, 

Aitkin, Cass, Crow Wing and Morrison. Smaller collections made in the 

counties of Hennepin, Ramsey, Goodhue and Chisago are also included. 

The list as a whole is highly valuable as giving a good idea of the plant 

population established around the head waters of the Mississippi. By the 

purchase during the present year of Dr. J. H. Sandberg’s entire collection, 

the duplicates of most of the plants listed here have been added to the 

Minnesota collections of the Survey. The rest are on file in the cases of 

the National Herbarium.—Editor.]| 

LYCOPODIACEAE. 

Lycopodium clavatum L. Sp. Pl. 1101. 1753. 
Woods. Thompson. July. No. 427. 

Lycopodium complanatum L. Sp. Pl. 1104. 1753. 
Woods and spruce swamps. Thompson; Two Harbors; lake 

Itasca. July. Nos. 429, 465, 1245. 

Lycopodium obscurum L. Sp. Pl. 1102. 1753. 
Woods. Thompson. July. No. 428. 

SELAGINELLACEAE. 

Selaginella rupestris (L.) SprenG. Mart. FI. Bras. 1: Pt. 2. 

118. 1840. 
Slate rocks. N. P. Junction. June. © No. 254. 
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OPHIOGLOSSACEAE. 

Botrychium lunaria (L.) Swartz. Schrad. Jour. Bot. 
ae: 1860; 

Wet rocky woods. Two Harbors. July. No. 488. 

Botrychium ternatum (THUNB.) Swartz. var. australe 
GRAY. 

Woods. Grand Rapids. August. No. 487. 

Botrychium virginianum (L). Swartz. Schrad. Jour. Bot. 
Bie wis0o; 

Rich woods and shady banks. Thompson; lake Itasca. July. 

Nos. 560, 1147. 
EQUISETACEAE. 

Equisetum robustum A. Br. Engelm. Am. Jour. Sci. 46:88. 
1844. 

Springy, sandy places. Thompson. June. No. 138. 

Equisetum scirpoides Micux. FI. Bor. Am. 2:281. 1803. 
Along streams. Lake Itasca. July. No. 1150. 

Equisetum sylvaticum L. Sp. Pl. 1061. 1753. 
Wet ground. Thompson. May. No. 62. 

Equisetum variegatum ScHLEICH. Cat. Pl. Helv. 27. 1807. 
Deep ravines. Thompson. May. No. 91. 

FILICES. 

Pellaea atropurpurea (L.) Link. Fil. Hort. Berl. 59. 1841. 
Sandy cliffs. Cannon Falls. July. No. 379. 

Asplenium filix-foemina (L.) BERNH. Schrad. Neues Jour. 
Bot. I: Pt, 2526, 1806: 

Copses. Two Harbors. August. No. 896. 

Phegopteris dryopteris (L.) FEE. Gen. Fil. 248. 1850-52. 
Moist rich woods. Silver Creek. August. No. 915. 

Phegopteris phegopteris (L.) UNDERWOOD. Small in Bull. 
Torr. Bot. Club. 20:462. 1893. 

Woods. Two Harbors. August. No. 895. 

Dryopteris fragrans (L.) ScHorr. Gen. Fil. 1884. 
Rocks. Two Harbors. July. No. 461. 

Dryopteris spinulosa (RETZ.) KUNTZE. Rev. Gen. 813. 1891. 

Rich woods. Silver Creek. August. No. 917. 

Onoclea sensibilis L. Sp. Pl. 1062. 1753. 
Rich woods. Thompson. July. No. 481. 
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Onoclea struthiopteris (L.) HOFFMANN. Deutsch. Fl. 2:11. 
1795. 

Creek bottoms in woods. Thompson. July. No. 418. 

Woodsia ilvensis (L.) R. Br. Trans. Linn. Soc. 11:178. 
1812-15. 

In crevices of rocks. St. Croix Falls. July. (J. M. H. coll.) 

Osmunda cinnamonea L. Sp. Pl. 1066. 1753. 
Wet woods. Pokegama lake. June. No. 210. 

Osmunda claytoniana L. Sp. Pl. 1066. 1753. 
Damp woods. Lake Itasca. July. No. 1177. 

Osmundaregalis L. Sp. Pl. 1065. 1753. 
Low ground. Minneapolis. June. No. 321. 

CONIFERAE. 

Taxus minor (MicHx.) Britton. Mem. Torr. Bot. Club. 5:19. 
1893-94. 

Deep ravines. Thompson. June. No. 191. 

Juniperus communis L. Sp. Pl. 1040. 1753. 
Lake Itasca. June. No. 1099. 

Juniperus virginiana L. Sp. Pl. 1039. 1753. 
Shores of Lake Itasca. July. No. 1195. 

Thuya occidentalis L. Sp. Pl. 1002. 1753. 
Lake Pokegama islands. June. No. 242. 

Picea mariana (MILu.) B.S. P. Prel. Cat. N. Y. 71. 1888. 
Woods. Two Harbors. July. Nos. 462, 463. 

Abies balsamea (L.) MILL. Gard. Dict. ed. 8. No. 38. 1768. 
Borders of swamps. Lake Itasca. July. No. 1216. 

Pinus divaricata (AiT.) Supw. Bull. Torr. Bot. Club. 20: 44. 
1893. 

Barren sand, gaining ground. Lake Itasca. July. No. 1214. 

Pinus resinosa Ait. Hort. Kew. 3:367. 1789. 

Ridges. Lake Itasca. July. No. 12138. 

Pinus strobus L. Sp. Pl. 1000. 1753. 
Less plenty than P. divaricata. June. No. 1215. 

TYPHACEAE. 
Typha augustifolia L. Sp. Pl. 971.* 1753. 
Wet places. Thompson. July. No. 553. 

Typha latifolia L. Sp, Pl. 971. 1753. 
Shallow water. Lake Itasca. July. No. 1217. 
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SPARGANIACEAE. 

Sparganium androcladum (ENGELM.) Morone. Bull. Torr. 
Bot. Club. 15:78. 1888. 

Wet places. July. No. 654. 

Sparganium eurycarpum ENGELM. in A. Gray Man. Ed. 2. 
430. 1856. 

Wet places. Itasca county. August. No. 757. 

Sparganium simplex Hupson. Fl. Angl. Ed. 2.401. 1788. 
Wet places. Lake Itasca. No. 1182. 

NATADACEAE. 

Potamogeton amplifolius TuckerM. Am. Jour. Sci. (IL) 
6: 225. 1848. 

In water. Center City. July. No. 666. 

Potamogeton fluitans Ror. Fl. Germ. 1. 72. 1758. 
In water. Itasca and Aitkin counties. Aug. Nos. 744, 814. 

Potamogeton pectinatus L. Sp. Pl. 127. 1752. 
Shallow water. Minnetonka; Lake Itasca. July. Nos. 637, 

1189. 

Potamogeton perfoliatus L. Sp. Pl. 126. 1753. 
. Ponds. Minnetonka; Sandy lake. July, August. Nos. 636, 

801. 

Potamogeton pusillus L. Sp. Pl. 127. 1753. 
Shallow ponds. Thompson; Sandy lake. July. August. 

Nos. 562, 800. 

Potamogeton robbinsii OAKES. Hovey’s Mag. 7:180. 1841. 
Ponds. Center City. July. No. 652. 

Potamogeton zosteraefolius SCHUMACHER. Enum. Saell. 50, 

168. 1801. 
Ponds. Minnetonka. July. No. 638. 

Naias flexilis WiLLp. Rostk. and Schmidt. Fl. Sed. 384. 
1824. 

In water. Minnetonka. July. No. 639, in part. 

JUNCAGINACEAE. 

Triglochin maritima L. Sp. Pl. 339. 1753. 
Spruce bogs. Partridge river; Lake Itasca. July. Nos. 

519, 1208. 
Scheuchzeria palustris L. Sp. Pl. 338. 1753. 

Bogs. Partridge river. July. No. 520. 
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ALISMACEAE. 

Alisma plantago-aquatiea L. Sp. Pl. 342. 1753. 
Shallow water, ditches. Vermilion; Minnetonka. July. Nos. 

§11, 629. 

Sagittaria graminea Micux. Fl. Bor. Am. 2:190. 1803. 
Wet places. Minnetonka. July. No. 623. 

Sagittaria rigida Pursw. Fl. Am. Sept. 397. 1814. 
Wet places. Minnetonka. July. Nos. 624, 633. 

Sagittaria latifolia WiLLD. Sp. Pl. 4:409. 1806. 
Shallow water. Vermilion Lake; Minnetonka; Lake Itasca. 

July. Nos. 483, 622, 1179. 

HYDROCHARITACEAE. 

Udora canadensis (MicHx.) Nutt. Gen. 2:242. 1818. . 
In water. Thompson. July. No. 563. 

Vallisneria spiralis L. Sp. Pl. 1015. 1753. 
Ponds. Sandy lake. August. No. 803. 

GRAMINEAE. 

Andropogon nutans var. avenaceus (MicHx.) Hack. D. C. 
Monog. Phan. 6:530. 1889. 

Sandy hillsides. Crow Wing county. August. No. 862. 

Andropogon provinecialis Lam. Ency. Meth. 1:376. 1783. 
Sandy soil. Itasca county. August. No. 757. 

Andropogon scoparius Micux, FI. Bor. Am. 1:57. 1803. 
Sandy soil. Crow Wing county. August No. 857. 

Panicum capillare L. Sp. Pl. 58.° 1753. 
Sandy field. Minneapolis. June. No. 303. 

Panicum depauperatum MuHL. Gram. 112. 1817. 
Ridges. Lake Itasca. June. No. 1110. 

Panicum dichotomum L. Sp. Pl. 58. 1753. 
Sandy river banks and dry pine woods. Thompson; Center 

City; Lake Itasca. June, July. Nos. 385, 666, 1016. 

Panicum dichotomum L. var. elatum Vasey. Mon. 30. 1892. 
Sandy soil. Minneapolis. June. No. 316 in part. 

Panicum dichotomum L. var. villosum (ELL.) Vasey. Mon. 
30. 1892. 

Sandy soil. Minneapolis. June. No. 316 in part. 



522 MINNESOTA BOTANICAL STUDIES. 

Panicum nitidum Lam. Ency. Meth. 4:748. 1797. 
Dry soil. Lake Itasca. June. No. 1078. 

Panicum scoparium Lam. Ency. Meth. 4:744. 1797. 
Sandy soil. Minneapolis. June. No. 270. 

Panicum virgatum L. Sp. Pl. 59. 1753. 
Shores of Sandy lake. August. No. 766. 

Panicum xanthophysum A. Gray. Ann. Lyc. N. Y. 3; 233. 

1835. 

Dry sandy soil. Lake Itasca, Park Rapids. June, July. Nos. 

1019, 1128, 12386. 

Chamaeraphis glauea (L.) Kuntze. Rev. Gen. 767. 1891. 
Sandy soil. Sandy lake. August. No. 810. 

Cenchrus tribuloides L. Sp. Pl. 1050. 1753. 
Sandy soil. Brainerd. August. No. 863. 

Homalocenchrus oryzoides (L.) Potu. Hist. Pl. Palat. 1:52. 
1776. 

Wet places. Minnehaha falls. September. No. 940. 

Phalaris arundinacea L. Sp. Pl. 55. 1753. 
Shores and shallows. Vermilion lake; Lake Itasca. July. 

Nos. 481, 1219. 

Aristida basiramea ENGELM. in Vasey. Bot. Gaz. 9:76. 1884. 
Moist places. Gull river. August. No. 890. 

Stipa spartea TRIN. Mem. Acad. St. Petersb. (VI.) 1:82. 18381. 
Sandy hills. Minneapolis. June. No. 299. 

Oryzopis asperifolia Micux. Fl. Bor. Am. 1:51. 1808. 
Thompson. May. No. 71. 

Oryzopsis juncea (Micux.) B.S. P. Prel. Cat. N. Y. 67. 1888. 
On slate rocks. N. P. Junction; Lake Itasca. May, June. 

Nos. 98, 1017. ; 

Muhlenubergia racemosa (Micux.) B.S. P. Prel. Cat. N. Y. 67. 
1888. 

Sandy shores. Minneapolis; Sandy lake. July, August. 

Nos. 569, 783. 

Muhlenbergia mexicana (L.) TRIN. Unifl. 189. 1824. 
Low grounds. Minneapolis. September. No. 990. 

Brachyelytrum erectum (SCHREB.) BEAuv. Agrost. 39. 1812. 

Woods. Aitkin county. August. No. 838. 
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Phleum pratense L. Sp. Pl. 59. 1753. 
Waste places and along trails. Vermilion; Lake Itasca. 

June, July. Nos. 492, 1114. 

Alopecurus geniculatus L. var. fulvus (J. E. SMITH.) ScrrBn. 
Mem. Torr. Bot. Club. 5:38. 1893-94. 

Moist places. Thompson. June. No. 193. 

Sporobolus brevifolius (NuTT.) Scripy. Mem. Torr. Bot. 
Club. 5:39. 1693-94. 

Sandy hillsides. Minnehaha falls. September. No. 947. 

Sporobolus cryptandrus (Torr.) A. GRay. Man. 576. 1848. 
Sandy soil. Minneapolis. July. No. 588. 

Sporobolus heterolepis A. Gray. Man. 576. 1848. 
Sterile hills. Minneapolis. July. No. 593. 

Cinna latifolia (TREV.) GriseB. Ledeb. Fl. Ross. 4: 435. 
1853. 

Copses and woods. Grand Rapids; Silver creek. August 
Nos. 7138, 902. 

Agrostis perennans (WALT.) Tuck. Am. Jour. Sci. 45:44. 
1843. 

Moist places. Sandy lake. August. No. 782. 

Agrostis hiemalis (WaALT.) B.S. P. Prel. Cat. N. Y. 68. 1888. 
Rocky soil. Minneapolis; Two Harbors; shores of DeSoto 

lake; Lake Itasca. June, July. Nos. 285, 444, 1111, 1201. 

Calamagrostis canadensis (MicHx.) Beauv. Agrost. 15. 1812. 
Copses and shores. Minneapolis; Vermilion; Partridge 

river; Silver creek; Lake Itasca. June, July, August. Nos. 

297, 503, 523, 568, 908, 918, 1205. 

Calamagrostis confinis (WILLD.) Nutr. Gen. 1:1818. 
Sandy banks. Aitkin county; shores of DeSoto lake. June, 

August. Nos. 815, 1115. 

Calamovilfa longifolia (HooK.) Hack. True grasses. 113. 1890. 
Copses. Minneapolis. July. No. 580. 

Deschampsia caespitosa (L.) Beauv. Agrost. 160. 1812. 
Crevices of rocks. Thompson; Two Harbors. July. Nos: 

394, 395, 533. 

Trisetum subspicatum Beauv. var. molle (MicHx.) A. GRAY. 

Man. Ed. 2. 572. 1856. 
Crevices of rocks. Two Harbors. July. No. 443. 
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Avena striata Micux. Fl. Bor. Am. 1:73. 1803. 
Slate rocks. N. P. Junction; Lake Itasca. May, June. Nos. 

101, 1026. 

Danthonia spicata (L.) Beauv. R.& S. Syst. 2: 690. 1817. 
Woods. Lake Itasca. June. No. 1117. 

Spartina cynosuroides (L.) WILLD. Enum. 80. 1809. 
Wet places. Center City. July. No. 671. 

Bouteloua hirsuta Lac. Var. Cienc y Litt. 2: Pt. 4. 141. 1805. 
Sandy plains. Minneapolis. July. No. 577. 

Bouteloua hirsuta (MicHx.) Torr. Emory Rep.153. 1848. 
Sterile hills. Minneapolis. July. No. 594. 

Phragmites phragmites (L.) Karst. Deutsch. Fl. 379. 
1880-83. 

Wet shores. Center City. No. 940. 

Eragrostis pectinacea (MICHX.) STEUD. Syn. Pl. Gram. 272. 
1855. | 

Sandy soil. Minneapolis. July. No. 570. 

Eragrostis major Host. Gram. Austr. 4:14. t. 24. 1809. 

Sandy soil. Brainerd. August. No. 864. 

Eragrostis hypnoides (LAM.) B.S. P. Prel. Cat. N. Y. 69. 
1888. . 

River banks. Aitkin county. August. No. 846. 

Koeleria cristata (L.) Pers. Syn. 1:97, 1805. 
Sandy soil. Minneapolis. June. No. 313. 

Eatonia pennsylvanica (D. C.) A. Gray. Man. Ed. 2. 558. 
1856. 

Wet places. Aitkin county. August. No. 818. 

Poa compressa L. Sp. Pl. 69. 1753. 
Meadows and in sandy soil. Minneapolis. June, July. Nos. 

264, 607. 

Poa debilis Torr. FL N.Y. 2:459. 1753. 
Woodland swamps. Itasca lake. June. No. 1069. 

Poa nemoralis L. Sp. Pl. 69. 1753. 
Rocks. Thompson; Lake Itasca. July. Nos. 406, 1254. 

Poa nemoralis L. var. firmula Host. Gram. Aust. 2:4. 72. 

1804. 
Rocks. Two Harbors. July. No. 439. 
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Poa alsodes A. GRay. Man. Ed. 2. 562. 1856. 
Low grounds. Silver creek. June. No. 178. 

Poa pratensis L. Sp. Pl. 67. 1753. 
Railway tracks, sandy soil and meadows. N. P. Junction; 

Thompson; Lake Pokegama islands; Lake Itasca. June, July. 
Nos. 168, 194, 244, 1139. 

Poa flavaL. Sp. Pl. 68. 1753. 
R. R. tracks, shores, swamps. Thompson; Minnetonka 

' lake; lake Itasca. July. Nos. 402, 630. 1210. 

Panicularia nervata (WILLD.) KUNTZE. Rev. Gen. 783. 1891. 

Meadows and streams. Two Harbors; lake Itasca. July. 
_ Nos. 453, 1142, 1229, 1251. 

Panicularia aquatica (L.) KUNTZE. Rev. Gen. 782. 1891. 
Streams. Wadenacounty. July. No. 1228. 

Panicularia fluitans (L.) Kunrze. Rev. Gen. 782. 1891. 
Wet places. Thompson. July. No. 387. 

Panicularia canadensis (MICHX.) KunTzE. Rev. Gen. 783. 
1891. 

Wet places. N. P. Junction. August. No. 920. 

Panicularia americana (ToRR.) Macm. Met. Minn. Vall. 81. 
1892. 

Wet places. Thompson. July. No. 388. 

Festuca nutans WILLD. Enum. 1:116. 1809. 
Wet woods. Minneapolis; Itasca county. June, August. 

Nos. 274, 280, 998. 

Festuca ovina L. Sp. Pl 73. 1753. 
Rocks. Two Harbors. July. No. 445. 

Festuca octoflora Watt. Fl. Car. 81. 1788. 
Sandy soil. Cannon Falls. June. No. 3388. 

Bromus ciliatus L. Sp. Pl. 76. 17583. 
Copses and woods. Aitkin county; Silver creek. August. 

Nos. 819, 905. 

Bromus ciliatus L. var. purgans (L.) A. Gray. Man. 567. 
1856. 

Copses. Cannon Falls. June. No. 330. 

Bromus kalmii A. GRay. Man. 600. 1848. 
River banks. Aitkin county. No. 812. 

Bromus racemosus L. Sp. Pl. ed. IL 114. 1762. 
Copses. Cannon Falls. June. 327. 
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Agropyron caninum (L.) Roem & SCHULT. 

var. unilaterale VASEy. Rocks. Thompson. July. No. 407. 

Agropyron repens (L.) BEAuy var. glaucam (DESF.) SCRIB. 

Mem. Torr. Bot. Club. 5:57. 1893-94. 

Rich woods. Minneapolis. June. No. 294. 

Agropyron repens (L.) Beauv. Agrost. 146. 1812. 
Sandy soil. Minneapolis; Cannon Falls; lake Itasca. June, 

July. Nos. 282, 340, 1141. 

Agropyron repens (L.) Beauv. forma aristulata. VASEyY. 
Waste places. July. No. 493. 

Hordeum jubatum L. Sp. Pl. 85. 1753. 
Sandy soil. Thompson. July. No. 420. 

Elymus canadensis L. Sp. Pl. 83. 1753. 
Sandy soil. Minneapolis; Sandy lake. July, August. Nos. 

Dome «70s 

Elymus virginicus L. Sp. Pl. 84. 1753. 
Shores and copses. Sandy lake; Grand Rapids. August. 

Nos. 714, 771. 

Hystrix hystrix (L.) MituspauGH FI. W. Va. 474. 1892. 
Copses. Minnetonka lake. July. No, 617. 

CYPERACEAE. 

Cyperus aristatus Rotts. Descr. et. I. con. 23. t. 6. f. 1. 1778. 
Shores. Sandy lake. August. No. 768. 

Cyperus diandrus Torr. Cat. Pl. N. Y. 90. 1819. 
Shores. Morrison county. August. No. 882. 

Cyperus engelmannii StEuD. Syn. Pl. Cyp. 47. 1855. 
Shores. Centre City; Ramsey county. July, September 

Nos. 651, 9381. 

Cyperus filiculmis VaHL. Enum. 2: 328. 1805. 
Sandy soil. Minneapolis. July. No. 564. 

Cyperus schweinitzii Torr. Ann. Lyc. N. Y. 3: 276. 1836. 
Copses. Minneapolis. July. No. 587. 

Dulichium arundinaceum (L.) Brirr. Bull. Torr. Bot. Club. 
21:29. 1894. 

Wet places. Centre City. July. No. 644. 

Eleocharis acieularis (L.) R. &S. Syst. 2:154. 1817. 
Wet sandy shores. Aitkin county. August. No. 816. 
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Eleocharis ovata (RoTH) R. & S. Syst. :2 152. 1817. 
Wet places. Centre City. July. No. 669. 

Eleocharis palustris (L.) R&S. Syst. 2: 151. 1817. 
Shallows. Lake Itasca. June. No. 1112. 

Scirpus atrovirens MunL. Gram. 43. 1817. 
Bogs. Thompson. Itasca county. July, August. Nos. 

558, 750. 

Scirpus caespitosus L. Sp. Pl. 48. 1753. 
Wet rocks. Two Harbors. July. No. 460. 

Scirpus debilis PursH. Fl. Am. Sept. 55. 1814. 
Wet places. Minnetonka; Centre City. July. Nos. 627, 670. 

Scirpus fluviatilis (Torr.) A. Gray. Man. 527. 1848. 
In water. Vermilionlake. July. Nos. 497, 498. 

Scirpus lacustris L. Sp. Pl. 48. 1753. 
Shallows. Lakes Vermilion and Itasca. July. Nos. 499, 

1224. 

Scirpus torreyi OLNEY. Proc. Prov. Frankl. Soc. 1:32. 1847. 
Wet places. Minnetonka. July. No. 628. 

Scirpus cyperinus (L.) KunrH. Enum. 2:170. 1837. 

Eriophorum alpinum L. Sp. Pl. 53. 1753. 
Bogs. Partridge river. July. No. 524. 

Swales. Vermilion; Thompson; Lake Itasca. July. Nos. 

505, 557, 1209. 

Eriophorum gracile Kocu. Rost. Cat. 2: 259. 1800. 
Swamps. Partridgeriver; Chisago City; lakeItasca. July. 

Nos. 529, 695, 1126. 

Eriophorum polystachyon L. Sp. Pl. 52. 1753. 

Swamps. Minneapolis. June. No. 310. 

Eriophorum virginicum L. Sp. Pl. 53. 1753. 
Bogs. Chisago City. July. Nos. 682, 692. 

Rhynchospora alba (L.) VAHL. Enum. 2: 236. 1806. 
Bogs. Chisago City. July. No. 69]. 

Carex arctata Bootr. Hook. Fl. Bor Am. 2: 227. 1840. 
Rich woods. Silver creek. June. Nos. 177, 181. 

Carex aurea Nutr. Gen. 2:205. 1818. 
Meadows. Lakeltasca. July. No. 1137. 
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Carex canescens L. Sp. Pl. 974. 1753. 
Low grounds and rocks. Thompson; Sugar brook; Two 

Harbors; lake Itasca. June, July. Nos. 152, 222, 455, 1161, 

1169. 

Carex canescens L. var. brunnescens (PERS.) Potr. Lam. Ency. 
Meth. Suppl. 3:286. 1818. 

On slates, rocks, and swamps. Thompson; N. P. Junction. 
June. Nos. 154, 169. 

Carex capillaris L. Sp. Pl. 977. 17538. 
Lake Itasca. July. No. 1140. 

Carex castanea WaHL. Kongl. Vet. Acad. Handl. 24:155. 
1808. 

Woods. Thompson. June. No. 149. 

Carex cephaloidea DEwEy. Rep. Pl. Mass. 262. 1840. 
Sterile hills. Minneapolis. June. No. 258. 

Carex crinita Lam. Ency. Meth. 3:393. 1789. 
Wet places. Thompson. July. No. 482. 

Carex debilis MicHx. var. pubera. A. GRaAy. Man. ed. 5. 593. 
1867. 

Rich woods. Silver creek. June. No. 183. 

Carex deweyana SCHWEIN. Ann. Lyc. N. Y. 1:65. 1824. 

Shady woods. Thompson; lake Itasca. June, July. Nos. 

140, 1152. 

Carex sartwellii Dewey. Am. Jour. Sci. 43:90. 1842. 

Meadows. Lake Itasca. July. No. 1138. 

Carex sterilis WILLD. Sp. Pl, 4:208. 1805. 
Swamps, peat bogs. Minneapolis; lake Itasca. June. Nos. 

324, 1079. 

Carex filiformis L. Sp. Pl. 976. 1753. 
Lake Itasca. June. No. 1118. 

Carex flava L. Sp. Pl. 975. 1753. 
Shores. Morrison county August. No. 884. 

Carex flava L. var. viridula (MicHx.) BAILEY. Mem. Torr. Bot. 

Club. 1:31. — 1889. 
Swamps. Lake Itasca. July. No. 1127. 

Carex foenea WILLD. var. perplexa BaiLey. Mem. Torr. 

Bot. Club. 1:27. 1889. 

Slate rock. Sterile hills, N. P. Junction. Minneapolis. June. 

Nos. 250, 273. 
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Carex fusca ALL. FI. Ped. 2: 269. 1785. 
Wet places, on rocks. Two Harbors. July. No. 452. 

Carex gracillima ScHw. Ann. Lyc.N. Y. 1:66. 1824. 
Along water courses. Lake Itasca. June. No. 1057. 

Carex redowskyana C. A. MEYER. Mem. Ac. St. Pet. Div. Sav. 
1:207. ¢t. 4. 1825-81. 

Lake Itasca. July. No. 1124. 

Carex houghtonii Torr. Ann. Lyc. N. Y. 3:418. 1836. 
Along railways, moist pine ridges. Two Harbors; lake 

Itasca. May, June. Nos. 107, 1055. 

Carex hystricina MuHL. in Willd. Sp. Pl. 4:282. 1805. 
Moist sandy shores. Sugar brook; lake Itasca. June. Nos. 

226, 1118. 

Carex intumescens RupGeE. Trans. Linn. Soc. 7:97. ¢. 9. f. 3. 
1804. 

Wet places. Thompson. June. No. 188. 

Carex lenticularis MicHx. Fl. Bor. Am. 2:172. 1803. 
Rocks. Two Harbors. July. No. 458. 

Carex longirostris Torr. Schwein. Ann. Lyc. N. Y. 
1824. 

Rich woods. Silver creek. June. No. 182. 

=" “I rm 

Carex magellanica Lam. Ency. Meth. 3: 385. 1789. 
Bogs, Minneapolis. LakeItasca. June. Nos. 322. 1040. 

Carex monile Tuck. Enum. Meth. 20. 1843. 
Moist places. Thompson. June. No. 189. 

Carex novae-angliae SCHWEIN. Ann. Lyc. N. Y. 1:68. 1824, 
Lake Pokegama islands. June. No. 243. 

Carex oligosperma Micux. FI. Bor. Am. 2:174. 1803. 
Bogs. Sandy Lake. August. No. 809. 

Carex peduneculata MuaL. Willd. Sp. Pl. 4:222. 1805. 
Deep woods. Two Harbors. May. No. 111. 

Carex pennsylvanica Lam. Ency. Meth. 3:388. 1789. 
Woods and sterile hills. Thompson; Minneapolis; lake 

Itasca. May, June. Nos. 83, 257, 1018. 

Carex leptalea WaHL. Kongl. Vet. Ac. Handl. (II.) 24: 189. 
1803. 

Bogs. Partridge river. Lake Itasca. June, July. Nos. 
925, 1049. 
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Carex retrorsa ScHw. Ann. Lyc. N. Y. 1:71. 1824. 

Wet places. Cannon Falls. June. No. 38383. 

Carex riparia Curtis. Fl. Lond. 4:¢. 60. 1821. 
Wet places. Sugar brook; lake Itasca. June. Nos. 224. 

1168. 

Carex lurida Wauu. Kongl. Vet. Ac. Handl. (1I.) 24:15. 

1803. 
Shallows. Lake Itasca. July. No. 1180. 

Carex scoparia SCHKUHR. Riedgr. Nachtr. 20. f. 775. 1806. 

Minneapolis. June. No. 314. 

Carex stipata MuHL. Willd. Sp. Pl. 4: 233. 1805. 
Moist places. Sugar brook. June. No. 225. 

Carex straminea WILLD. var. festucacea (WILLD.) TUCKM. 

Enum. Meth. 18. 1843. 

Sandy soil. Cannon Falls. June. No. 387. 

Carex stricta Lam. Ency. Meth. 3:387. 1789. 

Meadows. Lake Itasca. July. No. 1135. 

Carex stricta Lam. var. decora Bailey. Bot. Gaz. 13:85. 

85. 1888. 
Marshes. Minneapolis. June. No. 3820. 

Carex sychnocephala Carey. Am. Jour. Sci. (IL) 4:24. 1847. 
Wet places. Morrison county. August. No. 876. 

Carex tenella ScHKuHR. Riedgr. 23, f. 104. 1801. 
Swamps. Thompson; lake Itasca. June, July. Nos. 295, 

1125, 1186. 

Carex teretiuscula Goop. Trans. Linn. Soc. 2: 163. ¢. 79. 1794. 

Swamps. Sugar brook; lake Itasca. June, July. Nos. 

aA Lao il eae 

Carex abbreviata PRESCoTT. Boott. Linn. Trans. 20:141. 1846. 

Minneapolis. May. No. 116. 

Carex tribuloides WauL. Kongl. Ac. Handl. (II.) 24:145. 
1803. 

Sterile hills and meadows. Minneapolis, lake Itasca. June, 

July. Nos. 275, 314, 11384. 

Carex tribuloides Want. var. reducta BatLEy Proc. Am. 

Aead. 22: 118. 1886. 

Sloughs. Lake Itasca. July. No. 1164. 



Holzinger: DETERMINATIONS OF PLANTS. 531 

Carex trisperma DEwry. Am. Jour. Sci. 9:63. 1825. 
Meadows. Vermilion. July. No. 501. 

Carex umbellata ScHkuuR. Riedgr. Nachtr. 75. f. 1717. 1806. 
Crevices of rocks. Thompson; lake Itasca. May, June. 

Nos. 69, 1109. 

Carex utriculata Boott. Hook. Fl. Bot. Am. 2:221. 1840. 
Sloughs. Sugar brook; lake Itasca. July. Nos. 224, 1168. 

Carex varia MuHL. Wahl. Kongl. Acad. Handl. (II). 24:159. 
1803. 

Slate rocks. N. P. Junction; Thompson. May, June. Nos. 

100, 296. 

Carex vulpinoidea Micux. FI. Bor. Am. 2:169. 1803. 
Wet places. Cannon Falls. June. No. 384. 

ARACEAE. 

_ Acorus calamus L. Sp. Pl. 324. 1753. 
Shallow water. Centre City; lake Itasca. July. Nos. 653, 

1231. 

Calla palustris L. Sp. Pl. 968. 1753. 
Marshes, in woods. N. P. Junction. June. No. 166. 

Arisaema triphyllum (L.) Torr. FI. N. Y. 2: 239. 1848. 
Rich moist woods. Thompson. June. No. 142. 

ERIOCAULACEAE. 

Eriocaulon septangulare WITHERING. Bot. Arr. Brit. Pl. 784. 
1776. 

Muddy shores. Morrison county. August. No. 887. 

COMMELINACEAE. 

Tradescantia virginiana L. Sp. Pl. 288. 1753. 
Sandy exposed soil. Minneapolis. June. No. 291. 

PONTEDERIACEAE. 

Pontederia cordata L. Sp. Pl. 288. 1753. 
In water. Ramsey county. September. No. 930. 

JUNCACEAE. 

Juncus alpinus VILLARS, var. insignis Fries, Engelm. Trans 
St. Louis Acad. 2:459. 1868. 

Wet rocks. TwoHarbors. July. No. 456. 
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Juncus balticus DETHARD, var. littoralis ENGELM. Trans. St. 
Louis Acad. 2:442. 1866. 

Sandy shores. Chisago City. July. No. 675. . 

Juncus canadensis J. Gay. De Laharpe Mem. Soc. Hist. Nat. 
Paris. 3:134. 1827. 

Bogs. Chisago City. July. No. 681. 

Juncus effusus L. Sp. Pl. 326. 1753. 
Wet places. Vermilion lake. July. No. 610. 

Juncus filiformis L. Sp. Pl. 326. 1753. 
Wet places. Thompson. July. No. 409. 

Juncus nodosus L. Sp. Pl. ed. 2. 466. 1762. 

Sandy shores. Hubbard county. July. No. 1247. 

Juncus pelocarpus E. H. Meyer. Syn. Luz. 30. 1828. 
Sandy shores. Centre City. July. No. 650. 

Juncus tenuis WILLD. Sp. Pl. 2:214. 1799. ; 
Wet shores. Thompson; De Soto. June, July. Nos. 554, 

1107. 

Juncodes campestre (L.) KUNTZE. Rev. Gen. Pl. 2:722. 1891. 
Low grounds. Minneapolis;DeSoto. June. Nos. 383, 1116. 

Juncodes spicatum (L.) Kuntze. Rev. Gen. Pl. 725. 1891. | 
Wet places. Minneapolis. June. No. 325. 

Juncodes pilosum (L.) Kuntze. Rev. Gen. Pl. 725. 1891. 
Grassy banks and wet meadows. Thompson; Lake Itasca. 

Nos. 63, 1,072. 

LILIACEAE. 

Tofieldia palustris Hupson. Fl. Angl. ed. 2.157. 1788. 
Wet rocky places. Two Harbors. July. No. 487. 

Zygadenus elegans PursH. Fl. Am. Sept. 241. 1814. 
Stony hills. Cannon Falls. July (fruit). Nos. 348, 372. 

Uvularia sessilifolia L. Sp. Pl. 305. 1753. 
Rich woods. Thompson; Aitkin county. May, August 

(fruit). Nos. 86, 827. 

Uvularia grandiflora J. E. Smiru. Ex. Bot. 1:99 ¢. 57. 1804-5. 
Woods. Lake Itasca. June. No. 1082. 

Uvularia perfoliata L. Sp. Pl. 304. 1753. 

Rich copses and woods. Fort Snelling; Pokegama lake. 

May, June (fruit). Nos. 38, 216. 
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Allium stellatum KER. sub. nom. Gawler. Bot. Mag. t. 1576. 
1813. 

Hill sides. Morrison county. August. No. 879. 

Allium tricoceum AIT. :428. 1789. 

Rich woods. Thompson; Cannon Falls. May (leaves), July 
(fruit). Nos. 89, 356. 

Lilium canadense L. Sp. Pl. 303. 1753. 
River banks. Thompson. July. No. 550. 

Lilium philadelphicum L. Sp. Pl. ed. 2. 4385. 1762. 
Prairies. Minneapolis. June. No. 304. 

Erythronium americanum KER. sub. nom. Gawler. Bot. 
Mag. t. 1113. 1808. 

Rich woods. St. Louis river; Thompson. May, June (fruit). 
Nos. 21, 150. : 

Erythronium propullans A. Gray. Am. Nat. 298 ¢. 74. 1871. 
Rich woods. Faribault. May. No. 58. 

Vagnera racemosa (L.) Moronc. Mem. Torr. Bot. Club. 
5:114. 1893-94. 

Copses and woods. Lakes Pokegama and Itasca. June, 
July (fruit). Nos. 247, 1163. 

Vagnera stellata (L.) MoronG. Mem. Torr. Bot. Club. 5: 114. 
1893-4. 

Copses and woods, in sandy soil. Silver creek; Cannon Falls. 
June, July (fruit). Nos. 175, 352. 

Vagnera trifolia (L.) Moronc. Mem. Torr. Bot. Club. 5: 114. 
1893-4. 

Bogs. Lake Itasca. June. No. 1050. 

Unifolium canadense (DESF.) GREENE. Bull. Torr. Bot. Club. 
15: 287. 1888. 

Woods. Thompson; Aitkin county. June, August (fruit). 
Nos. 143, 835. 

Streptopus roseus Micux. Fl. Bor. Am. 1:201. 1803. 
Rich woods. Thompson; Pokegama lake; lake Itasca. 

June, August (fruit). Nos. 145, 205, 829. 

Polygonatum biflorum var. commutatum (R. & S.) MoRoNG. 
Mem. Torr. Bot. Club. 5:115. 1893-94. 

Copses. Pokegama lake. June. No. 245. 

Clintonia borealis (Ar1v.) Rar. Atl. Jour. 120, 1882. 
Rich woods. Thompson; Aitkin county; lakeltasca. June, 

July and August (fruit). Nos. 144, 561, 828, 1154. 
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Trillium cernuum L. Sp. Pl. 339. 1753. 
Rich low woods. Fort Snelling; Thompson. May. Nos. 

46, 79. 

Trillium erectum L. Sp. Pl. 340. 1753. 
Copses and woods. Crow Wing county; lake Itasca. July, 

August (fruit). Nos. 1001, 1167. 

Trillium grandiflorum (MicHx.) Sauiss. Par. Lond. 1: ¢. i. 
1805. 

Rich woods. Thompson. May. No. 80. 

AMARYLLIDACEAE. 

Hypoxis hirsuta (L.) Cov. Mem. Torr. Bot. Club. 5:118. 
1893-4. 

Sterile hills. Minneapolis. June. No. 256. 

DIOSCOREACEAE. 

Dioscorea villosa L. Sp. Pl. 1088, 1753. 

Copses. Cannon Falls. July. No. 364. 

IRIDACEAE. 

Iris versicolor L Sp. Pl. 89. 1753. 
Edge of lakes. Pokegama lake; Chisago City; lake Itasca. 

June, July (fruit). Nos. 208, 680, 1153. 

Sisyrinchium bermudiana L. Sp. Pl. 954. 1753. 
Dry, sandy soil. Minneapolis. June. No. 308. 

ORCHIDACEAE. 

Cypripedium acaule Air. Hort. Kew. 3:303. 1789. 
Swamps. Lake Itasca. July. No. 1143. 

Cypripedium parviflorum Sauiss. Linn. Trans. 1:77. 1791. 
Bogs. Thompson; lake Itasca. June, July. Nos. 148, 

1041, 1248. 

Cypripedium hirsutum MixLuL. Gard. Dict. ed. 8. No.3. 1768. 
Woods. Hubbard county. July. No. 1244. 

Cypripedium reginae WALT. FI. Car. 222. 1788. 
Bogs. Minneapolis; lake Itasca. June. Nos. 315, 1048. 

Orchis rotundifolia PURSH. Fl. Am. Sept. 588. 1814. 
Cold bogs. Lake Itasca. June. No. 1014. 

Habenaria bracteata (WILLD.) R. Br. in Ait. Hort. Kew. ed. 
2. 621921813; 

Park Rapids. June. Nos. 1223, 1235. 
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Habenaria dilatata (PURSH) Hook. Exot. Fl. 2:¢.95. 1825. 
Sphagnum swamps. Partridge river; lake Itasca. July. 

Nos. 518, 1186. 

Habenaria hookeriana A. Gray. Ann. Lye. N. Y. 3:229. 
1836. 

Bogs and copses. Aitkin county; lake Itasca. June, August 
(fruit). Nos. 832, 1102. 

Habenaria hyperborea (L.) R. Br. in Ait. Hort. Kew. ed. 2. 5: 
193. 1813. 

Bogs and copses. Minneapolis; Thompson; lake Itasca. 

June, July (fruit). Nos. 323, 549, 1020. 

Habenaria obtusata (PURSH) RICHARDSON. App. Frankl. 
Journ: 750: ~ 1823. 

Bogs and rich woods. Two Harbors; Silver creek; lake 

Itasca. June, July, August (fruit). Nos. 467, 911, 1054. 

Habenaria orbiculata (PURSH) ToRR. Comp. 318. 1826. 
Meadows, Sphagnum swamps and woods. ‘Two Harbors; 

Centerville; lake Itasca. July. Nos. 466, 710, 1185. 

Habenaria psycodes (L.) A. Gray. Am. Jour. Sci. 38: 310. 
1840. 

Wet meadows. Chisago City. July. No. 679. 

Habenaria clavellata (MicHx.) SPRENG. Syst. 3:689. 1826. 
Swamps. Centerville. July. No. 708. 

Pogonia ophioglossoides (L.) Ker. Lindl. Bot. Reg. ¢. 148. 
1816. 

Bogs. Minneapolis; Chisago City. June, July (fruit). Nos. 
311, 694. 

Arethusa bulbosa L. Sp. Pl. 950. 1753. 
Bogs. Partridge river. July. No. 517. 

Gyrostachys cernua (L.) Kuntze. Rev. Gen. Pl. 664. 1891, 
Borders of swamps. Crow Wing county. August. No. 852. 

Gyrostachys gracilis (BiczL.) Kuntze. Rev. Gen. Pl. 664. 
1891. 

Dry woodland. Grand Rapids. August. No. 724. 

Listera cordata (L.) R. Br. in Ait. Hort. Kew. ed. 2. 5:201. 
1813. 

Bogs. Lake Itasca. June. No. 10388. 

Peramium repens (L.) Satiss. Trans. Hort. Soc. 1. 301. 
1812. 
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Bogs and wet woods. Aitkin county; lake Itasca. July, Au- 

gust. Nos. 831, 1194, 1225. 

Achroanthes monophylla (L.) GREENE. Pitton. 2:183. 1891. 
Woods. Aitkin county. August. No. 830. 

Achroanthes unifolia (MicHx.). Rar. Med. Repos. (IL) 5: 
352. 1808. 

Sandy pine barrens. Centerville; Hubbard county. July. 
Nos. 708, 1250. 

Leptorchis loeselii (L.) MacM. Met. Minn. Vall. 173. 1892. 
Bogs. Minneapolis. September (fruit). No. 1008. 

Calypso bulbosa (L.) OAKES. Cat. Verm. Pl. 28. 1842. 
Deep ravines, and cold damp woods. Thompson; Two Har- 

bors. May, July (fruit). Nos. 93, 414, 535. 

Corallorrhiza corallorhiza (L.) Karst. Deutsch. Fl. 2148. 
1880-83. 

Moist woods and bogs. Thompson; lake Itasca. May, June. 

Nos. 94, 1053. 

Limodorum tuberosum L. Sp. Pl. 950. 1753. 
Bogs and swamps. Minneapolis; Centerville; lake Itasca. 

June, July (fruit). Nos. 318, 707, 1188. 

MYRICACEAE. 

Comptonia peregrina (L.) COULTER. Mem. Torr. Bot. Club. 3d: 
127. 1898-4. 

Sandy woods. N. P. Junction; Grand Rapids. June, August 

(fruit). Nos. 159, 730. 

Myrica gale L. Sp. Pl. 1024, 1753. 
Cold wet woods. Head of St. Louis River; Two Harbors. 

May, July (fruit). Nos. 105, 5380. 

SALICACEAE. 

Salix lucida Muni. Neue. Sch. Ges. Nat. Fr. Berl. 4: 239. 
tL 6cf Fey, AS0S: 

Low ground. Thompson. May, June (leaves). Nos. 61, 

151. 
Salix myrtilloides L. Sp. Pl. 1019. 1753. 

Bogs. Partridge river. July. No. 521. 

Populus grandidentata Micux. Fl. Bor. Am. 2:243. 1808. 
Verycommon. N. P. Junction. May. No. 4. 
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BETULACEAE., 

Corylus americana WALT. Fl. Car. 236. 1788. 
Copses. Centre City; lake Itasca. June, July (fruit). Nos. 

642, 1059. 

Corylus rostrata Air. Hort. Kew. 3:364. 1789. 
Copses. The prevailing species around lake Itasca. Also at 

Vermilion lake. June, July (fruit). Nos. 512, 1028. 

Betula glandulosa Micux. Fl. Bor. Am. 2:180. 1803. 
Bogs. Partridge river. July. No. 522. 

Betula lenta L. Sp. Pl. 983. 1753. 
Woods. Thompson. June. No. i86. 

Betula nigra L. Sp. Pl. 982. 1753. 
Marshy ground. Long lake. May. No. 54. 

Betula papyrifera Marsa. Arb. Am. 19. 1785. 
Woods. Thompson. May, June (fruit and leaves). Nos. 

95, 192. 

Betula pumila L. Mant. 124. 1767. 
Bogs. Centre City July. No. 648. 

Alnus ineana (L.) WILLD. Sp. Pl. 4:335. 1805. 
Along banks of creeks. Centre City; lake Itasca. July. 

Nos. 647, 1220. 

Alnus rugosa (EHRH.) Kocu. Dendr. 2:635. 1872. 
Moist places. Two Harbors. July (fruit). No. 5388. 

Alnus viridis (CHa1x.) DC. Fl. Fr. 3:304. 1805. 
Along water courses. N. P. Junction; Two Harbors; lake 

Itasca. May. July (fruit). Nos. 67, 447, 1074. 

URTICACEAE. 

Urtiea gracilis Air. Hort. Kew. 3:341. 1789. 
Moist places. Lakes Vermilion and Itasca. July. Nos. 

507, 1202. 

Adicea pumila (L.) Rar. Torr. Fl. N. Y. 2:223. 1843. 
Moist places. Aitkin county. August. No. 839, 

‘Parietaria pennsylvanica MuHL. Willd. Sp. Pl. 4:955, 1805. 

Rich shady woods. Minneapolis. May. No. 117. 

SANTALACEAE. 

Comandra umbellata (L.) Nutt. Gen. 1:157. 1818. 
Dry hills. Lake Itasca. June. No. 1062. 
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*ARISTOLOCHIACEAE. 

Asarum canadense L. Sp. Pl. 442. 1753. 
Rich leaf mould, on shady wooded hillsides. Fort Snelling; 

lake Itasca. May, June. Nos. 45, 1052. 

POLYGONACEAE. 

Rumex acetosella L. Sp. Pl. 388. 1753. 
Road sides. Vermilion lake. July. No. 488. 

Rumex britanniea L. Sp. Pl. 334. 1753. 
Bogs. Sandy lake. 

Rumex persicarioides L. Sp. Pl. 335. 
River banks. Aitkin county. August. No. 813. 

Polygonum punctatum ELL. Bot. S. C. and Ga. 1:455. 1817. 

Moist places. Centre City. July. No. 968. 

Polygonum amphibium L. Sp. Pl. 861. 1753. 

In water. Centre City. July. No. 657. 

Polygonum cilinode MicuHx. Fl. Bor. Am. 1:241. 1808. 
Sandy hillsides. Pokegama lake; lake Itasca. June. Nos. 

204, 1015. 

Polygonum seandens L. Sp. Pl. 564. 17583. 
Sandy soil. Grand Rapids. August. No. 733. 

Polygonum hydropiper L. Sp. Pl. 861. 1753. 

Wet places. Minneapolis. September. No. 967. 

Polygonum inearnatum Eu. Bot. S.C. and Ga. 1:456. 1817. 

In wet situations. Minneapolis. September. No. 962. 

Polygonum pennsylvanicum L. Sp. Pl. 362. 1758. 

In moist situations. Minneapolis. September. No. 961. 

Polygonum sagittatum L. Sp. Pl. 3638. 1753. 

Bogs. Aitkin county. Minneapolis. August. Nos. 833, 992. 

CHENOPODIACEAE. 

Chenopodium album L. Sp. Pl. 219. 1753. 
Moist places. Vermilion lake. July. No. 510. 

Chenopodium capitatum (L.) S. Warson. Bot. Cal. 2:48. 1880. 
Gravelly soil, and river banks. Lake Pokegama; Aitkin 

county. August. Nos. 246, 821. 

Chenopodium hybridum L. Sp. Pl. 219. 17583. 
Waste places. Aitkin county. August. No. 845. 
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Salsola kali L. var. tragus (L.) Mog. in DC. Prodr. 13: pt. 2. 
187. 1849. 

Waste places. Gullriver. August. No. 889. 

AMARANTACEAE. 

Acnida tamariscina (NuTT.) Woop. Bot. and Fl. 289. 1873. 
Shores. Sandy lake. August. No. 767. 

NYCTAGINACEAE. 

Allionia hirsuta PursH. FI. Am. Sept. 728. 1814. 
Sandy soil. Minneapolis. July. No. 584. 

Allionia nyctaginea Micux. FJ. Bor. Am. 1:100. 1808. 
Sandy hillsides. Minnehaha falls. September. No. 945. 

AIZOACEAE. 

Mollugo verticillata L. Sp. Pl. 89. 1753. 
Sandy soil. Chisago City. July. No. 677. 

PORTULACACEAE. 

Claytonia caroliniana Micux. FI. Bor. Am, 1:160, 1803. 
Rich wet soil, in woods. Thompson. May. No. 29. 

Claytonia virginica L. Sp. Pl. 204. 1753. 
Rich woods. Silver creek. June. No. 174. 

CARYOPHYLLACEAE. 

Saponaria vacearia L. Sp. Pl. 409. 1753. 
Fields. Aitkin county. August. No. 847. 

Silene alba Munn. Cat. 45. 1813. 

Rich woods. Cannon Falls. June. No. 331. 

Lychnis githago Scop. FI. Carn. ed. 2. 1:310. 1772. 
In fields. Lake Itasca region. July. No. 1211. 

Cerastium arvense L. Sp. Pl. 488. 1753. 
Prairies. Hubbard county. June. No. 1243. 

Cerastium longipedunculatum Muni. Cat. 46. 1813. 
Low rich woods. N. P. Junction, and Minneapolis. June. 

Nos. 155, 293. 

Cerastium vulgatum L. Sp. Pl. ed. 2, 627. 1762. 
N. P. Junction. June. No. 172. 

Alsine borealis (BIGEL.) Brirr. Mem. Torr. Bot. Club. 5:149. 
1893-4. 
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Cold wet woods, and wet rocks. Two Harbors, Silver creek, 

and lake Itasca. June to August. Nos. 446, 532, 916, 1035. 

Alsine crassifolia (EHRH.) Britt. Mem. Torr. Bot. Club. 

5:150. 1893-4. 
Wet places. Pokegama lake, and Itasca county. June, Au- 

gust. Nos. 202, 748. 

Alsine longifolia (MuHL.) Britt. Mem. Torr. Bot. Club. 
5:150. 1893-4. 

In water. Partridge river. July. No. 527. 

Alsine longipes (GOLDIE) CovILLE. Contr. Nat. Herb. 4:70. 
1893. 

N. P. Junction. June. No. 158. 

Arenaria lateriflora L. Sp. Pl. 423. 1753. 
Sandy soil. Minneapolis, and Aitkin county. May, August. 

Nos. 120, 1005. 

Arenaria stricta MicHx. FI. Bor. Am. 1: 274. 1808. 
Sandy knolls. Cannon Falls. July. No. 370. 

NYMPHAEACEAE. 

Brasenia purpurea (MicHx.) Casp. Engl. & Prantl. Nat. Pf. 
Fam. 3: pt. 2. 6. 1890. 

Pond. Center City. July. No. 658. 

Nymphaea adyena SOLAND. Ait. Hort. Kew. 2:226. 1789. 
Ponds and shallows. Minnetonka; Vermilion. July. Nos. 

178, 500, 631, 1187. 

Castalia odorata (DRYAND.) Woopv. and Woop. in Rees Cycl. 
6:no. 1. 1806. 

Ponds. Minnetonka. June, July. Nos. 111, 632, 1124. 

RANUNCULACEAE. 

Caltha natans PALL. Reise. Russ. 3:284. 1776. 
Found floating in ponds, and rooting in mud. It covers an area 

of two or three acres, in thick masses. Vermilion lake. July. 

No. 487. 

Caltha palustris L. Sp. Pl. 558. 1753. 
Wet places. Thompson. Lake Itasca bogs. May, June, 

July. Nos. 75, 161, 242, 1252. 

Isopyrum biternatum (RAF.) Torr. & GRay. FI. N. A. 1: 660. 

1840. 
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In rich soil. Fort Snelling; Minneapolis. May, June. Nos. 

43, 259. 

Coptis trifolia (L.) Sauiss. Trans. Linn. Soc. 8:205. 1803. 
Damp woods and bogs. T’'wo Harbors; Thompson. May, 

June, July. Nos. 30, 84, 539, 1039. 

Actza alba (L.) Mitt. Gard. Dict. ed. 8, no. 2. 1768. 
Copses. Chisago City; lake Pokegama island. June, July. 

Nos. 232, 684. 

Acta rubra (A1T.) WILLD. Enum. 561. 1809. 
Rich copses and along streams. Center City; Thompson. 

July. Nos. 140, 141, 659, 1149. 

Aquilegia canadensis L. Sp. Pl. 533. 1753. 
Copses. Lake Pokegama islands; Thompson. June. Nos. 

20, 187, 234, 1029. 

Anemone cylindrica A. GRay. Ann. Lyc. N. Y. 3:221. 1836. 
Sterile hills. Minneapolis. June, July. Nos. 279, 591, 608 

Anemone quinquefolia L. Sp. Pl. 541. 1753. 
Rich woodland and copses. Thompson and N. P. R. R. 

May, June. Nos. 73, 82, 162. 

Anemone canadensis L. Syst. ed. 12. 3:app. 231. 1768. 
Meadows and woods. Silver creek. June, July. Nos. 121, 

173, 1180. Fruit; Minneapolis. July, August. Nos. 618, 745. 

Anemone virginiana L. Sp. Pl. 540. 1753. 
Meadows and copses. Minneapolis. July. Nos. 1238, 600, 

1132. 

Hepatica acuta (PURSH) Britt. Ann. Acad. N. Y. 6: 234. 1891. 
Woodlands. Silver creek and N. P. R. R. June. Nos. 

9, 179. 

Syndesmon thalictroides (L.) HorrmeG. Flora 15: pt. 2. Intell. 
Beibl. no. 4. 84. 1882. 

Minneapolis. May. No. 114. 

Pulsatilla hirsutissima (PURSH) Brirr. Ann. Acad. N. Y. 
G27; . 1891. 

Fort Snelling; Prospect Park. May. Nos. 1, 39. 

Ranunculus abortivus L. Sp. Pl. 551. 1753. 
Moist places. N.P. Junction. May. No. 99. 

Ranunculus micranthus Nutt. Torr. and Gray. Fl. N. A. 1: 18. 
1838. 

Thompson; St. Louis river. June. No. 122. 
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Ranunculus acris L. Sp. Pl. 554. 1758. 

Low grounds. N.P. Junction. June. No. 251. 

Ranunculus reptans L. Sp. Pl. 549. 1753. 
From the only sandy place in the Itasca park. Shores of De 

Soto. June. Nos. 86, 1095, 474. 

Ranunculus macounii Britt. Trans. N. Y. Acad. Sci. 12:3. 

1892. 

Low, wet places. Pokegama lake; Thompson; N. P. Junc- 

tion. June. Nos. 171, 185, 200. 

Ranunculus delphinifolius Torr. in Eaton Man. ed. 2, 395. 
1818. 

Muddy spots and sloughs. Vermilion. July. Nos. 165, 166, 

514, 1175. 

Ranunculus purshii RicHarps. Frank. Journ. 741. 1823. 
In stagnant water. Sugar Brook; Cold Springs. June, 

July. Nos. 136, 220, 1145. 

Ranunculus pennsylvanicus L. f. Suppl. 272. 1781. 
Wet places; swales. Thompson. July. Nos. 156, 199, 423, 

1165, 1208. 

Ranunculus recurvatus Potr. Lam. Ency. Meth. 6:99. 1804 
Low grounds. Minneapolis. May. No. 119. 

Ranunculus ovalis Rar. Proc. Dec. 36. 1814. 
Dry prairies. Prospect Park. May. No. 3. 

Ranunculus sceleratus L. Sp. Pl. 551. 1758. 
Brooks. July. Nos. 149, 1158. 

Ranunculus septentrionalis Pork. Lam. Ency. Meth. 6; 125. 
1804. 

Low grounds. Merriam Park. May. No. 50. 

Batrachium divaricatum (SCHRANK.) Wim. FI. Schles. 10. 
1841. 

Ponds. Minnetonka. July. No. 635. 

Batrachium trichophyllum (CHa1x.) BosscH. Prodr. Fl. Bat. 
5. 1850. 

Wet places. Lake Vermilion. July. No. 475. 

Cyrtorhyncha cymbalaria (PURSH) Britt. Mem. Torr. Bot. 
Club. 5:161. 1893-4. 

Wet places. Lake Vermilion. July. No. 504. 
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Thalictrum dioicum L. Sp. Pl. 545. 1753. 
In woods and along streams. Pokegama lake, and Minne- 

apolis. May, June July. Nos. 1138, 139, 211, 1148. 

Thalictrum polygamum MuHL. Cat. 54. 1813, 
Copses and wet places. Itasca county. July, August. Nos. 

184, 754, 1193. 

Thalictrum purpurascens L. Sp. Pl. 546. 1753. 

Woods and meadows. Thompson and Silver creek. July, 
August. Nos. 390, 391, 907. 

BERBERIDACEAE. 

Caulophyllum thalictroides (L.) Micux. Fl. Bor. Am. 1: 204. 
1803. 

In rich woodlands. Thompson. May. No. 85. 

PAPAVERACEAE. 

Sanguinaria canadensis L. Sp. Pl. 505. 1753. 
Rich, shady soil. N. P. Junction; Fort Snelling. May. 

Nos. 6, 47. 

Capnodes aureum (WILLD.) KuNnTzE. Rev. Gen. Pl. 14. 1891. 
Dry, sandy soil. Thompson. Nos. 16, 18, 434, 1025. 

Capnodes sempervirens (L.) Borck. Roem. Arch. 1: pt. 2. 
44. 1797. 

In crevices of rocks. N. P. Junction. June. No. 163. 

CRUCIFERAE. 

Lepidium intermedium A. Gray. Pl. Wright. 2:15. 1853. 
Road sides. Minneapolis. June. No. 262. 

Thlaspi arvense L. Sp. Pl. 646. 1753. 
Probably introduced. N. P. Junction. June. No. 164. 

Brassica sinapistrum Boiss. Voy. Espagne. 2:36. 1839-45. 
Sandy soil. Minneapolis. July. No. 573. 

Roripa nasturtium (L.) Ruspy. Mem. Torr. Bot. Club. 3: no. 
3.5. 1893. 

Cold springs. Minnehaha falls. September. Nos. 948, 949. 

Roripa palustris (L.) Bess. Enum. 27. 1821. 
Sloughs. Minneapolis. July. Nos. 169, 574, 1178. 

Cardamine hirsuta L. Sp. Pl. 655. 1753. 
Swamps. N.P. Junction. June. No. 170. 
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Bursa bursa-pastoris (L.) WEBER in Wigg. Prim. Fl. Holst. 
41. 1780. 

Thompson. June. No. 185. . 

Descurainia pinnata (WALT.) Britt. Mem. Torr. Bot. Club. 

5:173. 1893-4. 
Sandy places. Sandy lake. August. No. 797. 

Arabis brachyearpa (TorR. & Gray) Britr. Mem. Torr. Bot. 
Club. 5:174. 1893-4. 

Sandy soil. Prospect Park; lake Pokegama island. May, 

June. Nos. 53, 240. 

Arabis hirsuta (L.) Scop. Fl. Carn. ed. 2. 2:30. 1772. 
Dry prairies. Lake Pokegama island. June. Nos. 229, 

239, 1239. 

Arabis lyrata L. Sp. Pl. 665. 1753. 
Sandy banks. Itasca county. August. No. 749. 

Arabis glabra (L.) BERNH. Verz. Syst. Erf. 195. | 1800. 
Dry, sandy soil. Minneapolis. June. Nos. 15, 307, 1024. 

Erysimum cheiranthoides L. Sp. Pl. 661. 1753. 
River banks. Cannon Falls. July. No. 375. 

Erysimum orientale MiLu. Gard Dict. ed. 8. no. 4. 1768. 
R. R. track. Thompson. July. No. 402 a. 

Erysimum inconspicuum (S. Wats.) MacM. Met. Minn. Vall. 

268. 1892. 
Sandy soil. Minneapolis. June. No. 268. 

Camelina sativa CRANTZ. Stirp. Austr. ed. 1. Fasc. 1, 14. 

1762. 
Sandy soil. Minneapolis. June. No. 288. 

CAPPARIDACEAE. 

Cleome serrulata PuRsH. Fl. Am. Sept. 441. 1814. 
R. R. tracks. Minneapolis. September. No. 970. 

Polanisia graveolens Rar. Am. Jour. Sci. 1:378. 1819. 
Sandy soil. Minneapolis. September. No. 964. 

SARRACENTACEAE. 

Sarracenia purpurea L. Sp. Pl. 510. 1753. 

Bogs and marshes. Minneapolis. June. Nos. 53, 319, 1044. 
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DROSERACEAE. 

Drosera intermedia HAYNE, in Schrad. Journ. Bot. 1:37. 1800. 
Bogs. Chisago City. July. No. 689. 

Drosera rotundifolia L. Sp. Pl. 281. 1753. 
Bogs and wet sandy shores. Chisago City; Morrison coun- 

ty; lake DeSoto. June, July, August. Nos. 699, 886, 1104. 

CRASSULACEAE. 

Penthorum sedoides L. Sp. Pl. 482. 1753. 
Wet ditches. Center City. July. No. 645. 

SAXIFRAGACEAE. 

Saxifraga pennsylvanica L. Sp. Pl. 339. 1753. 
Swamps. N. P. Junction; lake Itasca. June, July. Nos. 

156, 1144. 

Saxifraga virginiensis MicHx. Fl. Bor. Am. 1: 269. 1803. 
Exposed rocks. Flood bay, near Two Harbors. May. 

No. 110. 

Heuchera hispida PursH. Fl. Am. Sept. 188. 1814. 
Rocky soil. Minneapolis; Thompson. June, July. Nos. 

131, 544. 

Mitella diphylla L. Sp. Pl. 406. 1753. 
Shaded banks. Lake Itasca. July. No. 1146. 

Mitella nuda L. Sp. Pl. 406. 1753. 

Woods and bogs. Thompson; lake Itasca. June, July. Nos. 
147, 413, 1058. 

Chrysosplenium americanum ScHWEIN. Hook. Fl. Bor. Am. 
1: 242. 1888. 

Cold mountain streams. N. P. Junction. May. No. 96. 

Parnassia caroliniana Micux. Fl. Bor. Am. 1:184. 1803. 
Moist meadows. Minneapolis. September. No. 957. 

Parnassia palustris L. Sp. Pl. 273. 1753. 
Springy sandy shores. Waseca county; shores of DeSoto; 

Hubbard county. June to August. Nos. 747, 1108, 1246. 

Ribes cynosbati L. Sp. Pl. 202. 1753. 

Copses. Fort Snelling; Minneapolis; Cannon Falls. May, 
July (fruit). Nos. 40, 115 b, 355. 

Ribes floridum L’Her. Stirp. Nov. 1:4. 1784. 

Copses. St. Anthony Park; Itasca county; lake Itasca. May, 

July, August. Nos. 33, 758, 1190. 
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Ribes gracile Micux. Fl. Bor. Am.1:111. 1808. 

Copses. St. Anthony Park; Cannon Falls. May, July. 
Nos. 32, 365. 

Ribes lacustre (PERS.) Porr. in Lam. Ency. Meth. Suppl. 
2:856. 1811. 

Rich woods. Silver creek. August. No. 914. 

Ribes oxyacanthoides L. Sp. Pl. 201. 1753. 
Swamps andcopses. Minneapolis; Pokegama lake; Thomp- 

son. May toJuly. Nos. 115, 197, 433. 

Ribes prostratum L’HER. Stirp. Nov. 1:3. ¢. 2. 1784. 
Moist woods. Thompson. May, July (fruit). Nos. 60, 415. 

Ribes rubrum L. Sp. Pl. 200. 1753. 
Wooded banks of streams. St. Louis river; lake Itasca. 

May, June. Nos. 20, 1090. 

ROSACEAE. 

Opulaster opulifolius (L.) Kuntze. Rev. Gen. Pl. 949. 1891. 
River banks. Cannon Falls; Thompson. July. Nos. 380, 392. 

Spiraea salicifolia L. Sp. Pl. 489. 1753. 
Meadows. Vermilion; Sandy lake; DeSoto. June to Au- 

gust. Nos. 502, 778, 1106. 

Spiraea tomentosa L. Sp. Pl. 489. 17538. 
Moist meadows. Center City; Minneapolis. July, Septem- 

ber. Nos. 644, 988. 

Sorbus americana MarsH. Arb. Am. 145. 1785. 

Woods. Rare. Lakes Pokegama, Itasca. June. Nos. 199, 

1046. 

Sorbus sambucifolia (CHAM. & ScHLT.) ROEM. Syn. Mon. 
3:39. 1847. 

Rocks. Two Harbors. July. No. 441. 

Amelanchier canadensis (L.) Mepic. Gesch. 79. 1793. 
Copses. Two Harbors; Cannon Falls; lake Itasca. May to 

July. Nos. 112, 360, 1027. 

Crataegus coccinea L. Sp. Pl. 476. 1753. 
Copses. Sandy lake. August. No. 779. 

Crataegus tomentosa L. Sp. Pl. 476. 1758. 
Copses. Sandy lake. August. No. 789. 

Rubus canadensis L. Sp. Pl. 494. 1753. 
Rocky and sandy soil. Thompson; Centerville. July. Nos. 

400, 697. 
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Rubus parviflorus Nutr. Gen. 1:308. 1818. 
Copses and woods. Thompson; Two Harbors. July, Au- 

gust. Nos. 416, 893. 

Rubus strigosus Micux. FI. Bor. Am. 1: 297. 1803. 
Copses. Lakes Pokegama, Vermilion, Itasca. June, July. 

Nos. 214, 494, 1173. 

Rubus americanus (PERS) Britt. Mem. Torr. Bot. Club. 
5:185. 1893-4. 

Low grounds and woods. Thompson. May, July. Nos. 
78, 419. 

Rubus villosus Air. Hort. Kew. 2:210. 1789. 
Copses. Lake Itasca. June. No. 1085. 

Fragaria vesea L. Sp. Pl. 494. 1753. 

Low ground. Thompson; Sugar brook; lake Itasca. May, 
June. Nos. 70, 228, 1098. 

Fragaria virginiana DUCHESNE, var. illinoensis (PRINCE) A. 
GRAY. Man. ed. 5. 155. 1867. 

Rich sandy copses and woods. Thompson; Grand Rapids; 
lake Itasca. May, June. Nos. 96, 298, 1101. 

Potentilla argentea L. Sp. Pl. 497. 1753. 
Sandy soil. Minneapolis. July. No. 589. 

Potentilla arguta PursH. Fl. Am. Sept. 736. 1814. 
Rocky soil and woods. Thompson; lake Itasca. June, July. 

Nos. 128, 549, 1067. 

Potentilla canadensis L. Sp. Pl. 498. 1753. 
Copses. Minneapolis. June. No. 281. 

Potentilla fruticosa L. Sp. Pl. 495. 1753. 
Copses and crevices of rocks. Two Harbors. July, August. 

Nos. 440, 900. 

Potentilla monspeliensis L. Sp. Pl. 499. 1753. 
Roadsides, copses and fields. Lakes Vermilion, Itasca. 

July. Nos. 490, 1160. 

Potentilla pennsylvanica L. Mant. 76. 1767. 
Sandy soil. Minneapolis. July. No. 565. 

Potentilla millegrana ENGELM. Lehm. Ind. Sem. Hamb. 
Add. 12. 1849. 

Rocky soil. Thompson. July. No. 399. 

Potentilla tridentata SoLaNp. in Ait. Hort. Kew. 2: 216. 

1789. 



548 MINNESOTA BOTANICAL STUDIES. 

Crevices on rocky hills. N. P. Junction; Two Harbors; 

Hubbard county. June, August. Nos. 252, 899, 1242. 

Comarum palustre L. Sp. Pl. 502. 1753. 
Wet places and sloughs. Lakes Vermilion and Itasca. June, 

July. Nos. 480, 1097. 

Geum canadense Jacq. Hort. Vindob. 2:82. t. 175. 1772. 

Copses. Minneapolis. July. No. 601. 

Geum macrophyllum WiLLp. Enum. 1: 557. 1809. 
Meadows. Thompson. July. No. 425. 

Geum rivale L. Sp. Pl. 501. 1753. 
Low ground along streams. Thompson; lake Itasca. June. 

Nos. 196, 408, 1013. 

Geum strictum Ait. Hort. Kew. 2: 217. 1789. 

Copses. Minneapolis. July. No. 602. 

Geum ciliatum PursH. FI. Am. Sept. 352. 1814. 
Dry prairies and hillsides. Thompson; Minneapolis. May, 

June. Nos. 380, 260. 

Agrimonia striata Micux. Fl. Bor. Am. 1: 278. 1803. 
Copses and moist places. Vermilion; Chisago City; lake 

Itasca. July. Nos. 509, 685, 1207. 

Rosa arkansana PoRTER. Syn. FI. Colo. 38. 1874. 
Sandy soil. Minneapolis. June. No. 305. 

Rosa blanda Air. Hort. Kew. 2:202. 1789. 
Copses, prairies, river banks, woods. Lake Pokegarma; Can- 

non Falls; Thompson; Sandy lake; lake Itasca. June to Au- 

gust. Nos. 249, 382, 395, 396, 397, 743, 799, 1084. 

Rosa humilis MarRsH. Arb Am. 136. 1785. 

Sterile hills. Thompson; Minneapolis. June, September. 

Nos. 130, 934. 

Rosa lucida ExrH. Beitr. 4:22. 1789 
Along streams. Lake Pokegama islands; Thompson. June, 

July. Nos. 238, 548, 546. 

Rosa acicularis LINDL. Ros. Monog. 44. ¢. 8. 1820. 

Shores. Two Harbors; Sandy lake. July, August. Nos. 

449, 798. Sandy lake. August. No. 793. (R. engelmanni S. 

Warts.) 

Prunus americana MarsH. Arb. Am. 111. 1785. 
Along the Mississippi river. May. No. 35. 
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Prunus pennsylvanica L. f. Suppl. 252. 1781. 
Fort Snelling; Thompson; lake Itasca. May. Nos. 41, 59, 

1096. 

Prunus pumila L. Mant. 75. 1767. 
Sandy shores and prairies. Fort Snelling; N. P. Junction; 

Sandy lake. May. Fruitin August. Nos. 34, 102, 789. 

LEGUMINOSAE. 

Baptisia leucantha Torr. & Gray. Fl. N. Am. 1:385. 1840 
Copses. Washington county. July. No. 696. 

Lupinus perennis L. Sp. Pl. 721. 1753. 
Sandy soil. Minneapolis. June. Nos. 300, 312. 

Melilotus alba Lam. Ency. Meth. 4:63. 1797. 
Minnetonka. July. No. 615. 

Trifolium hybridum L. Sp. Pl. 766. 1753. 
Thompson. June. No. 184. 

Trifolium pratense L. Sp. Pl. 768. 1753. 
Thompson. July. No. 551. 

Psoralea argophylla PursH. Fl. Am. Sept. 475. 1814. 
Sterile hills. Minneapolis. June. No. 278. 

Psoralea esculenta PursH. Fl. Am. Sept. 475. 1814. 
Sterile hills. Cannon Falls. June. No. 3844. 

Amorpha canescens PursH. Fl. Am. Sept. 467. 1814. 
Dry copses. Minneapolis, and Morrison county. July, Au- 

gust. Nos. 581, 875. 

Amorpha frutieosa L. Sp. Pl. 713. 1753. 
Copses and river banks. Cannon Falls. Nos. 357, 359. 

Kuhnistera candida (WILLD.) Kuntze. Rev. Gen. Pl. 192. 
1891. 

Copses. Minneapolis. July. No. 578. 

Kuhnistera villosa (NuTT.) Kuntze. Rev. Gen. Pl. 192. 
1891. 

Sandy hillsides. August. No. 866. 

Kuhnistera purpurea (VENT.) MacM. Met. Minn. Vall. 329. 
1892. 

Copses. Brainerd, and Minneapolis. August, September. 
Nos. 579, 867, 977. 
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Astragalus carolinianus L. Sp. Pl. 756. 1753. 
Sandy shores. Thompson, and Center City. July. Nos. 

548, 672. 

Astragalus crassicarpus Nutr. Fras. Cat. 1813. 
Sterile gravelly hills. Prospect Park, and Minneapolis. 

May, June. Nos. 31, 276. 

Astragalus neglectus (TorR. & GRAY) SHELD. Minn. Bot.. 
Stud. Bull. 9:59. 1894. 

Sandy shores. Lake Itasca. June. No. 1100. 

Glycyrrhiza lepidota PursH. Fl. Am. Sept. 480. 1814. 
Sterile hills and sandy shores. Cannon Falls; Sandy lake; 

Minneapolis. June to August. Nos. 326, 604, 861. 

Meibomia grandiflora (WALT.) KuNTZE. Rev. Gen. Pl. 196. 
1891. 

Copses. Minnetonka. July. No. 616. 

Meibomia canadensis (L.) KuNTzeE. Rev. Gen. Pl. 195. 1891. 
Copses. Minneapolis. July. No. 575. 

Lespedeza capitata Micux. FI. Bor. Am. 2:71. 18083. 
Copses, in sandy soil. Minneapolis. August. Nos. 775, 976. 

Vicia americana MuHu. Willd. Sp. Pl. 3:1096. 18083. 
Copses. Thompson; lake Itasca. June. Nos. 127, 1081. 

Vicia earoliniana WALT. FI. Car. 182. 1788. 

Sandy soil. Thompson. July. No. 252. 

Lathyrus maritimus (L.) Bicget. Fl. Bost. ed. 2. 268. 1824. 
Shores. Two Harbors; Silver creek. July, August. Nos. 

451, 904. 

Lathyrus ochroleucus Hook. Fl. Bor. Am. 1:159. 1833. 

Copses. Thompson; lake Itasca. June. Nos. 126, 1080. 

Lathyrus palustris L. Sp. Pl. 733. 1753. 
Low wet meadows. Sugar brook; lake Itasca region. June: 

to August. Nos. 2238, 759, 1133. 

Lathyrus venosus Muay. Willd. Sp. Pl. 3:1092. 1803. 
Sandy soil. Lake Pokegama; Centerville; lake Itasca. June,. 

July. Nos. 287, 702, 11381. 

Apios apios (L.) MacM. Bull. Torr. Bot. Club. 19:15. 1892. 
Copses. Aitkin county. August. No. 849. 
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GERANTACEAE. 
Geranium carolinianum L. Sp. Pl. 682. 1753. 

On rocks. Thompson, and lake Itasca region. June. Nos. 
153, 1071. 

Geranium maculatum L. Sp. Pl. 681. 1753. 
Copses. Thompson, and Minneapolis. June. Nos. 123, 272. 

OXALIDACEAE. 

Oxalis acetosella L. Sp. Pl. 483. 1753. 
Damp cold woods. Two Harbors. July. No. 5387. 

Oxalis stricta L. Sp. Pl. 4385. 1753. 
Copses. Cannon Falls. July. No. 381. 

LINACEAE. 

Linum suleatum RIDDELL. Suppl. Cat. Ohio Pl. 10. 1836. 
Cannon Falls. June. No. 3%5a. 

RUTACEAE. 

Xanthoxylum americanum MILL. 
Copses. Center City. July. No. 660. 

, POLYGALACEAE. 

Polygala cruciata L. Sp. Pl. 706. 1753. 
Meadows. Minneapolis. September. No. 987. 

Polygala polygama WALT. FI. Car. 179. 1788. 
Sandy soil. Cannon Falls; Sandy lake. June, August. 

Nos. 342, 781. 

Polygala irridescens L. Sp. Pl. 705. 1753. 
Moist places. Centerville. July. No. 704. 

Polygala senega L. Sp. Pl. 704. 1753. 
Dry hills. Lake Itasca. Sought by Chippewa Indians for 

its medicinal properties. June. Nos. 263, 1060. 

Polygala verticillata L. Sp. Pl. 706. 1753. 
Sandy lake. August. No. 784. 

EUPHORBIACEAE. 

Euphorbia heterophylla L. Sp. Pl. 453. 1753. 
Sandy hillsides. Minnehaha falls. September. No. 944. 

Euphorbia serpyllifolia Pers. Syn. 2:14. 1807. 
Sandy hills. Morrison county; Minnehaha falls. Septem- 

ber. Nos. 888, 9438 
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Acalypha virginica L. Sp. Pl. 1003. 1753. 
Waste places. Minneapolis. September. No. 953. 

ANACARDIACEAE. 

Rhus glabra L. Sp. Pl. 265. 1753. 
Copses. Cannon Falls; Thompson; N. P. Junction. July. 

Nos. 349, 401, 921. 

No. 401, of which No. 921 is the fruit collected in August, is 

a peculiar dwarf form. It blooms when only 6 inches high. 

The leaflets are only 7 to 11, of the texture and shape of Rhus 
glabra. The fruit is hispid as in Rhus typhina. Dr. S. Watson 

and Dr. John Coulter, to whom specimens of this form were 

sent, pronounced it a form of Rhus glabra, with the fruit of 
R. typhina. And both were inclined to consider these two 
species as one, with this dwarf Minnesota plant as an inter- 

mediate form connecting them. 

Rhus radicans L. Sp. Pl. 266. 1753. 
Sandy soil. Thompson. July. No. 541. 

ACERACEAE. 

Acer rubrum L. Sp. Pl. 1055. 1753. 

Rocky woods. St. Louis river, and N. P. Junction. May, 
June. Nos. 22, bo7, 

Acer spicatum Lam. Ency. Meth. 2:381. 1786. 
Wooded bluffs. Thompson, and lake Itasca region. June, 

July. Nos. 124, 426, 1218. 

BALSAMINACEAE. 

Impatiens biflora Watt. Fl. Car. 219. 1788. 
Swales. Lake Itasca. July. No. 1282. 

Impatiens aurea MuHL. Cat. 261. 1813. 
Springy places. Minneapolis. September. No. 960. 

RHAMNACEAE. 

Ceanothus americanus L. Sp. Pl. 195. 1753. 
Copses. Aitkin and Crow Wing counties. August. Nos. 

848, 859. 

VITACEAE. 

Vitis cordifolia MicuHx. Fl. Bor. Am. 2:221. 1803. 
Copses. Center City, and Minneapolis. July, September. 

Nos. 641, 963. 
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Parthenocissus quinquefolia (L.) PLANCH. DC. Mon. Phan. 
5: pt. 2.448. 1887. 

Copses. Sandy lake. August. No. 790. 

HYPERICACEAE. 

Hypericum virginicum L. Sp. Pl. ed. 2.1104. 1763. 
Bogs. Chisago City; Sandy lake. July, August. Nos. 

683, 785. 

Hypericum aseyron L. Sp. Pl. 783. 1753. 
Copses. Minneapolis. July. No. 603. 

Hypericum majus (A. GRAy) Britt. Mem. Torr. Bot. Club. 
§:225. 1893-4. 

Thompson; Minnetonka. July. Nos. 614, 626. 

Hypericum ellipticum Hook. Fl. Bor. Am. 1:110. 1830. 
Moist places. Vermilion lake. July. No 478. 

CISTACEAE. 

Helianthemum canadense (L.) Micux. Fl. Bor. Am. 1: 308. 
1803. 

Copses, sandy soil. Cannon Falls; Minneapolis; Itasca 
county. July, August, September. Nos. 361, 752, 978. 

Hudsonia tomentosa Nutr. Gen. 2:5. 1818. 

Sandy soil. Cannon Falls. No. 363. 

Lechea leggettii Brirron and Houuick. Prel. Cat. N. Y. 6. 
1888. 

Copses, sandy soil. Centerville; Grand Rapids. July, Au- 

gust. Nos. 701, 740. 

VIOLACEAE. 

Viola blanda WiLLp. Hort. Berol. ¢. 24. 1806. 
Swamps, woods. Thompson. May, July. Nos. 88, 148, 

509, 1157. 

Viola blanda WILLD. var. renifolia A. Gray. Bot. Gaz. 
11: 255. 1886. 

Deep ravines. Thompson; Two Harbors. May, July. Nos. 

92, 534. | 

Viola blanda var. amoena (LECONTE) B.S. P. Prel. Cat. N. Y. 
6. 1888. 

Woods. Aitkin county. August. No. 836. 
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Viola canadensis L. Sp. Pl. 936. 1753. 
Rich woods. Pokegama lake islands; Silver creek. June. 

Nos. 28, 176, 206, 1132. 

Viola labradorica SCHRANK. Denkschr. Bot. Ges. Regensb. 
9-32:  18ts: 

Low grounds, woodland. Merriam Park; Grand Rapids; 

lake Itasca. May, June, August. Nos. 51, 67, 731, 1076. 

Viola canina L. Sp. Pl. 935. 1753. 
In crevices of slate rock. N. P. Junction. May. Nos. 4, 97. 

Viola lanceolata L. Sp. Pl. 9384. 1753. 
Low grounds. Long lake. May. No. 56. 

Viola obliqua Hitt. Hort. Kew. 316. ¢. 72. 1769. 
Thompson. May. No. 15. 

Viola pedata L. Sp. Pl. 988. 1753. 
Prospect Park. May. No. 2. 

Viola pubescens Alt. Hort. Kew. 3: 290. 1789. 
Woods. Thompson; Fort Snelling. May, June. Nos. 44, 

187. 

Viola sagittata Art. Hort. Kew. 3:287. 1789. 
Low grounds, and crevices of rocks. N. P. Junction; Long 

lake; Centerville. May, July. Nos. 57, 65, 706. 

LYTHRACEAE. 

Lythrum alatum PursH. Fl. Am. Sept. 334. 1814. 
River banks. Cannon Falls. July. No. 377. 

ONAGRACEAE. 

Epilobium adenocaulon HAUSSKN. var. perplexans TRELEASE. 
Rep. Missouri Bot. Gard. 2:96. 1891. 

Rich woods, sand shores. Minnetonka; Silver creek; lake 

Itasca. July, August. Nos. 625, 913, 1166. 

Epilobium coloratum Musi. Willd. Enum. 1:441. 1809. 
Shores. Center City; Sandy lake. July, August. Nos. 

662, 773. 

Epilobium lineare MunuL. Cat. 39. 18138. 
Bogs, wet places. Center City; Minneapolis. July, Septem- 

ber. Nos. 663, 984. 

Epilobium palustre L. Sp. Pl. 348. 1753. 
A hybrid form. Bogs. Minneapolis. September. No. 983. 
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Chamaenerion angustifolium (L.) Scop. Fl. Carn. ed. 2. 1: 271. 
1772: 

Waste places. Two Harbors; N. P. Junction; lake Itasca 

(‘‘everywhere’’). July, August. Nos. 254, 923, 1176. 

QOnagra albicaulis (PURSH) Britt. Mem. Torr. Bot. Club. 
5: 234. 1893-4, 

Sandy soil. Minneapolis. July. No. 572. 

Onagra biennis (L.) Scop. Fl. Carn. ed. 2. 1: 269, 1772. 
Dry borders, waste places. Thompson; Sandy lake; lake 

Itasca. July, August. Nos. 542, 806, 1155. 

Oenothera rhombipetala Nutr. T. and G. Fl. N. A_ 1: 493. 
1840. 

Sandy soil. Minneapolis. September. No. 954. 

Kneiffia pumila (L.) Spacu. Hist. Veg. 4:377. 1835. 
Wet sandy soil Vermilion lake; Sandy lake. July, August. 

Nos. 486, 774. 

Meriolix serrulata (NUTT.) WALP. Rep. 2:79. 1848. 
Sterile hills. Minneapolis. June, July. Nos. 277, 592. 

Circaea alpina L. Sp. Pl. 9. 1753. 
Rich moist woods. Thompson; Silver creek; lake Itasca. 

June to August. Nos. 417, 910, 1092. 

Cireaea lutetiana L. Sp. Pl 9. 17583. 
Copses and woods. Center City. July. No. 661. 

HALORRHAGIDACEAE. 

Hippuris vulgaris L. Sp. Pl. 4. 1753. 
Ditches. Vermilion. July. No. 515. 

Myriophyllum spicatum L. Sp. Pl. 992. 1758. 
Ponds. Partridge river; Minnetonka; Sandy lake. July, 

August. Nos. 528, 639, 802. 

ARALIACEAE. 

Aralia hispida VENT. Hort. Cels. ¢. 47. 1800. 
Rocky places. Thompson. July. No. 398. 

Aralia nudicaulis L. Sp. Pl. 274. 1753. 
Copses and wooded bluffs. Thompson; Minneapolis; lake 

Itasca. June, July, September (fruit). Nos. 125, 619, 973, 
1199. 
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Aralia racemosa L. Sp. Pl. 273. 1753. 
Copses, borders of woods. Aitkin county; lake Itasca. July, 

August. Nos. 1003, 1171. 

Panax trifolium L. Sp. Pl. 1059. 1753. 
Rich woods. Thompson. May. No. 77. 

UMBELLIFERAE. 

Heracleum lanatum Micux. FI. Bor. Am. 1:166. 1808. 
Meadows. Vermilion lake. July. No. 495. 

Thaspium trifoliatum (L.) Brirt. var. aureum (NuTT.) BRITT. 
Mem. Torr. Bot. Club. 5:240. 1893-4. 

Meadows. Thompson. July. No. 412, 

Sanicula marylandica L. Sp. Pl. 235. 1753. 
Copses, and along streams. Thompson; lake Itasca. July. 

Nos. 424, 1184. 

Osmorrhiza claytoni (Micux.) B. S. P. Prel. Cat. N. Y. 21. 
1888. 

Woods along streams. Lakes Pokegaina and Itasca. June, 

July. Nos. 213, 1159. 

Sium cicutaefolium J. F. GMEuL. Syst. 2:482. 1791. 
Wet meadows. Minneapolis. September. No. 980. 

Zizia aurea (L.) Kocu. Nov. Act. Caes. Leop. Acad. 12:129. 
1825. 

Meadows. Minneapolis. June. No. 269. 

Zizia cordata (WALT.) DC. Prodr. 4:100. 1880. 
Sterile hills. Cannon Falls. June. No. 346. 

Cicuta bulbifera L. Sp. Pl. 255. 1753. 
Rich wet meadows. Grand Rapids. August. No. 727. 

Cicuta maculata L. Sp. Pl. 256. 1753. 
Low ground. Grand Rapids. August. No. 729. 

Deringa canadensis (L.) Kuntze. Rev. Gen. Pl. 266. 1891. 

Copses. Cannon Falls. July. No. 3389. 

CORN ACEAE. 

Cornus canadensis L. Sp. Pl. 118, 1753. 
Woods and swamps. Thompson; Grand Rapids; lake Itasca. 

June, August (fruit). Nos. 1386, 739, 1011. 

Cornus circinata L’HER. Corn. 7. 1788. 
Copses. Lake Pokegama; Minnetonka; lake Itasca. June, 

July. Nos. 229, 620, 1083. 
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Cornus candidissima MarsH. Arb. Am. 35. 1785. 
River banks. Thompson. June. No. 134. 

Cornus stolonifera Micux. Fl. Bor. Am. 1:92. 1803. 
Wet places, along streams. Thompson; lake Itasca. June, 

July. Nos. 182, 547, 1192. 

PYROLACEAE. 

Chimaphila umbellata (L.) Nutr. Gen. 1: 274. 1818. 
Sandy soil, in pine woods. Cannon Falls; Aitkin county; 

lake Itasca. July, August. Nos. 362, 820, 1183. 

Pyrola chlorantha Swartz. Act. Holm. 1810. ¢. 5. 1810. 
Dry woods. Sugar brook; Aitkin; lake Itasca. June, Au- 

gust (fruit). Nos. 219, 823, 1197. 

Pyrola elliptica NuTT. Gen. 1: 2738. 1818. 
Copses and woods. Cannon Falls; Centerville; Grand Rapids; 

lake Itasca. July, August (fruit). Nos. 354, 700, 718, 1156. 

Pyrola minor L. Sp. Pl. 396. 1753. 
Woods. Grand Rapids. August (fruit). No. 738, 

Pyrola rotundifolia L. Sp. Pl. 396. 1753. 
Dry woods. Thompson; Aitkin county. July, August (fruit). 

Nos. 556, 822. 

Pyrola rotundifolia L. var. incarnata DC. Prodr. 7:773. 1839. 
Bogs. Lake Pokegama island; lake Itasca. June. Nos. 

230, 1047. 

Pyrola rotundifolia var. pumila HoRNEM. Plantel. ed. 3. 
1:463. 1821. 

Sphagnum swamps and woods. Aitkin county; lake Itasca. 
July, August. Nos. 825, 1196. 

Pyrola secunda L. Sp. Pl. 396. 1753. 
Pine woods. ‘Thompson; Aitkin county; lake Itasca. July, 

August (fruit). Nos. 555, 824, 1121. 

Moneses uniflora (L.) A. GRAy. Man. 273. 1848. 
Moist rich woods. Two Harbors; Silver creek; lake Itasca. 

June, August (fruit). Nos. 540, 909, 1012. 

MONOTROPACEAE. 

Monotropa uniflora L. Sp. Pl. 387. 1753. 
Rich woods. Silver creek. August. No. 912. 
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ERICACEAE. 

Ledum groenlandicum OEDER. Fl. Dan. ¢. 567. 1771. 

Bogs. N.P. Junction; Vermilion lake; lake Itasca. June, 

July. Nos. 255, 471, 1045. 

Kalmia glauca A1T. Hort. Kew. 2:64. ¢. 8 1811. 
Bogs. Head of St. Louis river; Vermilion lake. May, July 

(fruit). Nos. 106, 469. 

Andromeda polifolia L. Sp. Pl. 398. 1753. 
Bogs. Vermilion lake; lake Itasca. Nos. 470, 1043. 

Chamaedaphne calyculata (L.) Mo—NcH. Meth. 457. 1794. 
Bogs. St. Louis river; Sandy lake. May, August (fruit). 

Nos. 109, 794. 

Epigaea repens L. Sp. Pl. 395. 1753. 
Sandy soil. N. P. Junction; lake Itasca. May, June. Nos. 

10, 167, 1088. 

Gaultheria procumbens lL. Sp. Pl. 395. 1753. 
Sandy soil, in pine woods. N. P. Junction; Grand Rapids; 

lake Itasca. June, August (fruit). Nos. 160, 721, 1094. 

Chiogenes hispidula (L.) Torr. and Gray. Torr. Fl. N. Y. 
1:450. 1848. 

Bogs. Thompson. May. No. 84. 

Arctostaphylos uva-ursi (L.) SPRENG. Syst. 2:287. 1825. 
Dry rocky ridges and sandy woods. Two Harbors; Sandy 

lake; lake Itasca. June to August. Nos. 464, 805, 1077. 

Vaccinium canadense Ricw. App. Frankl. Jour. ed. 2. 12. 
1823. 

Bogs and woods. Thompson; Aitkin county. May, August 

(fruit). Nos. 81, 826. 

Vaccinium pennsylvanicum Lam. Ency. Meth’1:74. 1783. 
Dry sandy hillsides. Long lake; lake Itasca. May, June. 

Nos. 55, 1075. 

Schollera macrocarpa (Art.) Brirr. Mem. Torr. Bot. Club. 

5: 258. 1893-4. 
Bogs. Chisago City. July (fruit). No. 687. 

Schollera oxycoceus (L.) Roto. Tent. Fl. Germ. 1:170. 1788 
Bogs. Lakes Vermilion, Itasca; Chisago City. June, July 

(fruit). Nos. 472, 688, 1051. 
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PRIMULACEAE. 

Primula farinosa L. Sp. Pl. 148. 1758. 

Wet rocks. Thompson; Two Harbors. May, July (fruit). 
Nos. 26, 459. 

Lysimachia terrestris (L.) B.S. P. Prel. Cat. N. Y. 84. 1888. 
Wet ground. Center City. July. Nos. 646, 698. 

Steironema ciliatum (L.) Baupo. Ann. Sci. Nat. Bot. (II) 
20:346. 1843. 

Copses. Thompson; Aitkin county; lake Itasca. July, Au- 
gust (fruit). Nos. 393, 844, 1172. 

Steironema lanceolatum (WALT.) A. GRAY. Proc. Am. Acad. 
12:63. 1876. 

Wet places. Center City. July. No. 673. 

Naumburgia thyrsiflora (L.) DuBy. DC. Prodr. 8:60. 1844. 
Sloughs. Lakes Itasca and Pokegama. June. Nos. 212, 

1066. 

Trientalis americana PuksH. FI. Am. Sept. 254. 1814. 
Swamps and woods. Thompson; Aitkin county; lake Itasca. 

June, August (fruit). Nos. 146, 834, 1123. 

OLEACEAE. 

Fraxinus americana L. Sp. Pl. 1057. 1758. 
Woods. Thompson. July (fruit). No. 384. 

GENTIANACEAE. 

Gentiana andrewsii GRISEB. Hook. Fl. Bor. Am. 2:55. 1834. 
Copses. Minneapolis. September. No. 981. 

Gentiana crinita FRoEL. Gent. 112. 1796. 
Copses. Morrison county. August. No. 877. 

Gentiana puberula MicHx. FI. Bor. Am. 1:176. 1803. 
Sterile hills. Minneapolis. September. No. 958, 

Gentiana serrata GUNNER. Fl. Norv. 10. 1766. 
Wet meadows. Minneapolis. September. No. 956. 

Tetragonanthus deflexus (S. E. Smita) Kuntze. Rey. Gen. 
Pl. 431, “1897; 

Rocky copses and shady woods. Two Harbors; Grand Ra- 

pids; Silver creek; lake Itasca. July, August (fruit). Nos. 
457, 719, 908, 1151. 
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Menyanthes trifoliata L. Sp. Pl. 145. 1753. 
Bogs. Two Harbors; lake Itasca. June, July. Nos. 450, 

1042. 

APOCYNACEAE. 

Apocynum androsaemifolium L. Sp. Pl. 218. 1753. 
Copses. Thompson; lake Itasca. June, July. Nos. 388, 

1087. 

ASCLEPIADACEAE. 

Acerates viridiflora (RaF.) EATON. Man. ed. 5. 90. 1829. 
Sandy hills. Cannon Falls. July. No. 374, 

Asclepias incarnata L. Sp. Pl. 215. 1753. 
Wet meadows. Minneapolis. September. No. 952. 

Asclepias ovalifolia DEcSNE. DC. Prodr. 8:567. 1844. 
Sandy soil. Minneapolis; lake Itasca. June, July. Nos. 

284, 1127. 

Asclepias exaltata (L.) Munu. Cat. 28. 1813. 
Copses. Cannon Falls. July. No. 358. 

Asclepias tuberosa L. Sp. Pl. 217. 1758. 
Sandy soil. Minneapolis. June, September (fruit). Nos. 

306, 991, 1009. 

CONVOLVULACEAE. 

Convolvulus sepium L. Sp. Pl. 153. 1753. 
Copses. Thompson. July. No. 389. 

Convolvulus spithamaeus L. Sp. Pl. 158. 1753. 
Sandy soil. Vermilion; Park Rapids. June, July. Nos. 

485, 1237. 

Cusecuta gronovii WILLD. R. & S. Syst. 6: 205. 1820. 
On Laportea. Aitkincounty. August. No. 841. 

POLEMONIACEAE. 

Phlox divaricata L. Sp. Pl. 152. 1753. 
Rich low woods. Minneapolis. June. No. 261. 

Phlox pilosa L. Sp. Pl. 152. 1758. 
Copses and dry prairies. Cannon Falls; Park Rapids. June 

July. Nos. 350, 1141. 

Polemonium reptans L. Syst. ed. 10. no. 1. 1759. 

Copses. Cannon Falls. June. No. 328. 
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HYDROPHYLLACEAE. 

Hydrophyllum virginicum L. Sp. Pl. 146. 1753. 
Rich woods. Minneapolis. May. No. 118. 

Phacelia franklinii (R. BR.) A. GRay. Man. ed. 2. 329. 1856. 

Along railway track Vermilionlake. July. No. 482. 

BORAGINACEAE. 

Cynoglossum virginicum L. Sp. Pl. 134. 1753. 
Rich copses. Grand Rapids; lake Itasca. June, August. 

Nos. 734, 1063. 

Lappula lappula (L.) Karst. Deutsch. Fl. 979. 1880-83. 
Sandy soil. Minneapolis. July. No. 582. 

Lappula texana (SCHEELE) Britt. Mem. Torr. Bot. Club. 
5:273. 1893-4. 

Sandy soil. Minneapolis. June. No. 286. 

Lappula virginica (L.) GREENE. Pitt. 2:182. 1891. 
Copses. Minneapolis. July. No. 590. 

Mertensia paniculata (A1t.) Don. Gard. Dict. 4:318. 1838. 
- Shady woods. Two Harbors. May, July (fruit). Nos. 104, 
448. 

Onosmodium carolinianum (LAM.) A.DC. Prodr. 10:70. 1846. 
Sandy soil. Cannon Falls. June. No. 341. 

Lithospermum angustifolium Micux. Fl. Bor. Am. 1: 130. 
1803. 

Sandy meadows and hillsides. Prospect Park; Minneapolis; 

Cannon Falls. May to July. Nos. 52, 265, 369. 

Lithospermum gmelini (MicHx.) A. S. Hircucock. 
Fl. Manh. 30. 1894. 

Sandy soil. Minneapolis. June. No. 289. 

Spring 

VERBENACEAE. 

Phryma leptostachya L. Sp. Pl. 601. 1753. 
Copses. Minnetonka. July. No. 618. 

Verbena bracteosa Micux. FI. Bor. Am. 2:13. 1803. 
Sandy soil. Minneapolis. June. No. 267. 

Verbena hastata L. Sp. Pl. 20. 1753. 

Sandy river banks. Grand Rapids; lake Itasca. July, Au- 

gust. Nos. 712, 1253. 
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Verbena stricta VENT. Hort Cels. ¢. 53. 1809. 
Sandy soil. Minneapolis. June. No. 266. 

Verbena stricta X hastata. 
Sterile hills. Minneapolis. July. No. 605. 

Verbena urticaefolia L. Sp. Pl. 20. 1753. 
Waste places. Minneapolis. July. No. 597. 

LABIATAE. 

Mentha canadensis L. Sp. Pl. 577. 1753. 
Wet places. Lakes Vermilion and Itasca. June, July. Nos. 

508, 1073 

Lycopus sinuatus ELL. Bot. S.C. & Ga. 1:126. 1816. 
Low moist shores. Minneapolis; Center City; Itasca county. 

—— ——— 

July, August. Nos. 606, 655, 755. 

Lycopus virginicus L. Sp. Pl. 21. 1753. 

Moist shores. Itasca county. August. No. 756. 

Koellia virginiana (L.) MacM. Met. Minn. Vall. 452. 1892, 
Copses. Minneapolis. July. No. 599. 

Hedeoma hispida PursH. Fl. Am. Sept. 414. 1814. 
Sandy soil. Minneapolis. June. No. 287. 

Monarda fistulosa L. Sp. Pl. 22. 1755. 

Copses: Center City. July. No. 643. 

Monarda seabra BEcK. Am. Jour. Sci. 10: 260. 1826. 

Copses. Sandy lake. August. No. 795. 

Vleckia anethiodora (NUTT.) GREENE. Mem. Torr. Bot. Club. 
5: 282. 1893-4. 

Copses and bluffs. Minneapolis; lake Itasca. June, July. 

Nos. 595, 1030. 

Vleckia scrophulariaefolia (WILLD.) Rar. FI. Tell. 3:89. 1836. 
Copses. Chisago City. July. No. 678. 

Dracocephalum paryiflorum Nutr. Gen. 2:35. 1818. 
Sandy bluffs. Cannon Falls; lake [tasca. June. Nos. 382, 

1031. 

Scutellaria galericulata L. Sp. Pl. 599. 1753. 
Sloughs. Lakes Vermilion and Itasca. June, July. Nos. 

513, 1064. 

Scutellaria lateriflora L. Sp. Pl. 598. 17538 
Wet places. Center City. July. No. 664. 
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Scutellaria paryula Micux. Fl. Bor. Am. 2:11. 1803. 
Sandy soil. Minneapolis. June. No. 301. 

Prunella vulgaris L. Sp. Pl. 600. 1753. 
Copses. Thompson. July. No. 410. 

Physostegia virginiana (L.) BENTH. Lab. Gen. Sp. 504. 1834. 
River banks. Itasca and Aitkin county. August. Nos. 753, 

1000. 

Stachys palustris L. Sp. Pl. 580. 1753. 
Wet sandy shores. Lakes Vermilion and Itasca. June, 

‘July. Nos. 484, 1105. 

SOLANACEAE. 

Solanum nigrum L. Sp. Pl. 186. 1753. 
Waste places. Sandy lake. August. No. 776. 

Physalis grandiflora Hoox. Fl. Bor. Am. 2:90. 1884. 
Rich moist soil. Pokegama lake; lake Itasca. June. Nos. 

201, 1070. 

Physalis lanceolata Micux. Fl. Bor. Am. 1:149. 1803. 
Sandy soil. Minneapolis. June. No. 271. 

Physalis viscosa L. Sp. Pl. 188. 1758. 
Sandy soil. Minneapolis. September. No. 975. 

SCROPHULARIACEAE. 

Linaria linaria (L) Karst. Deutsch. Fl. 947. 1880-83. 
Copses. Minneapolis. July. No. 596. 

Scrophularia marilandica L. Sp. Pl. 619. 1753. 
Copses. Minneapolis. July. No. 598. 

Chelone glabra L. Sp. Pl. 611. 1753. 
Wet meadows. Two Harbors. August. No. 892. 

Pentstemon gracilis Nutr. Gen. 2:52. 1818. 
Sandy fields. Minneapolis; Grand Rapids. June, August 

(fruit). Nos. 302, 732. 

Pentstemon grandiflorus Nutt. Fras. Cat. 1813. 
Sandy soil. Cannon Falls. June. Nos. 335, 336. 

Pentstemon hirsutus (L.) Witup. Sp. Pl. 3:227. 1801. 
Sandy soil. Park Rapids. June. No. 1238. 

Mimulus jamesii Torr. & GRay. Benth. in DC. Prodr. 10:371. 
1846. 

Springs. Cannon Falls; Itasca county. July, August. Nos. 

376, 746. 
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Mimulus ringens L. Sp. Pl. 684. 1753. 
River banks. Crow Wing county; Vermilion lake. July, 

August (fruit). Nos. 479, 853. 

Wulfenia houghtoniana (BENTH.) GREENE. LErythea. 2: 83. 
1894. 

Dry prairies. Cannon Falls. July. No. 373. 

Veronica americana SCHWEIN. Benth. in DC. Prodr. 10: 468. 
1846. 

Wet places, along streams. Lake Itasca. July. No. 1170. 

Veronica anagallis-aquatica L. Sp. Pl. 12. 1753. 

Wet places. Sandy lake. August. No. 995. 

Veronica peregrina L. Sp. Pl. 14. 1753. 
Wet places. Thompson. July. No. 405. 

Veronica scutellata L. Sp. Pl. 12. 1753. 
Sloughs. Lakes Pokegama and Itasca. June, July. Nos. 

203, 1162. 

Veronica serpyllifolia L. Sp. Pl. 12. 1753. 
Low grounds. Thompson. June. No. 190. 

Leptandra virginica (L.) Nutt. Gen. 1:7. 1818. 
Copses. Minneapolis. July, September (fruit). Nos. 585, 

932. 

Gerardia purpurea L. Sp. Pl. 610. 1753. 
Shores. Morrison county. August. No. 883. 

Gerardia tenuifolia VAHL. Symb. Bot. 3:79. 1794. 
Shores. Sandy lake. August. No. 763. 

Castilleja coccinea (L.) SPRENG. Syst. 2:775. 1825. 
Wet shady places. Grand Rapids; lake Itasca. June, Au- 

gust. Nos. 728, 1022. 

Castilleja sessiliflora PurRsH. Fl. Am. Sept. 738. 1814. 
Sandy hillsides. Cannon Falls. July (fruit). No. 871. 

Euphrasia officinalis L. Sp. Pl. 604. 1753. 
Crevices of rocks. Two Harbors. July, gust (fruit). 

Nos. 485, 898. 

Pedicularis canadensis L. Mant. 86. 1767. 
Copses. Lake Itasca. June. No. 1103. 

Pedicularis lanceolata MicHx. FI. Bor. Am. 2:18. 1803. 
Wet meadows. Minneapolis. September. No. 989. 

Melampyrum lineare Lam. Ency. Meth. 4:22. 1797. 

Pine woods. Grand Rapids. August. No. 720. 
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LENTIBULARIACEAE. 

Utricularia intermedia HayNeE. Schrad. Jour. Bot. 1:18. 
1800. 

In water. Partridge river; St. Louis county. July. No. 
516. 

Utricularia vulgaris L. Sp. Pl. 18. 1753. 
In water. Lakes Vermilion and Itasca. July. Nos. 476, 

Its! 
PLANTAGINACEAE. 

Plantago major L. Sp. Pl. 112. 1753. 
Along trails. Lake Itasca. July. No. 1206. 

RUBIACEAE. 

Houstonia longifolia GAERTN. Fr. and Sem. 1: 226. ¢. 49. f. 8. 

1788. 
Dry sandy and rocky soil. Thompson; Two Harbors; Sandy 

lake; Park Rapids. June, August (fruit). Nos. 129, 531, 764, 

1240. 

Mitchella repens L. Sp. Pl. 111. 1753. 
Woods. Aitkin county. August (fruit). No. 837. 

Galium asprellum Micux. FI. Bor. Am. 1:78. 1803. 
Wet places. Pokegama lake. June. No. 218. 

Galium boreale L. Sp. Pl. 108. i753. 
Copses. Minneapolis; Thompson; lake Itasca. June, July 

(fruit). Nos. 290, 545, 1021. 

Galium trifidum L. Sp. Pl. 105. 1753. 
Moist woods. Pokegama lake; Aitkin county; lake Itasca. 

June, August (fruit). Nos. 207, 840, 1056. 

Galium triflorum MicuHx. Fl. Bor. Am. 1:80. 1808. 
Alluvial soil, in woods. Lakes Pokegama and Itasca. June. 

Nos. 215, 1091. 
CAPRIFOLIACEAE. 

Sambucus pubens Micux. Fl. Bor. Am. 181. 1803. 
Copses. Thompson; lake Itasca. May, July (fruit). Nos. 

72, 611, 1086. 

Viburnum opulus L. Sp. Pl. 268. 1753. 
Copses and borders of bogs. Chisago City; lake Itasca. 

July. Nos. 686, 1191. 

Triosteum perfoliatum L. Sp. Pl. 176. 1753. 
Copses. Cannon Falls. July. No. 366. 
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Symphoricarpos occidentalis Hook. Fl. Bor. Am. 1: 285. 
1833. 

Copses. Cannon Falls. June. No. 347. 

Symphoricarpos pauciflorus (ROBBINS) Britt. Mem. Torr. 
Bot. Club. 5:3805. 1898-4. 

Lake Pokegama island; Sandy lake. June, August. Nos. 

2335774. 

Linnaea borealis L. Sp. Pl. 631. 1753. 
Edges of swamps. Pokegama lake; lakeItasca. June. Nos. 

217, 1010 

Lonicera coerulea L. Sp. Pl. 174. 1753. 
Spruce swamps. Head of St. Louis river; lake Itasca. May, 

July. Nos. 108, 1200. 

Lonicera ciliata MUHL. Cat. 23. 1818. 
Copses. St. Louis river; Sugar brook; lake Itasca. May, 

june: Nos.23) 227, L037. 

Lonicera dioica L. Syst. ed. 12. 165. 1767. 
Copses. Minneapolis; lake Itasca. June, July. Nos. 621, 

1061. 

Lonicera hirsuta Eaton. Man. ed. 2. 307. 1818. 
Lake Pokegama; Schoolcraft’s island, lake Itasca. June. 

Nos. 236, 1023. 

Diervilla diervilla (L.) MacM. Bull. Torr. Bot. Club. 19:15. 
1892. 

Lake Pokegama islands; Grand Rapids; lake Itasca. June, 

August (fruit). Nos. 231, 725, 1088. 

ADOXACEAE. 

Adoxa moschatellina L. Sp. Pl. 867. 1753. 
Rich woods. N. P. Junction; Silver creek. May, June. 

Nos. 5, 90, 180. 
VALERIANACEAE. 

Valeriana edulis Nutt. Torr. and Gray. Fl. N. A. 2:48. 

1841. 

Rocky hills. Cannon Falls. June (fruit). No. 345. 

CAMPANULACEAE. 

Campanula aparinoides PursH. Fl. Am. Sept. 159. 1814. 
var. grandiflora n. var. 

Stem stouter than in the species. Corolla half inch long, 
5 to 6 times longer than the calyx lobes, blueish white, solitary, 
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terminating the rigid ascending branches which are 2 to 4 

inches long. 

Wet places. Vermilion. July. No. 506. 

Campanula rotundifolia L. Sp. Pl. 163. 1753. 
Dry sandy hills. Lake Itasca; Grand Rapids. June to Au- 

gust. Nos. 717, 1089. 

Campanula rotundifolia L. var. langsdorfiana (A. DC.) Barrr. 
Mem. Torr. Bot. Club. 5:309. 1893-4. 

Rocks. Two Harbors. July. No 442. 

Lobelia kalmii L. Sp. Pl. 980. 1753. 
Sandy moist shores. Hubbard and Morrison counties. July, 

August. Nos. 880, 1226. 

Lobelia spicata LAM. Ency. Meth. 3:587. 1789. 
Meadows. Centerville. July. No. 705. 

Lobelia syphilitica L. Sp. Pl. 931. 1753. 
Moist places. Morrison county. August. No. 881. 

COMPOSITAE. 

Vernonia fasciculata MicHx. FI]. Bor. Am. 2:94. 1803. 
Shores. Sandy lake. August. No. 762. 

Eupatorium ageratoides L. f. Suppl. 355. 1781. 
Copses. Minnehaha falls. September. No. 950. 

Eupatorium perfoliatum L. Sp. Pl. 838. 1753. 
Bogs. Sandy lake. August. No. 792. 

Eupatorium purpureum L. Sp. Pl. 838. 1753. 
Moist meadows. Aitkin county. August. No. 843. 

Kuhnia eupatorioides L. Sp. Pl. ed. 2. 1662. 1763. 
Sand hills. Minnehaha falls. September. No. 946. 

Laciniaria punctata (HooK.) Kuntze. Rev. Gen. 349. 1891. 
Sterile hills. Minneapolis. September. No. 933. 

Laciniaria scariosa (L.) HILnt. Veg. Syst. 4:49. 1762. 
Sandy soil. Grand Rapids. August. No. 741. 

Grindelia squarrosa (PURSH) DuNAL. DC. Prodr. 5:315. 1836. 
Waste places. Brainerd. August. No. 868. 

Chrysopsis villosa (PURSH) Nutr. Gen. 2:151. 1818. 
Sandy soil. Minneapolis. June. No. 292. 

Solidago hispida MunL. Willd. Sp. Pl. 3:2068. 1804. 
Copses and pine woods. Grand Rapids; N. P. Junction. {fAu- 

gust, September. Nos. 715, 925. 
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Solidago canadensis L. Sp. Pl. 878. 1753. 
Copses. Silver creek. August. No. 906. 

Solidago juncea Art. Hort. Kew. 3:218. 1789. 
Dry copses, pine woods. Grand Rapids; lake Itasca. July. 

Nos. 726, 1204. 

Solidago flexicaulis L. Sp. Pl. 879. 1753. 
Moist copses. Two Harbors. August. No. 891. 

Solidago missouriensis Nutt. Jour. Acad. Phil. 7:32. 1834. 

Sandy copses, and rocky soil. Thompson; Minneapolis; 

Centerville. July. Nos. 411, 576, 709. 

Solidago nemoralis Arr. Hort. Kew. 3:213. 1789. 
Dry hills. Sandy lake; Morrison county. August. Nos. 

765, 874. 

Solidago riddellii FRANK. Ridd. Syn. Fl. W. St. 57. 1835. 
Moist places. Minneapolis. September. No. 959. 

Solidago rigida L. Sp. Pl. 880. 17583. 
Sandy soil. Morrison county. August. No. 872. 

Solidago serotina Air. Hort. Kew. 3:211. 1789. 

Wet copses. Center City; Aitkin county. July, August. 

Nos. 668, 1004. 

Solidago speciosa Nutr. Gen. 2:160. 1816. 
Copses.. Brainerd; Minneapolis. August, September. Nos. 

865, 997. 

Solidago uliginosa Nutr. Jour. Acad. Phil. 7:101. 1834. 

Bogs. Sandy lake. August. No. 786. 

Euthamia graminifolia (L.) Nutt. Gen. 2:162. 1818. 

Shores. Center City. July. No. 667. 

Aster azureus Linpu. Hook. Comp. Bot. Mag. 1:89. 1885. 

Copses. Crow Wing county. August. No. 854. 

Aster lateriflorus (L.) Brrrt. Trans. N. Y. Acad. Sci. 9:10. 

1889. 
Copses. Aitkin county. August. Nos. 817, 1002, 1006. 

Aster junceus Art. Hort. Kew. 3:204. 1789. 
Moist ground and bogs. Sandy lake; Minneapolis. August, 

September. Nos. 665 (?), 787, 989 (?). 

Aster laevis L. Sp. Pl. 876. 1753. 

Copses and woods. Grand Rapids; Minneapolis. August, 

September. Nos 716, 736, 996. 
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Aster lindleyanus Torr. and Gray. FI. N. A. 2:122. 1841. 
Copses. Sandy lake. August. No. 788. 

Aster macrophyllus L. Sp. Pl. ed. 2. 1232. 1763, 
Copses. Sandy lake; N. P. Junction. August, September, 

Nos. 804, 927. 

Aster majus (HOOK.) PoRTER. Mem. Torr. Bot. Club. 5: 325. 
1893-4. Approaching A. novae-angliae. 

Wet places. N. P. Junction. September. No. 928. 

Aster multiflorus Air. Hort. Kew. 3:203. 1789. 
Dry soil. Minneapolis. September. No. 966. 

Aster novae-angliae L. Sp. Pl. 875. 1753. 
Copses. Center City; Minneapolis. September. Nos. 

665 (?), 974, 979. 

Aster oblongifolius Nutt. var. rigidulus GRay. Syn. Fl. N. 
AS Ue pt..2. 179. , 1886: 

Sterile hills. Minneapolis. September. No. 935. 

Aster ptarmicoides (NEES.) TorR. and Gray. FI. N. A. 2:160. 
1841. 

Sandy hills, and crevices of rocks. Crow Wing; Two Har- 

bors. August. Nos. 861, 901. 

Aster puniceus L. Sp. Pl. 875. 1753. 

Wet places. Two Harbors; Minneapolis. August, Septem- 

ber. Nos. 894, 965, 986 

Aster sagittifolius WEDEM. Willd. Sp. Pl. 3:2035. 1804. 
Copses. Crow Wing; Minneapolis. August, September. 

Nos. 858, 982. 
There are two forms under this species. No. 982 has blue 

rays and heads, in a short panicle; No. 858 has rays almost 

white, with heads in a more elongated panicle. Also, the root 
leaves in 982 are broader than in 858. 

Aster salicifolius Lam. Ency. Meth. 1:306. 1783. 
Shores and woods. Sandy lake; Two Harbors. August. 

Nos. 761, 897. 

Aster sericeus VENT. Hort. Cels. ¢. 33. 1800. 
Sandy soil. Minneapolis. September. No. 938. 

Aster umbellatus MILL. Gard. Dict. ed. 8. no. 22. 1768. 
Moist copses. Crow Wing county. August. No. 855. 

NorTe.—This series of Northern Minnesota Asters contains a 

number of puzzling forms. Thus, under No. 989, the collector 
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had a series of plants, evidently brought together correctly, 

the larger forms of which are Aster junceus. Some of the forms 

approach closely to specimens of Aster salicifolius var. subasper. 

When more slender and fewer-headed, as in some of these 
specimens, the plant agrees very well with Pringle’s Aster lax- 

ifolius NEES, var. longifolius LAM., from Vermont. And the 

smallest specimens of the series under this number could not 

be distinguished from Pringle’s Aster ericoides, var. pringlei 

GRAY, from lake Champlain. (The Synoptical Flora give lake 
Champlain as the only station known for this var. pringlei. 

But among the ‘‘unknowns” in the National Herbarium I found 

a plant collected in 1868 by Dr. Vasey, in Colorado, which 
agrees in every respect with this Aster ericoides, var. pringlei; 

except that the heads are less developed.) Again, some of the 

plants under No. 761, Aster salicifolius AIT., approach Aster 

junceus AIT. No. 665, of which unfortunately only two plants 

were found, has the large heads and the mode of branching of 

A. novi-belgii L., but has the lower stem and leaves of Aster 

junceus AIT., where it was finally allowed to rest. Under Aster 

puniceus, No. 894 is considered the typical form. It is much 

less common in southern Minnesota than the form No. 986, 

which is bushier, with leaves denser and broader, and agrees 

well with Pringle’s Vermont plant. No. 928, referred above to 

the western Aster modestus, is possibly a hybrid between Aster 

puniceus and novae-angliae. Aster macrophyllus L. occurs in two 

forms. No. 804 is the larger, less canescent, with larger, thin- 

ner leaves. No. 927, being shorter, stouter, more canescent, 

with thicker leaves, approaches the western Aster radulinus, 

from which, however, it differs in its more scarious involucral 

bracts, and its quite glabrous longer akenes. 

An unqualified specific reference of some of these Asters is 

not possible. 

Erigeron annuus (L.) PERS. Syn. 2:481. 1807. 
Copses. Cannon Falls. June. No. 329. 

Erigeron canadensis L. Sp. Pl. 863. 1753. 
Below Grand Rapids. August. No. 742. 

Erigeron philadelphicus L. Sp. Pl. 868. 1753. 
Meadows. Thompson; lake Itasca. May, July. Nos. 121, 

1129. 

Erigeron ramosus (WALT.)B S. P. Prel. Cat. N. Y. 27. 1888. 
Sandy soil. Minneapolis. July. No. 612. 
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Antennaria plantaginifolia (L.) Rich. App. Frank. Jour. ed 
2. 30. 1823. 

Dry hills. N. P. Junction; lake Itasca. May, June. Nos. 
68, 1093. 

Antennaria margaritacea (L.) Hook. FI. Bor. Am. 1: 329. 
1833. 

Sandy soil. Sandy lake. August. No. 994. 

Silphium laciniatum L. Sp. Pl. 919. 1753. 
Sandy soil. Cannon Falls. June. No. 343. 

Iva xanthiifolia (FRESEN.) Nutr. Trans. Am. Phil. Soc. (II) 
7: 347. 1841. 

Waste places. Morrison county. August. No. 873. 

Ambrosia artemisiaefolia L. Sp. Pl. 988. 1753. 
Sandy soil. Minneapolis. September. No. 955. 

Ambrosia psilostachya DC. Prodr. 5:526. 1836. 
Road sides. N. P. Junction. August. No. 922. 

Xanthium canadense Miuut. Gard. Dict. ed. 8. No. 2. 1768. 

Shores. Sandy lake. August. No. 772. 

Heliopsis scabra DuNAaL. Mem. Mus. Par. 5:56. ¢. 4. 1819. 
Along streams. Partridge river; lake Itasca. July. Nos. 

517, 1198. 

Lepachys columnaris (PURSH) Torr. and Gray. FI. N. A. 
2:315. 1842. 

Sandy soil. Minneapolis. July. No. 566. 

Lepachys pinnata (VENT.) Torr. and Gray. FI. N. A. 2:314. 
1842. 

Dry copses. Minneapolis. July. No. 583. 

Rudbeckia hirta L. Sp. Pl. 907. 1753. 
Sandy soil. Minneapolis. June. No. 309. 

Rudbeckia laciniata L. Sp. Pl. 906. 1753. 
Copses. Morrison county. August. No. 878. 

Helianthus annuus L. Sp. Pl. 904. 1753. 
Minneapolis. September. No. 969. 

Helianthus giganteus L. Sp. Pl. 905. 1753. 
Copses. Grand Rapids. August. No. 735. 

Helianthus grosse-serratus MARTENS. Sel. Sem. Hort. Loven. 
1839. 

Copses. Minnehaha falls. September. No. 941. 
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Helianthus maximiliani ScHrRaD. Ind. Sem. Hort. Goett. 
1835. 

Waste places. N.P. Junction. September. No. 924. 

Helianthus occidentalis RIDDELL. Suppl. Pl. Ohio. 13. 1836. 
Sandy copses. Centerville. July. No. 699. 

Helianthus petiolaris Nutr. Jour. Acad. Phil. 2:115. 1821. 
Sandy soil. Minneapolis. July. No. 586. 

Helianthus rigidus Desr. Cat. Hort. Par. 3:184. 1813. 

Copses. Morrison county. August. Nos. 871, 885. 

Helianthus strumosus L. Sp. Pl. 905. 1753. 
Copses. Sandy lake. August. No. 791. 

Helianthus tracheliifolius Mitt. Gard Dict. ed. 8. No. 7. 
1768. 

A hybrid. Copses. Minnehaha falls. September. No. 942. 

Coreopsis palmata Nutr. Gen. 2:180. 1818. 
Dry prairies. Cannon Falls. July. 

Bidens trichosperma (MicHx.) Brirr. Bull. Torr. Bot. Club. 

20:281. 1893. 
Wet places. Minneapolis. September. No. 986. 

Bidens beckii ToRR. Spreng. Neue. Entd. 2:135. 1821. 
Ponds. Minnetonka. July. No. 634. 

Bidens cernua L. Sp. Pl. 832. 1753. 
Wet places. Minneapolis. September. No. 985. 

Bidens laevis (L.) B. S. P. Prel. Cat. N.Y. 29. 1888. 
River banks. Aitkin county. August. No. 842. 

Bidens connata MuHL. Willd. Sp. Pl. 3:1718. 1804. 
Wet places. Silver creek. August. No. 919. 

Bidens connata MUHL. var. pinnata WaTSOoN. Gray, Man. Bot. 

ed. 6. 284. 1890. 
Wet places. Ramsey county. September. No. 929. 

Bidens frondosa L. Sp. Pl. 882. 1753. ' 
Asmallform. Wet places. Sandy lake. August. No. 769. 

Madia glomerata Hook. FI. Bor. Am. 2:24. 1841. 
N. P. Junction. September. No. 926. 

Helenium autumnale L. Sp. Pl. 886. 1753. 
River banks. Aitkin county. August. No. 850. 

Achillea millefolium L. Sp. Pl. 899. 1753. 
Waste places. Vermilion. July. No. 491. 
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Chrysanthemum leucanthemum L. Sp. Pl. 888. 1753. 
Railway tracks; probably introduced. Thompson. July. 

No. 422. 

Artemisia absinthium L. Sp. Pl. 848. 1753. 
Chisago City. July. No. 674. 

Artemisia caudata Micux. Fl. Bor. Am. 2:129. 1803. 
Sandy soil. Morrison county. August. No. 870. 

Artemisia dracunculoides PursH. Fl. Am. Sept. 742. 1814. 
Dry copses. Minneapolis. September. No. 937. 

Artemisia frigida WILLD. Sp. Pl. 3:18388. 1804. 
Sandy hill sides. Morrison county. August. No. 869. 

Artemisia gnaphalodes Nutt. Gen. 2: 148. 1818. 
Sandy shores. Sandy lake. August. No. 796. 

Artemisia vulgaris L. Sp. Pl. 848. 1753. 
Roadsides. Ramsey county. August. No. 711. 

Tussilago palmata Ait. Hort. Kew. 2:188. ¢. 2. 1789. 
Low swampy ground. Thompson; N. P. Junction; Crow 

Wing county; lake Itasca. May to July. Nos. 8, 25, 66, 108, 
430, 857, 1084. 

Tussilago sagittata PuRsH. Fl. Am. Sept. 832. 1814. 
Sloughs. N. P. Junction; lake Itasca. June, July. Nos. 

155, 1249. 

Cacalia atriplicifolia L. Sp. Pl. 835. 1753. 
Low meadows. Cannon Falls. July. No. 367. 

Cacalia tuberosa Nutr. Gen. 2:188. 1818. 
Low meadows. Cannon Falls. July. No. 378. 

Senecio aureus L. Sp. Pl. 870. 1753. 
Sandy soil. Thompson. July. No. 421. 

Senecio palustris (L.) Hook. FI. Bor. Am. 1:334. 1833. 
Wet places. Two Harbors. July. No. 536. 

Senecio tomentosus MicHx. Fl. Bor. Am. 2:119. 1803. 
Hillsides. Lake Pokegama island; lakeItasca. June. Nos. 

235, 1036. 

Carduus altissimus L. Sp. Pl. 824. 1753. 
Meadows. Crow Wing county. August. No. 860. 

Carduus arvensis (L.) Ross. Brit. Fl. 168. 1777. 
Roadsides. Chisago City. July. No. 676. 
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Carduus muticus (MicHx.) PERS. Syn. 2:386. 1807. 
Moist meadows. August. No. 760. 

Carduus odoratus (MUHL.) PORTER. Mem. Torr. Bot. Club 
5:345. 1893-4. 

Meadows. Cannon Falls. July. No. 268. 

Adopogon virginicum (L.) KuNTzE. Rev. Gen. Pl. 304. 1891. 
Sandy ground. Cannon Falls; Park Rapids. July. Nos. 

353, 12338. 

Hieracium canadense Micux. FI. Bor. Am. 2:86. 1808. 

Sandy soil. Grand Rapids. August. No. 723. 

Hieracium scabrum MicHx. Fl. Bor. Am. 2:86. 1808. 

Pine woods. Grand Rapids. August. No. 722. 

Nothocalais cuspidata (PURSH) GREENE. Bull. Cal. Acad. (II) 

2:55. 1886. 
Sandy prairies. Fort Snelling. May. No. 49. 

Agoseris glauca (PURSH) GREENE. Pitt. 2:176. 1891. 
Prairies. Park Rapids. June. No. 1234. 

Taraxacum taraxacum (L.) Karst. Deutsch. Fl. 1188. 
(1880-83.) 

Minneapolis. May. No. 74. 

Lactuca spicata Lam. A. S. Hitche. Trans. St. Louis Acad. 
6: 506.. 1891. 

Dry soil. Minneapolis; Aitkin county. August, September. 
Nos. 951, 1007. 

Lactuca seariola L. Sp. Pl. ed. 2.1119. 1768. 
Road sides. Minneapolis. September. No. 972. 

Prenanthes alba L. Sp. Pl. 798. 1753. 
Moist places. Crow Wing county. August. No. 856. 

Prenanthes racemosa Micux. FI. Bor. Am. 2:84. 1803. 

Copses. Minneapolis. September. No. 971. 

Sonchus oleraceus L. Sp. Pl. 794. 1753. 
Waste ground. Minneapolis. August. No. 993. 

Lygodesmia juncea (PurSsH) Don. Edin. Phil. Jour. 6: 311. 
1829. 

Sandy soil. Minneapolis. July. No. 571. 



XXXII. ESTIMATIONS OF THE CHANGES IN 

DRY WEIGHT OF LEAVES OF 

HELIANTHUS. 

J. THOMPSON and W. W. PENDERGAST. 

The experiments, the results of which are given below, were 

undertaken for the purpose of making a comparative estimate 

of the changes in the dry weight of leaves during periods of 

daylight and darkness, in connection with some extensive ob- 

servations upon the variations and total amount of mineral 

matter in leaves stems and roots. 

The material was taken entirely from the ‘‘ Russian Sun- 

flower,” beginning at the time when the first heads were open- 
ing, July 21, and continuing for 18 days thereafter until August 

8, 1895. 

The following conditions were observed in the selection of 

material: 

Perfect fully grown leaves, generally the fourth or fifth from 

the apex of the shoot, were used. Above this the leaves were 

in a state of rapid enlargement, and below this they were more 

or less injured by the action of the wind. By means of a piece 

of glass of the required size placed on the lower side of the 

leaf, and a sharp knife, fairly uniform areas of the leaf were 

obtained. ‘Two samples of each leaf were taken, one on either 

side of the midrib, and equidistant from it and the base. Asa 

check on the equality of the two pieces thus obtained, which 
were to be contrasted in every test, a number of pieces were 

cut from fresh leaves and weighed immediately, showing in no 

instance a variation of more than .0007 gram from the average, 

a variation too small to affect the general results presented 
below: 
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The first samples used were circular, 39.7 mm. in diameter, 

and later’ were increased to 48mm. All samples were weighed 

as quickly as possible after separation from the leaf and then 

subjected to the heat of a water bath oven for two hours at 
100°C. All samples were cut from the leaf at 7 A. M. and 

<P. ME 

The tests were conducted in three series as follows: 

1st. A sample was taken from the leaf on one side of the 

midrib in the evening, and the second from the opposite side 

in the morning, and their dry weights compared. 

2nd. The first sample was taken in the morning and the sec- 

ond from the same leaf in the evening of the same day. 

3rd. A portion of the leaf of the required area was covered 

by means of thin plates of cork, covered with black paper in 

the morning, and one sample was cut from this shaded area 

and another from the other half of the leaf lamina on the even- 

ing of the same day. 

The data obtained from these series are arranged in Tables 

I, If and III respectively, and may be expressed briefly as 

follows: 

I. Fifteen pairs of samples, taken between July 21 and Au- 

gust 1, showed an average loss in dry weight during the night 

amounting to 1.41 grams per square meter. In three of the 

tests an increase was noted. (See Table I.) 
Il. Ten pairs of samples, taken between July 27 and Au- 

gust 8, showed a gain in dry weight during the daytime 

amounting to 1.9 gram per square meter. (See Table II.) 

Ill. Ten pairs of samples, obtained from July 26 to August 

8, showed that the average gain in weight of the unshaded 

was greater than that of the shaded samples, in seven, and 

less in three of the tests. The gain in dry weight of the un- 

shaded samples was at the rate of 1.44 grams per square meter. 

(See Table ITT.) 
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TABLE I. 

Showing change in weight of dry matter during night. 

Weight of | Weight of | Gain (-+) Cet raw 
DATES. dry matter | dry matter or loss (—) per sq. meter 

at night. in morning. | during night. Gay a SE 

GQeraetle asters 0.0683 0.0626 —0.0057 —4.66 
July 21-224 F000 0.0453 0.0447 | —0.0006 —0. 49 

“ 99-93 Nieisie cies wees 0.0537 0.0532 +0.0005 +0.41 
BOR sc as ater 0.0472 0.0444 —0.0028 =2'29 

“98 94 § TIS ate 0.0566 0.0546 —0.0020 1.64 
eNO cides a gxoe 0.0422 0.0402 —0.0020 =I..64 

“ 94 95,5 Wsasdste es tatnrele 0.0697 0.0619 —0.0078 —6.08 
ed TR Ree ete 0.0530 0.0477 —0.0053 —4.34 

“6 95-96 Gio kis, aja aie foKOA te CAO een Oe CoQB od lon cy cht Deal Bee eee 
UG ete so cine 0.0528 0.0512 —0. 0016 al bast 

SOS GAGA (en 0.0767 0.0810 +0.0043 “Fo.pL 
DEO ES Ree Ae 0.0758 0.0880 +0.0122 +3.67 
SD OW ie orc. evs So vice 0.0967 0.0946 —0. 0021 —0.63 
BEEPS) or. a/ai'c,e) si svelevasels 0.0977. 0 0890 —0.0087 =2) 61 
2 31039 lh 0.1000 0.0910 —0.0090 ar 
TAU: M6 5 5 sleeves 0.1024 0.0985 —0.0039 a ae li 

Total of 15 samples.... 1.0371 1.0026 —0.0345 7) 
Average of 15 samples.. 0.0691 0. 0668 —0 0023 sree Ua 

*Size of sample increased from 39.7 mm. to 48 mm, in diameter. 

LAB iE UP 

Showing change of weight in dry matter during day. 

Weight of | Weightot | Gain (+) | ,Gein.(h) 
DATES. dry matter | dry matter or loss (—) per sq. meter 

in morning. at night. during day. a eed 

DONUT he wisn cles sss - v8 4 6 0.0814 0.0873 +0.0059 Seth aks: 
LCS Ae 0.0985 0.0948 +0.0037 arilail! 
MO aR oc) sla elke a. s- 016 she 0.0829 0.€820 —0.0009 =O0.27 
o 30s Saline aaa 0.0940 0.0983 +0.0043 ==] p: 
PEMD OS cea avonlere «ie s.@iclee 0.0910 0.0920 +0.0010 +0.30 

RUE Neti: nig bia =< sic.c's RDU MUR OLN arlreee oteiaye exp cree = ahaa nce teres | cine ailelel ae, &. wile 
SEMIS Cecor al soi ga abe %e «be 8 0.1019 0.0987 —0.0042 eat 
SENS oinreist oiole xesccrk averse s 0.1029 0.1140 +0.0111 ones 
BME yef 05°. 13! sicie sie.e o's 0.0949 0.1075 +0.0126 sEoato 
RAMMED clele cicic eevee ccls'eate 0.0800 0.0948 +0.0148 +4.45 
CRESS aCe Iaee TAO MUO Tes feeeversMerer te netevore lie velnvate,svantecicve’a: [yatare atcveveie"ere as 
BME esis cic hoe sis atae's MOCaGa ely |prteemeeyse) cck ell vale ofsele cusielosItseien eo ores arse 
tls cena nee Mena nae — 0.0670 0.0770 +0.0100 oeOl 

Total of 10 samples.... 0.8945 0.9464 +0.0519 +19.08 
Average of 10 samples.. 0.0894 0.0946 +0.0052 + 1.90 
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TABLE III. 

Showing difference in weight of dry matter between equal areas of the 

same leaf, one portion being covered 10 hours previous to 

weighing, and the other exposed to light. 

MINNESOTA BOTANICAL STUDIES. 

PER SQUARE METER. 
Weight | Weight ’ 

of dry of dry Selena Ls a Covered |Uncover’ 

Parss. agree [Stowenea more than nore than) weighed | Weighed, 
pees eres " luncovered| covered. 

MUR I2G so = sie icrere 0/0467. “040525: 22 eeente OLOOSS: |i, in Zr bie 5.76 
PAU ia ‘sis. ntee ate 0.0483 | 005667) ....5. 255 00083 |\0.:2:.5a% he 6.78 
MAREE O iisicxeye) asi zeiete Sample |jinjured:2| 4. .rceeeral|eecie oases. ache ooo eee 
BE I arcinrs) Stale atk 020719") (0.0818 | J.c2.222 55 )OD99V.e3.,. 202 2.97 
MRO Wiens ate otek 0:0876;)}. 0/0965.)\5.. 222/25 0089" |. 3. ke: 2.67 
anos saeeiae Paus 020680) O.0765) 2%. 3 SS5e5 OYOU8H) |< diet 2.56 

TRE eA CPO Sample jmot take|m (6° | AMeccde sens es. cs aye ee 
RNR ok: ct Pte here 0.1108 | 0.0965 | -0:0143 |... 2.22: 4.30 css 
pate 3.53) <tatere 0.0850 ; 0 0765 0.0085 )......... 2.55 |i.deteeeee 
aa Oise crea cists sample: |motitake|m : 97) Wee siss c.ersisi|le cles «1s + 200] eee 
Pee eG ieee se, Aine O-0880) 2900966 Wf is.0s 5 a's .0086 wae 2.58 
ET take Gee eres 0:0852 | 0.0755} | 0/0097 }....: ¢35. 2.91 12. ear 
URES Re gions Bish OH0915 Ny O0945° | 5... 22 5,2% 0.0030) |... «fee 0.90 

Total of 10samp’s} 0.7830 | 0.8035 |......... OF020B0I asec ee 14.46 
Av. of 10samples} 0.0783 | 0.0803 |......... 0Q025.4)3 281. cae 1.44 

*Size of sample increased from 39.7 mm. to 48 mm. in diameter. 

NotTe.—Compare with above the results given by Sachs: Hin Beitrag 

z. Kenntn. der Ernahrungsthatigkeit der Blaetter, Arb. Wirzb. 3:1. 1884, 
and Saposchnikoff: Bildung und Wanderung der Kohlenhydrats in den 

Laubblattern, Ber. Deutsch. Bot. Gesellsch. $: 233. 1890. 



XXXII. SOME MUSCINEAE OF THE NORTHERN 

BOUNDARY OF MINNESOTA, COLLECTED 

BY CONWAY MACMILLAN, 

DURING 1895. 

J. M. HOLZINGER. 

The mosses and liverworts enumerated below were collected 
between Saganaga and South lakes on the portage trails of the 

Dawson canoe route from Lake Superior to Winnipeg. The 

date of collection was between the Ist and the 10th of Septem- 

ber. The mosses, except Sphagnaceae, have been determined 
by the author and the liverworts by Professor Lucien M. Und- 

erwood of Auburn, Alabama. The collection is remarkable for 

the large percentage of species in it not hitherto reported from 

Minnesota,* and includes one entirely new species of Fontin- 

alis, named by M. Jules Cardotin litt. The author is under obli- 

gations to Dr. C. Warnstorf for determinations of the Sphag- 
naceae of the list; and to Dr. Rodney H. True of Madison, 

Wis., for determining Dicranum palustre DE LA PYL. 

HEPATICAE. 

1. Conocephalum conicum Dum. 
International boundary. No. 54. 

2. Chiloseyphus polyanthos var. rivularis NEgs. 
International boundary. No. 53. 

Not previously reported from Minnesota. 

3. Jungermannia barbata SCHREB. 

International boundary. No. 56. 

Not previously reported from Minnesota. 

4. Jungermannia schraderi Mart. 

lnternational boundary. No. 52. 

*See my “Preliminary list of the mosses of Minnesota.’’ Minn. Bot. Stud. 1: 280 
5Mr. 1895. 
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“I 

10. 

fa: 

13. 

14. 

16. 

ike 

18. 

MINNESOTA BOTANICAL STUDIES. 

Radula complanata Dum. 
International boundary. No. 57. 

Not previously reported from Minnesota. 

Ptilidium ciliare NEES. 
International boundary. No. 55. 

MUSCI. 

Sphagnum cymbifolium Eur. var. glaucescens WARNST. 
International boundary. No. 24. 

Not previously reported from Minnesota. 

Sphagnum medium LIMPR. 
International boundary. No. 26. 

Not previously reported from Minnesota. 

Sphagnum recuryum P. B. var. parvifolium (SENDT.) 
WARNST. 

International boundary. No. 27. 

Not previously reported from Minnesota. 

Sphagnum quinguefarium (BRAITHW.) WARNST. 
International boundary. No. 31. 

Not previously reported from Minnesota. 

Sphagnum squarrosum PERS. 
International boundary. No. 45. 

Sphagnum wulfianum Girc. 

International boundary. No. 14. 

Not previously reported from Minnesota. 

Dicranum bergeri BLAND. 
International boundary. No. 28. 

Dicranum flagellare HEDw. 
International boundary. No. 32. 

Dicranum fuscescens TURN. 

International boundary. No. 49. 

Dicranum palustre DE LA PyL. ‘‘A form not uncommon 
in damp places,” k&. H. True. 

International boundary. No. 33. 

Not previously reported from Minnesota. 

Dicranum montanum HEDw. 

International boundary. No. 48. 

Dicranum scoparium HEpDw. 
International boundary. No. 6 



19. 

20. 

21. 

23. 

24. 

25. 

LS “I 

30, 

dl. 

33. 

3b4. 

30. 

Holzinger: BOUNDARY MUSCINEAE. 

Dicranum undulatum EnrRu. 

International boundary. No. 29. 

Ceratodon purpureus BRID. 
International boundary. No. 34 

Barbula ruralis HEpw. 
International boundary. No. 12. 

Grimmia apocarpa Hepw. 
International boundary. No. i) bo 

Hedwigia ciliata EHRH. 
International boundary. No. 19. 

Orthotrichum obtusifolium Scurapb. 

International boundary. No. 8. 

Not previously reported from Minnesota. 

Tetraplodon angustatus B. S. 
International boundary. No. 50. 

Not previously reported from Minnesota. 

Bartramia pomiformis HEepw. 
International boundary. No. 35. 

Bryum ¢aespiticium L. 

International boundary. No. 10. 

Mnium cuspidatum Hepw. 
International boundary. No. 42. 

Mnium affine Scuw. 
International boundary. No. 380. 

Aulacomnium palustre ScHw. 
International boundary. Nos. 9, 37. 

Polytrichum commune L. 

International boundary. No. 23. 

Polytrichum juniperinum WILLD. 
International boundary. No. 36. 

Fontinalis dichelymoides LINpDB. 

International boundary. No. 38. 

Not previously reported from Minnesota. 

Fontinalis macmillani Carb. n, sp. in litt. 
International boundary. No. 388. 

New to Minnesota. 

Neckera pennata HEepDw. 
International boundary. No. 15. 

O81 
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36. 

37. 

38. 

39. 

40. 

41. 

42. 

43. 

44. 

45. 

46. 

48. 

MINNESOTA BOTANICAL STUDIES. 

Pylaisia polyantha B. S. 

International boundary. No. 11. 

Not previously reported from Minnesota. 

Climacium americanum Brip. 
International boundary. No. 39. 

Thuidium gracile Scu. 
International boundary. No. 1. 

Thuidium delicatulum LInpDB. 
* International boundary. No. 2 

Thuidium abietinum Scu. 
International boundary. No. 

Brachythecium salebresum Scu. 
International boundary. No. 17. 

Brachythecium rutabulum Scu. 
International boundary. No. 13. 

Kurhynchium strigosum ScH. 
International boundary. No. 40. 

Rhynchostegium deplanatum Scu. 
International boundary. No. 3. 

Not previously reported from Minnesota. 

Rhynchostegium serrulatum L. & J. 
International boundary. No. 18. 

Amblystegium serpens SCH. 
International boundary. No. 20. 

Not previously reported from Minnesota. 

Hypnum fertile SENDTN. 
International boundary. No. 16. 

Not previously reported from Minnesota. 

Hypnum subimponens LEsq. 

International boundary. Nos. 21, 41. 

Not previously reported from Minnesota. 

Hypnum patientiae LInDB. 
International boundary. No. 46. 

Hypnum schreberi WILLD. 
Internutional boundary. No. 7. 

Hylocomium splendens Scu. 
International boundary. No. 4. 

Not previously reported from Minnesota. 

Hylocomium triquetrum ScH. 
International boundary Nos. 44, 47. 

or 

bo 



XXXIV. ADDITIONAL EXTENSIONS OF PLANT 

RANGES. 

EDMUND P. SHELDON. 

Stipa avenacea Linn. Sp. Pl. 78. 1753. 

Not previously reported from Minnesota. 

Collected near Poplar Island lake, Ramsey county, Minn. 

(Z. P. S., June, 1895). 

Schedonnardus paniculatus (NuTT.) TRELEASE in Bran- 
ner & Coville. Fil. Ark. 236, 1891. 

This plant was reported in Upham’s catalogue as having 
been collected in Mound township, Rock county, (Leiberg). 
It has been collected at Pipestone, Minn. (Max Menzel, June, 

1895). 

Hordeum nodosum Linn. Sp. Pl. ed. 2. 126. 1762. 

This plant has been reported from Blue Earth county, Minn. 

(Leiberg). It has been collected at Pipestone, Minn, (Max Menzel, 

June, 1895). 

Cyperus speciosus VAHL. Enum. 2: 364. 1806. 

This plant has been questionably reported from Red Wing, 

Minn. (Sandberg). It has been collected at Glenwood, Minn. (B.C. 
Taylor, August, 1891); on shores of Big Stone lake near Browns 

Valley, Minn. (Z. P. S., Sept., 1892). 

Scirpus lacustris LINN. var. tenuiculmis n. var. 

An apparently well marked variety, differing from typical 

forms of the species in the slender, drooping, twice-um- 

bellate inflorescence, the pedicels being usually singly termi- 

nated by the long-ovate, larger spikelets; by the slender, 

attenuated prolongation of the culm; and by the presence of 
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only three bristles, two on the edges of the achene where the 

convex and concave sides meet and a shorter one on the slightly 

concave side. (See Plate XXX. f. 1. culm; /. 2. inflorescence; 

f 3. achene 2. 33.) 

Collected in shallow water of lake Mora, Kanabec county, 

Minn. (£. P. S., July, 1892); in ponds near Milaca, Minn. (£. P. 
S., July, 1892); in shallow water at Battle lake, Otter Tail 

county, Minn. (£. P. S., August, 1892); near Pipestone, Minn. 

(Max Menzel, July, 1895). 

Scirpus pauciflora Licutr. Fl. Scot. 548. t. 6. 1777. 

Not previously reported from Minnesota, but mentioned in 

Upham’s catalogue as occurring in Canada and in the Red river 

valley. 

Collected at Knife river, Minn. (Z. P. S., June, 1893). 

Carex arctata Boott. var. faxoni BaiLey. Bot. Gaz. 
13:87. 1888 

Hitherto reported from Minnesota as occurring in the ex- 

treme northern part of the state (Bailey). Collected also near 

Two Harbors, Minn. (£. P. S., July, 1898). 

Carex assiniboinensis W. Boott. Bot. Gaz. 9:91. 1884. 

Not previously reported from the United States. 

Collected near Garrison, Crow Wing county, on the shores of 

Mille Lacs lake, Minn. (£. P. S., June, 1892). 

Carex deflexa HoRNEM. Plantel. ed. 3. 1:988. 1821. 

Not previously reported from Minnesota. 

Collected near Highland, Lake county, Minn. (Z. P. S., June, 

1893). 

Carex pedunculata MunL. Willd. Sp. PJ. 4:222. 1808. 

Hitherto reported from Blue Earth county, Minn. (Leiberg). 

Collected also at Tower, Minn. (£. P. S., June, 1898); and at 

Encampment, Lake county, Minn. (Z. P. S., June, 1898). 

Carex teretiuscula GoopNn. var. ramosa Boortt. Ill. 145. 

1867. 

Not previously reported from Minnesota, but collected at 

Armstrong, Emmet county, Iowa (Cratty). Collected on dry 

ground in Ramsey county, Minn. (£. P. S., May, 1895). 
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Carex umbellata ScuK. Riedgr. Nachtr. 75. jig. 171. 
1806. 

Not previously reported from Minnesota. '!) 

Collected at Pwo Harbors, Minn. (£. P. S., June, 1893). 

Carex varia Muuu. Wahl. Kongl. Acad. Handl. II. 

24:159. 1803. 

Heretofore the only recorded occurrence of this species has 
been the questionable one of ‘‘Lapham, Minn.” 

Collected at Encampment, Jake county, Minn. (£. P. S., 
June, 1893). 

Allium reticulum Don. Mem. Wern. Soc. 6:36. 1826-81. 

Not previously reported from Minnesota, although collected 

in the Red river valley in North Dakota (Scott). 
Collected at Pipestone, Minn. (Max Menzel, May, 1895); and 

at Madison, Minn. (Lycurgus R. Moyer, May, 1894). 

Salix cordata X candida. 

An evident hybrid between these two species was found on 

the side of Buck hill, Dakota county, Minn. (£. P. S., June, 
1894). 

This hybrid has the whitened pubescence on the under sur- 
face of the leaves and the pink-tinted styles of Salix candida 

FLUEGGE., but it grows to a height of three or four feet and 

has the general aspect and shape of leaves of the narrow- 

leaved forms of Salix cordata MUHL. 

Polygonum exsertum SMALL. Bull. Torr. Club. 21:172. 
1894. 

Not previously reported from Minnesota. 
Collected at St. Anthony Park, Minn. (Dr. Otto Lugger, Au- 

gust, 1893). 

Polygonum littorale Link. Schrad. Journ. Bot. 1: 254. 
1799. 

Not previously reported from Minnesota. 
Collected at St. Anthony Park, Minn. (Dr. Otto Lugger, Au- 

gust, 1893). 

(1) Reported also by J. M. Holzinger in ‘‘ Determination of Plants Collected by 

Dr. J. H. Sandberg in Northern Minnesota During 1891,"’ supra, p. 531. 



586 MINNESOTA BOTANICAL STUDIES 

Monolepis nuttalliana (R. & S.) GREENE. FI. Fran. 168. 

1891. 

This plant has been previously reported from Minnesota as 

occurring at Browns Valley, Minn. (£. P. S., Sept., 1898). It 

was also collected at Fort Snelling, Minn. (A. P. Anderson, 

May, 1893); and at Pipestone, Minn. (Max Menzel, August, 1895). 

Gypsophila muralis Linn. Sp. Pl. 408. 1753. 

Not previously reported from Minnesota. 

This plant has become sparingly naturalized near St. An- 

thony Park, Minn. (Dr. Otto Lugger, Sept., 1892.) 

Capnoides micranthum (ENGLM.) Britt. Mem. Torr. Bot. 
Club. 5:166. 1894. 

This species has been reported from Minnesota as growing 

in Martin county and the neighborhood of Sleepy Hye. 

Collected also near Fort Snelling, Minn. (£. P. &., June, 

1895). 

Lepidium apetalum WILLD. Sp. Pl. 3:489. 1800. 

Lepidium intermedium A. GRAY. Pl. Wright. 2:15. 1883. 

All the Minnesota specimens heretofore referred to Lepidium 

virginicum LINN. belong to L. apetalum WILLD. (Fide Dr. B. L. 

Robinson. ) 

Sisymbrium altissimum Linn. Sp. Pl. 657. 1753. 

The following is the record of the occurrence of this plant in 

North America: It was first reported in the Minneapolis Daily 

Tribune of Sept. 22, 1894, as having been found by me near 

Minneapolis. In the Bulletin of the Torrey Botanical Club of 

August, 1895, Mr. Lyster H. Dewey calls attention to its occur- 

rence around Minneapolis, and also mentions that it has been 

collected on ballast ground at Philadelphia in 1878, and near 

Castle Mountain on the western boundary of Alberta in 1885. 

Mr. Dewey says of the plant that it ‘‘ promises to be one of the 

most formidable tumbleweeds yet introduced in the United 

States.” In the Bulletin of the Torrey Botanical Club of Nov., 

1895, I made mention that the plant had spread so as to be- 

come a nuisance in the elevator districts of Minneapolis and 

St. Paul, and also noted that it had been found in several other 

localities in Hennepin, Ramsey and Dakota counties. 

To this latter note, Dr. N. L. Britton, of Columbia college, 

added that he had found this plant at Port Arthur, Canada, in 
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September, 1889, and that it had been collected at Danville, 

Quebec, in 1894. 

Specimens collected in Minnesota in the following localities 
have been deposited in the Herbarium of the University: 

Near University avenue in S. E. Minneapolis, Minn. (£. P. S., 
Sept., 1894); near Union and St. Anthony elevators, Minneap- 
olis, Minn. (£. P. S., June, 1895); Poplar Island lake, Ramsey 

county, Minn. (£. P. S., June, 1895); near Peavey elevators be- 

tween Cedar lake and St. Louis Park, Hennepin county, Minn. 
(E. P.S., June, 1895); at Fort Snelling, Minn. (#.P.S.,June, 1895); 

near Mendota, Minn. (Z. P. S., June, 1895). 

Brassica juncea (LINN. ) Cosson. Bull. Soc. Bot. France 

6:609. 1859. 

Not previously reported from Minnesota. 
Collected near Poplar Island lake, Ramsey county, Minn. (4. 

P. S., June, 1895). 

Raphanus raphanistrum Linn. Sp. Pl. 669. 1753. 

Not previously reported from Minnesota. 

This plant, which is commonly called the ‘‘ wild radish” is 

introduced in the market gardens around Minneapolis where it 

is likely to become adangerous weed. Near Minneapolis, Minn. 

(Z%. P.S., June, 1295). 

Berteroa incana (Linn.) DC. Syst. Veg. 2:291. 1821. 

Not previously reported from Minnesota. 

Collected on the bluffs near state fish hatchery, St. Paul, 

Minn. (£.P. S., Sept., 1894). 

Crataegus punctata Jacq. Hort. Vind. 1:10. ¢. 28. 1770. 

This species has been reported from Minnesota only as oc- 

curring near Center City, Chisago county. 
Collected near Lakeville lake, Dakota county, Minn. (Z. P. S., 

May, 1894); and near Keegan’s lake, Hennepin county, Minn. 

(Z.P. S., Sept., 1895). 

Agrimonia mollis (T. & G.) Brirr. Bull. Torr. Bot. Club. 
/19:221. 1892. 

Not previously reported from Minnesota. 
Collected near Goose lake, Carver county, Minn. (C. A. Bal- 

lard, July, 1891); Waconia, Minn. (C. A. Ballard, July, 1891); 

Cannon Falls, Minn. (Dr. J. H. Sandberg, July, 1881). 
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Agrimonia striata MicuHx. Fl. Bor. Am. 1:278. 1808. 

To this species is to be referred the Minnesota specimens 

heretofore called Agrimonia eupatoria LINN. The latter isa 

European plant which has larger fruit and denser, longer pub- 

escence. } 

Sanguisorba officinalis Linn. Sp. Pl. 116. 1753. 

Not previously reported from Minnesota. 

Collected near St. Anthony Park, Minn. (Dr. Otto Lugger, 
Sept , 1898). 

Astragalus ceramicus SHELD. Bull. Geol. Nat. Hist. Surv. 
Minn. No. 9. pt. 1.19. 1894. 

Not previously reported from Minnesota. 

This western pulse has been introduced along the Belt Line 
railroad in Ramsey county, Minn. (Francis Ramaley, August, 

1895). 

Euphorbia dictyosperma Fiscu. & Meyer. Ind. Sem. 
Hort. Petrop. 2:175. 1855. 

Heretofore the only recorded occurrence of this species in 

Minnesota has been the collection at Montevideo (ZL. R. Moyer). 

Collected also at Pipestone, Minn. (Max Menzel, June, 1895). 

Sanicula gregaria BICKNELL. Bull. Torr. Bot. Club. 
22:354. 1895. 

Not previously reported from Minnesota. 

Collected near Milaca, Minn. (£. P. S., July, 1892). 

Limosella aquatica Linn. Sp. Pl. 631. 1758. 

Not previously reported from Minnesota. 

Collected near Pipestone, Minn. (Max Menzel, June, 1895). 

Solidago ulmifolia Muni. Willd. Sp. Pl. 3:2060. 1804. 

The following are Minnesota localities in which this species 

has recently been found: Lake Lida, Otter Tail county, Minn. 

(Z. P. S., August, 1892); Zumbrota, Goodhue county, Minn. (C. 

A. Ballard, August, 1892); near Lanesboro, Fillmore county, 

Minn. (Dr. J. C. Hvoslef, August, 1895). 
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Aster lateriflorus (LInN.) BRITT. var. grandis PorTER. 
Mem. Torr. Bot. Club. 5:324. 1894. 

Not previously reported from Minnesota. 
Collected near Lanesboro, Fillmore county, Minn. (Dr. J. C. 

Hvoslef, August, 1895). 

Aster prenanthoides Muni. Willd. Sp. Pl. 3:2046. 1804. 

Not previously reported from Minnesota, but recorded as 
occurring near Hesper, Iowa (Mrs. Carter). 

Collected near Lanesboro, Fillmore county, Minn. (Dr. J. C. 
Hvoslef, August, 1895). 

Aster tradescanti Linn. Sp. Pl. 876. 1753. 

Not previously reported from Minnesota, although men- 

tioned in Gray’s Synoptical Flora of North America as occur- 
ring from Missouri and Illinois to the Saskatchewan. 

Collected near Minnetonka, Minn. (C. L. Herrick, August, 

1878). 

Gaertneria acanthicarpa (Hooxk.) Britt. Mem. Torr. 
Bot. Club. 5: 332. 1894. 

Not previously reported from Minnesota. 
Collected near New Brighton, Minn. (J. M. Holzinger, Au- 

gust, 1895). 

Helianthus hirsutus Rar. Ann. Nat. 141. 1820. 

Hitherto reported in Minnesota only from Idlewild, Lincoln 

county. Collected also near Lanesboro, Fillmore county, Minn 

(Dr. J. C. Hvoslef, July, 1895). 



XXXV. NOTES ON THE MOSS FLORA OF 

MINNESOTA. 

JOHN M. HOLZINGER. 

Until the mosses of Minnesota shall have been studied ex- 

haustively, and the distribution of the species shall have been 

determined more exactly, it is proposed to furnish to the stu- 

dents of this group of Cryptogams an annual statement of the 

results of the year’s work in the form of supplementary notes. 

During the past year the writer has collected in several locali- 

ties. These collections are now worked up, together with 

some material collected in previous years. As aresult, a num- | 

ber of additions to the Minnesota moss flora have been made, 

and numerous new stations have been established for the 

species already reported for the state in MINNESOTA BOTAN- 

ICAL STuDIES. 1: 280.5 Mr. 1895. 

NotTe.—Except where otherwise stated, all plants are col- 
lected by the writer. 

1. Sphagnum cymbifolium Eur. var glaucescens forma 

squarrosulum WaRNSsT. C. Warnst. det. 

New Brighton, near Minneapolis, August 4, 1895. 

Not previously reported from Minnesota. 

2. Sphagnum teres ANGSTR. var. squarrosulum (LESQ.) 

ScHIMP. C. Warnst. det. 
Same station and date as the last. 
Not previously reported from Minnesota. 

3. Gymnostomum calecareum NEES and HORNSH. 

Queen’s Bluff, Oct. 26, 1895. 

4. Gymnostomum curvirostrum HEpDw. 

Minneapolis, August, 1895. 

5. Gymnostomum rupestre Scuw. 
Queen’s Bluff, June 19, 1895. 
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Weisia viridula BrIp. 

Taylor’s Falls, August 10, 1895; Minnesota river, Au- 

gust 17, 1895; Lamoille cave, Oct. 12, 1895. 

Dicranella varia Scu. 

Queen’s Bluff, Oct. 26, 1895. 

Dicranum bergeri BLAND. 
New Brighton, August 4, 1895. 

Dicranum scoparium HEepw. 
Winona, March 30, 1895; Taylor’s Falls, August 10, 

1895. 

Dicranum undulatum Eqxsrsa. 

New Brighton, August 4, 1895. 

Conomitrium julianum Monr. 
Winona, on logs in the Mississippi river, Sept. 14, 

1895. 
Not previously reported from Minnesota. 

Leucobryum glaucum Scu. 

Taylor’s Falls, August 10, 1895; Minnesota river, Au- 

gust 17, 1895. 

Ceratodon purpureus Brip. 

New Brighton, August 4, 1895. 

Seligeria pusilla BRucH & ScHIMP. 
Winona bluffs, June 27, 1895. 

Didymodon eylindricus BrucH & SCHIMP. 

Bear creek, Oct. 26, 1894; Winona bluffs, Sept., 1895. 

Desmatodon nervosus BrucH & SCHIMP. 
Fort Snelling, August 17, 1895. 

Not previously reported from Minnesota, 

Desmatodon obtusifolius Scu. 

Arcola, July 21, 1890. 

Barbula fragilis BRucH & SCHIMP. 
Winona bluffs, April 11, 1895. 

This is the same as No. 36, p. 285, supra. The credit of this 

correction belongs to M. Jules Cardot. Mrs. Britton disclaims 

the original determination. Recently I came into possession 

of European Barbula fragilis, and have taken pains to make 
close comparison, which has satisfied me that the plant is 
Barbula fragilis B. & 8. Of course, the locality of No. 36 must 
be transferred to this species. 
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19. Barbula mucronifolia BRucH & SCHIMP. 

Minnesota river, August 17, 1895. 

20. Barbula unguiculata HEDw. 
Taylor’s Falls, August 10, 1895. 

21. Grimmia pennsylvanica ScHw. 

Taylor's Falls, August 10, 1895. 

This is what I reported at first as Grimmia calyptrata. After 

collecting the plant again in practically the same locality last 

season, in greater abundance, I re-examined it and detected 

my error. 

22. Orthotrichum pumilum Sw. 
Minnesota river, August 17, 1895. 

23. Enecalypta ciliata Hepw. 
Leech lake (U. O. Cox, July 9, 1895); Taylor’s Falls 

August 10, 1895. 

24. Enealypta vulgaris Hepw. 
Taylor’s Falls, August 10, 1895. 

Not previously reported from Minnesota. 

25. Physcomitrella patens ScuH. 

Mrs. E. G. Britton reports that Mrs. E. P. Sheldon commun- 

icated to her plants collected on the banks of the Minnesota 

river which proved to be this rare species. 

26. Funaria hygrometrica HEpw. 
Leech lake (U. O. Cox, July 5, 1895); New Brighton, 

August 4, 1895; Taylor’s Falls, August 10, 1895; Queen’s 

Bluff, Oct. 26, 1895. 

Bartramia pomiformis Hepw. 
Leech lake (U. O. Cox, July 10, 1895); Taylor’s Falls 

August 10, 1895. 

28. Philonotis fontana BRID. 

Taylor’s Falls, August 10, 1895. 

29. Aulacomnium palustre SCHWAEGR. 

New Brighton, August 4, 1895. 

bo ~I 

30. Leptobryum pyriforme Scu. 
Leech lake (U. O. Cox, July 5, 1895); Taylor’s Falls, 

July 10, 1890, and August 10, 1895. 

31. Webera albicans Scu. 

Lanesboro, August, 1894. 
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Webera carnea SCH. 
Winona bluffs, August 29, 1895. 

Webera nutans HEpDw. 
Leech lake (U. O. Cox, July 5, 1895). 

Bryum argenteum L. 
New Brighton, August 4, 1895. 

Bryum capillare L. 
Winona, May 11, 1895. 

Not previously reported from Minnesota. 

Bryum ontariense KINDB. 
Taylor’s Falls, August 10, 1895; Minnesota river, Au- 

gust 17,.1895. 

Bryum pendulum Scu. 
Minnesota river, August 17, 1895. 

Bryum pseudotriquetrum SCHWAEGR. 

Mississippi river bottoms, Winona, Jan. 11, 1896. 

Mnium hornum L. 

No. 83, in previous paper, is apparently M. serratum, young 

plants, the reported determination being anerror. Intermixed 

are plants of Mnium stellare. No. 88 should therefore become 
Mnium stellare. 

40. 

41. 

43, 

44. 

45. 

Mnium serratum Brip. 

Lamoille, August, 1894. 

Mnium stellare Hepw. 
Winona bluffs, April 1, 1894; transferred from Mnium 

hornum; also March 23, 1895, and April 25, 1894; Bear 

creek, April 28, 1894. 

Not previously reported from Minnesota 

Polytrichum commune L. 
Duluth (S. C. White, Jr., March 25, 1895). 

Polytrichum formosum HEpw. 
New Brighton, August 4, 1895. 

Not previously reported from Minnesota. 

Polytrichum juniperinum WILLD. 
Leech lake (U. O. Cox, July 5, 1895); Duluth (8S. C. 

White, Jr., Sept., 1895). 

Fontinalis hypnoides Harr. 
Rendering factory tank, Minneapolis (Josephine FE. Til- 

den, Sept., 1895). 
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Fabronia octoblepharis Scuw. 
Taylor’s Falls, on moist granite rocks, August 10, 1895. 

Thelia asprella SULLIV. 
Lake Harriett, near Minneapolis, August 16, .1895. 

Leskea polycarpa Exnru. 
Lamville, June 20, 1895; Minnesota river, August 17, 

1895. 

Anomodon rostratus ScH. A lax form. 

Mankato, Nov. 16, 1894; Lamoille, October, 1895. 

Platygyrium repens SCH. 

Taylor’s Falls, August 10, 1895; Queen’s Bluff, Oct. 26, 

1895. 

Pylaisia intricata SCH. 

Taylor’s Falls, August 10, 1895; Minnesota river, Au- 

gust 17, 1895. 

Cylindrothecium cladorhizans Scu. 

Taylor’s Falls, August 10, 1895. 

Thuidium abietinum Scu. 

Marine Mills, July 20, 1890; New Brighton, August 4, 

1895. 

Thuidium gracile Scu. 

St. Croix Falls, Franconia, Osceola Mills, Marine 

Mills, July 2, 16, 17, 20, 1890; Lamoille, Oct. 30, 1898. 

Camptotherium nitens Scu. 
New Brighton, August 4, 1895. 

Not previously reported from Minnesota. 

Brachythecium laetum BrucH & SCHIMP. 

Osceola Mills, July 17, 1890. 

Brachythecium rivulare BrucH & SCHIMP. 

Lamoille, Oct. 12, 1895. 

Not previously reported from Minnesota. 

Eurhynechium sullivantii Lesq. & JAMEs. 

Lanesboro, August, 1894; Queen’s Bluff, Oct. 26, 1895. 

Not previously reported from Minnesota. 

Rhynchostegium serrulatum HEDw. 

Minnesota City, March 17, 1894; Lake Harriett, 

August 16, 1895. 
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Plagiothecium sylvaticum BRucH & ScHIMpP. 

Taylor’s Falls, August 10, 1895; Winona, June, 1894. 

Not previously reported from Minnesota. 

Amblystegium adnatum LEsSQ. & JAMES. 

St. Croix Falls, July 12, 1890; Trempealeau Mt., Nov. 

11, 1893. 

Amblystegium irriguum (Hook. & WILs.) Lesa. & 

JAMES. 

Catholic Cemetery, Oct. 6, 1894. 
Not previously reported from Minnesota. 

Amblystegium kochii Scu. 
Oscola Mills, St. Croix river, July 17, 1890. 

Not previously reported from Minnesota. 

Amblystegium minutissimum Lesa. & JAMES. 

Winona bluffs, May 6, 1893. 

Not previously reported from Minnesota. 

Amblystegium noterophilum SuLL. & Lrsa. 
Bear Creek, May, 1894. 

Amblystegium serpens Scu. 
Franconia, July 16, 1890. 

Hypnum aduncum HEpw. 
Marshland, Wis., August 18, 1890; edge of lake Win- 

ona, Oct. 1, 1894; Lamoille, August 24, 1894. 

Not previously reported from Minnesota. 

Hypnum chrysophyllum Brip. 

Winona, May, June, August, 1894; Lanesboro, August, 

1894; Franconia, July 16, 1890. 

Hypnum filicinum L. 
Mankato, Nov. 16, 1894; Lamoille, June 20, 1895. 

Not previously reported from Minnesota. 

Hypnum fluitans L. 
Lake Winona, Dec. 20, 1894. 

Not previously reported from Minnesota. 

Hypnum haldanianum GREv. 
Marine Mills, July 20, 1890; Laird’s mill, March 381, 

1894; lake Harriet, August 16, 1895. 

Hypnum hispidulum Brip. 
Lamville, June 17, 1890; Fountain City, Wis., August, 

1890; Winona, May, 1894; Lanesboro, July 15, 1894. 
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Hypnum patientiae LInDB. 

Arcola, July 21, 1890; Lamoille, June 20, 1895. 

Hypnum schreberi WILLD. 
Winona bluffs, May 5, 1894; Taylor’s Falls, August 10, 

1895. 

Hypnum yaucheri SCHIMP. 
Winona bluffs, Dec., 1894. 

Not previously reported from Minnesota. 

Hylocomium rugosum DE Not. 

Taylor’s Falls, August 10, 1895. 

Hylocomium triquetrum ScH. 
Marine Mills, July 20, 1890; Leech lake (U. O. Cox, July 

5, 1895). 



XXXVI. LIST OF FRESH-WATER ALGAE COL- 

LECTED IN MINNESOTA DURING 1895. 

JOSEPHINE EK. TILDEN. 

Of the appended list, which is continued from page 237 of this 

publication, the greater number of the plants were sent into the 
laboratory by outside collectors. It is interesting to note the 

occurrence of Aphanizomenon flos aquae and Clathrocystis aerug- 

inosa in different parts of the state as a probable-result of the 
prolonged drouth experienced during the past summer. These 

plants produce the effect known as ‘‘ wasser-bliithe” or the 

“breaking of the meres.” The former plant was also collected 
by Professor J. C. Arthur, at Waterville, Minnesota, in 1882. 

Twenty-four of the species here given are new to the state. 

202. Chara fragilis DEsv. in Loiseleur Nat. Fl. Fr. 157. 1810. 
Lake Calhoun, Hennepin county. August 4, 1895. 

203. Hormiscia subtilis (KG.) Ds-Tont, var. subtilissima 
RABENH. Fl. Eur. Algar. 3:365. 1868. 

In water brought in from a well and left standing in a 

corked bottle all winter, Mankato. February 29, 
1896. Coll. U. O. Cox. 

204. Chaetophora pisiformis (RoTH) AG. Syst. Alg. 27, 1824. 

In spring, Long lake, Hennepin county. September 
5, 1895. Coll. B. T. Shaver and J. £. T. 

205. Stigeoclonium protensum (DiLLw.) KG. var. subspinosum 
(Ka.) RABENH. Krypt. Flor. v. Sachs. 267. 1863. 

In tub, Long lake, Hennepin county. September 5, 
1895. Coll. B. T. Shaver and J. E. T. 

206. Stigeoclonium flagelliferum Kc. Phyc. Germ. 198. 
1845. 

In fountain, Kenwood, Minneapolis. August 3, 1895, 
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218. 
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Stigeoclonium amoenum KG. Spec. Alg. 855. 1849. 
Lake of the Woods. July 20, 1894. Coll. Conway 

MacMillan. 

Microspora vulgaris RABENH. Krypt. Flor. v. Sachs. 
245. 1868. 

In spring, J. H. R. Works, Red Wing. April 1, 1895. 

Coll. A. A. Butler 

Cladophora callicoma AG. Phyc. Gener. 257. 1843. 
On stones, Mississippi river, Winona. September 15, 

1894. Coll. J. M. Holzinger. 

Rhaphidium braunii NaEG. in Kg. Spec. Alg. 891. 1849. 
Bethania Springs, Osceola, Wis. August 31, 1895. 

Apiocystis brauniana NA&G. in Kg. Spec. Alg. 208. 1849. 

On sides of zinc sorghum tub containing rainwater, 

Long lake, Hennepin county. September 3, 1895. 

Coll. B. T. Shaver and J. E. T. 

Protococeus viridis AG. Syst. Alg. 18. 1824. 

On tree trunk five feet from ground, on bank of Mis- 

sissippi river, Minneapolis. September 17, 1895. 

Mougeotia genuflexa (DILLW.) Ac. Syst. Alg. 83. 1824. 

St. Peter. October 4, 1895. Coll. Henry Tilden. 

Zygnema stellinum (VAucH.) Ac. Syst. Alg. 77. 1824. 
State fish hatcheries, St. Paul. August 15, 1895. 

Spirogyra porticalis (MUELL.) CLEVE. Svensk. 22. pl. 5. 
1868. 

RK. R. ‘4 197,” Red Wing. April 1, 1895. Coli aaa 
Butler. 

Spirogyra jugalis (DiLLw.) Ka. Spec. Alg. 442. 1849. 
In pond, Zumbrota. July, 1895. Coll. @ A. Ballard. 

Spirogyra majuscula KG. Spec. Alg. 441. 1849, 
Long lake. September 5, 1895. Coll. B. T. Shaver 

and J. H. T. 

Spirogyra calospora CLEVE. Svensk. Zygnem. 26. pl. 8. f. 
1-5. 1868. 

Red Wing. June 8, 1895. Coll. 4. A. Butler. 

Desmidium swartzii AG. Syst. Alg. 9. 1824. 

Pond, St. Peter. October 4, 1895. Coll. Henry Tilden. 
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Closterium acerosum (SCHRANK) EHRENB. Abh. Berl. 
Akad. 1881. 

Sleepy Eye lake. May 17, 1895. Coll. A. A. Butler. 

Cosmarium laeve RABENH. FI. Eur. Algar. 3:161. 1868. 

Sleepy Eye lake. May 17, 1895. Coll. A. A. Butler. 

Plectonema wollei FARLOw. In Bull. Bussey Inst. 77. 
17a. 

Long lake, Hennepin county. September 5, 1895. 

Coll. B. T. Shaver and J. E. T. 

Phormidium favyosum (Bory) Gomont. Ann. Sci. Nat. 
Bot. 16:180. 1892. 

In trough, Osceola, Wis. August 30, 1895. 

In tub, Long Lake, Hennepin county. September 5, 
1895. Coll. B. T. Shaver and J. E. T. 

Phormidium incrustatum (NAEG.) GOMONT. Bull. Soc. 

Bot. de France. 36:Cliv. 1889. 

Osceola, Wis. August 28, 1895. 

Phormidium ambiguum Gomont, Ann. Sci. Nat. Bot. 
163 278; 1892: 

State fish hatcheries, St. Paul. September 15, 1895. 

Aphanizomenon flos aqguae RaLtrs. Ann. Mag. Nat. Hist. 
5: 340. 1850. 

Lake of the Woods. July 20, 1894. Coll. Conway 

MacMillan. 

Lake Minnetonka. 1895. Coll. A. L. Crocker. 
Long lake, Hennepin county. September 5, 1895. 

Coll. B. 7. Shaver and J. E. T. 

Chamaesiphon inerustans GRuN. In Rabenhorst’s Fl. 
Hur. Algar. 2:149. 1865. 

In tank in botanical laboratory, Minneapolis. Febru- 

ary 15, 1896. 

Dichothrix orsiniana (Kg.) BoRNET and FLAHAULT. 

Am. Sci. Nat. Bot. VII. 3:376. 1886. 

Kenwood, Minneapolis. Angust 38, 1895. 

Clathrocystis aeruginosa HENFR. Micr. Journ, 53. 1856. 
Long lake, Hennepin county. September 5, 189%. 

Coll. B. T. Shaver and J. E. T. 
Como park, St. Paul. August 10, 1895. 
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Gomphosphaeria aponina Kc. Phyc. Tab. 1: pl. 31.f. 3. 
1845-69. 

In tank in Botanical laboratory, Minneapolis. Octo- 

ber 8, 1895. 

Cymbella gastroides Ka. Bacill. 73. pl. 6. f. 4. b. 1844, 
Pond, St. Peter. October 4, 1895. Coll. Henry Tilden. 

Cymbella cymbiformis (Kac.) Brés. Alg. Falaise. 49. pl. 
Ve SDD, 

St. Croix river, Osceola, Wis. August 26, 1895. 

Giomphonema olivaceum (LYyNGB.) KG, Bacill. 85. pl. 7. 

f.18. 1844. 

In Minnesota river. April, 1895. Coll. Conway Mac- 

Millan, D. T. MacDougal, A. Foss. 

(ymatopleura solea (BREéB.) W. SM. in Ann. Nat. Hist. 12. 
pl. Sf. 9. © ASI. 

Chantaska creek, St. Peter. October 4, 1895. Coll. 

Henry Tilden. 

Synedra pulehella (RaLFS) Ka. Bacill. 68. pl. 29. f. 37. 

1844. 

Spring, J. H. R. Works, Red Wing. April 1, 1895. 

Coll. A. A. Butler. 

Synedra ulna (NirtzscH) Eur. Inf 211. pl. 17. f. 1. 
1838. 

Railway ditches, Osceola, Wis. August 28, 1895. 

Fragilaria virescens Rawurs, var. producta LAGERST. 
Diat. Spetsb. 15. pl. 7. f. 7. 1873. 

In a tank, Long lake, Hennepin county. September 

4, 1895. Coll. B. T. Shaver and J. £. T. 

Cystopleura gibba (EHR.) DE-Tonr. Syll. Alg. 2: pt. 780. 
1892. 

St. Peter. October 4, 1895. Coll. Henry Tilden. 

Lysigonium varians (AG.) De. Toni. Alg. Abyss. 1891. 
Railroad ditches. Osceola, Wis. August 28, 1895. 
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XXXVII. A CONTRIBUTION TO THE LIFE HIS- 

TORY OF PILINIA DILUTA WOOD AND 

STIGEOCLONIUM FLAGELLIFERUM KG. 

JOSEPHINE E. TILDEN. 

While engaged in studying some species of lime-secreting 

algae, the following paragraph in Dr. Wood's (I) ‘‘History of the 

Fresh- Water Algae of North America,” came under my notice: 

‘‘Near Bellefonte, Centre county, Pennsylvania, there issues 
. from the limestone rocks the largest spring I have ever seen, 

giving rise to a creek-like torrent, which supplies the city with 

water, and passes on scarcely diminished in volume. In this 

spring grows the curious alga under consideration, forming a 

somewhat lubricous and stony stratum on the stones and rocks 

in the basin. This stratum is of a grayish-green color, and is 

quite friable, breaking in the direction of the filaments with 

the greatest possible readiness. When placed under the mic- 

roscope it is seen to be composed of filaments whose course is 

a direct one from the under to the upper surface. They are 
apparently rigid, preserving their courses, and not being in- 

termatted. They are composed of cylindrical, confervoid cells, 

and are dichotomously branched, and yet when viewed as a 

whole the filament and its branches form a sort of fasciculus. 

The basal cell or cells appear to be globular. When I collected 

this plant I was forced by circumstances to put the specimens 
in carbolic-acid water for future study, and, therefore, I have 

had no opportunity of studying their method of reproduction. 
I am not altogether satisfied in referring this plant to the Pili- 

nia, and yet all the most important of the characters given by 

Rabenhorst are preserved by it. It certainly, however, differs 

very greatly from P. rimosa Ktz.” 

Dr. Wood names the plant Pilinia diluta. His description of 
it will be given later. 

This promised interesting matter for investigation, and 

though it seemed improbable that a plant which grew in a spot 
more than twenty years ago should have been able to maintain 
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its foothold until the present time, a letter was ‘sent to the 
postmaster at Bellefonte, Mr. David F’. Fortney, asking his aid 

in procuring some specimens. He replied that the spring was 

thoroughly cleaned at intervals and for that reason it might 

not be possible to find the plant, but that if it existed, it should 

be sent me. Upon his recommendation I then communicated 

with Miss Ella Levy, the teacher of Botany in the Belle- 

fonte High School, explaining as well as possible the probable 

nature and appearance of the growth. lt was feared that even 

if it were still in existence there would be a difficulty in recog- 

nizing the Pilinia among the many other algal forms which 

would naturally be its neighbors, since from the frequency of 

the cleaning process, it could scarcely have time to form the 

crust which would have distinguished it. 

Miss Levy forwarded two pebbles taken from the bed of the 

spring, without very much hope that the Pilinia would be found 

on them. However, they proved to be covered with an algal 

growth unmistakably identical with that described by Dr. 

Wood. The question of whether the plant was a Pilinia or not 

called for further investigation. Later an abundance of the 

material was secured. 

Some of these pebbles were kept in tanks during a period of 

two months, the water being changed frequently. By the end 

of that time, the plant itself had solved the problem of its iden- 

tity in the most effectual manner possible by simply transform- 

ing itself into a common Stigeoclonium. When this fact was 

proved, an effort was made to look up the literature concern- 

ing this genus. Finding that, though of long standing, it 

had: not been made the subject of much research, it was 

thought that it might be well in giving the results of these in- 

vestigations upon the Pilinia stage, to include whatever facts 

had come under observation relating to the Stigeoclonium and 

Palmella stages. The microscopic structure and development 

of the plant will therefore be considered under three heads: 1. 
Pilinia stage. 2. Stigeoclonium stage. 3. Palmella stage. Since 

in the first named stage there is certainly a distinct adherence 

to Pilinia characteristics, as furnished by Kuetzing, a brief 

history of this genus is given with the idea of showing the 

possibility of truth in the theory offered by Wille (1) viz.: 

That the genus Pilinia is made up of species which represent 

stages of other algae. It is not so easy to accept his further 

statement that these are of the Phycochromaceae. 
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History of the genus Pilinia. Upon a comparison of the 
literature the greatest diversity of opinion concerning the 

nature of the genus Pilinia, was found to prevail, and, indeed, 

according to some authors no such genus should be maintained. 

The genus was created in 1843 by Kuetzing (1), and in it he 

placed the species P. rimosa. His specimens were gathered 

near Cuxhaven, in July, 1839. 
The earliest description at hand is that of Rabenhorst (1), 

published in 1868. ‘‘Pilinia Ktz. (1848): Fila articulata erecta, 

simplicia vel parce ramosa, basi callosa quasi radicata affixa, 
in stratum crustaceum tenue spongiosum olivascens coales- 

centia. Propagatio ignota. 

“P. rimosa Ktz. (Phycol. gener. p. 273,) P. lignicola, crus- 

tacea, olivaceo-viridis, initio porosa, postea rimosa, mucosa; 

filis ramisque fasciculatis; articulis diametro (0.00029-0.00038 '’) 

aequalibus vel duplo longioribus. v. v. 

‘‘Hab. in postibus lignisque aestu maris continuo irroratis in- 

sulae Suelt, Norderney (L. R.), prope Cuxhaven, ubi frustra 

quaesivi, detexit 1839 mense Jolio cl. Kuetzing.” 

Dr. Wood (I) was the next contributor to the genus. He, 
rather hesitatingly, however, offers a new species. The de- 

scription is as follows: 
“GENUS PILINIA Kitz. Filaments articulate, erect, dichoto- 

mously branched, fixed by the base, aggregated into a some- 

what spongy fragile crustaceous stratum. Method of propa- 

gation unknown. 

Pilinia diluta Woop (sp. nov.) Growing on stones and 

rocks, forming a grayish-green stratum; filaments and branches 

fasciculate, with the apices obtuse; joints 14-33 times longer 

than broad. Diam. Max. 0.0004’. Hab. In a large fountain, 

near Bellefonte, Centre county, Pennsylvania; Wood.” 

No more attention was paid to the genus until 1888, when De- 

Toni (1) in comparing the genera of the Trentepohliaceae, 
notes that the genus Pilinia Kuetz. seems to him identical with 

the genus Acroblaste Reinsch (Reinsch I). A year later he 
makes a more extended exposition of this belief (De-Yoni I) 

and quotes Hansgirg (Il) as agreeing with him on this point 

and also referring Chaetophora pellicula Kjellm. (<Xjellman 1) 
to the same genus. Accordingly in his Sylloge Algarum (De-Toni 

III) he places both Acroblaste and Chaetophora pellicula under 

Pilinia rimosa. 
Wille (I) holds a different view, he retains Acroblaste as an 

authentic genus, but removes Pilinia to the ‘‘unsichere gat- 
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tungen” on the ground that upon investigation of the original 

specimens they are proved to be young stages of various algae, 

but particularly of the Phycochromaceae. 

In a later work Hansgirg (IV) quotes his own remarks con- 
cerning Pilinia from his paper in Flora and mentions a new 
species of Pilinia (P. minor) as described by himself (III). 

The same species is given as new in a review of an article by 

the same author (V). As access cannot be had to these two 

descriptions, further discussion of them will be omitted. 

Description of the Bellefonte Spring. This spring is 
famous both for its size and the purity of its water. It is 

sixty-five feet in width, eighty-five feet in length, and eight 

feet in depth. Year after year, without variation, it dis- 

charges 14,600 gallons of water per minute. Not only does it 

supply the town of Bellefonte with water, but its power is used 

to pump water up a hill to a distributing reservoir, and then 

the quantity going to waste is large, ‘‘making a stream like a 

mill tail.” Its temperature remains nearly unchanged during 

the different seasons, being in winter 51° F. andinsummer 52° F. 

Through the kindness of Mr. Fortney, the following extract 
from the report of an analysis of the water was obtained: 

PRoObalNSOlG residue... .. 2s ach ae esos 152.3 parts per million. 

Of which was lost in ignition......... 36.3 cs 

Leaving treed residue. 25 0.. F. ec cae ee 116.0 . 

Degreciof hardness: «..)....ececseeees ce HI cg 

POISOMONS MMETAIS «o/s: 2. x-00/0 seeps ems Absent. 

COlgI ee ree iiasias s ve.a ceaissiaeeeine None. 

OU OLA eR EOE EER en iissetw.s esas oben meine None. 

SECS AMINO Ea emis at + + aco. Cass oielere Oke 0.028 parts per million 

Alpuminodsammoniaes.cic:. + scene celle « 0.044 af 

Oxygen required for moist combustion. 0.7 

COMING ie ecko eee ici lore nie s foie ose elas elas 7.84 ns 

Nitrogen as nitrates and nitrites..... Absent. 

The spring is fed by an underground stream pouring in at 

the south-east corner and passing out at the north-west corner. 

There is no perceptible current in the water except at the 

immediate outlet. These conditions have their effect upon 

the nature of the algal growth in different parts of the 

basin. Pebbles taken from the running water in the 

north-west corner of the basin were covered with species 

of Oscillatoria with not a trace of Pilinia among them. 

Around the inlet there is no vegetation of any kind. A species 

of Chara grows on the bottom. The pebbles bearing the 
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Pilinia thalli were taken from the bottom of the spring with a 

long handled rake. 

Miss Levy informs me that at the present time the spring is 
surrounded by a walk of crushed limestone and the stone ex- 

tends down into the basin a foot or more. There are now no 
rocks around the edge and but few in the basin. 

Many similar springs occur in the vicinity, one as large and 

others much smaller. The Pilinia occurred on pebbles found 
in some of these. As far as I can judge it only grows in quiet 
water, and in no instance was it discovered on wood. 

Microscopic Structure of Plant:—The first installment of 
pebbles was received from Miss Levy on January 24th, 1896. 

They had been taken from the bed of the spring three days 
previous and packed in damp cotton together with some of the 
Chara found growing in the spring. Upon being placed in 

water they were seen to be covered on the top and sides with 

a slippery coating of algae, apparently healthy in color—a 

peculiar dark, lustrous, velvety green. The pebbles were 

pronounced by Mr. Elftmanof the geological department of 

the University of Minnesota, to be a silicious dolomite. 

The thalli of the algae consisted of circular, flat masses, 

from 1 to 1.5 mm. in diameter and were solitary, or confluent, 

or piled upon each other. On the top and more exposed parts of 
pebble ‘‘1” (Pl. XXXI, Fig. 1) the algal layer was of the green 

color described above and was mucilaginous to the touch. On 

the sheltered surface however, the thalli were of a bluish- 

gray color, decidedly calcareous in aspect and when rubbed 

with the finger felt ‘‘sandy”. The thalli were so numerous 

that they formed an almost continuous stratum. This pebble 

was placed in a glass tank, frequently replenished with fresh 

water, but the plant survived only a few days. At the end of 

three days the coating had changed to an olive-green color. 

On pebble ‘‘2” as can be readily observed in the photograph 
(Pl. XXXI, Fig. 2), the discs are solitary andscattered. This 

was allowed to dry, while yet in good condition, for herbarium 

material. 

An attempt to procure a second supply of Pilinia, brought 

only Oscillatoria material. The pebbles were collected from 

the northwest corner of the spring where the outflow caused a 

current. 

On April 8rd, Miss Levy again collected and sent material. 
Two pebbles, ‘‘3” and ‘‘4”, procured from the bottom of the 
main spring and four pebbles and a couple of bits of glass 
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taken from various springs in the immediate neighborhood of 

the large one were received four days later. 

Pebble ‘‘3” was covered on the upper parts with solitary, 

irregularly shaped mounds, 2 mm. or more in diameter. Some- 

times these were confluent. Each thallus was capped by a 

light-colored grain, .6 to 1 mm. in diameter, which produced 

an odd effect. The ‘‘caps’” when observed with low power 

showed a compact structure, not flaky or uneven like the frag- 

ments of lime which are scattered through the interior of the 

thallus. They were perforated with numerous tubes which 

the filaments and branches of the plant had occupied. 

Pebble ‘‘4’”” possessed a dark green, mucilaginous coating 

which was not made up of solitary thalli but was continuous. 

But for the color, it had all the appearance of an Oscillatoria. 

It had none of the ‘‘caps” described above, but was character- 

ized by very fine, sand-like grains which were scattered 

throughout the substance and could be discerned with the 

naked eye. The other pebbles and bits of glass were covered 

with a continuous layer of cells, connected into extensive 

plates. 

MICROSCOPIC STRUCTURE. 

1. Pilinia Stage: The microscopical appearance of the 
alga may perhaps best be understood by describing it as a 

Coleochaete-like plate of cells giving rise to upright Chaet- 

ophora-like filaments. The thallus resulting from this manner 

of growth takes the form of a flat-topped mound or a thickened 

disc, and while in general appearance it resembles the ordinary 

Chaetophora type, it is thus seen to differ in internal structure 

from the latter which is made up of filaments radiating from a 

common center. Microscopic investigation is necessarily con- 

fined to fragments or at least to young thalli, since the cover 

glass breaks and crushes the mass out of shape. 

The usual appearance under the cover glass consists of 

detached rows of plate cells with the filaments standing out 

at right angles (Pl. XXXII, fig. 1). This figure will be seen 

to be quite similar in its vegetative appearance to those of 

Acroblaste represented by Reinsch (1) Pl. III. fig. 1, 2, 3. 

The resemblance goes no further, however, since the repro- 

ductive organ of Acroblaste is confined to the end of the 

filament and is peculiar in structure and behavior. The 

measurement of the filaments and microzoospores of Acro- 

blaste also agrees with that of Pilinia in the same portions. 



Tilden: PILINIA AND STIGEOCLONIUM. 607 

Rabenhorst (I) gives a figure of Pilinia rimosa, which though 

it does not afford a very definite idea of the plant corresponds 

in essential points to the Pilinia stage of Stigeo clonium. It 

shows basal cells and short upright filaments which branch in 

a simple manner towards the apex. 

The plate cells, or basal cells of the filament, originally 

spherical in form, like all algal cells which unite in plates, 

soon become angular in outline. Their diameter is in the 

neighborhood of 12 mic. When the plant is in a healthy con- 

dition they are nearly filled with a vegetative green coloring 

matter. Each one contains a large and distinct pyrenoid 

sometimes occupying as much as one-third the diameter of the 

cell. Near this there is a clear, colorless space, depending 

it would seem for its size and distinctness, upon the age and 

condition of the cell. It is scarcely noticeable in young plants 

but becomes larger and more apparent as the cell matures. 

In general several granules of different sizes are present. 

A somewhat interesting point is the occurrence of etiolated 
cells in close proximity to cells in apparently flourishing con- 

dition. In the material taken from pebble ‘'3,” after it had 

existed ten days out of its natural abode, the basal cells in small 

fragments of tbe plant, were sometimes all colorless, some- 

times all chlorophyll-bearing, and sometimes the two states 

occurred together. The upright filaments growing from these 

frequently had their lower cells perfectly colorless, while the 

upper ones were chlorophyll-bearing in the usual manner. 

Very often a row of basal cells was entirely colorless, while all 

the cells in the filaments arising from them were chlorophyll 

bearing and appeared healthy in all respects. 

The material when taken directly from the spring has always 
shown the Pilinia state. In the upright filaments of this the 

cells are long and cylindrical The branching is sometimes 

dichotomous like that of a Cheetophora (Pl. XXXII, fig. 2 and 3), 
or in other cases the branches given off are few and simple like 

those of Stigeoclonium (Pl. XXXII, fig. 1). Also the filaments 
may attain quite a height without branching at all or they may be 

profusely branchedthroughout. The lower cells are from 5-7.5 

mic. in width, with a length of 2} to3 times as much. The 

upper cells are 7.5 mic. in diameter and 24 times as long. 
In the lower cells of the filament a protoplasmic mass con-_ 

taining the chlorophyll grains and starch granules occupies 

approximately the central third of the cell (Pl. XXXII, fig. 3). 

The two ends are colorless and apparently empty. The propor- 
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tion of green cell contents becomes gradually greater in each 

successive cell as the apex is approached, the end cells being 

generally quite filled (Pl. XXXII, fig. 2). The chlorophores 

consist of flat, circular plates (Pl. XXXII, figs. 7, 8). The 

pyrenoids are prominent and lie embedded in the proto- 

plasmic matter. They often measure from 2 to 3 mic. in 
diameter. 

It is a fact that no fresh material has shown bristles. The 

apices of the branches are subulate with no evidence at all of 
hyaline chaetophorous prolongations (Pl. XXXII, figs. 1, 2, 3). 
After the first few days, however, these make their appearance 

in the greatest abundance. On the tenth day after the first lot 

of material was taken from the spring, the bristles were first 

observed. They grew from cells near the basal cells, that is, 

from upright filaments containing only two to four cells (PI. 

XXXII, fig. 4). They were also developed directly from the basal 

cells (Pl. XXXIi, fig. 5). Ordinary vegetative filaments grew 

from the adjoining basal cells. The bristle shown in fig. 5 is 

160 mic. in length. 

The branches in general and sometimes the branchlets of the 

filaments are terminated by very long and robust hair-like 

growths which are multicellular in structure. It is usual for 

the first colorless cell at the end of a filament to taper abruptly 

from the width of the ordinary vegetative cell to about one-half 

as much (Pl. XXXII. fig.6). The remainder of the cells become 

more gradually attenuated until the apex is reached where a 

somewhat bulbous lknob is formed. 

A bristle 175 mic. in length hada terminating cell 25 mic. 

long with a diameter of 2 mic. The longest cell which is near 

the middle was 45 mic. in length. The diameter of the lowest 

cell was 4 mic. In another case the length was 350 mic. and in- 

cludes five cells, three of which are very long, while the two 

next the vegetative cells are very much shorter. The end cell 

was 110 mic. in length, the next two averaged 85 mic. apiece, 

while the short ones were each 85 mic. in length. A bristle 

measuring 500 mic. from base to tip terminated a branch of 

vegetative cells. Another displayed a length of 650 mic. Near 

the base it had a diameter of 7.5 mic., while at the tip 1t was 5 

mic. across. It is more common for them to be extremely fine 

at their extremities. The longest example noted was 1000 mic. 

from the last vegetative cell to the tip of the filament. 

From the first the contents of some of the apical cells were 

found to be in process of division. They were divided into 
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four nearly cubical portions (Pl. XXXII, fig. 1). In aday or two 
lower cells showed evidence of a similar division and a swell- 

ing of these cells was also apparent (fig. 7). This behavior 

proved to be preliminary to the production of megazoospores. 

It is thus seen that the vegetative cellin becoming a gonidan- 

gium practically does not change in form. 

The gonidangia develop from terminal cells or from any of the 

upper cells of the main filaments or the branches. In rare 

cases they were seen in direct proximity to the basal cell. In- 

stances occurred in which a short, one-celled reproductive 

branch sprang off at right angles to the filament. Sometimes it 

rose from the upper portion of the cell following the ordinary 

method of branching among the Chaetophoraceae (Pl. XXXII, 

fig. 8), but as often it was developed from the base of the cell 
fel, SALI, fig. 9). 

As the spores mature and escape they are found to number 

from one to four in acell (Pl. XXXII, figs. 10, 11, 13). Cellsin the 

upper branches give rise to two or four zoospores of exactly 

the same size and appearance. All the other cells in the vicinity 

of a reproductive cell may be vegetative, some even in the act of 

sending off branches (Pl. XXXII, fig. 13), or several neighbor- 

ing cells may also be reproductive (Pl. XXXII, figs. 7, 12, 14). 

Sometimes the gonidangium is large and roomy (Pl. XXXII, 
figs. 14, 15), at other times the spores are crowded together like 

those of Ulothrix zonata (Pl. XXXII, figs. 12, 16). Taking an ex- 

ample of the first sort (Pl. XXXII, fig. 15), the cell is 16 mic. in 

length, 4.8 mic. in diameter at the end walls, and 9.6 mic. across 

the swollen middle portion. The two spores,6.5 mic. in diame- 

ter, lie easily side by side. An examplé Showing the contrary 

condition (Pl. XXXII, fig. 16) is a cell 112 mic. in diameter and 
8 mic. inlength. The spores like the last are 6.5 mic. in diameter 

and they so completely fill the mother cell that the walls are con- 

siderably distended. A swollen cell containing but one spore is 

shown (Pl. XXXII, fig. 10) in the end of a branch all the cells 
of which are reproductive. 

For some time before escaping, the spores appear perfectly 

mature. The shape is distinct, either globose or oval accord- 

ing as the end or side is presented to view. The pigment spot 

is relatively large and bright. A branch of reproductive cells, 

the zoospores of which are near maturity and all at the same 

stage, shows the eye-spots very distinctly (Pl. XXXII, fig.12 ). 
The spores as viewed within the cell appear to have a distinctly 
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hyaline portion, in many cases, at least, there are visible darker 
and lighter areas. 

A group of basal cells was observed from which were given 

off directly reproductive cells. Three of these filaments con- 

tained the swollen cells. In the fourth filament which contained 

three cells, the twelve spores were just ready to escape. The 

cell-walls enclosing them were very faintly visible, as a mere 

outline. The spores as observed were in active movement, slid- 

ing upon each other with a quick, jerky motion like that of the 

bell animalcule as it withdraws itself upon contact with any 

object. They moved in a direction at right angles to the fila- 

ment. ‘Two lying side by side moved in opposite directions at 

the same time. The spores of the middle cell broke their way 

out first, those of the first and third cells following. For 

some time after their escape they kept up the jerky movements 

backwards and forwards, after which they suddenly started off 

in different directions across the field. The slide was then made 

into a permanent mount. 

Four zoospores each of which had a very delicate wall be- 

tween it and its neighbors, were observed to escape from acell. 

A large number of megazoospores were measured and the 

limits of diameter were found to be 6.5 and 7.5 mic. 

While the spores were most vigorously active, from 9 

o’clock to 12 o’clock A. M., some slides containing them were 

stained for the. purpose of recognizing the cilia. The direc- 

tions given by Zimmermann (I) for staining the cilia of algae 

were followed, with the exception that the carbol-fuchsin was 

allowed to act only three minutes instead of fifteen. Perman- 

ent mounts were thus prepared and in this manner the spores 
corresponding in size those of the cells just described were 
seen to have four cilia (Pl. XXXII, fig. 17). 

On the tenth day while material in a drop culture was under- 

going examination, gonidangia occupying the upper portions 

of filaments, were seen to contain what appeared to be germin- 

ating spores (Pl. XXXII, fig 18). The tubes did not arise 

from successive spores, but every other one, perhaps, was in 

this condition. It was noticed that all the germinating fila- 

ments from a single branch projected in the same direction and 

at right angles to the branch. Subsequently it appeared, in a 

group of sporiferous branches lying together, that all the ger- 

minating filaments extended in the same direction. However, 

exceptions to this rule occur. 
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The terminal cell of asporiferous branch often supported a 
bristle. Pl. XXXII, fig. 24, shows a group of three cells termi- 

nated by a short bristle which it is thought may be a detached 

branch of this kind. On theother hand it may bea very young 

plate which has itself thrown off a bristle. The hyaline cells 

have a diameter of 6 mic. 

The spores in the lower cells of the reproductive portion 

seem to germinate first. A detached filament composed of 

nine cells was noticed in which three of the spores had germin- 

ated. These had developed bristles immediately with no in- 
tervening cells. 

Mention has already been made of certain cells having under- 

gone etiolation. This became quite a common condition among 

the filaments on pebble‘‘3” to such an extent that it was apparent 

to the naked eye. By the seventeenth day, certain entire thalli 

had turned perfectly white. No such occurrence was observa- 

ble in any of the other material. 

Upon the first arrival of the alga it has shown in every case 

the presence of lime in greater or less quantity. Forming 

“caps” to the thalli or scattered in microscopic grains through 

the interior, there is indicated a close relationship between its 

presence and some physiological function of the plant. From 
the nature of its structure it appears that its formation takes 

place after the plant filaments are somewhat matured. 
The green thalli contain a relatively small amount of calcar- 

eous material while the blue-gray thalli, on the other hand 
display a large quantity of lime in the form of aggregations 

or plates of crystals. These plates are in general very irregu- 

lar in outline. The surfaces are covered with fine ridges 

arranged horizontally or inconcentriclines. Pl. XXXII, fig. 20, 

shows such a crystal-plate. It is seen to be perforated by 

round holes in the central portion, while at the ends long tubu- 

lar openings are present. It is not difficult to see that these 

tubes follow the general trend of the branches in a free brarich- 

ing filament. The fragment here shown has evidently lain in 

a position at right angles to the direction of growth of fila- 

ments underneath. Asa result the tubes or pipes extend in a 

direct manner through the middle portion, while at the extrem- 

ities, as would naturally be the condition from the somewhat 

radial method of branching which occurs in the upper filaments, 

the pipes run in an oblique direction. 
A thin fragment of the lime formation lay in a position 

to show the perforations in cross section. The apertures 
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were quite uniform in size, being 5 to 5.5 mic. in diameter. The 

whole fragment had a diameter of 105 mic. and was about one- 

half as long. It seemed to be an expansion of a stem coming 

from the main body of the crystal plate. A similar but smaller 

fragment is figured (Pl. XXXII, fig. 21.) 

The crystal plates as a rule are flat and shelving, the edge 

on one side being rounded, and on the other somewhat straight. 

Smaller plates or shelves are thrown out from these as 

branches. 

lt may be worth while to note the fact that a large quantity 

of the material taken from pebble ‘‘3” consisted of filaments 

distorted in a grotesque manner. It was thought to be due to 

the fact that their growth had taken place after the crystal 

plates were formed, so that a filament pressing with its termi- 

nal cell against the resisting surface during a period of rapid 

elongation, would have been forced back, thus inevitably 

becoming twisted, bent and misshapen in various ways. 

Another condition of quite frequent occurrence is that of an 

enlargement of the terminal cell or cells of the branches. As 

shown in Pl. XXXII, fig. 23, these cells are much above normal 

size. These examples are not of isolated plants. If one filament 

is observed in this state, its neighbors will quite surely be found 

in a like condition. No explanation is offered. It may arise 

from a diseased state of the plant or some outward force may 

be the cause. 

The behavior of the crystals upon being treated with hydro- 

chloric acid shows them to be calcium carbonate. From the 

time of the removal of the material from the spring, the crys- 

talliferous masses gradually begin to disappear and after a per- 

iod of three or four weeks no remains of them are to be found. 

If one could be in a position to observe personally the condi- 

tions existent at the Bellefonte spring and to have ready access 

to fresh material, it would make a profitable study to find out 

whether this particular species of Stigeoclonium characterist- 

ically encrusts lime when growing in an uncultivated state, or 

whether it has acquired this capacity only in this particular in- 

stance as a result of living in water in which the proportion of 

calcareous ingredients is such that a deposit would be formed 

upon any living plant contained in it. It should be noted here, 

that the other algal plants inhabiting the spring, as far as can be 

learned, are species of Chara, Oscillatoria and Lyngbya. These 

are all known to have more or less ability to encrust lime. 



Tilden: PILINIA AND STIGEOCLONIUM. 613 

It has been impossible to do more with this problem while at 

such a distance from the spring. It can only be said that the 

conditions present in the spring seem to meet the needs of the 

Pilinia stage and that only. When removed from those condi- 

tions the plant transforms itself into Stigeoclonium and that 
in turn changes into the Palmelloid stage. 

2. Stigeoclonium Stage: Fifteen days after the Pilinia plant 
had been under cultivation, a small mass of waving filaments 

about 3 mm. long was observed on pebble ‘‘5.” Heretofore, 

though examined often, nothing but the layer of dull looking 

plate cells had been observed on this pebble. These filaments 

were found to proceed from Pilinia plate cells and a thorough 

investigation of them proved beyond a doubt that the plant 

was a Stigeoclonium. 
A day or two later material taken from pebble ‘‘3” showed 

under the low power, a small spherical Pilinia thallus out of 

which grew long filaments of the Stigeoclonium type. One of 

the longest of these, measured 1125 mic. in the portion that 
projected beyond the general mass. Of this length 625 mic. 

belonged to the bristle, leaving 500 mic. in the vegetative por- 

tion. The upper vegetative cells were 9-10 mic. in diameter, 

and from 1} to two times as Jong. They were entirely filled 

with protoplasm and chlorophyll. Hach contained from two to 
four pyrenoids and some smaller granules. The filaments with 

one exception were unbranched. Near theend of this filament a 

short branch was given off. All the filaments were evidently 

about to form zoospores. 
Subsequently, much of the Pilinia material developed into 

the Stigeoclonium stage. 
The Stigeoclonium thallus showed on an average, a length of 

30-35 mm. It is light green in color and so very delicate in ap- 

pearance, that one finds it difficult to recognize its presence in 

the water. 

A single tuft or mature thallus when examined as a whole 

(Pl. XXXIIL. fig. 1),shows at the base,short Pilinia shoots radia- 
ting from the cushion of plate cells. These are relatively 
few, the majority of them being produced into the long Stigeo- 

clonium threads. These main filaments are simple for some 
distance from the base and consist of articulations 9-15 mic. 

in diameter, with a length 14-8 times as much. At length 

groups of short, somewhat globose cells begin to alternate 

with the ordinary long ones, and these are the cells which bear 
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the branches (Pl. XXXIII.fig. 2). This rule has its exception, 

sometimes a primary filament may give off several long 

branches, but no branchlets. When this is the case the 

branches develop from the upper portion of an ordinary long 

cell following the example of most species of Stigeoclonium 

(Plate XX XIII. fig. 1). All the cells of the stem are quite gen- 

erally constricted at the joints, and considerably or at least 

slightly swollen at the middle portion. In their contents, the 

cells resemble very closely those of the Pilinia stage, the amount 

of chlorophyllous matter in the lower ones being very meagre, 

while in those of the branchlets itis much more abundant. The 

chlorophores are generally not so lenticular in form as those 
of the Pilinia stage. There is seen simply an irregular band 

of green near the central region of the cell, containing one or 

in some cases two pyrenoids, and occasionally one or two 

granules. A division of the pyrenoid into two precedes the 

formation of a new cell wall at that point. The young growing 

cells in the upper parts of the branches and those of the 

branchlets hence contain three or four pyrenoids. When the 

chlorophores are distinct, they appear as elongated bands, 

lying parallel to the sides of the filament, or are somewhat 
disc-like in form, encircling the pyrenoid. 

The short cells bearing the branches vary in number from 

three to seven ina group (Pl. XXXIII, fig. 4). One or all of 

them may give off branches or branchlets. In general one long 

branch exactly similar in appearance to the main stem, and 

several short branchlets occur in a group. The mode of 

branching is irregular. Occasionally the branches arise in 

pairs, more generally they are alternate, and sometimes they 

are given off irregularly from the side of the filament. 

The hair-like prolongations which are developed by the 

Stigeoclonium cells are in all respects similar to those of the 

Pilinia filaments with the exception that they are somewhat 

larger and attain a greater length. According to Huber (I) 

they would be included, together with those of Chaetophora 
and Draparnaudia, under the term ‘‘poil’” (hair or bristle). He 

considers these bristles ‘‘to be the result of a reduction of free 

vegetative branches—the branches which stand upright from 

the substratum to which the plant is affixed’”—and he further 

observes that this reduction can be limited to the extremities of 

the branches; or it may extend to the entire branch; or finally 

it may include the entire number of upright branches, which 

are then represented by bristles standing up from a creeping 
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thallus. By including Pilinia as a stage of Stigeoclonium, 

each of these three types of reduction has its representative 

as shown by Pl. XXXII, fig. 6, 5, in the case of the first and 

third examples. 
Huber quotes from Berthold (I). ‘Many species of Stigeo- 

clonium form, in germinating, a creeping ‘‘rhizome,” more or 

less branched, upon which develop the upright filaments, 
which branch in their turn and constitute the point of de- 

parture of a series of remarkable reductions”. This author 

further remarks ‘It is not rare, that in the first stages of 

development of the epiphytic forms of the genus Stigeoclonium, 

those having the creeping thallus strongly developed, furnish 

(sometimes side by side with the ordinary raised branches) 

the upright branches entirely transformed into pluricellular 

bristles.” One infers from this that the phenomenon has not 

heretofore been observed in species of Stigeoclonium which 

were not epiphytic. 

Berthold, as quoted by Huber and Moebius (I), affirms 

that the cells of the bristle in Stigeoclonium are 10-15 times 
longer than those of the vegetative tract. The Bellefonte 

species does not confirm this statement. Some of the fila- 

mentary cells are 72 mic. and more in length, while no bristle 

cell has been observed more than three times this length. It 

should be noted, however, that the bristles themselves are 

exceedingly long. 

Berthold (Moebius I. 84) was also able to develop bristles in 

great abundance after four weeks’ culture in material which 

at the time of its collection (early in the year) was entirely 

without them. This corresponds with the behavior of the 

Bellefonte plant which has been the same in every case. 

An increase in the number of pyrenoids in the upper cells of 

the filaments and branches indicates that the time for the 

formation of megazoospores is near at hand. A division of 

the cell contents ensues, so that there now appear rows of 

cells divided into portions nearly square in outline, densely 

filled with protoplasm and chlorophyll and containing in gen- 

eral four pyrenoids. 
Long filaments composed entirely of zoospore mother-cells 

are frequently found, either detached or forming continuations 

of the Pilinia branches. An instance of this was noted in a 

hanging drop culture. Instead of occupying the terminal 
region of a Pilinia branch, the reproductive cells extended 

200 mic. in length and were limited at each end by ordinary 
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vegetative cells. Inone detached filament, the reproductive por- 

tion extended for a distance of 675 mic., then came a few vege- 

tative cells and lastly the bristle. The spores were quite 

mature, but seemed most so at the middle of the reproductive 

area, aS some here had already escaped from the cells. 

One branchlet from a group was prolonged far beyond its 

fellows and consisted of a row of reproductive cells 125 mic. in 

length at the end of which were several vegetative cells not 

yet changed into gonidangia, and the whole terminated by a 

bristle, 350 mic. in length. 

The reproductive cells contain from 1-16 megazoospores each. 

The spores soon showed a large pyrenoid and a distinct eyespot. 

In a detached end of a filament consisting of three cells the 

contents of each cell was divided into two portions which were to 

become zoospores. The pigment spots of the four spores 

nearest the end and also the sixth one were situated on the same 

side (Pl. XX XIII, fig. 5). The fifth pigment spot was on the oppo- 

site side. Without exception the large pyrenoids were on the 

same sideof the filament. In another case, two cells of a branch 

had each two pigment spots facing in the same direction and 

one cell had two pigment spots facing in opposite directions. 

Still another branch had cells containing two or four spores 

each; for the most part the pigment spots alternated. 

The megazoospores measure from 5-7.5 mic. in diameter and 

are from 10-12 mic. in length. Im shape they are broadly 

elliptical or egg-shaped. In general their. longest axis lay 

transverse to the filament. Occasionally they lay with their long- 

est diameter parailel with the filament (Pl. X XXIII, fig. 8). 
It is interesting to watch the process of evacuation of the goni- 

dangium. For this purpose a certain cell was kept under obser- 

vation (Pl. XXXIII, fig. 6). The spores were eight in number 

and had reached a point where they were distinctly separated 

from each other and were aiready evincing aslight activity. This 

soon gave place to a very energetic movement. Thus each 

individual spore began a series of almost imperceptible little 

jerks. These constantly grew stronger until they became to 

and fro movements in the cell. Finally, all the spores were 

darting hither and thither in the cell in all directions, around 

and over each other. Meanwhile the walls of the cell seemed 

to have become somewhat gelatinized. The force used by the 

spores in striking against the sides resulted in the walls being 

stretched out or swollen so that the cell became barrel-shaped 

in outline. 
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The cell under observation was 20 mic. long. After an hour 

of active motion of the spores, its width was 18 mic. At this 

point the wall at one side gave way. A spore passed out, 

paused for a second, and darted away. The other seven then 
followed in quick succession. 

A filament was observed while the spores were passing out 

(Pl. XX XIII. fig 9). From one cell four spores passed out, one 
after another, through a break in the wall at the upper end of 

the cell. Then almost immediately eight spores burst through 

the end of the adjoining cell into the first cell and escaped 

by the opening made by the former occupants. This indicates 

that no particular area in the ce]l wall is thinner or in any way 

specialised as the spot at which the spores shall break through. 

Any portion of the end or side wall may serve this purpose. 

The walls of the second cell were clearly outlined as shown in 

the drawing. After the spores passed out there seemed to be 

remaining very delicate membranes which had separated the 

spores from each other. While the same thing was observed 
several times, both here and in the Pilinia material, in many 

instances there was not the least indication of it. All the spores 

measured 5.5 mic. in diameter and 12 mic. inlength. After 

escaping from the cell and moving about for some time in the 

water, they sometimes seem to gain in width and lose in length 

—becoming broadly egg-shaped, 

A cell measuring 5 mic. at the end, 15 mic. in the swollen 

portion, and 22.5 mic. in length contained seven or eight zoo- 

spores (Pl. XXXIII, fig. 10). Thecell wall seemed to be very 
elastic, bulging out in different places as the spores changed 

their position. They were more crowded, and for that reason, 
probably, did not move so energetically as their neighbors. 

They did not have the regular and mature form of those in the 

adjoining cell. In their efforts to escape, the spores used their 

ciliated end, which seemed to be slightly protruded like a pro- 
boscis. 

Very often the last one or two spores in a cell do not escape 

with the rest. This fact does not seem to be due to their cilia 

being caught, since they move freely about in all parts of the 

now roomy cell; but it appears that the walls after being burst 

apart are again crowded together by some movement or con- 

- traction of the filament, before all the spores have a chance to 

escape. 

After twelve days’ culture indoors, the tanks were placed in 

the open air, the water being changed morning and evening. 
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After twenty-four hours, the zoospores were much more num- 

erous and showed a much greater rapidity of motion than here- 
tofore. At 8 o’clock A. M. they were in rapid motion, and 

remained in that condition for four or five hours. This was in 

all probability due to their exposure to fresh air and sunshine. 

The usual method pursued in staining for the cilia was 

that of Zimmerman (I) with slight modifications. A mount was 

obtained in which the moving spores were numerous. After 

being fixed with the fumes of osmic acid, they were allowed to 

dry on the slide, and afterwards covered with a drop of aqueous 

tannin solution which was washed off with water after five 

minutes. Next the slide was left three minutes (Zimmer- 

man advises fifteen) in a concentrated aqueous solution of car- 

bol-fuchsin. This was again washed off with water and then 

the slide left to dry. A drop of canada balsam and a cover- 

glass being added, a good permanent mount was obtained. 

Another method for showing the cilia distinctly was acci- 

dently discovered. In attempting to stain the nucleus in the 

vegetative cells, Zimmerman’s fuchsin-methyl-green method 

was used. As a nucleav stain it was a failure, in this instance, 

but the ciJia of zoospores contained in the mount were shown 

very clearly indeed. By this method a spherical zoospore 7.5 

mic. in diameter showed four cilia which were 13 mic. in length. 

In a Gell from an upright filament from pebble ‘‘4”, a spore 

was seen 10 mic. in diameter. In the adjoining cell were two 

ellipsoidal spores 7 mic. in diamter. This is the only instance 
in which a spore of this size was observed within a cell. A 

number of motile zoospores, however, resembled this one in 

size, shape and general appearance. They moved slowly. 

Moreover they possess only one eye-spot as far as observed. 

By far the greater number of zoospores were 5-7.5 mic. in diame- 

ter and egg-shaped. But these larger ones were abundant 

enough to allow of examination. 

By means of the carbol-fuchsin stain many mounts of spores 

were prepared and studied. In one instance the cilia measured 
20 mic. in length. 

The glass dish containing the two pebbles upon which the 

Stigeoclonium megazoospores were being produced so abund- 

antly, occupied a position upon the outer window ledge, so 

that the light was received from but one direction. On the - 

outer side of the vessel bright green patches lying at the 

height of the water level were noticed. Upon examination 

they proved to be masses of young Pilinia plants. The re- 
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mainder of the inner surface of the vessel was tinged with dull 

green, which was caused by the presence of the plant in the 

Palmella stage to be hereafter described. 
This behavior of the zoospores suggested a plan for sowing 

them for the purpose of studying their germination. By the 

following method an almost pure culture of the Pilinia or 

Stigeoclonium spores was obtainable: 

A small beaker, painted black with the exception of a space 
about an inch square on one side near the top, was filled with 

water. In this was suspended a hanging drop cell in such a 

way that its cover-glass fitted over the unpainted square and 

presented its under surface to the water. The water covered 
a portion of the glass. Zoospore-forming material, taken from 

the pebble at about 10 A. M. when the zoospores were in the 

most active motion, was placed on the lower ledge of the 

suspended cell with the expectation that the zoospores in seek- 

ing the light would come to rest upon the under side of the 

cover-glass at the surface of the water. This they invariably 

did, losing their cilia in a few hours and becoming attached to 

the glass most satisfactorily. The convenience of this 

arrangement is apparent. The cell could now be removed 

from the beaker and placed under the microscope for examina- 

tion, and returned at pleasure to the beaker or to a moist 
chamber. If kept in the moist chamber the drop of water may 

be drawn off and afresh one added at intervals, without the 

least danger of displacing or injuring the germinating spores. 

This cannot be done when the spores have been removed from 
the sides of the tank and placed in a cell for they will not at- 

tach themselves a second time. With the metuod described, if 
it were necessary to watch a certain group of spores during a 

period of several days, a circle was drawn with ink on the top 

of the cell coverglass within which were the individuals to be 

studied, and thus they were easily found with the low power 

of the microscope. Otherwise when the spores are at all 

numerous in the mount, it is often difficult to find the same 

ones a second time. 

Several hours after the spores had ceased swarming for the 

day, the hanging cell was removed from the tank and ex- 

amined. A large number of spores had collected on it at the 

level of the water. They were quite varied in size and form 

and each contained an eye-spot near the anterior end and some 

granules (Pl. XXXIV, fig. 7). The spore is evidently caused to 
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adhere to the glass when it comes to rest, by means of a 

gelatinous secretion. It is always seen lying upon its side. 

One spore, 7.5 mic. in diameter (Pl. XXXIV, fig. 8), had evi- 

dently just come to rest. When it was observed it happened 

that the water under the cover-glass had evaporated making 

visible the four very short cilia. A bright pigment spot and 

a large pyrenoid were present. Other spores whose cilia could 

not be made out, were elongated slightly, the colorless end be- 

coming somewhat pointed in the process. The pigment spot, 

which in the moving spore occupied a somewhat anterior posi- 

tion, through this act of elongation had come to lie within the 

posterior half of the body. The spores which had made the 

most progress in germinating had fallen off slightly in diameter, 

but had gained in length, some measuring as much as 15 mic. 

(PL XXXIV, fig. 9). 
Twenty-four hours later the spores had, in the case of healthy 

individuals, developed into two celled plants, each cell with its 

pyrenoid (Pl. XXXIV, fig 10). Where the division was quite 

recent, the pyrenoids were discovered situated side by side 

with the new wall lying between (Pl. XXXIV, fig 10, 11). Fig. 

12 affords an example of the division of a pyrenoid into two, 

preparatory to the formation of a second wall. This filament 

is beginning to bend, which later is seen to be characteristic. 

Fig. 13 shows a filament of some length in which the pointed 

colorless end still remains. In most cases the young filaments 

at this stage are green throughout. 

Notes of the rate of growth were kept for a short time. 
Taking the average length of spores in a mount, whose length 

was 12 mic. before germination: at the end of the first day the 

average length was 20 mic.; at the end of the second day, 33 

mic.; at the end of the third day, 60 mic. 

On the third day branches began to appear (Pl. XXXIV, fig. 
16, 19,20). When two or more spores lie in contact with, or near 

to each other, it is not rare for the filaments developed from 

their germination to become closely entwined and eventually to 

form portions of the same thallus, (Pl. XXXIV, fig. 21, 25), ora 

thallus originates from a single spore (Pl. XXXIV, fig. 22, 23). 
The short primary filament soon produces branches on either 

side which in their turn also give off branches. A compact 

plate is the result which maintains a somewhat circular shape 

(Pl. XXXIV, fig. 24). Sometimes, however, as in figs. 

25, 26, the thalli have attained a large size without yet having 

become compacted together. Sometimes from these large 
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thalli one or two branches are given off which are so small and 

thin that one can hardly believe they belong to the same plant. 

Five days later thalli of this stage of advancement had de- 

veloped numerous upright filaments, among them at intervals 
a group of threads with as great a diameter as those of the 

ordinary Stigeoclonium filaments. They branched frequently 

and these branches terminated in a hair. 

The greater number of the new plates had not as yet pro- 

duced these raised branches but were still increasing in size. 

They showed great regularity in the radial arrangement of 

their prostrate branches. 
A few days later the upright filaments were present in large 

numbers. The cells near the center of a plate seemed to be 

first in developing them. 
In fig. 27, a group of the creeping branches is seen, which 

have not yet become crowded together. One branch just in 

the act of forming upright filaments is shown from side view. 

Frequently a basal cell is seen to give rise to two branches 

lying in the same plane. As observed at (a) these may be of 

different ages. 

The basal cells are then capable of developing branches in 
two planes: lateral branches, the cells of which are short and 

globose or angular, and upright branches, with long cylindrical 

cells. In either case the branches may be dichotomous or 

monopodial (Pl. XXXIV. fig. 27, a and b.) Therefore in this 

capacity, the cells of the creeping filaments are exactly homo- 

logous to the cells of the upright filaments, since the latter 

also are able to produce dichotomous branching in the plane 

of the filament or in a plane at right angles to this (approxi- 

mately )—the plane of the branching. 

Accompanying these upright filaments, there is occasionally 

to be seen, a long upright bristle (Pl. XXXIV, fig. 27, c). 

The filaments of the plate when seen in side view are curved 

in nearly every instance, making the ‘‘bow-shaped row of cells” 

of which Cienkowski (I) speaks. But he takes the view that 

the convex side of this bow is directed towards the water, 

while the concave side is turned to the light and that the 

branches are turned toward the inside, i.e. that they spring 

from the concave side. A copy of his drawing of this type of 

thallus is shown (Pl. XXXIV, fig. 30). The germinating fila- 
ments under investigation show an exactly contrary state of 

things. The branches invariably take their rise from the con- 

vex side of the ‘‘bow,” while the concave side is presented to 
the surface of the glass (Pl. XXXIV, fig. 29). 
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Upon another point there is disagreement. In his words: 

‘‘A plate results in which one can distinguish the branch rows, 

but in the center are found usually cells united like paren- 

chyma.” He illustrates this (Pl. J, fig. 3.) Such plates have been 

seen among the Pilinia material, but not in sufficient numbers 

to allow of their being designated asatype. In my experience 

it has been the rule that the cells in the center of the plate 

(that is, in healthy and rapidly growing young plants) were 

the first to form branches. Taken as a whole the process 

of development followed out by the spore in forming the thal- 

lus is essentially the same as that described by Cienkowsky. 

Fig. 29 shows one plate branch like that in fig. 27, of which 

the upright filaments have become from 3-4 celled and in one or 

two cases havebranched. Pl. XXXV, fig. 1, represents a pros- 

trate branch showing the characteristic bow shape with its 

accompanying upright filaments. The cells at the apex appear 

to be producing branches in both planes, i. e. the prostrate 

branch is still growing while its cells as soon as formed give 

off the upright branches. An irregular bit of the thallus is 

protrayed in fig. 2, with some of the lower cells giving off long 

bristles, and the upright filaments showing clearly their Stig- 

eoclonium nature. Fig. 3, finally brings to aclose the series 

of forms through which the plant passes from the beginning 

of germination to the time of fruiting. The figure will be 

found to closely resemble Pl. XXXI, fig. 1. Thus the final 

proof of the unity between Pilinia diluta Wood and Stigeo- 

clonium flagelliferum Kg. is produced. 

The thalli which were mentioned as growing on the side of the 

tank toward the light had as their most prominent feature the 

number and length of the bristles. These rise perpendicularly 

from the plate, either directly from the basal cells or from up- 

right filaments composed of several cells. Extensive plates 

are present with no upright filaments but the bristles. Most 

of the material, however, has upright filaments. In one in- 

stance, two bristles are given off by the same basal cell. Some 

bristles extend horizontally from the plate cells. 

The thalli on the sides of one of the tanks were examined 

from the outside, with a very low power. Their average diam- 

eter at that stage was found to be from 50 to 60 mic. The thalli 

were originally solitary in all cases, as could be seen, and the 

tendency was to assume a circular shape. When two or more 

thalli chanced to lie near each other they soon became fused 

and then an irregular or lobed mass was formed. No filaments 
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were visible except the long bristles radiating out in every 

direction. Some of them were 100 mic. or thereabouts in 

length. / 

Carefully removing one of the thalli with ascalpel and 

camel’s hair brush, under the same power of the microscope it 

was found to consist of a plate, the upper surface of which 
(that is the surface exposed to the water) was convex, while the 

lower side (that resting on the glass) was concave. From the 
convex surface the upright filaments stood out in all directions. 

From many of them very long bristles were produced. 

The thalli occurred on all sides of the glass dish, but not at 

the surface of the water as those in the first tank did. They 

were scattered on all portions of the vessel walls from the bot- 

tom to the surface of the water. 

The high power showed the following points: The upright 

filaments at this stage werein the neighborhood of 37,5-45 mic. 

in length and 5 mic. in diameter. 

The cells were in general 9-12 mic. in length. They were 

densely filled with protoplasm, were bright, vegetative green in 

color, and contained a distinct pyrenoid and some granules. 

The cells appeared to be about to form zoospores. Some were in 

process of division. The basal cells were 10 mic. in diameter. 

A view is given of asection of plate cells in diagram (PI. 

XXXV, fig. 7) from the under surface. It shows the position 

of a single branch (fig. 8) as it lies in the plate. 
The sides of the tank containing pebbles ‘‘3” and ‘‘ 4” (the 

material being in the Pilinia stage) were dotted over with small 

solitary thalli with the same appearance as those which covered 

pebble ‘‘2” which was placed in the herbarium. 

Transformation into the Palmella Stage.—The presence 
of Palmella-like cells has been very noticeable in nearly every 

mount prepared from the Pennsylvaniamaterial. Little notice 

was taken of them at first, asit was supposed they had nothing 

to do with the Pilinia. Later, however, cells exactly corres- 

ponding to them in size, shape, and general appearance were 

observed to be connected with the Pilinia plant. The first in- 
stance of the kind was seen in a detached branch of Pilinia 

(Pl. XXXIII, fig. 11). One branchlet, instead of being 
made up of the ordinary cylindrical cells was composed 

of ten globular, thick-walled, Palmella-like cells. One 

was in process of division into halves. The cells appeared 

to be surrounded by no membrane common to them all, but 
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there remained in the shape of the branch evidence of the 

former cylindrical cell the walls of which had apparently gela- 

tinized. The cells were green with chlorophyll, in some por- 

tions colorless, and they contained granules of various sizes. 

They were 10-12.5 mic. in diameter. 

A detached cluster of branches was observed for several 

days in a hanging drop culture. It appeared as if all the cells 

of a branch were filled with mature spores—all being at the 

same stage of maturity—and the cell walls in process of 

gelatinization. These bodies were 12.5 mic. in diameter—in this 

respect and in their having thick membranes, corresponding 

to the spores pictured in fig. 11. The spore mother cells were 

divided into two, and in one case, four portions. They were in 

the main spherical, but some were angular from being crowded 

together. They were arranged in an irregular row, or some- 

times two rows after the manner of the eggs in Sphaeroplea 

annulina. An accident happened to the specimen before a 

drawing could be made. 

A third example afforded still more conclusive evidence of 

the transformation process (P]. XXXIII, figs. 12, 138.) The 

cylindrical vegetative cells were observed in the very act of 

developing into the Palmella cells. All stages are seen on the 

same branch. The resulting Palmella cells are 12-20 mic. in 

diameter. The Palmella cells of the plant described by Cien- 

kowski were .012 mm, in diameter. In regard to the trans- 

formation process, the behavior of the plant is similar to the 

one described by Cienkowski. 

Material from pebble ‘‘4,” thirty-five days after being taken 

from the spring, was seen to be forming in great quantity the 

Palmella cells from the filamentary cells. Large masses of 

irregular, or spherical, or elliptical bodies were piled together. 

They varied from 12-20 mic. in diameter. Many were dividing 

into two and four portions. They were surrounded by wide 

gelatinous walls. 

Before it was known that the plant was a Stigeoclonium and 

that this transformation occurred, several references were 

made in the notes to the effect that a number of times the Pal- 

mella cells had been observed lying in a position that would 

indicate they had been borne on a branch, the walls of which 
had gelatinized. Also, that they occurred in exceedingly large 

quantities which could hardly be accounted for in any other 

way than that they were transformed Stigeoclonium cells. 
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3. Palmella Stage. As has been previously stated, cells 
of the Palmella type form an ever present element in the Pil- 

inia material. When the first examination was being made the 

contents of these cells were noticed to be in process of division 

and afterwards to pass out as motile spores. No notes nor 
drawings were taken of this at the time, but before the end of 

the week, I began keeping notes regarding their behavior as 

well as that of Pilinia in case they should be found to be a 

stage of that plant. 

Cells of this nature were seen in two conditions: (1) Soli- 
tary, either lying entirely alone or in heaps or piles. (2) Con- 

nected, either in small groups or in extensive plates. 
(1) The isolated cells have the following characteristics: 

They average from 10-15 mic. in diameter, are in general per- 

fectly spherical in shape, densely filled with chlorophyllous 

contents containing coarse granules and occasionally others 

of different sizes. In many cases a portion of the contents is 

colorless. The enveloping wall is in most cases distinct. When 

it shows at all, it varies in width from a delicate though firm, 

smooth membrane to a wide gelatinous band. Near the center 

of the cell there generally appears a lighter spot. 

Some of these cells were frequently seen undergoing divis- 

division into 2-4-8 parts. The contents were finally granular. 

The size of the newly formed bodies varied from 3-74 mic, (Pl. 
XXXIV, fig. 3). The pyrenoid lying in the center of the original 

cell indicates the formation of the first wall by separating 

into two. These lie opposite each other with the new wall be- 

tween (Pl. XXXIV, fig. 3a). Another division of each pyrenoid 

again occurs as four internal spore portions become separated 

off, and so on until a certain number of spores are formed. A 

spherical cell 14 mic. in diameter is shown dividing into four por- 

tions (Pl. XXXIV, fig. 3b). It occured ina group with others 

not yet undergoing division and still others already emptied of 

their contents. With them were seen spores 5 mic. in diameter. 

A spherical cell 12.5 mic. indiameter contained four spores 5 mic. 

in diameter, showing eye-spots. Another group was present 

in which were the Jarge solitary green cells piled loosely 

together. With them were several colorless cysts of the same 

size, 13 mic. in diameter. Oneof these still retained two spores 

5 and 7 mic. in diameter. 
Plants of this kind taken from pebble ‘‘4” were found to be 

entirely healthy in appearance. The contents were uniformly 
green in color, coarsely granular, and the outside membrane 
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was wide and gelatinous. Though piled up together, the cells 

for the most part were disconnected: Sometimes two or three 

were connected after the manner of Gongrosira cells (PI. 

XXXIV, fig. 2). Some entire heaps had secreted gelatinous walls 

and already had the appearance of a plate. Thus the first con- 

dition merges into the second (2) first by the development of the 

individual membrane into a mucilaginous substance, second by 

the coalescence of this substance with that of the neighboring 

cells, thus forming a continuous layer of gelatine common to 

the whole group of cells. In this way cells which were lying 

close together become driven apart aslight distance from each 

other and have the appearance of being suspended in the gela- 

tine. Their aspect is that of Tetraspora cells except that they 

are not arranged in twosor fours. In this stage of the process 

they are more nearly spherical in form and are fresher looking 

than at a later period. In general nearly one-half of each cell 

is almost colorless. 

Later these cells lose their fresh color and become dull 

and dead looking. The gelatinous layer between them be- 

comes contracted into thin leathery division walls, common 

to the cells on either side. Itis believed that this condition 

of things precedes the development of microzoospores. At 

any rate, at the end of three weeks the sides of the glass tank 

containing pebbles ‘‘6” and ‘‘7” had acquired a dull green color 

which was proved to be caused by the presence of these plates 

with the appearance just explained. They were dividing into 

microzoospores, to the number of 4-8 in a cell (Pl. XXXIV, fig. 

4). This was the first instance of cells in plates developing 

zoospores, though a most exhaustive search had been made 

for the purpose of finding this condition. The mother-cells 

in the figure given, were 12-15 mic. in diameter in the main; 

some were very much smaller—4—mic. in diameter. Those 

from which the zoospores had not yet escaped were generally 

spherical and swollen. The empty ones were more angular 

and collapsed. Around the edges of the large plates and also 

from cells in the interior, there grew out branches of the 

Pilinia type the cells of which varied from 4-10 mic. in diame- 

ter. These filaments did not stand upright, as is usual, but 

occupied the same plane as the plate. A portion of a plate is 

shown (Pl. XXXIV, fig. 4) in which appear a vegetative per- 

ipheral plate cell with its large central pyrenoid,embedded in the 

chlorophyll and granule-bearing protoplasm. From its outer 

side extends a filament in all respects like an ordinary Pilinia 



Tilden: PILINIA AND STIGEOCLONIUM. 627 

filament, except that it does not stand upright, with cells in 

healthy growing condition. On the interior its neighbor consists 

of asimilar cell through more mature which through the 

swelling of its contents has attained a globose form. The pro- 

cess of division is far enough along to allow four portions to 

be clearly discerned and four eyespots are perfectly apparent. 

They are seen to lie as far from the center as possible. On 

one side lies a very angular cell, nearly twice as long as 

wide, containing six zoospores. They are 3.5-4 mic. in diam 

eter; their eyespots are distinct. A faint though quite dis- 

tinct movement of the zoospores within the cell was percepti- 

ble, but though this and other material was watched during 

the remainder of the afternoon, no spores were seen to escape 

from acell. This probably was due to two reasons: first the 
afternoon is not the natural time for the escape of motile 

spores, the best time for observing them being from 8-12, 

A. M.; second, the material had lain already for some time under 

the coverglass, so that the poor supply of air and lack of fresh 

water very likely weakened the natural liveliness of the spores. 

On the opposite side from this was an empty cell from which 

the spores had escaped probably during the morning hours. 

These empty cells were very abundant throughout all the 

plates examined. In the same drawing can be seen such a cell 

occurring as the basal cell of a filament proving that a basal 

cell may also be a reproductive cell. However this may be, 
the combination of, or the relation between, basal cell and 

filament, in this case is not the same as in the Pilinia basal 

cell and filament. For this filament is either a Pilinia filament 

not yet transformed into Pal]mella cells, or it is the product 

of a Palmella cell, while the basal cell is certainly a Palmella 

cell. On the other hand a Pilinia filament as well as the 

Pilinia basal cell may be the product of germination of a spore. 

It was expected on the following morning to make a more 

thorough study of the spores and secure other drawings. But 

when this examination was made the material seemed to be 

disorganised in great part, though the conditions to all appear- 

ance remained unchanged. 

Although for the reason stated above, the subsequent be- 

havior of the microzoospores has not been so closely studied as 
that of the megazoospores, yet by means of staining, the fact 

has been clearly brought out that a number of small spores 

closely resembling those in the plate and solitary cells, are 

present in nearly every mount of the material containing these 
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cells. The spores agree insize. They are possessed of only two 

cilia (Pl. XXXIV, fig. 5). Inseveral mounts a zygote was 

seen. The first one noticed contained two distinct pigment 

spots and was bilobed at the lower end, showing conclusively 

that it was a case of fusion (Pl. XXXIV, fig.6 a). The number 

of cilia could not be determined but was supposed to be four. In 

another mount in which many of the plate cells were empty, a 

spore with two eyespots was seen (fig.6 b). Near by was an 

elongated body, its shape giving it the appearance of being 

made up of two spores placed end to end. In each end there 
appeared an eyespot, (fig. 6c). 

One permanent slide shows a microzoospore 4.2 mic. in 
width, 5 mic. in length, with two cilia. Another spore is 2.5 

in width, 6.25 mic. in length and with two cilia. Another is 4.5 

mic. in diameter and has two cilia. Still another, 4 mic. in di- 

ameter, 7.5 mic. in length, is biciliated. 

Since the material is remarkably pure, containing as far as 

seen, only the Stigeoclonium, Pilinia and Palmella stages of the 

main plant, together with a few Pediastrums and Diatoms dur- 

ing the last of the period of cultivation, it seems proper to 

connect these biciliated spores with the microzoospores devel- 

oped in the plate cells. 

In addition to this there is a further demonstration of this 

supposition. Pebbles ‘‘6” and ‘‘7” were kept in a tank by them 

selves during the entire time. They wereat first discovered to be 

coated with very extensive layers of the plate cells which 

looked very much like Coleochaete plates. Several times there- 

after a microscopic examination was made, but nothing new 
was noted. On the morningof April 27th, while changing the 

water in the tank, an elongated streak of bright green color 

was noticed on the side of the dish facing the light which fol- 

lowed the surface of the water. It was caused by the presence 

of young Pilinia thalli. No material in the Pilinia or Stigeoclo- 

nium stage could be found in the tank. This seemed to prove 

that the young Pilinia thalli resulted from the germination of 

the microzoospores developed in the palmelloid cells. 

Cienkowsky’s observations brought him to the conclusion that 

the microgonidia of the Palmella cells developed into the origi- 

nal filamentous alga, but he was unable to determine whether 

the germination always followed the same course. Compare 

also in this point Reinhart (1). 
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Stigeoclonium flagelliferum KoG.—Pilinia diluta Woop 
Cont. F. W. Alg. N. A. 211, 1872.—Floccose caespitose, pale 
yellowish green, 5-30 mm. in length; filaments somewhat 

fasciculately branched, rarely almost naked, 9-15 mic. in diam- 

eter, with articulations more or less swollen, 13-8 times longer 

than the diameter; chlorophores narrow, light green; branches 

in lower portions in groups of 2-5 on special short cells, rarely 

opposite, flagelliform, somewhat erect, with very long bristles, 

in upper portions generally solitary, short, with terminal cells 

either subulate or piliferous. During Pilinia stage, encrusted 

with calcium carbonate. 

In quiet spring water, Bellefonte, Pennsylvania. 

Coll. Miss Ella Levy. 21 Jan., 3 April. 1896. 
REMARKS: To avoid adding to the confusion already exist- 

ing in the genus Stigeoclonium, it is thought best to place the 

plant which has been undergoing investigation in the above 

species, although it is not entirely in agreement with it. It 

does agree in one of the main points, that of forming groups 

of short, branch-bearing cells. This is, as I understand it, 

the meaning of the phrases: ‘‘ramisinferioribus 2-5 approxi- 
matis” of De-Toni (iii, 200)and Rabenhorst (ii,379 )and ‘‘branches 

flagelliform, opposite, on distinct cells, shorter and more oval 

than the others of the filaments” of Wolle (ii, 113). As this is a 

characteristic of no other species, to my knowledge, it seems 

necessary to connect it with that name. 

General Considerations :—It must be explained that the term 
‘‘Pilinia stage” has been used merely as a matter of convenience. 

The first stage may be understood to be simply a modification of 

the second. The development of the individual into the one 

or the other form depends, it would seem, merely upon sur- 

rounding conditions. When living in the waters of the spring. 

a low Chaetophora-like habit is retained which with the ac- 
companying secretion of carbonate of lime results in the form- 

ation of acrust. A removal from this water causes the plant 

to assume the ordinary Stigeoclonium appearance. There is 

no regularly recurrent spontaneous change from one into the 

other. 

That the life-history of Stigeoclonium includes a true Stigeo- 
clonium stage and Palmelloid stage is a fact that has been known 

since the time of Cienkowsky’s investigations. The observa- 

tions recorded in the present paper show the Stigeoclonium 

stage in itself to be in a marked degree subject to variation. 
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With this fact in view it is not difficult to account for some of 

the ‘‘new species” among the genera related to Stigeoclonium. 

In particular it is believed that Pilinia diluta Wood, Chaetoph- 

ora pellicula Kjellman, and perhaps some of the species of 

Endoclonium are forms of Stigeoclonium. Stigeoclonium 

pygmaeum of Hansgirg (I) approaches the Bellefonte plant 
more nearly than any other species in that it is coated with 

lime, its branches sometimes 2-3 approximate and its trichomes 

altogether similar in character. But this is an epiphyte or 

endophyte living on Ranunculus, Lemna, and other aquatic 

plants. 

This belief is strengthened by various observations found in 

descriptions of this genus. Dr. Wood (ii. 206. Pl. 19, fig. I.) 
himself states that a Stigeoclonium, which he watched for 

several seasons, in its earlier state ‘‘appears at times to 

possess the characters of a young Chaetophora, forming a 
small gelatinous base out of which the threads soon escape as 

they lengthen.” His figure might well be taken as a repre- 

sentation of a Pilinia developing Stigeoclonium filaments. 

A paragraph from Wolle’s (1) notes uponS. fastigiatum Kg. is 

as follows: ‘‘Some of the species of Stigeoclonium are very 

closely related to species of Chaetophora, as is evident from 

personal observation. Referring to Plate CIII, figs. 1, 2, two 

thalli of Chaetophora pisiformis magnified about 250 diameters. 

These show a few of the radial filaments, normally imbedded 

in a firm gelatinous mucus, extending beyond the mucous 

tegument; this figure, (1, 2,) is such a filament more fully 

developed, drawn with all of its branches; it is one of many 

which occurred in the same pool; Chaetophora also was pre- 

valent in quantity. This observation may open the inquiry, 

‘is this a normal process of development? Is the plant a 

Stigeoclonium or a Chaetophora? Or is the latter a mere con- 

dition of development of the former? 
‘‘Plate CII, figs. 1-3 and 5-8. Other forms developing from 

Chaetophora, comp. Stigeo. longipilus, and Stigeo. radians.”’ 

In the following description, that of S. longipilus Kg., ne 

again touches upon this point. ‘‘There are two distinct forms 

of this species, the one 8-10 mm. long, represented plate CII, 

figs. 1, 2, 8, with long bare stems and bushy tops. Kirchner 

remarks that the species may represent a transition state, go- 

ing over to Chaetophora. Personal observations prove the 

reverse, Chaetophora developing Stigeoclonium.” * * * 

‘‘Plate CII, figs. 5-9, are very much elongated filaments of 
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Chaetophora, evidently going over to or developing Stigeoclo- 

nium.” 

Wolle also suggests that his specimen of S. radians Kg. is 

“evidently related to Chaetophora.” Many of his illustrations 

show interesting resemblances to the Pilinia growth. See his 

Pl. 100, fig. 1. Pl. 102, figs. 5-8. Pl. 108, figs, 4, 5, 8, 9,:10. 
In describing the species S. tenue, Cook (1) quotes from Har- 

vey, “ At first the filaments are enclosed, in the manner of a 
Chaetophora, in a common, somewhat definite gelatine; after- 
wards, on its bursting, they issue from it like a Conferva, but 

are at all times very gelatinous.” 

It is certain that a study of Stigeoclonium and Chaetophora 

plants during the entire time of their vegetative and dormant 

periods would be productive of facts which it is necessary to 
know before the determination of the species can be put upon 

a firm basis. 

I wish to express my gratitude to Professor Conway MacMil- 

lan, Mr. David F. Fortney, and, in particular, to Miss Ella 

Levy, who by her quick insight and untiring efforts to attain 

satisfactory results, has enabled me to make a study of this 

plant. 

SUMMARY. 

1. Pilinia is a form genus but its connection with the Phyeo- 
chromaceae is not apparent. 

2. Pilinia diluta Wood is a stage of Stigeoclonium flagelliferuwm 

Kg. Its development is due to local conditions. 
3. Calcareous secretions are peculiar to the Pilinia stage of 

this species and perforated crystals together with amorphous 
particles of Ca CO, are distinctive. 

4, The formation of bristles seems to be uncharacteristic of 

the normal Pilinia but arises under culture. 

3). Zoospores of two sorts are present in the life history, 

megazoospores common to the Pilinia and Stigeoclonium stages 

and microzoospores developed by the Palmella stage. 

6. Upright filaments grow from the convex rather than from 

the concave side of the germinal plate. 

7. Conjugation between microzoogametes results in the pro- 

duction of a planozygote. 

8. In the Pilinia stage the number of megazoospores does 

not exceed four in a gonidangium, while in Stigeoclonium the 

number goes as high as sixteen. 

9. The Palmella stage may be developed either from basal 

or erect Pilinia filaments or from Stigeoclonium filaments. 
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Water-Algae of North America. 211. 1872. 

EXPLANATION OF PLATES. 

PLATE XX XI. 

Pebble ‘‘l” from Bellefonte spring, two-thirds natural size. 

Thalli forming an almost continuous stratum. 

Pebble “2”. Thalli forming isolated discs. 

PACT XOXO LM: 

Portion of mature thallus in Pilinia stage. Row of plate cells 
bearing upright filaments the terminal cells of which are de- 

veloping gonidangia. (X 300). 

End of branch showing dichotomous branching like that of 
a Chaetophora. (X 300). 

Another example of dichotomous branching. (X 300). 

Bristle terminating upright filament. (X 300). 

Bristle developed directly from basal cell. (X 300). 

Branch showing how vegetative cells taper down to width of 
bristle. (X 300). 

Branch showing cells with contents dividing up into megazoo- 

spores. (X 300). 

Reproductive cell given off from upper portion of filamentary 
cell at right angles to filament. (X 300). 

Similar cell given off from lower portion of filamentary cell. 
(X 300). 

Cell containing but one megazoospore. (X 300). 

Cell containing two megazoospores. (X 300). 

Cells showing spores crowded together. (X 300). 

Cell containing four megazoospores. (X 300). 
14and 15. Gonidangia appearing large and roomy. (X 300). 
16. 

igh 
Gonidangium appearing crowded. (X 300). 
Megazoospores. (X 300). 

18 and 19. Sporiferous branches. (X 300). 

20. 

21. 
22. 
23. 
24. 

_ 

A crystal plate of calcium carbonate showing apertures made 

by Pilinia filaments around which the lime is secreted. (X 300). 

A transverse section of crystal plate. (X 300). 

Branch with crystal fragment in natural position. (X 300). 

Branch showing enlarged terminal cells. (X 300). 

A group of cells,terminated by a bristle,which may be a sporife- 

rous branch. (X 300). 

Tes oy Naty Hd, O.G OL 

Portion of mature thallus in Stigeoclonium stage. (X 287). 

Upper portion of primary filament showing ordinary elongated 

cylindrical cells alternating with groups of branch-bearing 

short cells. (X 160). 
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3. Filament showing general aspect of plant with characteristic * 

mode of branching. (X 29). 

4. Group of short, branch-bearing cells in detail. (X 300). 

5. Cells with five spores having pigment spots facing in same di- 

rection. (X 300). 

6. Megazoospores moving actively in the cells thereby caning the 

walls to become distended. (X 300). 

7. Showing spores in early stages of development. (X 300). 

8. Spores lying with their longest diameter crosswise of the fila- 

ment. (X 300). 

9. A cell through the end wall of which the spores escaped passing 

out through a second cell. (X 300). 

10. Cell containing zoospores in motion the wall irregularly dis- 

tended according as the spores changed their position. (X 300). 

11. Detached branch of Pilinia thallus, showing one branchlet un- 

dergoing transformation into Palmella state. (X 300). 

12,13. Vegetative cells in the act of developing into Palmella cells. 
(X 300). 

IPT ARH eXORONe LIVE. 

1. Further transformation of cells shown in Plate III, fig. 13. 

(X 300). 

2. Isolated cells becoming connected by means of the thick gela- 

tinous coatings. (X 300). 

3. Isolated cells dividing into two and four parts. a. Division of 

contents into two portions accompanied by the separation of 

the pyrenoid. b. Division into four portions of contents and 

pyrenoids. (X 300). 

Plate cell developing zoospores. (X 300). 

Microzoospores. (X 300). 

Zygotes. (X 300), 

Megazoospotres of Stigeoclonium. 

The following are all developmental stages of megazoospores 

forming thalli: 

8. Spore in the act of withdrawing cilia. 

9. Spores showing pigment spot in posterior portion due to the 

elongation of hyaline end. 
10. Further: growth accompanied by division into two cells. 

11. Showing recent division with pyrenoids lying close together on 

opposite sides of the new wall. 
12. Division of pyrenoid into two portions preparatory to forma- 

tion of wall. 
13. Filament with hyaline end of spore still visible. 

14. Filament of three cells showing the tendency to curve. 

15 and 16, 17 and 18, 19 and 20. First appearance of branching. 

21. Threeunbranched filaments becoming connected into onethallus 

22 and 23. Showing thallus developed from a single spore. 

24. Thallus building up a somewhat circular plate. 

25. Two filaments combined into one thallus. Cells very large and 

cylindrical for the most part, instead of globose. 

26. Filament with numerous branches. 

27 and 28. Prostrate branches forming upright filaments. 

Ta Ses 
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Fig. 29. Side view of prostrate filament showing upright branches 

borne on convex side. 

Fig. 30. Copy of Cienkowski’s figure 19, pl. 1, Bot. Ztg. 34, 1876. Side 
view of prostrate filament showing upright branches borne 

on concave Side. 

PLATE XXXV. 

Fig. 1. Creeping filament showing characteristic ‘““‘bow-shape.”’ 

Fig. 2and3. Pilinia plants, the latter having arrived at the fruiting 

stage. 
Fig. 4,5 and 6. Showing an example of different growth in young thalli. 

Fig. 7. Under surface view of a plate (in diagram). Showing position 

of a single branch. 

Fig. 8. Same branch from nature. 
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XXXVITI. POLLINATION AND REPRODUCTION OF 

LYCOPERSICUM ESCULENTUM. 

BRUCE FINK. 

The experiments presented in this paper were nearly all 

performed three years ago, and it was then the purpose of the 

writer to carry on the work through several years so as to in- 

clude experiments on reciprocal crossing, close-pollination, 

atavism and the prepotency of foreign pollen. It has not been 

possible for me to carry on such experiments during the inter- 
vening years because not permanently located during the 

season where such work must be done. Hence, since there is 

much of interest in the single year’s work, it is thought best to 

publish it, hoping that the experiments which could not be 

completed in a single year may be brought to a conclusion at 

some future time. 

I shall not attempt to enumerate the various papers consulted 

in this work. Though a few of the experiments described 

below have been tried before with tomatoes and some of the 

remaining ones with other plants, I need not give references 

to the published accounts, which are well known to botanists 

generally. So far as I can ascertain, others of the experiments 

have never been performed before. Of those that have been 

tried, the results here recorded are not all in accord with those 

published previously. 
During experiments in pollination, the plant operated on 

must be covered while being used, and it is an advantage to 

know just how long the plant must be under the screen, in 

order to be certain that it is neither exposed to wind and in- 

sects too soon nor kept covered longer than is necessary to 

The experiment to ascertain the time necessary was conducted 
as follows. Nine tomato flowers were castrated by removing 

the stamens and marked (1), after twenty-four hours another 

nine were castrated and marked (2), and after another twenty- 

four hours a third nine were treated in the same way and 

marked (8). The twenty-seven were pollinated at once so that 
one third were pollinated forty-eight hours, another third 
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twenty-four hours and the last third immediately after castra- 
tion. At the end of twelve hours the styles were removed 

from one third of each lot; at the end of eighteen hours the 

second third were treated in the same way; and at the end of 

twenty-four hours the remaining third. The number of hours 

intervening between pollination and removing the style was 

marked on each card. The markings on the cards were 1-12, 1-18, 

1-24, 2-12, 2-18, 2-24, and 3-12, 3-18, 3-24, and there were of course 

three cards for each marking. The tomatoes which matured 

bore the following cards; 1-12, 1-12, 1-18, 1-18, 1-24, 1-24 1-24, 
2-24, 2-24, 3-24. Thus twelve hours was found to be long 

enough for the pollen-tube to pass through the style in most 

cases when the stigma was mature when pollinated. Later, 

I tried six and nine hours, allowing forty-eight hours to inter- 

vene between castration and pollination. No fruit developed 
in the last two experiments. 

Some very interesting experiments were tried to ascertain 

how much care must be used in order to get the pollen on the 

stigma at the proper time. ‘Two questions of interest arise. 

One is the length of time that the stigma is in such condition 

that pollen placed on it will be effective. I found the time to 

be longer in large flowers than in smaller ones and longer in 

monstrous flowers than in normal ones. I suppose this is be- 

cause it takes the large pistils longer to reach maturity and 

begin to wither. The time must be counted from the moment 

the bud opens enough to expose the pistil, which is usually 

protruded somewhat beyond the stigma. ‘The stigma is not in 

the best condition for holding the pollen at this time, but a 

sufficient amount adheres, is more effective and passes through 

the style sooner than when placed on the stigma later. This 

was very evident in a case in which the stigmas were pollinated 
as soon as the flowers had been castrated and before the an- 

ther-cells had opened. The number of tomatoes produced was 
larger than from flowers pollinated when the stigma was more 

mature, and the ovaries began to enlarge sooner than in cases 

in which flowers of the same age were allowed to stand longer 

for the stigmas to get in better condition for pollination. Pol- 

len placed on the stigma past prime makes very slow work if 

effective at all. Counting in the way indicated above, the time 

is from four to eight days, and during the first day or two the 

flowers cannot be close-pollinated as the pollen-sacs are not 

yet open—an arrangement favoring cross-pollination. 
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The other part of this experiment is to find about the same 

facts for the pollen. I found beyond doubt that it is not effec- 

tive so soon as the stigma of the flower will hold the pollen- 
grains. To ascertain this, I castrated several flowers just 

opening and used their pollen to pollinate other castrated 

flowers. I also pollinated the former castrated flowers with 

mature pollen. At this stage the pollen-grains were not effec- 

tive in a single instance. But the stigmas were acted on by 

the mature pollen, producing fruit. To ascertain how long 

the pollen retains its vitality, I placed some in a box and 

pollinated castrated flowers with it for seven days in succes- 

sion. It had lost none of its potency on the seventh day. 

Seven days is surely long enough to give every chance for 

cross-pollination by the pollen carried by the bees, and also 

the pollen may remain on the stigma seven days while the 

latter is developing if necessary. After the seventh day the 

pollen begins to lose its vitality and after the fourteenth will 

not germinate. 

Another experiment was the study of the anthers to ascer- 

tain when and how the pollen-sacs shed the pollen. When the 

corolla begins to open the stamens are of a greenish-yellow 

color, and the sacs are completely closed. In about two days 

the stamens have assumed a bright yellow color, and the sacs 

are beginning to open. The best time to get pollen for arti- 

fical pollination is soon after or just before the sacs begin to 

open, when it is easily scraped out ona knife-blade and trans- 

ferred to the stigma of another flower. The average time re- 

quired for sacs to begin to open after the corolla has started to 

expand is two days, but there is a considerable amount of varia- 
tion in the time due to the size of the flower and to the hygro- 

metric state of the atmosphere. The pollen-sacs open sooner 

in small than in large flowers, and sooner in dry than in wet 

weather. In very dry weather while castrating small flowers 

as those of the Red Cherry tomato, or the Yellow Plum tomato, 

as soon as the corolla has begun to open, the anthers occasion- 

ally snapped open, and the pollen could be seen flying about 

like dust. It will be seen that the safest time to castrate is on 

a rainy day or while the dew is on, and that the best time to 

pollinate artificially is in the dryest part of the day. 

Seventy-five flowers were castrated and left to the influence 

of wind and insects. Some were castrated just as the calyx 

was beginning to open, others as soon as the corolla had begun 

to open, and the rest after the latter had fully expanded. All 
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the stigmas came to best condition for pollination; but of the 

seventy-five flowers only one produced fruit, and this was a 

flower of the Yellow Plum tomato that had been castrated just 

after the corolla had expanded. I cannot be certain that this 

small flower was not accidently pollinated in castrating. Besides 

the one matured fruit three ovaries started to grow and aborted 

at about one-fourth the size of a pea. The failure to get better 

results from castrated flowers, taken with the fact that flowers 

confined alone under a screen are as uniformly pollinated as 

those not confined, seemed to indicate that tomatoes are usually 

close-pollinated; but later results tend to prove that they are 

not in so many instances as was supposed at first. 

It was thought that the flowers might have been consider- 

ably injured in castration and that the exposed pistil might 

have suffered from the heat of the sun. To ascertain the facts 

as nearly as possible all but one stamen were removed from 

about fifty flowers. They were nearly as uniformly pollinated as 

those not treated. This experiment, as well as the fact brought 

out later that castrated flowers, when pollinated by hand, pro- 

duce fruit as uniformly as those left to nature, proves that 
the injury is not considerable. 

The study of the relation of insects to cross-pollination of 

tomatoes was a very interesting one. Various kinds of Coleo- 

ptera, Diptera and Hymenoptera were observed, but none 

visited the flowers more than other parts of the plants. I 

watched for Lepidoptera at various portions of the day, but 

did not find a single species at work on the tomatoes. I watched 

the humble-bees repeatedly at work. One or more were in the 

patch at almost any moment of the day, and sometimes as many 

as a dozen were working at once. They go from flower to 

flower, visiting about six in a minute. This slowness as wellas 

the rapid movements of their maxillae and limbs, show that they 

are gathering pollen. In the work they stand over the top of 

the stigma, turning themselves about upon it. As the stigma 

usually extends beyond the stamens itis the more probable that 

the bees must pollinate some of the flowers. To make sure that 

they get the pollen I examined different portions of the body 

under the microscope and found the pollen-grains on every part 

examined, so that any part of the body coming in contact 

with the stigma might effect a cross. Besides the pollen scat- 

tered over the body large masses were found on the posterior 

tarsi and tibiz. To make certain that this pollen was not in- 

jured by the bees I gathered the pollen from the posterior 
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limbs of one and placed it on castrated flowers, which produced 

fruit. 

Cucumbers were growing beside the tomatoes, and the hum- 

ble bees preferred the flowers of the latter though occasionally 

seen in the cucumber patch. In no instance did Isee a bee pass 

from one kind of plant to the other. A bee working on tomato 

flowers when disturbed went to another tomato flower, and if 

driven from the patch, did not stop for other kinds of flowers 

growing in thevicinity. Red clover was growing along one side 

of the patch and even this did not tempt a bee that had been 

working on the tomatoes. Of course the fact that the bees do 

not pass from one kind of flowers to another helps cross-pollin- 

ation very materially. 

My seventy-five castrated flowers left exposed were not pol- 

linated by bees for the reason that they do not visit castrated 

flowers. I purposely castrated part of the flowers of a vine by 

removing both stamens and corolla, another part by removing 

the stamens only and left the remaining flowers uncastrated. 

I found that the bees pay no attention to flowers castrated in 

the first way, approach those castrated in the second way, but 

seldom so much as touch them before they find the stamens 

gone and pass on. 

Tomatoes are seldom, if ever, crossed by the wind. If they 

were,I should certainly have gotten more tomatoes from castra- 

ted flowers. Mr. C. J. Pennock writes of shaking the pollen off, 

into a wooden vessel of his own make, to use for pollinating 

flowers grown in doors in winter. In flowers grown out of 

doors, the pollen escapes from the pollen-sacs as fast as they 

open; and large amounts of it must blow about as pollen cannot 

be gathered from garden-grown plants in the way described 

above in any considerable quantity. Some of this pollen in the 

atmosphere must fall on the stigmas, and I can only account 

for the fact that fertilization is not effected in this way by sup- 

posing that more pollen is required to produce fruit than 

finds its way to the stigma by being blown about in the air. 

Experiments were carried on to find the causes of one sided 

fruit. Tomatoes with this defect noticeable are not common on 

garden-grown vines except in those which develop from mon- 

strous flowers, though Prof. L. H. Bailey finds it quite common 

in winter-grown fruit. Suspecting the cause to be that the pol- 

len is not deposited on all parts of the stigma, I tried cutting 

off one side. The result is usually a one-sided tomato, but not 

always. Later I got fruit in about one case in ten where I had 
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cut off the stigma entirely just as the bud was opening. It ap- 

pears from this that the pollen will occasionally germinate on 

the cut end of the style after the stigmatic surface is removed, 

hence my failure to get one-sided fruit in some instances when 

one side of the stigma had been removed. [I also tried pollin- 

- ating on one side only and got one-sided fruit as a result. 

The Handsomest and Best tomato was experimented with as 
follows: Twenty-five flowers were castrated as fast as they 

began to open and were pollinated with pollen from as many 

different varieties of tomatoes. Fifteen mature tomatoes re- 

sulted and four more aborted after beginning to grow, proba- 

bly from insufficient pollination. The other six severed their 

connection with the vine at the joint of the pedicel. The 

number of failures was no greater than in flower clusters that 

were marked and left to natural processes of pollination. In 

the experiments each stigma was pollinated only once. Later 

I tried crossing the Tree tomato, pollinating each castrated 

flower three days in succession. The result was fifteen toma- 

toes from sixteen castrations. 

For the purpose of studying the offspring of a cross the Tree 

tomato was crossed with the Plum-shaped Yellow, the Pear- 

shaped, the Red Cherry and Yellow Cherry varieties, as these 

represent the principal differences between the Tree tomato 

and other varieties as to shape and size of vine, fruit and leaves. 

The seeds were planted the next year, and I could not see that 
the vines, leaves or fruit showed a tendency to imitate the 

plants bearing them more than that from which the pollen was 

taken for pollination. The fruit was about intermediate be- 

tween the two plants crossed. However, more observation 

than I was able to make is necessary to settle this point. 

It has been supposed that crossing produces a difference in 

the size, shape and color of the tomato resulting from the cross. 

The largest tomato produced by crossing the Handsomest and 

Best was from across with the yellow Cherry tomato, which was 

my smallest variety. The crosses with the Large Yellow, 

Yellow Cherry and Yellow Plum-shaped varieties produced 

fruit as deep red as those not crossed. A cross with the Yel- 

low Plum-shaped tomato produced a tomato which happened 

to be more flattened than the Handsomest and Best tomatoes 

usually are instead of a longer one. Close observation of a 

large number of tomatoes from crosses seems to show that the 

size of the fruit is slightly increased and that the crossed 
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fruits have a greater tendency to be irregular than those not 

crossed. 

It has already been stated that flowers confined under a 

screen pollinate themselves. In these experiments only one 

bud was allowed to open under the screen during the time of 

the experiment, and the cover was left over the plant a week — 

because the flowers were not castrated and were therefore 

more likely to be crossed. The first tomato produced in this 

way was one-half the usual size of the variety and contained 

forty eight seeds, the average number of seeds for the variety 

being more than two hundred. The results were not always 

so marked; but on the whole, the fruits produced in this way 

are below the average size and usually contain fewer than the 

average number of seeds. The results as to the vines and 

fruits from such seeds could not be obtained the first year. 

I tried the effects of using large and small amounts of pollen 

with the following results. My tomatoes produced from large 

amounts were large and regular, produced a large number of 

seeds and did not fail to come to maturity in a single instance; 

while those from small amounts were smaller in size, had 

fewer seeds, were not so regular in shape and several stopped 

growing at about the size of a pea. 

I tried pollinating the castrated flowers of the Red Cherry 

. tomato with the pollen of Physalis pubescens, Datura stramo- 

nium and Solanum nigrum, making about fifty pollinations for 

each. With the last two, the ovary started to grow in two or 

three flowers, but they invariably aborted. With the first, I 

thought I was getting a fruit to develop fully. I got a fruit 

about two-thirds the usual size of the Red Cherry tomato, which 

contained only six seeds. I planted two of the seeds the next 

year and got the Red Cherry tomato, so this must have been an 

instance of accidental and insufficient pollination in castration. 

It is very probable that the instances in which the varieties 

started to grow were also cases of insufficient pollination by ac- 

cident and that the pollen of the other species mentioned above 

had no effect whatever. 

Of two flowers pollinated at about the same time, one is some 

times half grown before the other makes more than enough 

growth to make certain the fact that fertilization has taken 

place. The one that makes this rapid growth from the start 
ripens nearly as much in advance and is larger than the one 

that stops growing fora time. Other ovaries become aborted 

at about one-fourth the size of a pea, but hang on the vines for 
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a month or two. It is certain that these have been pollinated 

because flowers castrated and not pollinated always drop off in 
a week or ten days from the time of castration. I think there 

are two causes for this difference in development, i.e. insufficient 
pollination and lack of sufficient nourishment. The first, I 
think, is proven by the fact that in trying the effect of different 

amounts of pollen it was those flowers which received small 

amounts that aborted. As to the second, it is usually the 

flowers farthest from the base of the cluster that stop growing 

for a time or abort. The fruits nearer the base begin to grow 

first and take most of the nourishment till fully grown. 

The process of castration was used so frequently in the ex- 

periments that a description of it will be inorder. The best 
time to castrate is just when the flowers are beginning to ex- 

pand. When the flower is fully expanded there is danger of 
accidental pollination in castration, or that it has been already 

pollinated. Also the tissues are much softer just as the corolla 

begins to expand so that the stamens are easier to remove at 
this time. One way to castrate is to pull off the corolla as the 

stamens come with it. Another is to pull off the stamens one 

at a time with small forceps. By the first method the stamens 

are pulled past the stigma, and in some small tomato flowers 
there may be remote possibility of accidental pollination even 

at this time. By the second method the stamens are pulled 

directly away from the stigma, and the danger of accidental 

pollination is thus largely avoided. 

The frames on which the screens were spread in these ex- 

periments were three and one-half feet square on the ground, 

and four feet high. This was large enough so that the vines 

did not touch them during the early part of the season when 

the experiments were performed. I made my first screen of 

mosquito bar, but threw it aside for others made of cheese- 

cloth, on account of the smaller meshes. I do not know that 

the change was necessary, and could not see that the plants 

were influenced in the least even by the latter kind of screen. 
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XXXIX. A RE-ARRANGEMENT OF THE NORTH 

AMERICAN HYPHOMYCETES. 

ROSCOE POUND and FREDERIC EK. CLEMENTS. 

In working over the Hyphomycetes of Nebraska for the forth- 

coming part 8 of the Flora of Nebraska, we were at once con- 

fronted with the question how to arrange the group. In deal- 

ing with the species reported from Nebraska we have been 

compelled to go over all the genera and a large number of the 

species reported from North America, and in so doing have 

become aware of many grounds for dissatisfaction with the 

prevailing arrangement. 

We might indeed have been content to follow the arrange- 

ment of the Sylloge Fungorum, which has come into general 

use. This system is admirably adapted to finding forms and 

locating them in their proper place in the system. As a prac- 

tical key, its utility is not to be questioned. But such an 

arrangement does not commend itself, even in a group like the 

Hyphomycetes. Moreover, in practice, the Saccardian system is 

often somewhat unsatisfactory, so that it seemed to us at least 

worth the while to make a further attempt to bring order from 

the chaos prevailing in the group. When species have to be 
‘‘sought patiently under many genera,’’* it would seem that 

further labors to define the genera are not misspent. In no 

group, indeed, are the genera more in need of thorough revis- 

ion. Being composed solely of form-genera—conidial and 

chlamydosporous forms of Ascomycetes, with a few stray mem- 

bers of autonomous groups such as Gymnoascaceae, Exobasidia- 

ceae, etc.,—the Hyphomycetes are properly enough left to drift 

for themselves, and receive attention chiefly from collectors. 

The diverse forms which the same fungus often assumes either 

successively or at the same time, add greatly to the difficulty 

of defining genera or even species. Fungi closely related in 

their mature fructification differ widely in their conidial 

*Syl. Fung. 4:1. 
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forms, and even the conidial forms of the same genus 

differ so greatly as to be placed in the most diverse 

groups when found only by themselves. It is practically 
impossible to arrange the form-genera of the Hyphomycetes 

according to the mature forms. A considerable number are 

now known in all stages. Jor many species the perfect forms 
may be guessed at with more or less certainty. For more, they 

cannot be stated at all. In the case of a large part of the re- 
ported species the perfect forms are wholly unknown, if there 

are any. Such an arrangement being out of the question, the 

only plan would seem to be to arrange the forms according to 

their apparent structural relationship, as we would do in an 

autonomous group. This we have attempted to do. When we 

speak of relationship we must be understood as referring solely 

to structural similarity. Im the case of autonomous forms this 

would be taken as an index to genetic relationship. In sucha 
group as the Hyphomycetes it can only be used as a basis of 

arrangement in dealing with forms with which collectors must 

constantly have to do. 

It may be asked whether in such a group as the Imperfect 

Fungi, an artificial arrangement after the manner of a key, 

such as that adopted by Saccardo, is not the best. In a certain 

sense there can be no natural arrangement of such a group. 

But on the other hand a large portion of the Hyphomycetes have 

a certain autonomy. They are constant, and they develop and 

reproduce themselves indefinitely without attaining any differ- 
ent form. Besides, the Saccardian arrangement is by no means 

as easy of application as it may appear. Phragmosporous 

genera with species having continuous conidia are not uncom- 
mon, the line between Didymosporeae and Phragmosporeae is 

always shadowy, and Dictyosporeae are very apt not to have 

uniformly muriform spores. Experience with this arrange- 

ment soon convinces one that unless he knows a genus, the 

neatly planned system will often do little towards enabling him 

to identify it. 

For such reasons we have determined to attempt a re-arrange- 

ment of the genera based on structural similarity and relation- 

ship, endeavoring to treat the form-genera in the same manner 

in which one would deal with autonomous groups. 

In the Saccardian arrangement the Hyphomycetes are divided 

into four families, the Mucedineae in which the sporophores are 

free and always hyaline or light-colored, the Dematieae in 

which the sporophores are free and hyphae and conidia are 
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dark-colored or black, the Stilbeae in which the sporophores 
are collected into a stipe, and the Tubercularieae in which the 

sporophores are collected in a waxy or gelatinous wart-like 

head or tuft. The last two groups aye very natural ones, and 

have been retained with some internal alterations. But the 

two former are often so difficult to distinguish, even by Sac- 

cardo’s characters, and do such violence to obvious relation- 

ships, many times splitting up genera solely because of color, 

that they cannot be accepted as he has constituted them. So, 

also, his subdivision of the families according to the septation 

of the spores does too much violence to plain relationships to 

be maintainable, even if entirely reliable as a key. 

The forms included in the Mucedineae and Dematieae of Sac- 

cardo fall readily into a number of what may be called tribes, 

based upon the sporophores. These fall into two higher groups, 

in one of which the sporophore is well developed and usually 

much-branched, while in the other it is less developed, and 

either scarcely to be distinguished from the conidia or at most 

simple and rigid. If objection be made to this arrangement as 

making it more difficult for one unfamiliar with the genera to 

place them readily, it may be answered that the latter function 

belongs not to a systematic arrangement, but to an artificial 

key or synopsis. The best current dispositions of the larger 

groups,—such as the Black-fungi, e. g.,—are open to the same 

objection. For the former of the two groups last mentioned 

we have retained the name Mucedinaceae. For the latter we 

should have been glad to use the name Dematiaceae. But, as 

Dematium cannot be included in the group, we could not well 

do so. 

The nomenclature of families and other groups above genera 

is not settled. In the absence of rule or authoritative usage to 

determine such matters, we have employed the first name used 

to designate a group corresponding to the one in question in 

some degree, altering the termination to conform to prevailing 

usage. In the nomenclature of genera and species we have 

followed the Rochester Rules. 
Where forms commonly included in the Hyphomycetes have 

been shown to belong to autonomous groups, we have omitted 

them, so that the reader will miss Wicrostroma, Myxotrichum, 

Ceratium, and many other familiar genera. In the same way 

we have omitted Aspergillus and Penicillium. They have a 

proper place elsewhere, and we see no reason why those forms 

ia which ascus-fructification is yet unknown should not be 
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placed as a sort of appendix after the perfectly known species 

in the same manner in which Aecidium follows Puccinia. 

The following scheme will show the groups we propose and 

their relationship: 

SPORODESMIACEAE. 

TORULEAE. 

CHALAREAE. 

RAMULARIBAE. 

HELMINTHOSPORIBAE. 

DIPLOSPORIBAE. HELICOSPORIBAE. 

SPORODESMIEAE. 

MYXOTRICHELLEAE,. 

MUCEDINACEAE. 

TRICHOTHECIEAE. 

ARTHROBOTRYTEAE, 

TRICHODERMEAE. 

BOTRYTEAE. VERTICILLIEAE. 

PERICONIEAE. POLYACTIDEAE. DEMATIEAE. 

STACHYBOTRYTEAE. 

CEPHALOSPORIEAE. 

STILBACEAE. 
STILBEAE. 

COREMIEAE. ISARIBAE. 

TUBERCULARIACEAE. 

TUBERCULARIEAE. 

VOLUTELLEAE. FUSARIEAE. CYLINDROCOLLEAE. 

Order HY PHOMYCETEAE. 

Family SPORODESMIACEAE (Fr.) 

Sporodesmiacet Fr. Syst. Myc. 3:489. 1829. 

Sporophores free, short and scarcely distinct from the con- 
idia, or if distinct, simple or subsimple, and rigid. 

Tribe Toruleae (FR.} 
Toruleti FR. Summ. Veg. Scand. 2:504. 1849, 

Mycelium wanting or but slightly developed, sporophore 

either entirely wanting or breaking un into chains of conidia, 

conidia catenulate, not enclosed in a sheath. 

Torula and Alysidium are quite closely related, perhaps the 
most substantial difference being in the color. But from this 

point the group falls readily into two series, the one composed 

of rigid, coarse, dark-colored forms, the other of more delicate, 
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light-colored ones. This is one of the few groups in which the 

distinction between the light-colored and the dark-colored 

forms may be maintained without necessitating the separation 

of nearly related forms. 

1. TORULA Pers. Syn. Fung, 693. 1801 (as a sub-genus). 
Including Hormiscium KUNZE, Sacc. Syl. Fung. 4: 268. 

1886. 

Vegetative hyphae decumbent or none; sporophore very 

short and scarcely distinct from the chains of conidia; conidia 

uniform black or brown, continuous, oblong, fusoid, globose, 

or cuboid. 

All gradations are met with between species with oblong and 

fusoid and those with cuboid conidia. Hence it does not seem 

possible to maintain Hormisciwm which is only distinguished 

by its cuboid conidia. 

About 30 species are described or reported from the United 

States. 

2. SPEIRA Corba. Ic. Fung. 1:9. 1837. 

Botryosporium Scuw. Syu. Am. Bor. 306. 1834, not CorDA 1831. 

Symphragmidium Strauss, Sturm D.C. Fl. III. 4:41. 1853. 

Vegetative hyphae creeping, sparingly branched, subhya- 

line, or in some species apparently wanting; sporophores very 

- short, making the conidia appear subsessile or short-stipitate; 
conidia fuliginous, catenulate, in two or more series from each 

sporophore, the chains at first cohering and producing the ap- 

pearance of a single muriform-septate spore, but separating at 

maturity. 

3) species are reported from the United States. 

3. DICTYOSPORIUM Corpa. Ic. Fung. 2:87. 1838. 

Hyphae none, conidia ovate or subcordate, composed of ag- 

glutinated parallel series of septate filaments. 78 
Differs from Speira in that the chains of cells do not separate 

at maturity and in being without a sporophore. 

3 species are reported from the United States. 

4. BISPORA Corba. Ic. Fung. 1:9. 1887. 

Sporophores very short; conidia oblong, one-septate, fusc- 

ous, catenulate, the chains simple or branched. 

3 species are reported from the United States. 
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5. SEPTONEMA Corpa. Ic. Fung.1:9 1887. 

Vegetative hyphae creeping, often obsolete; sporophores 
very short and scarcely distinct from the conidia or wanting; 

conidia oblong, many-septate, brown, catenulate, the chains 

simple or branched. 

As here limited contains 20 species reported from the United 

States. Stigmina liriodendri K. & EK. Proc. Acad. Phil. 1893: 

171. 1898, goes here. 

6. SIRODESMIUM DENor. Micromyc. It. Decas 5:16. 
1845. 

Vegetative hyphae creeping, few or none; sporophores short 

or very short so that the chains of conidia are subsessile; con- 

idia ovate-oblong, clathrate-septate, often echinulate, catenu- 

late, constricted more or less at the articulations, the chains 

simple or branched. 

8 species are reported from the United States. 

7. ALTERNARIA NEEs. Syst. 2:72. 1816. 

Sporophores fasciculate, more or less erect, simple or sub- 
simple, short; conidia clavate flask-shaped, muriform-septate, 

olivaceous, catenulate. The conidia are connected by narrow 

isthmus-like contractions which are quite characteristic. 

3 species are reported from the United States. They are, 
like the species of Macrosporium, conidial forms of Pleospora, 
chiefly of P. herbarum. 

Fumago PERS. Myc. Eur. 1:9. 1822, must be used instead of 

Capnodium Mont. Ann. Sci. Nat. Bot. III, 11: 2383. 1848, for a 

genus of Perisporiaceae. As almost all the species generally 

included under this name are stages of various species belong- 

ing to the other genus, and the only one reported for North 

America which is retained by Saccardo (Ff. vagans) is of that 
sort, a new name is unnecessary. 

8. ALYSIDIUM Kunze, Myk. Heft. 1:18. 1817. 

Oospora WALLR. FI]. Crypt. Germ. 2:182. 1833. SAcc. Syl. Fung. 
4:11. 1886, 

Cespitose; sporophores short, simple or sparingly branched; 

conidia concatenate, globose or broadly elliptical, hyaline or 
light-colored. . 

Acrosporium NEES. 1816 was founded on Oidium monilioides 

and applied to this group by Persoon in 1822. Alysidiwm was 
founded for A. fulvum KUNZE, Oospora fulva Sacc. & VOGL. 

Bonorden, Handb. 35. 1851, took up Alysidiwm and described 
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several species, one a Torula, but the rest included in Oospora 

by Saccardo. There would seem to be no reason why Alysidium 

should not be preferred even by those who would restrict the 
rule of priority by a year-limitation. 

The species reported from the United States to be included 
in the genus as here limited are: . 

ALYSIDIUM ALBIPES (PK.) 

Oidium albipes Pk. Rep. N. Y. Mus. 30:—(57). 1878. 

ALYSIDIUM CANDIDULUM (SACC.) 

Oospora candidula SAcc. Mich. 2:545, 1882. 

ALYSIDIUM COMPACTUM (C. & E.) 

Oidium compactum C.& E. Grey. 6:5, 1877. 

ALYSIDIUM CUBOIDEUM (SACC. & Et.) 

Oospora cuboidea Sacc. & Eu. Mich. 2:576. 1882. 

ALYSIDIUM CUCUMERIS (PK.) 

Oospora cucumeris PK. Rep. N. Y. Mus. 41:—(80). 1888 

ALYSIDIUM FASCICULATUM (GREVY.) Pound & Clements Bot. Sury. Nebr. 4:37. 1896. 

Acrosporium fasciculatum Grey. FI. Ed. 469. 1824. 

Oidium fasciculatum BERK. Smith's Engl. Fl. 5:349. 1836. 

Oospora fasciculata Sacco. & Voau. Syl. Fung. 4:11. 1886. 

ALYSIDIUM FULVUM KunzeE, Myk. Heft. 1:18. 1817. 

ALYSIDIUM HYALINULUM (SACC.) 

Torula hyalinula 8acc. Mich. 1: 538. 1879. 

Oospora hyalinula SAacc. Mich. 2: 453. 1882. 

ALYSIDIUM INSULARE (THUEM.) 

Torula insularis THUEM. Flora 61:—(6). 1878. 

ALYSIDIUM LACTIS (FRES.) 

Oidium lactis Fres. Beitraege 23. Pl. 3f.41. 1850. 

ALYSIDIUM OVALISPORUM ( BERK.) 

Torula ovalispora BERK. Smith’s Engl. Fl. 5: 359. 1836. 

ALYSIDIUM PALLIDUM (B. & RAY.) 

Torula pallida B. & RAv. Grev. 3:14. 1873. 

ALYSIDIUM PULVINATUM (B. & C.) 

Oidium pulvinatum B.& C. Grey. 3:112. 1875. 

ALYSIDIUM TULIPIFERAE (E. & M.) 

Oospora tulipiferae E.& M. Am. Nat. 16: 1004. 1882. 

9. FUSIDIUM Lx. Obs. 1:6. 1809. 

Sporophores short, simple; conidia fusiform, concatenate, 

hyaline or light-colored. 

2 species are reported from the United States. 

10. CYLINDRIUM Bon. Handb. Alg. Myk. 34. 1851. 

Mycelium scanty or none; sporophores very short, scarcely 

or not at all distinct from the conidia; conidia long-cylindrical, 

obtuse at the ends, concatenate, the chains of conidia simple or 
branched, hyaline or light-colored. 

2 species are reported from the United States. 
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11. SEPTOCYLINDRIUM Bon. Handb. Alg. Myk. 34. 1851. 

Sporophores very short and scarcely distinct from the con- 

idia, or in parasitic species distinct but short and inflated or 

denticulately sub-lobate at the apex; conidia oblong or cylin- 

drical, one to many-septate, concatenate, the chains often 

branched. 
We have followed Dr. Halsted in including in this genus the 

species of Ramularia with short simple sporophores and chains 

of conidia, usually branched. 

As here limited, contains 14 species reported from the United 

States. Of the saprophytic species the type is: 

SEPTOCYLINDRIUM SEPTATUM (BON.) PouNnD Am. Nat. 23:163, 1889. 

Cylindrium septatum Bon. Handb. Alg. Myk. 35. 1851. 

Septocylindrium bonordenii SAcc. Mich. 2:15. 1880. 

The parasitic species, including those brought over from 

Ramularia, are: 

SEPTOCYLINDRIUM AREOLA (ATKINSON). 

Ramularia areola ATKINSON. Bot. Gaz. 15: 168. 1890. 

SEPTOCYLINDRIUM CANADENSE (E. & E.) 

Ramularia canadensis E.& E. Proc. Acad. Phil. 1891:84. 1891. 

SEPTOCYLINDRLIUM CONCOMITANS (Ett. & HOLW.) HALSTED, Seymour & Earle Ec. 

Fung. No. 299. 1893. 

Ramularia concomitans Euu. & Hotw. Journ. Myc. 4:2, 1888. 

SEPTOCYLINDRIUM EUONYMI (BH. & K.) 

Ramularia euonymi E.& K. Journ. Myce. 1:2. 1885. 

SEPTOCYLINDRIUM RANUNCULI PK. Rep. N. Y. Mus. 34:--(46). 1883. 

SEPTOCYLINDRIUM REPENS (BE. & E.) 

Ramularia repens E.& E. Proc. Acad. Phil. 1891: 85. 1891, 

SEPTOCYLINDRIUM RUFO-MACULANS (PK.) 

Ramularia rufo-maculans PK. Rep. N.Y. Mus. 34:—(46). 1883. 

SEPTOCYLINDRIUM SCIRPINUM PK. Rep. N.Y. Mus, 45:—(93). 1893. 

SEPTOCYLINDRIUM SPIRAEAE (PK.) 

Ramularia spiraeae PK. Rep. N. Y. Mus. 34:—(46). 1883. 

Ellis and Everhart (Journ. Myc. 1:79) include this under 

Ramularia ulmariae CKE., but in the absence of further 

data we retain the name spiraeae. R. ulmariae seems a true 

Ramularia 

SEPTOCYLINDRIUM STOLONIFERUM (E. & E.) 

Ramularia stolonifera E. & E. Proc. Acad. Phil. 1891: 85, 1891. 

SEPTOCYLINDRIUM SUBRUFUM (ELL. & HOLW.) 

Ramularia subrufa Exu. & How. Journ. Myc. 4:2, 1888, 

12. POLYSCYTALUM Rigss, Bot. Zeit. 11:138. 18583. 

Sporophore rigid, simple or slightly branched, hyaline or 

fuliginous; conidia cylindrical, truncate at both ends, conca- 

tenate, resembling joints of the sporophores. 
2 species are reported from the United States. 
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13. HELICOCEPHALUM Tuaxt. Bot. Gaz: 16:201. 1891. 

Vegetative hyphae small, creeping over the substratum; 

sporophores erect, simple, continuous, spirally coiled at the 

apex, the spiral portions becoming septate and constricted at 

intervals, forming at maturity a chain of large, dark-colored, 

thick-walled spores. 

Contains but one species. 

14. MONILIA Pers. Tent. Disp. Meth. Fung 40. 1797. 

Sporophores erect, septate, irregularly branched, here and 

there minutely denticulate, each projection giving rise to a 

chain of conidia; conidia globose, elliptical, or lemon-shaped. 
The sporophores are long and well developed, and in some 

species at first appear to attain such size as to distinguish them 
from the rest of the Toruleae. But the hyphae break up into 
long chains of conidia at maturity, and in many other species 
the sporophore is not to be distinguished from a much branched 

chain of conidia. Between these types all gradations are to be 

found, even in the same species. 

Like Alysidium, a somewhat heterogeneous group. The para- 
sitic forms belong to Sclerotinia. 

15 species are reported from the United States. 

Oospora similis Sacc. is the same as Monilia aureo-fulva C.& E., 

which must become: 
MONILIA SIMILIS ( BERK.) 

Oidium simile BERK. Lond. Journ. Bot. 4:310. Pl. 12 f.4. 1845. 

Monilia aureo-fulva C.& E. Grev. 8:12. 1886. 

Oidium LK., as now limited, contains nothing but conidial 

stages of Erysipheae. Most of the species are now well enough 

known in all stages, and it does not seem necessary to burden 

this group with them longer. 

Tribe Chalareae Sacc. Syl. Fung. 4:33. 1886. 

Including Sporoschismeae Sacc. Syl. Fung. 4:486. 1886. 

Sporophore erect, simple, scarcely distinct from the conidia, 

hyaline or fuscous, surrounded by a sheath; conidia caten- 

ulate, continuous or septate, hyaline or fuscous. 

15. CHALARA Corba. Ic. Fung. 2:9. 1838. 

Sporophore simple, erect, hyaline; sheath more or less swol- 

len, fuscous; conidia continuous, cylindrical, truncate, hyaline. 

5 species are reported from the United States. 
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16. SPOROSCHISMA B. & Br. Gard. Chron. 1847:540. 1847. 

Sporophore simple, erect, fuscous; sheath cylindrical, fusc- 
ous; conidia many-septate, oblong-cylindrical, fuscous. 

Contains one species. 

17. SPORENDONEMA Desm. Ann. Sci. Nat. Bot. I. 11: 246. 
1827. 

Vegetative hyphae creeping; sporophores erect; conidia 

formed within the sporophores and pushing out in chains, 

hyaline, becoming fuscous, globose or ellipsoid, continous. 

Sporendonema casei DESM. is an Alysidium. The genus as 

now limited, was defined by Oudemans, Ver. Acad. Amsterd. 

1885: 115. 
1 species is described from the United States. 

Tribe Ramularieae Sacc. Syl. Fung. 4:196. 1886. 

Parasites; sporophores distinct from the conidia, attaining 

some length, simple or sub-simple; conidia solitary, or in Ram- 

ularia sometimes sub-catenulate, acrogenous or acro-pleuroge- 

nous on flexuose or nodulose sporophores. 

18. OVULARIA Sacc. Mich. 2:17. 1880. 

Sporophores erect, hyaline, sometimes slightly branched, 
nodulose or subdenticulate towards the apex, or entire; conidia 

globose or ovoid, continuous, hyaline, acro-pleurogenous or in 

some species acrogenous, sometimes sub-catenulate. 

Massee has removed to this genus all of the species of Ramu- 
laria with continuous spores, as a consistent following of Sac- 

cardo’s arrangement requires. We have preferred to limit it 

to those species with ovoid spores, though inclined to think it 

still better to unite Ovularia and Didymaria with Ramularia. 

As here limited, contains 9 species reported from the United 
States. The most common is: 

OVULARIA MONOSPORIA (WEST.) 

Oidium monosporium WEST. Bull. Soc. Roy. Bot. Belg. 2:252, 1863. 

Peronospora obliqua COOKE. Micr. Fung. 160. 1865. 

Ramularia obovata Fkut. Symb. Myce. 103. 1869. 

Ovularia obovata Sacc. Fung. Ital. 972. 1881. 

Ovularia obliqua Oup. Hedw. 22:85. 1883. 

19. HADOTRICHUM FEL. Symb. Myc. 221. 1869. 
Sporophores short, simple, rather thick and stout or in some 

species sub-nodulose or flexuose, fuscous, fasciculate at the 

base; conidia black or fuscous, continuous, globose, elliptical, 

or ovoid, solitary acrogenous. 

4 species are reported from the United States. Some of the 

species are conidial forms of Scirrhia. 
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20. DIDYMARIA Corpa. Ic. Fung. 6:8. 1854. 
Sporophores simple or sub-simple, fasciculate, hyaline; con- 

idia acrogenous or acro-pleurogenous on nodulose sporophores, 

hyaline, elliptical-ovate or broad-oblong, one-septate. 

4 species reported from the United States. The type is: 
DIDYMARIA DIDYMA (UNGER) PouND. Am. Nat. 23:163. 1889. 

Ramularia didyma UNGER Exanth. 169. 1833. 

Didymaria ungeri CORDA Anleit. Pl. B.f.9,1. 1842. 

Bostrichonema CES., with simple, erect, spirally flexuous spo- 

rophores, belongs here. No species are reported for this 

country. 

21. RAMULARIA UNGER. Exanth. 169. 1838. 

Sporophores fasciculate, simple or with short, scattered 

branchlets, often flexuous, nodulose, or denticulate towards the 

apex, hyaline or light colored; conidia acrogenous or acro-pleu- 

rogenous on the denticulations, hyaline, sometimes sub caten- 

ulate, oblong-cylindrical, typically many-septate, sometimes 

one-septate or continuous. 

Ovularia and Didymaria are separated from this genus by the 

shape of the spores. All three, as well as Cercospora are made 
up of conidial forms of Sphaerella. 

About 60 species are reported for the United States. 

22. CERCOSPORA Frees. Beitraege 90. 1863. 

Virgasporium CKE. Grev. 3:182. 1875. 
Cercosporella Sacc. Mich. 2:20. 1880. 

Sporophores fasciculate, simple, or sometimes sparingly 

branched, typically fuliginous, but in the sub-genus Cercospo- 

rella hyaline, flexuous and nodulose or denticulate towards the 

apex; conidia acrogenous or pleurogenous from tooth-like pro- 

jections below the apex of the sporophore, pale fuliginous or 

hyaline, vermiform or elongated cylindrical, usually attenuate 

above, many-septate. 

Cercospora is closely allied to Ramularia, but is well disting- 

uished by the shape of theconidia. The conidia are also much 

longer than in Ramularia. Some species might well be placed 
in either genus. Including Cercosporella, about 400 species are 

reported from this country, and more are being described con- 

tinually. Among the species which we think should be trans- 

ferred from Ramularia to Cercospora is R. virgaureae THUEM. 

Journ. Myc. 1:80. 1885. This would become Cercospora virg- 

aureae (THUEM.) E. & E. Journ. Myc. 5:69. 1889. 
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23. SCOLECOTRICHUM Kunze & Scum. Myk. Heft. 1:10. 

1817. 

Sporophores short, simple, subfasciculate, olivaceous or fuli- 

ginous, nodulose; conidia oblong or ovate, pleurogenous and 

acrogenous, olivaceous or green, one-septate. 

Resembles Ramularia in the sporophores and shape of the 

conidia, but is well distinguished by the color. Differs from 

Passalora in the pleurogenous conidia. 

3 species are reported from the United States. 

24. PASSALORA Fries. Summ. Veg. Scand. 500. 1849. 

Fusicladium Bon. Handb. Alg. Myk. 80. 1851. 

Sporophores simple, subfasciculate, variable in length; co- 
nidia acrogenous, oblong, ovoid, subfusoid or subclavate, oli- 

vaceous or fuliginous, one-septate. 
While in typical forms Passalora and Fusicladium may be dis- 

tinguished by the long, filiform, septate sporophores of the 

former, and the short, straight, continuous sporophores of the 

latter, a large number of forms, ascribed to Fusicladiwm, with 

long, septate sporophores render it difficult and useless to main- 

tain the distinction. 

About 12 species are reported from the United States, includ- 
ing Fusicladium. 

Polythrincium Kze. & ScHM. Myk. Heft. 1:13. 1817, has 

only one species, the conidial stage of Phyllachora trifolii. The 

sporophores are black, fasciculate, short and thick, and regu- 

larly flexuose or torulose, and the conidia are acrogenous and 

one-septate. 

295. NAPICLADIUM Tuurem. Hedw. 14:3. 1875. 

Sporophores fasciculate, short but not rigid, olivaceous or 

brown; conidia acrogenous, rather large, oblong, many-septate, 

dark colored or hyaline. 

Differs from Passalora in having many-septate conidia. 2 

species are reported from the United States. 

26. PIRICULARIA Sacc. Mich. 2:20. 1880. 

Sporophores erect, simple or sub-simple, rather long, gray- 

ish or hyaline; conidia acrogenous, obclavate pyriform, 2— 

many-septate. 

Our common species and the one other described from this 

country seem to be connected with Phyllachora graminis. 

Tribe Helminthosporieae (CorDA). 

Helminthosporiaceti CORDA. Anleit. 1839. 
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Vegetative hyphae creeping or obsolete; sporophores erect 

or ascending, elongated, typically much longer than the coni- 

dia; simple or branched, scarcely acervulate, hyaline or fuscous; 

conidia single, rarely catenulate, solitary, hyaline or fuscous, 

acrogenous or pleurogenous. 

Most of the genera contain both saprogenous and phyllogen- 

ous species. The genera are very hard to limit satisfactorily, 

though well marked in typical forms, and many species need 

to be transferred. The group is one of the most difficult among 

the Imperfect Fungi. 

27. CLADOSPORIUM LK. Obs. 2:37. 1813. 

Sporophores erect or ascending, branched, elongated, fus- 

cous; conidia single, sometimes catenulate, acrogenous or acro- 

pleurogenous, oblong or ovoid to giobose, fuscous, typically 

one-septate, rarely 2—3-septate. 

Many of the species need further examination. About 50 

are reported for the United States. 

28. HETEROSPORIUM Ktotscu. Herb. Myc. 1: No. 27 
18382. 

Sporophores erect or ascending, sub-acervulate, simple or 

ramulose, short, fuscous; conidia single, very rarely catenu- 

late, acrogenous or acro-pleurogenous, oblong, echinulate or 

verrucose, many-septate. 

Well distinguished by the echinulate or verrucose conidia. 

18 species are reported from the United States. Brachyspo- 

rium sarraceniae MacMillan Bull. Torr. Bot. Club 18:214.1891, 

having echinulate conidia, must be placed here. 

29. HELMINTHOSPORIUM Lk. Obs. 1:10. 1809. 
Including Brachysporium Sacc. Mich. 2:28. 1880. 

Vegetative hyphae obsolete; sporophores erect or ascending, 

often branched, elongated, septate, fuscous; conidia single, 

acrogenous or acro-pleurogenous, smooth, cylindrical to ovoid, 

many-septate. 

As here limited, contains 70 species reported from this coun- 

try. The following changes are required by our limitation of 

the genus: 
HELMINTHOSPORIUM CANADENSE (E. & E.) 

Brachysporium canadense E.& E. Journ. Myc. 7: 134. 1892. 

HELMINTHOSPORIUM PEDUNCULATUM (PECK). 

Clasterosporium pedunculatum PECK. Rep. N. Y. Mus. 23:—(93). 1873. 

Helminthosporium attenuatum C. & P. Rep. N. Y. Mus, 29:—(50). 1878. 

Brachysporium gracile Sacc. Syl. Fung. 4:4380. 1886, is the 

same as Heterosporium gracile Sacc. Syl. Fung. 4:480. 1886. 
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30. STEMPHLYIUM Water. Flor. Crypt. Germ. 2:300. 

1833. 

Vegetative hyphae intricate, creeping; sporophores ascend- 

ing, irregularly branched, elongated, hyaline or fuscous; con- 

idia single, acrogenous, typically smooth, fuscous, globose to 

ovoid, muriform-septate. 

6 species are reported from North America. 

31. MACROSPORIUM Fr. Syst. Myc. 3:373. 1882. 

Including Mystrosporium CorpA. Ic. Fung. 1:12. 1837. 

Vegetative hyphae obsolete; sporophores erect or ascending, 

simple or sub-ramose, elongate, fuscous; conidia single, acro- 

genous, sometimes acro- pleurogenous, fuscous, oblong to 

clavate, muriform-septate. : 

Including Mystrosporium, about 80 species are reported from 

this country. The larger part of them belongs to Pleospora her- 

barum. 

The following changes are necessitated by our limitation of 

the genus: 

MACROSPORIUM ATERRIMUM (B. & C.) 
Mystrosporium aterrimum B. & C. Cooke Black Moulds Pl. 26f.18. 1877. 

MACROSPORIUM CURTISII ( BERK.) 

Mystrosporium curtisii BERK. Grev. 3:105. 1875. 

Mystrosporium spraguei COOKE. Black Moulds. Pl. 26f 17. 1877. 

MACROSPORIUM ERECTUM (E. & E.) 

Mystrosporium erectum E.& E. Journ. Myc. 4:52. 1888. 

MACROSPORIUM MELANOSPORUM (B. & C,) 
Helminthosporium melanosporum B. & C, Grey. 3:104. 1875, 

Mystrosporium melanosporum Sacc. Syl. Fung. 4:540. 1886. 

MACROSPORIUM ORBICULARE (C. & E.) 

Mystrosporium orbiculare C. & E. Grev. 7:40. 1878. 

MACROSPORIUM TURBINATUM (CKE. & HARKN.) 

Mystrosporium turbinatum CKE. & HARKN, Grev. 12:95. 1884. 

32. TRICHAEGUM Corba. Ic. Fung. 1:15. 1837. 

Vegetative hyphae obsolescent; sporophores erect, subsim- 

ple, septate, acervulate, fuscous; conidia pleurogenous near 

the base of the sporophore, conglobate, muriform-septate, of 

ten asperate, globose to elliptical, fuscous. 
4 species reported from the United States. 

33. TRIPOSPORIUM Corba. Ic. Fung. 1:16. 1837. 

Vegetative hyphae little developed; sporophore erect, simple 

or subramose, septate, fuscous; conidia acrogenous, staurospo- 

rous, fuscous. 

2 species reported from the United States. 
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34. CAMPOSPURIUM Harxn. Bull. Cal. Acad. Sci. 1:—(17). 
1884. 

Vegetative hyphae obsolete; sporophores simple, erect, fusc- 

ous; conidia acrogenous, solitary or in twos, pedicillate, 1—8- 

ciliate at the apex, many-septate, cylindrical, fuscous. 

One species described. 

Blodgettia WRiGHT. Trans. Ir. Acad. 28:25. 1881, is so evi- 

dently a Phycomycete, that it seems improper to include it. 

Tribe Helicosporieae (SAcc.) 

Mucedineae Helicosporeae and Dematieae Helicosporeae SACC. 

Syl. Fung. 4:233 and 557. 1886. 

Vegetative hyphae present or obsolete; sporophore erect or 

ascending, more rarely procumbent, typically micronemeous, 

simple or branched, hyaline or fuscous; conidia elongate, more 

or less filiform, uncinately curled or spirally coiled, many- 

septate or at least guttulate, hyaline or fuscous. 

The AHelicosporieae of North America have recently been 

monographed by Morgan, whose arrangement is followed. The 

separation of the hyaline from the dark-colored forms, required 

by the Saccardian arrangement which puts them in different 

families, makes some change in generic limitation necessary in 

a grouping in which that arbitrary distinction is not made 

use of. 

35. HELICOMYCES Lx. Obs. Myce. 1:19. 1809. 
Helicosporium NEES. Syst. 68. 1816. 
Helicopsis KARST. Rev. Myc. 11:96. 1889. 

Vegetative hyphae present or obsolescent; sporophores short 

or elongate, more or less branched, hyaline or fuscous; conidia 

elongate-filiform or linear, loosely uncinate-convolute, hygro- 

scopic, hyaline or fuscous. 

Contains 18 species reported from the United States. The 
following species reported from this country, not transferred 

to this genus by Morgan, should be included: 

A ELICOMYCES BRUNNEOLUS (B. & C.) 

Helicosporium brunneolum B.& C. Grev. 3:51. 1874. 

HELICOMYCES CURTISII ( BERK,) 

Aelicoma curtisii BERK. Grev. 3:106. 1875. 

Helicosporium curtisiiSacc. Syl. Fung. 4:560. 1886. 

HELICOMYCES DIPLOSPORUS (E. & E.) 

Helicosporium diplosporum E. & E. Proc. Acad. Phil. 1891:93. 1891. 

HELICOMYCES FASCICULATUS (B. & C.) 

Helicoma fasciculatum B. & C. Proc. Am. Acad. Arts & Sei 4:118, 1858. 

Helicosporium fasciculatum Sacc Syl. Fung. 4:560. 1886. 

HELICOMYCES LEPTOSPORUS (SACC.) 

Helicosporium leptosporum Sacc. Syl. Fung. 4:559. 1886. 

Helicosporium griseum B. & C. Grev. 3:51. 1874, not BON. 1851. 
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HELICOMYCES MICROSCOPICUS ( ELL.) 
Helicosporium microscopicum Euu. Bull. Torr. Bot, Club. 9:98. 1882. 

HELICOMYCES MUELUERI (CORDA). 

Helicoma muelleri CorDA. Ic, Fung. 1:15. Pl. 4. f. 219. 1837. 

Helicosporium muelleri SAcc. Mich. 2:129. 1880. 

HELICOMYCES VEGETUS (NEES,) 

Helicosporium vegetum NEES. Syst. 68. f.69. 1816. 

36. HELICOMA Corba. Ic. Fung. 1:15. 1887. 

Vegetative hyphae creeping; sporophores short, ascending, 
subsimple, hyaline or fuscous; conidia thick, rigid, elongate- 

oblong or linear, closely and firmly uncinate convolute, hyaline 

or fuscous, not hygroscopic. 

9 species are reported from this country. 

37. HELICOON Mora. N. Am. Helicosporae, 49. 1894. 

Vegetative hyphae present or obsolete; sporophore short and 

erect or obsolescent, septate, hyaline or fuscous; conidia elon- 

gate-filamentous, coiled into a conic-elliptical body, hyaline or 
fuscous. 

4 species reported. 

Tribe Diplosporieae. 

Sporophores erect, rigid, more or less inflated at the joints, 

branched; conidia acrogenous on the ends of the branchlets, 

catenulate. 

38. DIPLOSPORIUM Lk. Sp. Pl. 1:64. 1824. 

Cladotrichum CorDA. Sturm Deutschl. Fl. 11. 3:39. 1837. 

Vegetative hyphae creeping; sporophores erect, black, some- 

what rigid, more or less inflated at the joints, branched; con- 

idia acrogenous, short catenulate, or apparently single, one- 

septate, fuscous. 

3 species are reported from the United States. 

Tribe Sporodesmieae (FR.) 

Sporodesmiei Fr. Summ. Veg. Scand. 2:505. 1849. 

Vegetative hyphae obsolescent or obsolete; sporophores 

erect, micronemeous, typically simple, much shorter than the 

conidia or at most scarcely equalling them, often unicellular, 

sometimes even entirely obsolete, usually forming more or less 
distinct capitula, hyaline or fuscous; conidia single, i. e., never 

catenulate, solitary, acrogenous, rarely acro-pleurogenous, 

hyaline or fuscous, continuous or septate. 
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39. CONIOSPORIUM LK. Obs. Myc. 1:8. 1809. 
Chromosporium CorDA, Sturm. Deutschl. Crypt. Fl. m1. 9:119. 

1829. 
Gymnosporium CoRDA, Sturm. Deutschl. Crypt. Fl. mr. 13:69. 

1833. 

Papulina FR. Summ. Veg. Scand. 2:509. 1849. 

Sporophore obsolescent or altogether wanting; conidia sim- 

ple, hyaline or fuscous, inappendiculate, globose to oblong. 

Chromosporiym, differing only in color, has been included. 21 

species contained in the genus thus limited are reported from 

the United States. The following are transferred from Chro- 

mosporium : 

CONIOSPORIUM FULYUM (B. & C.) 

Gymnosporium fuluum B. & C. Journ. Linn. Soc. 10: 355. 1869. 

Chromosporium fuluum Sacc. Syl. Fung. 4:6. 1836. ; 

CONIOSPORIUM LATERITIOM (CKE. & HARKN.) 

Chromosporium lateritium CkE. & HARKN. Grev. 12:94. 1884. 

Chromosporium cookei Sacc. Syl. Fung. 4:7. 1886. 

CONIOSPORIUM PACTOLINUM (CKE. & HARKN.) 

Corticium pactolinum CKE. & HARKN. Grey. 9:81. 1881. 

Chromosporium pactolinum CkEe. Grev. 16:72. 1888. 

CONIOSPORIUM VITELLINUM (SACC. & ELL.) 

Chromosporium vitellinum Sacc. & Ett. Mise. Myc. 2:18. 1884. 

40. DICOCCUM Corpa. Sturm. Deutschl. Crypt. Fl. 11. 9: 

117, SAB29; 

Vegetative hyphae obsolete; sporophores short, obsolescent; 

conidia one-septate, hyaline or fuscous, inappendiculate, ob- 

long to clavate. 

3 species are described from the United States. 

41. CERATOPHORUM Sacc. Mich. 2:22. 1880. 

Vegetative hyphae creeping, obsolescent; sporophores short, 

erect; conidia 2—several-septate, fuscous, appendiculate, fus- 

oid to cylindrical. 

42. TETRAPLOA B. & Br. Ann. Mag. N. H. No. 547. 

Sporophores obsolete; conidia muriform-septate, fuliginous, 

pluri-corniculate at the apex, ovate-oblong. 

2 species are reported from this country. 

43, CLASTEROSPORIUM Scuw. Syn. Fung. Am. Bor. 300. 

1834. 

Vegetative hyphae creeping, ramose, fuscous; sporophore 

obsolete; conidia erect or ascending, solitary, short- pedicelled, 

many-septate, inappendiculate, fusc6us, fusoid to cylindrical: 

saprogenous. 
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Contains 14 species reported from the United States, as here 
limited. 

Clasterosporium olivaceum E. & E. Proc. Acad. Phil. 1893: 

463. 1893, not C. olivaceum (WALLR.) Sacc. Syl. Fung. 4:390. 

1886, must be altered. We suggest the name Clasterosporium 
elaeodes. 

44. CERATOSPORIUM Scuow. Syn. Fung. Am. Bor. 300. 
1834. 

Vegetative hyphae creeping or obsolescent; sporophores ob- 

solete; conidia many-septate, hyaline or fuscous, digitately fas- 

ciculate, more or less united at the base, clavate cylindrical. 

1 species is reported from the United States. 

45. SEPTOSPORIUM Corba. Sturm. Deutsch. Crypt. Flor. 
i. 12:33, 1831. 

Vegetative hyphae obsolete; sterile hyphae simple, elongate, 

fuscous, erect, intermingled with the sporophores; sporophores 

short, simple, pedicel-like, concolorous; conidia muriform-sep- 
tate, fuscous, ovate to limoniform. 

7 species are reported from this country. 

46. STIGMINA Sacc. Mich. 2:22. 1880. 

Vegetative hyphae obsolete; sporophore simple, short, 1—2 

celled, often reduced to a mere pedicel or rarely wanting; con- 

idia acervulate or discrete, erect, many-septate, inappendiculate, 
ovoid, elliptical-oblong, or fusoid; saprogenous or phyllogen- 

ous. 
As here limited, contains 10 species reported from the United 

States. Several species described under Sporodesmium and 

placed in Clasterosporium by Saccardo are to be placed here: 
STIGMINA ATRA (LK.) 

Sporodesmium atrum Lx. Obs. Myce. 1:39. 1809. 

Clasterosporium atrum SAcc. Syl. Fung. 4:386. 1886. 

STIGMINA CAESPITULOSA (E. & E.) 

Clasterosporium caespitulosum E.& E. Journ. Myc. 5:70. i889. 

STIGMINA CAPSULARUM (THUEM.) 

Sporidesmium capsularum THuEM. Flora 61:177. 1878. 

Clasterosporium capsularum Sacc. Syl. Fung. 4: 388. 1886. 

STIGMINA CLAVULATA (CKE. & HARKN.) 

Bactrodesmium clavulatum CKE. & HARKN. Grev. 12:95. 1884. 

Clasterosporium clavulatum Sacc. Syl. Fung. 4:390. 1886, 

STIGMINA LARVATA (C. & E.) 

Sporidesmium larvatum C.& E. Grev. 6:86. Pl. 99. f. 12. 1878. 

Clasterosporium larvatum Sacc, Syl. Fung. 4:385. 1886. 

STIGMINA MACLURAE (THUEM.) 

Sporidesmium maclurae THUEM. Mycotheca Universalis No. 2074. 1881. 

Clasterosporium maclurae PounpD. Rep. Nebr. St. Board Agr. 1889: 223, 1890. 



662 MINNESOTA BOTANICAL STUDIES. 

STIGMINA OBCLAVATA (CKE.) 

Sporidesmium obclavatum CKE. Grey. 6:137. 1878. 

Clasterosporium obclavatum Sacc. Syl. Fung. 4:386. 1886. 

STIGMINA POPULI (E. & E.) 

Clasterosporium populi E.& E. Journ, Myce. 7:134. 1892. 

STIGMINA STICTICA (B. & C.) 

Sporidesmium sticticum B.& C. Grey. 3:50. 1874. 

Clasterosporium sticticum Sacc. Syl. Fung. 4:388. 1886. 

47. SPORODESMIUM LK Obs. Myc. 1:39. 1809. 

Including Stigmella LEY. Demidoff. Voy. 111. 1842. 

Vegetative hyphae obsolete; sporophore simple, 1—2 celled, 

pedicel-like; conidia discrete or acervulate, muriform or clath- 

rate-septate inappendiculate, fuliginous or fuscous, ovate to 

oblong; saprogenous or phyllogenous. 

We have placed in Stigmina all forms which would belong 
here but for the septation of the spores. This restores the 

original limitation of Clasterosporium, but restricts Sporodesmium 

to species with muriform-septate conidia, as limited by Sac- 

cardo. 

43 species are reported from the United States. The follow- 

ing changes are required by our arrangement, or for other 

reasons. 

SPORODESMIUM BICOLOR (PX.) 
Septonema bicolor PK. Rep. N. Y.Mus. 28:—(60.) 1876. 

Sporodesmium peziza C. & E. Grey. 4:178. 1876. 

SPORODESMIUM PITHYOPHILA (CKE.) 

Stigmella pithyophila CkE. Grey. 16:71. 1888. 

SPORODESMIUM VERSISPORUM POUND & CLEMENTS. 

Sporodesmium toruloides E. & E. Proc. Roch. Acad. Sci. 1:51. 1890, not FRIEs, 

nor COOKE. 

48. CONIOTHECIUM Corba. Ic Fung. 1:2. 18387. 

Vegetative hyphae and sporophores obsolete; conidia acer- 

vulate, inappendiculate, fuscous, muriform-sarcinate, cruciate, 

‘or radiate, irregularly globose or oblong; saprogenous or phyl- 

logenous. 

4 species are reported from the United States. We make 
one change: 

CONLOTHECIUM SARCOSPORIOIDES (Ett. & ANDER.) 

Sporodesmium sarcosporioides ELL. & ANDER. Bot. Gaz, 16: 47, Pl. 10 f. 8-10. 1891. 

Myzxotrichum KZE. is one of the Gymnoasceae and should not 

be kept with the Imperfect Fungi. For those forms which are 

properly Imperfect Fungi Saccardo has proposed the name 
Myxotrichella. Myzxotrichella is somewhat anomalous, and would 

have to be placed in a tribe by itself, which might be called 

Myxotrichelleae. 
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Ellisiella SAcc. which would be placed in the family Sporodes- 

miaceae if retained, and would doubtless require a tribe by it- 

self, does not seem sufficiently distinct from Colletotrichum in 

the Melanconieae. 

Family MUCEDINACEAE (Lk.) 

Mucedines Lk. Berl. Mag. 3:10. 1809. (Obs. Myce. 1:10.) 

Sporophores entirely distinct from the conidia, well devel- 
oped, typically long and much branched. 

Tribe Trichothecieae. 

Vegetative hyphae creeping or obsolescent; sporophores 

erect, simple, hyaline or fuscous; conidia acrogenous, solitary 

or clustered, 1—several septate, hyaline, the- diameter much 

greater than that of the sporophore; saprogenous. 

1. TRICHOTHECIUM Lk. Obs. 1:16. 1809. 

Sporophores erect, simple, hyaline; conidia solitary, 1-sep- 

tate, hyaline or bright-colored, ovate to ellipsoid. 

4 species are reported from the United States. 

2 DACTYLELLA Grove. Journ. Bot. 22:199. 1884. 

Sporophores erect, simple, hyaline; conidia solitary, 2— 

many-septate, hyaline, fusoid to cylindrical. 

D. ellipsospora (PREUSS) GROVE has recently been reported. 

38. DACTYLARIA Sacc. Mich. 2:20. 1880. 

~Sporophores erect, simple, hyaline; conidia acrogenous, 
clustered, 2—many-septate, hyaline, clavate to cylindrical. 

2 species are reported from the United States. 

4. CORDANA Preuss. Linn. 24:129. 1851, not Sacc. Syl. 
Fung. 4:195. 1886. 

Acrothecium Preuss. Linn. 24:129. 1851, not Corba. 

Sporophores erect, simple, fuscous; conida acrogenous, clust- 

ered, 2—many-septate, sub-hyaline or fuscous, oblong to cylin- 
drical. 

3 Species are reported from this country. 

Tribe Arthrobotrytae CorpA. Prachtfl. 43. 1839. 

Gonatobotryteae SAcc. Syl. Fung. 4:168. 1886. 

Vegetative hyphae creeping; sporophores erect, typically 

simple; conidia borne upon the more or less swollen, denticu- 

late nodes and usually also upon an apical swelling, simple, 
clustered, hyaline or fuscous. 
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5. GONATOBOTRYUM Sacc. Mich. 2:24. 1880. 

Sporophores simple, erect, fuscous, nodose-inflated; conidia 

clustered, ovoid to elliptical, fuscous. 

1 species is reported from this country. 

6. ARTHROBOTRYS Corba. Prachtfi. 43. 1839. 

Sporophores erect, simple, hyaline, nodose inflated, the nodes 

verrucose; conida 1-septate, hyaline, ovoid. 

1 species reported. 

7. SPONDYLOCLADIUM Mart. Flor. Crypt. Erlang. 355. 
1817. : 

Sporophores erect, simple, rigid, fuscous; conidia 1—many- 
septate, verticillate-clustered at the septa of the sporophore, 
fuscous, clavate-fusoid. 

Gonatorrhodiella THAXT. Bot. Gaz. 16: 202. 1891, in its mode 

of conidia-formation closely resembles Gonatorrhodum, a Euro- 

pean genus which is to be placed here. We know Gonatorrho- 

diella only from Dr. Thaxter’s figure and description. Judging 

from them, we cannot forbear to think that the genus is related 

to Aspergillus and its allies, and that its resemblance to the 

forms here in question arises from proliferation of the vesi- 

culae. 

Tribe Trichodermeae FRikEs. Syst. Myc. 3:203. 1829. 

Sporophores erect, irregularly branched, hyaline or light- 

colored; conidia single, acrogenous, simple or one-septate. 

8. TRICHODERMA Pers. Tent. Disp. Meth. Fung. 12. 1797. 

Vegetative hyphae decumbent, forming loosely compacted, 

plane cespituli; sporophores erect, loosely branched, commonly 

dichotomous or trichotomous; conidia acrogenous, globose, 

single, forming small heads. 

T. lignorum, the type is the conidial stage of Hypocrea rufa. 

The other so-called species are doubtful, most of them having 

been insufficiently characterized by the older mycologists. 

9. JACOBASCHELLA O. Kuntze. Rev. Gen Pl. 1:280. 1891. 

Diplosporium Bon. Handb. 98. 1851, not Lk. 

Vegetative hyphae creeping; sporophores erect, irregularly 

branched; conidia solitary acrogenous, one-septate, ovoid or 

oblong. 

1 species is reported from the United States. Jacobaschella 

brevis (PK. ), Diplosporium breve Pk. Rep. N. Y. Muss 44:—(26). 

1893. 
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Fusiporium LK., now generally included in Fusarium, if kept 

separate, should be placed here. The propriety of the present 

disposition of Fusiporium is discussed under Fusarium. 

Tribe Verticillieae Sacc. Syl. Fung. 4:149. 1886. 

Sporophores erect or ascending, verticillately branched, or 

the ultimate branches verticillately disposed or at least dicho- 

tomous, hyaline or fuscous; conidia acrogenous, solitary, rarely 

capitate, never catenulate, simple or septate, hyaline or fus- 

cous. 

10. VERTICILLIUM Nees. Syst. Pilz.57. 1816. 

Sporophores oppositely or verticillately branched or the ulti- 
mate branches verticillate, hyaline or bright colored; conidia 

solitary, simple, concolorous. _ 

18 species are reported from the United States. The species 
are conidial stages of Hypocreaceae, e. g. Hypomyces. 

11. VERTICICLADIUM Preuss. Linn. 24:127. 1851. 

Sporophores oppositely or verticillately branched, fuscous; 
conidia solitary, simple, hyaline or fuscous. 

2 species are reported from the United States. 

12. DIPLOCLADIUM Bon. Handb. Alg. Myk. 98. 1851. 

Sporophores verticillately branched; conidia typically soli- 

tary, one-septate, hyaline. 

1 species reported from the United States. Like Verticilliwm 
contains conidial forms of Hypomyces. 

13. DACTYLIUM Ness. Syst. Pilz. 58. 1816. 

Sporophores verticillately branched, rarely simply verticil- 

late; conidia solitary, 2—many-septate, hyaline. 

2 species are reported from this country. The genus con- 

tains conidial stages of Hypocreaceae (Hypomyces). 

14. MONOSPORIUM Bon. Handb. Alg. Myk. 95. 1851. 
Sporophores irregularly or oppositely branched, the ultimate 

branches typically dichotomous or pseudo-verticillate, hya- 

line; conidia simple, hyaline or bright-colored. 

1 species is reported from the United States. 

15. ACROSTALAGMUS Corpa. Ic. Fung. 2:15. 1838. 
Sporophores verticillately branched, hyaline or bright-col- 

ored; conidia simple, hyaline, capitate, involved in mucus. 

1 species is reported from the United States. Contains con- 
idial stages of Nectria. 
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16. STACHYLIDIUM Lx. Obs. Myc. 1:13. 1809. 

Sporophores verticillately branched, fuscous; conidia capi- 
tate, globose or elliptical. 

2 species are described from this country. 

17. CHAETOPSIS Grev. Scot. Crypt. Fl. 358. 

Mesobotrys SAcc. Mich. 2:27. 1880. 

Sporophores simply verticillate in the middle, the upper 

portion sterile, simple or branched, fuscous; conidia solitary, 
hyaline, ovoid or cylindrical. 

1 species is reported from the United States. 

18. GONYTRICHUM Ness. Act. Acad. Leop. 9:244. 1818. 

Sporophores irregularly branched, fuscous; conidia solitary, 
simple, borne upon verticillate sterigmata (basidia) arising at 

the nodes of the sporophores. 

1 species reported. 

Tribe Dematieae (FR.) 

Dematiei Fr. Syst. Myc. 3:335. 1832. 

Haplographieae Sacc. Syi. Fung. 4:303. 1886. 

Vegetative hyphae creeping; sporophores erect or ascend- 

ing, verticillately or irregularly branched, or simple, the 

branches being reduced to mere denticulations at the apex, 

hyaline or fuscous; conidia catenulate, simple, hyaline or fusc- 

ous, catenulae acrogenous, single on the ultimate branches or 

sterigmata (basidia). 

19. DEMATIUM Pers. Tent. Disp. Meth. Fung. 41. 1797. 

Sporophores ascending, irregularly branched, fuscous; con- 

idia simple, fuscous, globose or ovoid, catenulae scattered. 

3 species are reported from the United States. 

20. SCHIZOCEPHALUM Preuss. Linn. 25:77. 1852. 

Hormodendron Bon. Bot. Zeit. 1855:286. 1853. 
Haplographium B. & Br. Ann. Mag. Nat. Hist. III no. 281 

1859 p. p. 

Sporophores erect, more or less verticillately branched at 

the apex, fuscous; conidia fuscous, globose to oblong, caten- 

ulae approximate. 

As here limited. contains 3 North American species: 
SCHIZOCEPHALUM ATRO-BRUNNEUM (CKE. ) 

Penicillium atro-brunneum CKE. Grev. 6:139. 1878. 

Haplographium atro-brunneum Sacco. Sy]. Fung. 4: 305. 1886. 

SCHIZOCEPHALUM DIVARICATUM (ELL. & LANGL.) 

Hormodendron divaricatum Evi. & LANGL. Journ. Myc. 6:35, 1890. 

SCHIZOCEPHALUM GRISEUM (ELL. & LANGL.) 

Haplographium griseum Eu. & LANGL. Journ. Myc. 4:124. 1888, 
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21. SPICARIA Harz. Hyphom. 50. 1871. 

Sporophores erect, hyaline, branches perfectly verticillate; 
conidia hyaline, ovoid or oblong. 

1 species is reported from this country. 

22. HAPLOGRAPHIUM B. & Br. Ann. Mag. Nat. Hist. no. 
818. 1859. 

Sporophores erect, fuscous, the apex inflated, denticulate; 
conidia fuscous, simple, globose to oblong, catenulate, the 

catenulae arising from the terminal denticulations of the spor- 

ophore. 

The species in which the sporophores are branched at the 

apex are referred to Schizocephalum. We retain here only 

those in which the branches are reduced to mere denticula- 

tions. But one species is reported from the United States, 

which may be included in the genus as here limited, —H. apicu- 

latum PK. 

Tribe Stachybotryteae. 

Vegetative hyphae present, creeping; sporophores erect, 

branched or simple, bearing verticillate sterigmata (basidia) at 

the apex, fuscous or hyaline; conidia single, solitary, acrogen- 

ous or acropleurogenous. 

23. STACHYBOTRYS Corpa. Ic. Fung. 1:21. 1837. 

Sporophores erect, elongate, branched, rarely simple, crown- 

ed at the apex with heterogeneous, verticillate sterigmata 

which are connate at the base, fuscous; conidia acrogenous, 

globose or ovoid, fuscous, simple, rarely 1-septate. 

5 species are reported from this country. Several of the 

species are stages of Chaetomium. 

24. STERIGMATOBOTRYS Ovpbem. Contr. Myc. Pays Bas. 
11:48. 

Sporophores erect, typically simple, crowned at the apex 

with free, heterogeneoussterigmata, fuscous; conidia acropleu- 

rogenous, globose or ovoid, fuscous, simple. 

1 species is reported from the United States: 
STERIGMATOBOTRYS ELONGATA (PK.,) 

Stachybotrys elongata PK. Rep. N. Y. Mus. 43:—(29). Pl. 3. f. 10-13. 1890. 

25. CYLINDROCLADIUM More. Bot. Gaz. 17:191. 1892. 

Sporophores erect, di- or trichotomously branched, the tips 

crowned with 2—3s verticillate sterigmata, hyaline; conidia 

acrogenous elongate-cylindrical, l-septate, hyaline. 
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1 species is described. 

Tribe Botryteae (FR.) 

Botrytidei FR. Summ. Veg. Scand. 2:490. 1849. 

Sporophores erect, ascending, or decumbent, not rigid, gen- 

erally much branched; conidia pleurogenous, acropleurogenous, 

or solitary acrogenous on short lateral branches. 

26. BOTRYTIS Pers. Tent. Disp. Meth. Fung. 40. 1797. 

Sporophores erect, irregularly much branched, tips of the 
branchlets acute or sub-acute; conidia simple, clustered, acro- 

pleurogenous or pleurogenous on the upper portions of the 

branchlets. 

Saccardo includes Polyactis and Phymatotrichum in this genus, 

But, while the latter resemble Botrytis in bearing clusters of 

conidia at or near the tips of the branchlets, they appear more 

closely related to Botryosporium and the Cephalosporieae. The 

typical Botrytis forms for the most part belong to various Sphae- 

riaceae. ‘Some are stages of Hypoxylon, one belongs to Melan 

ospora. Polyactis for the most part contains conidial forms of 

Sclerotinia. Even with Polyactis and Phymatotrichum removed, 

the group is very heterogeneous and unsatisfactory. The spe- 

cies with pleurogenous conidia are not readily separable from 

Haplaria and Sporotrichum. 

About 35 species are reported from the United States. 

27., HAPLARIA LK. Obs. Myc. 1:9. 1809. 

Acladium Lk. Obs. Myc. 1:9. 1809. 

Virgaria NEES. Syst. Pilz. 2:14. 1816. 

Vegetative hyphae creeping; sporophores erect, branched or 

simple, light colored or fuscous; conidia pleurogenous, simple. 

Acladium differs only in having unbranched sporophores. 

Virgaria is composed of forms which may well be referred to 

Haplaria—differing only in color and in the somewhat more 

rigid sporophore—and of a few dark colored species of Botrytis. 

11 species are reported from the United States. 

28. SPOROTRICHUM LK. Obs. Myc. 1:9. 1809. 

Trichosporium FR. Summ. Veg. Scand. 2:492. 1849. 

Vegetative hyphae and sporophores decumbent, sporophores 

irregularly much branched or simple; conidia pleurogenous or 

acro-pleurogenous upon the branchlets, sub-solitary, simple. 

Differs from Botrytis in the decumbent sporophores and sub- 

solitary conidia. Saccardo separates the dark-colored forms 

under Trichosporium. 
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About 25 species are reported from the United States. Some 
of the species are stages of Chaetomium. 

29. CAMPSOTRICHUM Eure. Sylv. Myc. Berol. 11. 1818. 

Vegetative hyphae and sporophores sub-decumbent, dark- 

colored, intricately branched, the branches divaricate, hamate, 

or flagelliform; conidia pleurogenous, borne in clusters near 

the tips of the branchlets, hyaline or dark-colored, simple. 

3 species are reported from the United States. 

30. GLENOSPORA B. &C. Grev. 4:161. 1876. 

Parasitic; hyphae interwoven into a black crust; sporo- 

phores ascending, forked or with short branches; conidia acro- 

pleurogenous, or acrogenous on the tips of short lateral branch- 

es, simple. 

2 species are reported from the United States. 

31. STREPTOTHRIX Corba. Prachtfl. 23. 1839. 

Sporophores erect, dark-colored, virgate - branched, the 

branches and branchlets spirally flexuous; conidia pleurogen- 

ous, solitary acrogenous, or borne on short filiform processes 

at the ends of the branchlets, simple. 

4 species are reported from this country. 

32. RHINOTRICHUM Corba. Ic. Fung. 1:17. 1837. 

Sporophores erect, light-colored, simple or sub-simple, the 

tips denticulate; conidia borne on the denticulations, simple. 
21 species are reported from the United States. 

33. OLPITRICHUM Arxkinson. Bot, Gaz. 19:244. 1894. 
Mycelium creeping; sporophores erect, simple or little 

branched, near the apex provided with flask-shaped, fusoid, 

or enlarged sterigmata, each bearing a single, simple, con- 

idium. 

Differs from Rhinotrichum in the inflated denticulations or 

sterigmata. 

1 species only is described. 

In Physospora the denticulations are borne on swellings of 

the sporophore. No species are reported from North Amer- 

ica. 

34. ACREMONIUM Lx. Obs. Myc. 1:13. 1809. 
Acremoniella Sacc. Fung. Ital. f. 723. 1881. 

Hyphae creeping, simple or sparingly branched; conidia 

solitary on the ends of scattered, slender, simple, sub-erect 

branches, simple. 
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Saccardo separates the dark-colored forms under Acremon- 

della. 

5 species are reported from this country. 

35. ZYGODESMUS Corba. Ic. Fung. 1:11. 1837. 

Hyphae creeping, irregularly branched, with numerous later- 

al swellings at the septa (‘‘clamp-joints”); conidia muriculate, 

rarely smooth, simple, borne on denticulations, or solitary on 

short lateral branches. 
Many of the described species are Basidiomycetes e. g. Z. fus- 

cus CORDA is Tomentella ferruginea PERS. About 14 species are 

reported from the United States, excluding those that certainly 

belong elsewhere. 

36. SEPEDONIUM Lx. Obs. Myc. 1:16. 1809. 

Light - colored, hyphae all decumbent, branching; spores 

borne singly or in clusters of 2-3 on the ends of branchlets, 

echinulate, simple. | 

The species which are parasitic on fungi are stages of Aypo- 
myces. 4 species are reported from the United States. 

37. MYCOGONE Lk. Obs. Myc. 1:16. 1809. 

Like the preceding, but spores 1-septate, the upper cell the 

larger and usually echinulate. 

2 species reported from the United States; stages of Hypo- 

myces, except M. anceps Sacc., which is the chlamydosporous 

state of Hydrogera oedipus and should be excluded. 

38. SYNTHETOSPORA Morea. Bot. Gaz. 17:192. 1892. 

Hyphae all decumbent, branched, intricate; spores borne on 

the ends of short lateral branchlets, each spore consisting of a 

large opaque central cell with several smaller hyaline cells 

sunk part way into its surface. 
1 species described; ‘‘a compound Mycogone.” (MORGAN). 

Tribe Periconieae Sacc. Syl. Fung. 4: 269. 1886. 

Vegetative mycelium sparse or none; sporophores erect, rigid, 

dark-colored, simple or sub-simple; conidia pleurogenous, or 

borne along the tips of the sporophores on denticulations, 

simple. 

39. CHLORIDIUM Lx. Obs. Myc, 1:11. 1809. 

Sporophores sub-simple, fuscous; conidia oblong or globose, 

pleurogenous on the upper portion of the sporophores. 
2 species are reported from the United States. 
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40. PERICONIA Tope. Fung. Mecklenb. 2:2. 1791. 

Vegetative hyphae creeping, generally obsolete; sporophores 

simple, fuscous; conidia borne upon denticulations or short 

sterigmata at and near the apex in a dense head. 

7 species are reported from the United States. 

41. CAMPTOUM Lx. Sp. Pl. 1:44. 1824. 
Vegetative hyphae obsolete; sporophores simple, hyaline 

with fuscous bands at regular intervals, at and near the apex 

verrucolose-sporigerous; conidia fuscous, boat-shaped, curved 

or inequilateral. 

1 species is reported from the United States. 

42. QOEDEMIUM Lx. Sp. Pl. 1:42. 1824. 

Sporophores erect, rigid, opaque, simple or sub-simple, at 
the apex or laterally here and there bearing rather large, sub- 

globose swellings; conidia globose, pleurogenous upon the lat- 

eral or apical swellings. 

2 species are reported from the United States. 

Tribe Polyactideae (CoRDA.) 

Polyactidei CORDA. Prachtfl. 33. 1842. 

Sporophores erect, light-colored or grayish, very long, much 

branched; branchlets obtuse or inflated near the apex, bearing 

simple, single conidia in dense capitula. 

The conidia are sessile pleurogenous or borne on denticula- 

tions at or near the tips of the branchlets. 

43. POLYACTIS Lk. Obs. Myc. 1:14. 1809. 
Sporophores grayish or fuscescent, rather rigid, the branch- 

lets thickened towards the tip, but not lobed or much swollen, 

the thickened portion denticulate; conidia racemose upon the 

denticulations. 

About 10 species are reported from the United States. 

44. PHYMATOTRICHUM Bon. Handb. Alg. Myk. 116. 1851. 

Sporophores hyaline or light-colored, the tips of the bran- 

ches inflated and somewhat lobed or crenate or digitate with- 

out inflation; conidia borne in heads upon the denticulate or 

muriculate lobes and inflations. 

4 species are reported from the United States. 
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45. BOTRYOSPORIUM Corba. Sturm. Deutsch. Crypt. FI. 
III, 11:9. 1831, not Scuw. 1884. 

Sporophores hyaline, simple or furcate, with alternate or 

opposite Jateral branchlets, branchlets simple, at the apex 

bearing 3-5 spicules upon which the conidia are borne in heads; 

ecnidia hyaline, globose or ovoid. 

2 species are reported from the United States. Botryosporium 
prorumpens SCHW. is a Speira. Saccardo gives it under Botry- 

osporium and also as Speira erumpens (SCHW.), evidently an 

error for prorumpens. 

Tribe Cephalosporieae Sacc, Syl. Fung. 4:47. 1886. 

Vegetative hyphae either creeping or rhizoid-like; sporo- 

phores erect or ascending, usually simple, generally somewhat 

inflated above, hyaline; conidia simple, single, i. e. not catenu- 

late, capitate-clustered, typically on the apex of the sporo- 

phore, hyaline or light-colored. 

46. HAPLOTRICHUM Lr. Sp. Pl. 1:52. 1824. 

Hyalopus CoRDA. Anleit. 58. 1842. 

Cephalosporium CoRDA. Anleit.61. 1842. 

Sporophore simple, erect, slightly or not at all inflated at the 

apex; conidia capitate-clustered, sessile, globose to elliptical. 
The three genera, usually distinguished, do not seem suf- 

- ficiently well marked to be maintained. Haplotrichum has 6 

species reported from the United States, including the follow- 

ing, brought over with Cephalosporiuwm and Hyalopus : 

HAPLOTRICHUM ACREMONIUM (CORDA). 

Cephalosporium acremonium CorpDA. Ic. Fung. 3:11. Pl. 2. f. 29. 18389. 

HAPLOTRICHUM GRISEUM (B. & C.) 

Hyalopus griseus B. & C. Grey. 3:64. 1874. 

HAPLOTRICHUM MUCORINUM (B. & C.) * 

Hyalopus mucorinus B. & C. Grev. 3: 64. 1874. 

HAPLOTRICHUM PARASITANS (B. & C.) 

Hyalopus parasitans B. & C. Grev. 3:64. 1874. 

47. CYLINDROCEPHALUM Bon. MHandb. Alg. Myk. 103. 
1851 

Vegetative hyphae obsolete; sporophores simple, erect, hya- 

line; conidia capitate, sessile, cylindrical, hyaline. 

1 species is reported from the United States. 

48. QEDOCEPHALUM Preuss. Linn. 24:31. 1851. 
Vegetative hyphae creeping; sporophores erect, simple, hya- 

line, vesiculose-inflated at the apex, vesiculae scarcely areolate; 

conidia capitate, sub-stipitate, globose to oblong, hyaline. 

4 species are reported from the United States. 
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49. RHOPALOMYCES Corpa. Prachtfl. 3. 1839 

Vegetative hyphae rhizoid-like; sporophores erect, gener- 
ally simple, vesiculose-inflated, vesiculae areolate; conidia 
stipitate, ellipsoid to oblong, hyaline. 

2 species are reported from the United States. 

50. SIGMOIDEOMYCES TuHaxt. Bot. Gaz. 16:22. 1891. 

Sporophores erect, much-branched, bearing sub-dichotom- 

ous sigmoid vesiculae on short lateral branches; conidia stipi- 
tate, hyaline. 

1 species described. 

[To be Continued. | 
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XL. ON THE STEM ANATOMY OF CERTAIN 

ONAGRACEAE. 

FRANCIS RAMALEY. 

Introduction.—During the past year a comparative study has 

been made of the minute anatomy of the stem in a considerable 

number of genera of Onagraceae. The plants investigated are 

all of the tribe Onagreae, a group, the members of which show 

strong natural affinities. 

The chief purpose of the paper is to give an accurate account 

of the stem anatomy in the plants examined, together with a 

brief historical summary of the literature bearing upon the 

points of greatest interest. For the sake of simplicity this 

historical account has been greatly compressed and divided 

into separate sections. References to text books have not 

been given. 

The nomenclature used is that of the Check List.! This has 

been followed merely for convenience and because it has seemed 

best, in a purely morphological paper, to avoid nomenclatural 

difficulties. Only plants enumerated in the check list have been 

examined. These are all indigenous, and, as a rule, restricted 

to North America, although Onagra biennis was, according to 

Raimann,” introduced into Europe at the beginning of the sev- 

enteenth century and is now a common roadside weed. 

Taxonomic value of anatomical characters. — The import- 
ance of histological characters in drawing specific descriptions 

has been discussed at some length by Vesque.*:4 In his mono- 

graph on the Guttiferae®’ he makes continual use of microscopic 

differences for purposes of classification. Weiss,® in an article 

1. Mem. Torr. Bot. Club. &: 233-236. 1894. 

2. Onagraceae in Engler and Prantl, Nat. Pfl. Fam. 3: Abt. 7. 199. 1893. 

3. Wesque, J. De la concomitance des characttres anatomiques et organograph- 

iques des plantes.—Comptes rendus. 96; 1866-1868. 1883. 

4, Vesque, J. L’anatomie des tissus appliquée a la classification des plantes.— 

Mem. II, Nouv. Arch. du Mus. @’hist. natur. IL. &: 291-387. 1883. 

5. Vesque, J. Guttiferae. — DeCandolle. Monographiae Phanerogamarum 8. 

1893. 

6. Weiss, J. E. Beitraege zur Kenntniss der Kork-bildung. Denkschriften der Kg]. 

Bayerischen Botan. Ges. zu Regensburg. 6: 1890. 
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on the growth of cork, shows how cork is of some taxonomic 

value, for, in its formation, it is noted as always having its 

origin in the same cell zone, in any given species. Solereder,? 

in 1885, published an extended work on the systematic value of 

the structure of wood. In Peterson’s work,’ on bicollateral 

vascular bundles, some little attention is given to the import- 

ance of this character for purposes of systematic description. 

The pharmacologists have for a long time distinguished vari- 

ous cellular vegetable drugs by the microscopic appearance of 
their cross sections. As a rule, however, the descriptions are 

not sufficiently accurate or minute to serve for the discrimina- 

tion of closely allied species. In the case of Cinchona barks 
elaborate classifications have been formulated, based largely 

upon the size and arrangement of the bast fibres and of latici- 

ferous vessels. One of the best of these is given by Maish.? 

The present writer has not found this classification of any very 

great value. 

Gibson,!° in studying the stem anatomy of Selaginella, found 

marked histological differences in the species; but his group- 
ing of the species, on these characters—and to this he calls 

special attention—does not agree with the usual grouping of 

the systematists. He says (p. 201), ‘‘How far comparative 
anatomy may serve as a basis for a revision of the established 

classification of the Selaginellaceae, and how far it supports 

or otherwise, external morphology can only be determined 

after extended observation on all the members, and not the 

stem alone.’”’ This last statement might be made with equal 

propriety, concerning those Onagraceae discussed in this 

paper. 

Bicollateral vascular bundles.—As is well known, the exist- 

ence of bicollateral bundles was first announced by Hartig,!! 

who discovered them in Cucurbita. Von Mohl,” and numer- 

ous other writers have contributed to our knowledge of the 

subject. The following review of researches on bicollateral vas- 

cular bundles, especially in Onragraceae_ will serve to point out 

the progress of investigation in this direction. 

7. Solereder, Ueber den systematischen Werth der Holzstructur bei den Dicotyle- 

donen. 1885. . 

8. Peterson. Ueber das Auftreten bicollateraler Gefiissbiindel u.s.w. Engler’s Bo- 

tanische Jahrbiticher 3: 359. 1882. 

9. Maish, J. M. Organic Materia Medica, Ed. VI. 1895. 

10. Gibson. Contributions towards a Knowledge of the Anatomy of the Genus Selagi- 

nella, Spr.—Annals of Botany 8: 133. 1894. 

11. Hartig. Ueber die Querscheidewiinde zwischen den einzelnen Gliedern der Sieb- 

réhren in Cucurbita pepo.—Bot. Ztg. 12:51. 1854. 

12. Von Mohl. Einige Andeutungen iiber den Bau des Bastes.—Bot. Ztg. 889. 1355. 
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Russow, in 1875, published an account of what was at that 

time known concerning the vascular tissue of plants. In this | 

work the author discusses the evolution of the vascular bundle, 

upward from the lowest type. In a classification of various 

plants according to their bundles, he places the Onagraceae 

among those in which there are two protophloem and one proto- 

xylem group in each vascular bundle. 

Bicollateral vascular bundles in the root of Onagra biennis 

were discovered by Weiss" in 1880. Incidentally, this author 

states that in the medullary phloem of the stem there are often 

found thick walled bast cells and that these are not found in 

the intra-xylar phloem of the roots. 

Peterson, in discussing the bicollateral character of the 

bundles in Onagraceae speaks of Oenothera odorata, and states 

that the outer bast is but slightly developed while there is a 

good development of inner bast which early forms an almost 

continuous ring of tissue. Upon the border near the primary 
bark is a nearly unbroken ring of bast fibres. Oe. gauroides 

and Oe. longiflora are of like structure except that there are 

also bast fibres in the inner phloem. According to Weiss the 

same is the case with Oe. biennis (Onagra biennis). Most of 
the Oenothera species have bundles of bast fibres in the outer 

portion of the bast, and when cork formation takes place, which 

occurs very often, the cork is developed internally to the fibres. 
Scott,!®in an article in the Annals of Botany, devotes some 

space to the consideration of internal phloem. This, he says, is 

characteristic of a large number of dicotyledonous orders, usu- 

ally, though not always very highly organized ones; Myrtaceae, 

Onagraceae and all allied orders, Campanulaceae, Compositae, 

Cucurbitaceae, etc. This internal phloem may occur as distinct 
phloem strands or as a part of complete medullary bundles. 

Internal phloem very often has cambial increase like the nor- 

mal tissues. The article is followed by a good bibliography. 

Mlle. Fremont!’ found sieve tubes in the pith of the root of 
Oenothera fraseri and Oe. riparia. She also found them in the 
secondary wood of the roots of Oe. parviflora, cruciata, macro- 

13 Russow,E. Betrachtungen iiber das Leitbiindel und Grundgewebe aus verglei- 

chend morphologischen und phylogenetischen Standpunkt. Dorpat. 1875. 

14 Weiss, J. E. Anatomie und Physiologie fleishig verdickten Wurzeln. Flora. 63: 97. 
1880. 

15 Peterson, O. G. loc. cit. 

16 Scott. Onsome recent Progress in our Knowledge of the Anatomy of Plants. An- 

nals of Botany. 4: 147. 1889. 

17 Fremont. Sur les tubes criblés extralibériens, dans la racine des Oenothéracées. 

Morot. Journ. de Bot. 5:194. 1891. 
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carpa, sellowi and fraseri. These, she considers to be devel- 
oped by a differentiation of the wood parenchyma. The first 

part of her paper is devoted to an historical review of investi- 
gations on the sieve tubes in roots occurring outside the usual 
bast area. 

In an article on internal phloem in roots and stems, Messrs. 

Scott and Brebner,'* enumerate the various plant families in 
which bicollaterality of the vascular tissue has been noted. 

Among them is the family Onagraceae. The authors state 

that, in general, this character is constant in each family named 

with the occasional exception of a divergent tribe. A review 

of Lamounette’s work !® is given in a postscript. This investi- 
gator found, in the Onagraceae, internal phloem to be entirely 

absent from the hypocotyl, cotyledons, and even the earlier 

formed leaves. So far as the hypocotyl is concerned, Messrs. 

Scott and Brebner say it can only be true of very young plants. 

We know from Weiss’s observations that the internal phloem 
is continued into the root where it forms the innermost inter- 
xylar phloem strands. 

Intra-xylar phloem.—The presence of strands of thin walled 
cells in the secondary wood of certain stems and roots seems to 

have been first described by Fritz Miiller?° in 1866. This author 

made no extended observations; he simply announced his dis- 

covery and made a diagrammatic figure of a cross section of 

the stem of Strychnos, a plant in which the islands are numer- 

ous and well marked. These strands of thin walled cells, from 

their appearance in a transverse section of the member came 
to be spoken of as ‘‘islands.” In some cases, at least, they con- 

tain sieve tubes and so the name ‘‘intra-xylar phloem island,” 

or briefly ‘‘phloem island” was applied and is now in general 
use. 

In DeBary’s Comparative Anatomy, *4 the intra xylar phloem 

in Strychnos is discussed, and it is definitely stated that the 

tissue of the phloem islands is developed internally to the cam- 

bium. A diagrammatic figure to illustrate this point is given. 

One of the earliest investigations on intra-xylar phloem, was 

made by Weiss.”” He found that the parenchymatous xylem of 

18 Scottand Brebner. On internal Phloem in the Root and Stem of Dicotyledons. 
Annals of Botany 5: 259. 1891. 

19 Lamounette. Recherches sur l’origin morphol. du liber interne. Ann. Se. Nat. 
VII. 11: 193-278. 

20 Mueller. Uber das Holz einiger um Desterro wachsenden Kletterpflanzen.—Bot. 
Ztg. 24:65. 1866. 

2i DeBary. Comparative Anatomy of the Vegetative Organs of the Phanerogam 

and Ferns. (English Translation.) 

22 Weiss. loc. cit. 
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fleshy roots of plants with bicollateral stem structure contains 

strands of phloem produced iaternally by the cambium. This 

was found in various Onagraceae, Gentianaceae and Solanaceae. 

In Oenothera longiflora Jacq., he found centrifugally formed 

intra-xylar phloem in the root. Of this tissue the larger part 

was seen to be parenchyma containing small groups of sieve 

tubes. 

Solereder™? made extended observations of phloem islands 

in a large number of plants belonging to various families; the 

Onagraceae were, however, not investigated. The researches 

of Hérail*4 and Kolderup-Rosenvinge* have also added to our 
knowledge of these structures in certain genera. 

The investigations of Messrs. Scott and Brebner,” at first on 

Strychnos, and afterward on numerous other plants” are of in- 

terest. The writers criticize the work of DeBary, and find his 

statement that the intra-xylar phloem in Strychnos is devel- 

oped centrifugally to be incorrect. They find that there are 

masses of crushed tissue at the outside of the islands, that the 

islands grow from an internal cambium and that this growth 

gradually crushes the older effete cells, farther out. In some 

cases medullary rays may be seen extending through the 

phloem islands. Thirteen plant families are enumerated in 

which phloem islands occur. 

The subject has been investigated by Scott,** °? Fremont,*° 

Van Tieghem,*! Leonhard® and others. A good drawing of an 

island is given in Taf. 11, jig. 3, in connection with Leonhard’s 

work, Chodat#*: 34 has made a study of the different modes of 

23 Solereder. loc. cit. 

24 Herail. Recherches sur l’anatomie comparée de la tige des Dicotylédones. Ann. 

des Se. Nat. VII. 2: 1885. 

25 Kolderup-Rosenvinge, Anatomisk Ondersdgelse af Vegetationsorganerne hos 

Salvadora.—Oversigt K. Dansk. Selskaks. 1880-1881. 

26 Scott and Brebner. On the Anatomy and Histogeny of Strychnos.—Annals of 

Botany 3: 275. 1889. 

27 Scott and Brebner. On internal Phloem in the Root and Stem of Dicotyledons.— 

Annals of Botany 5: 259. 1891. 

28 Scott. Onsome recent progress in our knowledge of the anatomy of plants.—An- 

nals of Botany 4: 147. 1889. 

29 Scott. Onsome Peculiarities in the Anatomy of Ipomoea versicolor Meissn.—An- 

nals of Botany 5:173. 1891. 

30 Fremont. loc, cit. 

31 Van Tieghem. Sur les tubes criblés extra-libériens, etc. Morot. Journ. de bota- 

nique 5: 117. 1891. 

32 Leonard. Beitriige zur Anatomie der Apocynaceen. Bot. Centtraibl. 45, 1891. 

33 Chodat, R. Contribution a |’étude des anomalies du bois. Atti del congresso bo- 

tanico internazionale di Genova. 144-156. 1893. 

34 Chodat, R. Nouvelles recherches sur l’origine des tubes criblés dans le bois. 

Archives des sciences physiques et naturelles, 1892. This and the foregoing 

article are reviewed by Schimper in Bot. Centralbl. 55: 277. 1893. 
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origin of the islands. In the majority of cases, according to 

this investigator, the intra-xylar islands have their origin in 
the cambium, and are developed exclusively in a centrifugal 

manner. Oenothera furnishes an example of this method of 

formation. He states that there are but three genera known 

at the present time, in which the phloem islands are developed 
centripetally. These are Strychnos, Memecylon, Guiera. 

The latest contribution to the subject is by Perrott,*° who 

has made a careful study of the development of the phloem is- 

lands in Strychnos. He confirms, in general, the observations 
of Scott and Brebner, though disagreeing in some points. No 

reference is made to any species of Onagraceae. 

Methods.—For most of the work carefully determined herb- 
arium material was employed. Of the Minnesota species sec- 
tions from fresh material were also examined. Whenever pos- 

sible a number of specimens of each species from different 
localities were used. Portions of the stem were taken at dif- 

ferent heights. Some of these pieces were placed in 2 per 

cent. potassium hydrate solution for twelve hours and, after 

being thoroughly washed in water, were put through the usual 

process preparatory to section cutting. Other pieces were 
put at once into 10 per cent. alcohol and from that carried up 
through the higher grades of alcohol in the ordinary manner. 

Various stains were used. The most satisfactory ones tried 

were a watery solution of fuchsin and methyl blue, and a solu- 

tion of fuchsin and iodine green in 40 per cent. alcohol. Both 

these combination stains give good differentiation. The best 

results were obtained by employing the stains in very dilute 

form, allowing them to act from twelve to twenty-four hours. 

By using an eosin-haematoxlin stain some excellent prepara- 

tions were also made. Permanent mounts in Canada balsam 

were preserved of all the sections examined. 

In order to dissociate the separate elements for careful study 

pieces of stem previously soaked in water were treated with 
Schulze’s macerating mixture. When diluted with an equal 

quantity of water this mixture was found to be sufficiently 

strong. Only in macerated material could the length of stere- 

ids and wood fibres be at all accurately determined. 

For examination of the epidermis it was merely necessary to 

place thin portions of the cortex in water for from one to two 
hours, when the desired tissue could be peeled off with little 

35 Perrot. Sur les ilots libériens intraligneux des Strychnos.—Morot, Journ. de 

Bot. 9:90. 1896. 
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difficulty. No permanent mounts were made. To insure ac- 

curacy, most of the drawings were made with the aid of a cam- 

era lucida. 

List of plants investigated.—The following plants were ex- 
amined: Anogra pallida (LINDL.) BRITTON, Galpinsia hart- 

wegii (BENTH.) BRITTON, Kneiffia fruticosa (LINN.) RAIMANN, 
Kneiffia glauca (MicHx.) SpacH, Kneiffia linearis (MICHX.) 
Spach, Kneiffia linifolia (NUTT.) Spacu, Kneiffia pumila (LINN.) 
SpacH, Megapterium missouriensis (SIMS) Spacu, Meriolix 
serrulata (NuTT.) WALP., Oenothera humifusa NuTt., Oeno- 
thera sinuata LINN., Onagra biennis ( LINN.) SCOP. 

Epidermis.—The cells of the epidermis are similar in all the 
species examined. In cross section they are square or more 
often oblong, the walls are rather thick, the outer wall is 

bulged. In surface view the cells appear more or less oblong, 

narrowed at the ends, or they may be described as elongated 

hexagonal in outline. 

The dimensions of the epidermal cells are by no means con- 

stant even throughout the same plant. Perhaps an average 
cellis 100mik. in length, with its tangential and radial diameters 

25mik. and 20mik. respectively. As arule no definite layer of cu- 

ticle is to be recognized, nor is there any considerable thicken- 

ing of the outer walls of the cells. In some cases, however, 

- the outer wall is somewhat noticeably thickened and occasion- 

ally shows, on a properly stained section, a distinctively strat- 

ified structure (Kneiffia glauca). The chief differences notice- 
able in the epidermis are in the length of the cells, the num- 

ber, shape and size of trichome structures and the number of 

stomata. This last character is, however, of no considerable 

taxonomic importance since the number of stomata varies with 

the particular plant and in any given plant with the part ex- 

amined. 

The epidermis and the cortical layer are absent in older parts 
of the stem, being pushed out by the developing cork. In cer- 

tain species the cork begins growth very early; notable for 

this peculiarity are Anogra pallida, Kneiffia fruticosa and lini- 

folia and Galpinsia hartwegii. The first named is particularly 

remarkable in this respect, and it is only in the very youngest 

parts that the epidermis remains. 

The epidermal hairs are never branched. As a rule they are 

straight or slightly curved, pointed at the end and commonly 

unicellular. The hairs vary considerably in length, averaging, 

————— 
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perhaps, 100 or 200mik.; sometimes they are 1 to 2mm. In 

Oenothera humifusa many of the hairs are placed upon large 
multicellular emergences. This occurs occasionally also in 

some of the other species. Besides the usual long, straight or 

slightly curved hairs there are often present short clavate 

ones, not much longer than the epidermal cells, e. g., Galpinsia 

hartwegii and Oenothera sinuata. 

Sub-epidermis.—This consists usually of a narrow zone of 
collenchyma enclosing a greater or less amount of parenchyma. 

In some cases the cells of the first one or two rows below the 

epidermis might, perhaps, be best described as sclerenchyma. 

They resemble very much, when seen in cross section, the 

epidermal cells. Occasionally there is but one such row, so 
that the epidermis appears two-layered. In no case is the col- 
lenchyma greatly thickened at the angles. The collenchyma 

usually, though not always, shades gradually into parenchyma. 

In Oenothera humifusa, and, at times, in other species, there 
is but a single layer of thick-walled cells within the epidermis. 

This species is also remarkable for its numerous large emerg- 

ences, at the bases of which are often situated crystal sacs. 

Emergences commonly, however of smaller size and fewer in 

number, are found in all the species examined. These, as a 
rule, seem not to offer communication with the outside world, 

but are simply irregular thickenings of the cortical layer. 

The cells in both the collenchymatous and parenchymatous 

portions are somewhat flattened in the plane parallel to the 

epidermis. When seen in cross section they are often twice as 

long as broad. There is considerable difference in the thick- 

ness of the parenchymatous zone, depending upon the species 

and the particular plant examined. Sometimes this zone is 

but a very few cells broad, e. g., in Kneiffia fruticosa, where 

the whole sub-epidermal area is, for the most part, poorly 

developed. 

Cells containing raphides of calcium oxalate are commonly 

abundant in the parenchymatous tissue. This is especially the 

case in those stems in which the cortical parenchyma is well 

developed. It is to be noted that the crystal sacs are not dis- 
tributed evenly along all parts of the stem, but are very irreg- 

ular as to their occurence. A cross section of the stem taken 

at a certain height may contain but a few crystallogenous cells, 

while one taken a millimeter above or below it may show them 

in great abundance. These cells are commonly of considerable 

size, nearly circular, in cross section about 30 to 40mik. in diam- 
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eter. In longitudinal section they are seen to be greatly 

elongated, often from 100 to 250mik. in length. In Kneiffia 

glauca and Kneiffia pumila no crystal sacs were observed. 

The differences of different stems shown in the sub-epider- 
mis are in the relative amounts of sclerenchyma and col- 

lenchyma, the thickness of the parenchymatous zone and the 

presence or absence of crystal bearing cells. In some cases 
the same species will afford as marked differences, in different 

plants, as are found in the most widely separated species which 

were examined. 

Endodermis.—This is, at least in herbarium material of any 
considerable age, very indistinctly differentiated from the ad- 

jacent cells. It cannot ordinarily be distinguished except from 

its position as just outside the groups of pericyclic stereome. 

The cells, seen in cross section, appear elliptical or flattened 

in outline. 

Pericycle.—This is in all cases heterogeneous and a number 

of cells in thickness. The cells are usually somewhat flattened, 

ellipsoidal in shape, the longitudinal diameter commonly the 

longest, the radial the shortest. Toward the outer boundary 

of the pericycle are groups of thick-walled fibrous cells. These 

cells are often 200 to 400mik. long; they have a narrow lumen. 

In cross section they appear five or six-sided. The mid@le 

lamella is usually quite distinct. The cell walls are ordinarily 

of unmodified cellulose. In some of the sections they present 

a somewhat marked lignin reaction. Apparently this lignifica- 

tion is not confined to or characteristic of any one or greater 

number of species. The stereome cells occur, in most cases, 

in patches of considerable size, three or four rows broad in a 

radial direction, the patches separated from each other by 

parenchyma (e. g., Onagra biennis, Anogra pallida, Oenothera 
rhombipetala). Sometimes this stereome area is very narrow, 

but a single cell broad, and forms a continuous or nearly con- 

tinuous closed ring. 

The cork is of pericyclic origin, essentially similar in all the 

species examined. It is made up of flattened rectangular pris- 
matic cells of two sizes, arranged in alternating layers. The 

large cells have a radial diameter about four times as great as 

have the small ones. The latter commonly carry a brownish 

pigment. In Anogra pallida this pigment is, for the most part 

absent; this is also the case occasionally in other species. In 

the species named the cork in older parts shows a tendency to 
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split and become ‘‘snreddy,” as it is described in the manuals. 

It is smooth and white in color. 

All the cell walls are extremely thin, and it is only in the 

outer layers of cells, i. e. those at or near the surface that they 

are to any extent suberized. In this respect there can often be 

noticed a gracual transition from phellogen to mature cork. 

The large cells are usually somewhat bulged at the expense of 

the smaller ones. These latter may be so greatly compressed 

that their presence can only with difficulty be demonstrated. 

The radial walls of the large, as well as the small cells, when 

viewed in transverse section are mostly curved or wavy, seldom 

straight. 

In the younger portions of the stem where the cortical tis- 
sues are still present the phellogen can be recognized as a few 
layers of thin walled cells having the shape of mature cork ele- 
ments. 

In most of the species the early development of the cork 

pushes out the overlaying tissues causing them to peel off. 

This is not always the case. In Megapterium missouriensis 

‘none of the sections examined showed any great development 

of cork; the cortex was in all cases present. Only three or 
four layers of immature cork cells could be seen; the inner ones 

were compressed and not of full size. A peculiarity in the cork 

of Meriolix serrulata deserves mention. In some of the sec- 
tions examined numerous sclerotic cells are present, or rather 

some of the cork cells have very much thickened walls show- 

ing lamellation. This characteristic is, in many preparations, 

quite noticeable. 

The average size of the large cells in cross section is perhaps 

16mik. x 22mik. This oblong character is occasionally not 

strictly adhered to; in Kneiffia glauca the cells are in outline 

nearly square. In Galpinsia hartwegii, they are often of quite 

irregular shape. Whatever differences may be noted in the size 

of cork cells are not to be regarded as of any taxonomic import- 

ance, since considerable variation in this respect often occurs 

even in different parts of the same plant. 
In nearly all cases crystallogenous cells are present in the 

pericycle; these are usually considerably larger than the ordi- 

nary parenchymatous elements; their longitudinal diameter is 

not infrequently 100 to 200mik. or even 280mik., e. g., Megap- 

terium missouriensis. 

A rather remarkable feature to be noted in Anogra pallida is 

the presence of crystal sacs, horizontally placed; 7. e. with the 



684 MINNESOTA BOTANICAL STUDIES. 

raphides lying parallel with the radial diameter of the cells. 

These are, however, far less numerous than the usual variety 
of crystal sacs. 

Anatomically no sharp line can be drawn between pericycle 

and phloem; they shade imperceptibly into one another. 

Phloem.—In cross section the phloem is not definitely marked 
off from the pericycle. Its cells, however, are usually some- 

what smaller, and when crystal sacs are present they too are 

smaller than are those in the pericycle. In Kneiffia linearis 

and Kneiffia pumila no crystal sacs were observed. 

The cells of the normal phloem are mostly parenchymatous. 

in cross section they are circular or elliptical. The long dia- 

meter of the cells of the phloem parenchyma is seldom over 

25mik., as a rule not over 20mik. The cell walls are quite thin, 

and any investigation of the tissue in herbarium material is alto- 

gether unsatisfactory. Sieve tubes could not be demonstrated 

with certainty except in fresh material. In cross section they 

appear scattered in small groups through the parenchyma. 

There are no bast fibres. 

Some of the species which grow to a considerable size have 

the phloem area fairly well developed, however, in most cases, 

it is but a few cells broad, usually six to twelve, occasionally 

even narrower. Itmay be forty cells or even more in breadth, 

(Onagra biennis, Megapterium missouriensis.) The cells of 

the phloem, though sometimes, for a part of the way irregularly 

placed are more often arranged in radiating rows. The med- 

ullary rays can often be distinctly traced as single rows of cells 

radially elongated. 

The lack of phloem tissue in the usual position is perhaps 

compensated for by the presence of phloem elements in the 

pith, and in some species in small patches in the xylem. 

Medullary phloem.—Apparently the vascular bundles of all 
the species may be described as bicollateral, whether or not 

this bicollaterality exists from the first or is the result of a sec- 

ondary growth of tissue within the medulla can, of course, only 

be determined by an examination of very young material, show- 

ing the developmental stages. In Onagra biennis, the medul- 

lary phloem is developed in the hypocotyl of quite young seed- 

lings. 

The cells of the medullary phloem usually form distinct groups 

arranged with greater or less regularity in a circle toward the 

outside of the pith. Usually the cells are quite small, and are 
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easily distinguished from the fundamental tissue. There may 
or may not be parenchymatous cells between these phloem 

groups and the primary wood. ‘The thick walled bast cells 
found by Weiss in the medullary phloem of Onagra biennis 
were not seen. 

Intra-xylar phloem.—The intra-xylar phloem islands, as their 
name indicates, appear in transverse section, as isolated groups 

of phloem tissue. The cells of which they are composed have 
thin cellulose walls which are usually somewhat crushed and 

distorted. Some sections show these islands partly formed 

with the wood beginning to close in around them. The sym- 

metry of the wood cells for some little distance just outside of 

one of these islands is in nearly every instance somewhat dis- 

turbed. In cross sections of fresh material the sieve tubes are 

distinctly seen. 

It is a matter in which there is room for doubt as to whether 

or not all these islands contain, in reality, phloem tissue. In 

the few longitudinal sections obtained, which showed these 

groups at all well, the cells did not present the characteristics 

of vascular tissue. They areirregularly cylindrical or roughly 

bi-conical, not greatly elongated. As a rule the longitudinal 

diameter is not more than two or three times as great as the 

others. . 
These islands are not present in very young parts of the 

stem, nor do they occur in stems which attain only a slight 

thickness. They usually appear in cross sections as patches 

having a width of from three to eight cells in a radial direction 

and extending, in the direction parallel to the circumference of 

the section, from a distance of half a dozen cells to an eighth 

or a sixth of acircle. Commonly they are so arranged that 

they form more or less interrupted circles within the woody 

zone. In sections of thick portions of the stem, these circles 

are usually placed at about equal distances apart, and are read- 

ily distinguished if the preparations be stained with some ap- 

propriate mixture as fuchsin and methyl blue or iodine green. 

Phloem islands were found in the following plants: Anogra 
pallida, Megapterium missouriensis, Oenothera rhombipetala, 

Oe. sinuata and Onagra biennis. In the first named species 

they are apparently not always present even in stems of some 

thickness. In Megapterium missouriensis small patches of 

phloem are to be seen in sections of stems which are 38mm. or 

more in thickness. Much larger patches are found in Oeno- 
thera rhombipetala. The islands in this species sometimes ex- 
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tend five to six cells in a radial direction and twenty or more in 

the direction parallel to the surface of the stem. In old por- 

tions of the stem of Oenothera sinuata the islands present a 

peculiarity in their arrangement. They are not disposed in in- 

terrupted circles as they are in the various other species, but 
appear to be scattered atrandom. In Onagra biennis the intra- 

xylar phloem islands are well developed in old parts. Some of 

these islands show in cross section but four or five cells, and 

many but seven or eight; still others consist of very consider- 

able masses of tissue. The cells of this intra-xylar phloem in 

cross section are commonly small, not differing greatly in size 

from the smaller wood fibres. The islands first make their ap- 
pearance about 0.5mm. from the pith. There is, however, con- 

siderable variation in this respect. 

Cambium.—The cells of this tissue can, as a rule, only with 
difficulty, be recognized. They present no peculiarities in form 

and structure. In cross section the cambium, when discernible 

at all, appears as a narrow zone of thin-walled compressed or 

flattened cells, the long diameter generally between 10 and 15mik. 

In some cases the transition from wood to cambium and from 

cambium to phloem is quite abrupt; more usually a gradual 

transition occurs, at least between phloem and cambium. The 

different species present ro characteristic peculiarities as to 

the development of cambial tissue. This seems rather to be 

-dependent upon external conditions favorable or unfavorable 

to rapid growth. 

Xylem.—The primary wood is composed of spiral vessels, 

fibres and parenchyma, usually in groups projecting into the 

pith. Asarule, the elements are not greatly lignified, though 

complete lignification sometimes occurs. The vessels are, in 

cross section, circular or elliptical in outline, not irregularly 

polygonal, as are often the pitted vessels of the secondary 

wood. The spiral thickening is sometimes in a single band; 

again it may be in two bands running in opposite directions; 

and in still other cases in two, three or four bands winding in 

the same direction. The average diameter of the spiral vessels 

varies from about 12mik. in Kneiffia fruticosa to nearly 25mik. 

in Onagra biennis. 

The secondary wood is divided by the medullary rays into 

very many narrow wedges; these wedges, even at their widest 

portions, are seldom half a dozen cells broad. The wood usu- 

ally shows considerable regularity in the arrangement of its 
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elements, the cells being placed in rather definite radiating 
rows. In those species where intra-xylar phloem islands occur 

this regularity is, however, broken in the parts just exterior to 

the islands. At these points the cells may be quite irregularly 

placed. 

The vessels of the secondary xylem are usually pitted, though 

occasionally reticulated. They are often in groups of three, 

four or five, extended in a radial direction. In cross section 

the vessels appear irregularly polygonal or elliptical; the long 
axis, sometimes placed in a direction parallel to the circumfer- 
ence of the section, at other times at right angles to it. Ina 

‘few cases itis somewhat oblique. The partially absorbed trans- 
verse septa are readily seen in longitudinal section. The indi- 

vidual elements are seen to be, as a rule, about three times as 

long as thick. The largest vessels noted in the secondary wood 

were 100mik. in diameter (Onagra biennis, Oenothera sinuata). 
Of the last named species a section 2mm. in diameter showed 

no vessels over 37mik., while one 4mm. in diameter from another 

plant has vessels of the size above stated. Asa rule, species 

with slender stems have smaller vessels than those with robust 

stems. There is considerable variety in the number of vessels 

seen in different cross sections. Apparently the proportion of 

vessels to wood fibres is by no means constant. 

The wocd fibres are elongated fusiform elements, sharp- 

pointed at the ends. No branched fibres were observed. The 

walls are often of considerable thickness. In size the fibres 

average, perhaps, 200mik.in length and 10 or 15mik. in thickness 

at their widest part. In transverse section they appear more 
or less hexagonal in outline, fitting into each other without in- 

tercellular spaces. Occasionally some of the fibres are more or 

less triangular in cross section (Oenothera humifusa), or small, 

somewhat diamond-shaped cells may be found between those of 
hexagonal form (Oenothera rhombipetala). The fibres seen in 
cross section are commonly elongated in a tangential direction, 

but in some sections 'they are found to be at times radially 

elongated (Galpinsia hartwegii). The middle lamella is, in 
nearly all cases, distinctly discernible. It shows thickenings 

at the angles. 

Medullary rays.—The medullary rays extending from the 
pith to the phloem are very numerous. There.are also many 

secondary rays which take their origin at some distance from 

the pith. Some of the rays are traceable the whole distance 

through the phloem to the pericycle. More often, however, 
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the rays cannot be at all easily distinguished in the phloem. 

The separate elements of the rays are usually rectangular in 

outline. In cross section they appear elongated in a radial 

direction. In radial longitudinal section the cells are seen to 

be vertically elongated. 

All these cells, so far as observed, have pitted walls. Some 

show marked reticulations and irregular thickenings. An in- 

considerable amount of lignification is in some cases to be ob- 

served. Starch is occasionally present in the cell cavities. 
The starch grains show no peculiarities in form. They are 

circular in outline; no striations were observed. 

In size the medullary ray cells show some variation. In- 

Oenothera humifusa, Kneiffia linearis and Kneiffia linifolia the 

average diameters in cross section are generally 7 to 12mik. In 

some of the larger species the cells have diameters of 10 and 
20mik. In respect to size, however, there is to be noted the fact 

that individual variations in plants of the same species may 

often be very great. 

Pith.—The pith is composed of parenchymatous elements. 

That portion which is adjacent to the vascular bundles is com- 

monly much smaller celled than the central part. Its cells are 

often somewhat flattened and crushed by the growth of the 

medullary phloem, which appears to be present to a greater or 

less extent in all the species examined. 

The cells of the central portion of the pith are very large, 

frequently attaining a diameter of from 50 to 100mik. Starch 

may be present throughout. There are sometimes large inter- 

cellular spaces. Commonly the cells present no peculiarities 

in structure. In some species occasional thick-walled cells are 

found which take a lignin stain. These cells occur singly or 

in small groups. They are especially abundant in Kneiffia 

glauca, Oenothera humifusa and Kneiffia linifolia. In each 

case the cell wall shows, in stained sections, distinct lines of 

stratification. Crystal sacs are in many cases abundant. Seen 

in cross section they are nearly always circular or elliptical in 

outline and may be smaller than the ordinary parenchymatous 

cells, though, as a rule, they are larger. They are closely 

packed with raphides of calcium oxalate. These crystals are 

in no way different from those of the phloem and cortex. 

Crystal sacs may occur in the central portion of the pith; 

more often, however, they are placed not far from the medul- 

lary phloem. 
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CONCLUSIONS. 

There seem to be no marked anatomical characters of the 

stem which can be set down as belonging to one species and to 

no other. Plants of the same species growing under different 

conditions may present as great differences as are to be noted 

between species of comparatively remote genera. Slight diff- 

erences in the thickness of the various zones of tissue are evi- 

dent, as are also variations in the size of the constituent ele- 

ments in some of the tissues. The following generalizations 

may be drawn. 

1. There is a striking similarity in stem structure througout 

all the seven genera examined. The stem anatomy will not 

serve to distinguish one genus from another. 

2. The cortex is absent from old stems, being replaced by 

cork of characteristic structure. 

3. The normal phloem is in all cases poorly developed. 
4. Bicollateral vascular bundles occur in all the species ex- 

amined. 

5. Intra xylar phloem islands are found in the stems of all 

the robust species. 
6. Raphides of calcium oxalate are present in all cases. 

These generally occur in both cortex and pith, often in the per- 

icycle and phloem. 

EXPLANATION OF PLATES. 

PLATE XXXVI. 

Anogra pallida.—l. A crystallogenous cell in the pericycle seen in longi 

tudinal section. 2. Transverse section of a portion of an old stem; show- 

ing bast, inner pericycle and cork; two crystallogenous cells in the peri- 

cycle. 3. Longitudinal section showing cork and adjacent cells. Raphides 

of calcium oxalate are shown in one of these. 4. Surface view of cork. 

Galpinsia hartwegii.—5. Cork in longitudinal section, showing sclerotic 

cells. 6. Cork and subjacent tissues. 7. Cork in transverse section. 8. 

Portion of a tangential longitudinal section through the secondary wood; 

medullary rays cut across. 9. Portion of the epidermis, surface view. The 

two kinds of hairs are shown. 

Kneiffia fruticoso.—10. Pith and primary wood; medullary phloem groups 

composed of small thin walled cells. 11. A trichome. 12. Young epider- 

mis. 13. Stereome cells. 14. Epidermis of older part. 

Kneiffia glauca.—15. Crystal sac in the pith. , 

Kneiffia pumila—t6. Transverse section extending from secondary 

xylem to cortex. 

Megapterium missouriensis.—17. Transverse section of the extra-xylar 

portion. 
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Oenothera humifusa.—l8. Surface view of epidermis. 19. Sclerotic pith 

cells with unpitted walls. 20. Epidermal and sub-epidermal tissues of 

young stem. 21 and 22. Emergences. 23. Portion of the common wall 

between two sclerotic pith cells; intercellular spaces. 

PrATH XCXSC VI: 

Oenothera humifusa.—24. Sclerotic cells from the pith, showing lamel- 

lated structure and pitted walls. 25 and 26. Epidermal hairs, 

Oenothera rhombipetala.—27. Intra-xylar phloem island in the secondary 

wood. 28. Transverse section of a portion of the secondary wood between 

two medullary rays. 29. An island in the secondary wood seen in longi- 

tudinal section. 30and 31. Trichomes. 

Onagra biennis—32. Extra-xylar tissue, transverse section. 33. Dia- 

grammatic cross section of portion of old stem; e epidermis, ¢ cortex, s 

stereome bundles in the outer portion of the pericycle, & cork, 7 p inner 

pericylic area, ph normal phloem, ¢ islands ip the secondary xylem, v ves- 

sels of secondary xylem, w primary xylem, m medullary phloem groups, 

p pith. 34. Portion of a longitudinal section through the secondary xylem, 

showing a large pitted vessel. 35. Trichomes. 36. Reticulated cells of 

medullary rays. 37. Spiraland pitted tracheae of the xylem. 38. Epi- 

dermis, surface view. 39. Primary and secondary xylem. 40. Part of 

section of young stem: p parenchyma of the cortex, ed endodermis, s ste- 

reome bundles, k developing cork. 41. Isolated cells of the pericylic ste- 

reome. 42. Pith parenchyma in longitudinal section. 

IP TAUB) eXOROXO Vell 

Onagra biennis.—43. Hypocotyl] of a seedling thirty-eight days old, cross 

_ section; e epidermis, p parenchyma of the cortex, ed endodermis, t t sieve 

tubes, c cambium, « xylem, pi pith. 44. Medullary phloem group sur- 

rounded by parenchyma. 45. Extra-xylar portion of an old stem, longi- 

tudinal section. The periphery of the section is at the left of the draw- 

ing where the cork of characteristic structure is seen. 46. Transition 

from xylem to phloem; a medullary ray is shown terminating in a crystal 

sac. 47. Intra-xylar phloem islands. 48. Cross section of the hypocotyl 

of a seedling eight days old. Vhe epidermis, cortex and endodermis are 

easily distinguished. The various tissues of the stele show but slight 

differentation. 49. Cross section of young stem previous to cork forma- 

tion; e epidermis, c collenchyma, p parenchyma of the cortex, ed endoder- 

mis, s stereome bundles, ¢ sieve tubes, m medullary ray, c cambium, & 

xylem. } 

Figures 43 and 48 are magnified about 600 diameters; the other figures 

represent a magnification of 200 to 300 diameters. 



XLI. A NEW HYPNUM OF THE SECTION 

CALIERGON. 

J. M. HOLZINGER. 

One of the most interesting collecting grounds iu south- 

eastern Minnesota is the place designated in my reports as 

Lamoille Cave. The spot is some twelve miles below Winona, 

and about a mile below Lamoille, the railroad station The 

‘“‘cave”’ is produced by the undermining of some ledges of 

St. Croix sandrock, leaving a low cave a rod or two in ex- 

tent each way, the sandstone roof meeting the floor all around. 

A small pool of water covers part of the floor, the effect of a 

spring in one corner. This water slowly finds its way out into 

the marshy grassland to the north of the cave, through mats 

of Anacharis, water speedwell, water cress, the musk plant 
and their associates. It is in this society, along with its dis- 

tant relative, Brachythecium rivulare, that the plant under 

consideration was found in considerable quantity. 

Hypnouum eyclophyllotum, n. sp. 

Plants dioecious; dark green above, yellow below; 8-10 c m. 

high; erect by crowding; stems firm, sparingly beset with 

small inconspicuous radicles along their entire length. Stem 

leaves five-ranked, concave, ascending when moist, inclined to 

be appressed when dry (especially the older leaves, which are 

also apt to be split part way down from the apex), as broad as 

lorg, or broader, obtuse, entire margined, costate to apex; costa 

broad, 100-120 mik. wide, about 30 mik. thick; leaf angles decur- 

rent, strongly excavate, their cells abruptly enlarged, hyaline, 

25-40 mik. wide, 80-100 mik. long, the thin-walled cells not quite 
reaching the costa, an area of the small chlorophyllose cells of 

the body of the leaf passing down on each side of the costa; 

upper leaf cells 8-10 mik. wide, 40-60 mik. long, chlorophyllose; 

branch leaves, of the short axillary branches, also concave, 
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much smaller, the basal auricles less excavate, the costa faint, 

not extended into the obtuse apex. Antheridial buds numer- 

ous along the middle part of the stem, shorter than the leaves, 

in their axils, with few paraphyses, and perichaetial bracts 
ecostate. Fruiting plants were not found. 

This plant is near Hypnum cordifolium, but differs from this. 

species in having its leaves much more closely set on the stem, 

costate to apex, and much wider in proportion to length; also in 

having the larger cells of the auricles abruptly enlarged, and 

the leaf cells proper smaller. 

It is also near Hypnum giganteum, but differs from it by its 

unusually broad leaves, its smaller size, dark green color, and 

fewer branches shorter. 

M. Cardot has kindly compared it with the type of Hypnum 

orbicularecordatum R. & C., and pronounces it a distinct and 

new species. 

Dr. Best has also examined the plant with care, and has. 

aided me by kindly sending, for comparison, specimens of 

Macoun’s Hypnum giganteum, of typical H. cordifolium, and 

of his own H. cordifolium var. ramosum MS. I cannot, at this 

time, enter into a detailed criticism of these species and how 

variously they seem to be understood by different students. I 

only wish to state, in closing, that, as a result of my study of 

the number of specimens of Caliergon of North America to 

- which I have had access, I concluded that it would be best to 

publish the plant under consideration provisionally as a species, 

rather than as a variety of one of the established species. 

There is at hand an abundance of material of this plant, 

which will be distributed shortly in my third fascicle, Nos. 

101-150, of Mosses of Minnesota, so that all interested may 

study it. 

PEATE XOXONGEXe 

Hypnum cyclophyllotum, Section Caliergon. 

Figs. 1, 2, 3. Plants, natural size. 

Fig. 4. Piece of stem, enlarged, to show phyllotaxy. = 

5. Stem leaf. x 56. 

6. Branch leaf, x 56. 

7. Lower part of stem leaf, x 56. . 

«8. ~Antheridial bud, opened, x 56. 

9. Cross section of leaf, x 96. 

0. Leaf of Hypnum cordifolium, x 22. 



XLII. CONTRIBUTIONS TO A KNOWLEDGE OF 

THE LICHENS OF MINNESOTA,—I. LICHENS 

OF THE LAKE OF THE WOODS. 

BRUCE FINK. 

It was at first thought best to present in a single paper a full 

list of all the lichens hitherto collected in the state,—about 200 

species. But after looking through these collections it became 
evident that the state is divided, as regards its lichen-flora, into 

three or more distinct regions. To give all together would 

cover up to some extent the distinctive features of each region, 
and this is not desirable. 

The lichen-flora of the portion of the state south of Minne- 

apolis is essentially the same as that of Iowa. But when one 
examines the lichens found at Taylors Falls, only forty-five 

miles northeast of Minneapolis, he wonders at the great change 

in species caused by the peculiar geological formation. The 

lichens of the Lake of the Woods are, many of them, quite 

strangers to both of the regions named above. Whether the 
transition in lichen-flora in passing from Minneapolis to the 

Lake of the Woods is a gradual one, or occurs quite abruptly 

_ at or near the shores of the lake, must be ascertained by a 

further study of the lichens of the intervening territory. The 

lichens of the Lake Superior region remain to be studied, and 
are likely to furnish much that will be interesting. 

This paper is an account of collections made during the sum- 

mer of 1894, by Professor Conway MacMillan and Mr. E. P. 

Sheldon, and that made by Professor MacMillan in July, 1896, 

on the American islands. The former collections are the more 

complete as to localities, but the latter is the more complete in 

number of species. 

The number of species listed is not large, but furnishes sev- 

eral that are interesting because not reported from this portion 

of the United States before. The genera, Cladonia, Stereo- 
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caulon, Umbilicaria and Physcia furnish these interesting 
species, and notes concerning them will be found in the list 
below. The collection seems to indicate that the species of 

Cladonia are particularly abundant, and the finding of four 
Umbilicarias in this region is not less surprising. It is also 

worthy of note that two species of Parmelia fruit here which 
do not further south. The notes concerning this fact will also 

be found below in the list. 
In arrangement and synonomy I have followed Tuckerman’s 

Synopsis, which is likely to be the standard for some time in 
the study of American lichens. 

LIST OF SPECIES AND VARIETIES. 

1. Ramalina ealicaris (L.) FR. var. fastigiata FR. 

On trees. American islands, July, 1896, no. 24. 

2. Evernia prunastri (L.) ACH. 
On wood. Flag island, Aug., 1894, no. 2895. Ameri- 

can islands, July, 1896, no. 25. 

3. Usnea barbata (L.) Fr. var. florida FR. 

On trees. Main land, Huggins landing, July, 1894, no. 

1575. Flag island, Aug., 1894, no. 2895b. 

4. Usnea barbata (L.) FR. var. hirta FR. 

On trees. American islands, July, 1896, no. 27. 

Not previously reported from Minnesota. 

5. Usnea barbata (L.) FR. var. plicata FR. 
On trees. Flag island, Aug., 1894, no. 2895c. 

6. Theloschistes chrysopthalmus (L.) Norm. 

On trees. Garden island, June, 1894, no. 401. 

. . Theloschistes polycarpus (HHRH.) TUCK. 

On trees and dead wood. War Road river, June, 1894, 

no. 500. Big island, July, 1894, no. 2245. American 

islands, July, 1896, nos. 10 and 11. 

Two distinct forms are placed here, one having a green- 

ish-yellow thallus and yellow apothecia, and the other 

having fulvous thallus and apothecia. The latter tends 

toward the next. 

aI 

8. Theloschistes lychneus (Nyt.) TucK. 
On trees. American islands, July, 1894, no. 2273. 

American islands, July, 1896, no. 9. 
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Theloschistes concolor (Dicks.) TUCK. 
On trees. War Road river, June, 1894, no 500a. Gar- 

den island, June, 1894, no. 644a. 

Parmelia borreri TURN. 
On trees. American islands, July, 1896, no. 5. 

Parmelia borreri TURN. var. rudecta TUCK. 
On trees. American islands, July, 1896, no. 50. 

Not previously reported from Minnesota. 

Parmelia saxatilis (L.) FR. 
On trees. Main land, Huggins landing, July, 1894, no. 

1538. Massacre island, July, 1894, no. 2622. Flag island, 

Aug., 1894, no. 2895a. American island, July, 1896, no. 3, 

The plants are frequently fruited, as are several ob- 

tained by the writer at Taylors Falls. Further south in 

Minnesota and Iowa the plant seldom, if ever, fruits. 

Parmelia olivacea (L.) AcH. 
On trees. Big island, July, 1894, no. 2245b. American 

islands, July, 1896, no. 6. 

Parmelia caperata (L.) ACH. 
On trees. Shoal Lake island, July, 1894, no. 1040 

American islands, July 1896, no. 4. 

Parmelia conspersa (ExRuH.) ACH. 
On granitic rocks. Big island, July, 1894, nos. 2156 

and 2182. Massacre island, July. 1894, no. 2616. Island 

near Northwest angle, Aug., 1894, no. 3224. American 

islands, July, 1896, no. 2. 

Finely fruited here and at Taylors Falls. Further 

south in Minnesota and Iowa seldom fruited. 

Physcia pulverulenta (ScHREB.) NYL. 
On wood. American islands, July, 1896, no. 19. 

Not previously reported from Minnesota. 

Physcia stellaris (L.) FR. 
On trees and dead wood. War Road river, June, 1894, 

no. 500b. Garden island, June, 1894, no. 644. Big island, 

July, 1894, no. 2245a. American islands, July, 1894, no. 

2273a. American islands, July, 1896, no. 21. 

Physcia tribacia (Acu.) Tuck. 
On trees. American islands, July, 1896, no. 20. 

Not previously reported from Minnesota. 
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Physcia hispida (SCHREB., FR.) TUCK. 
On trees, sterile. American islands, July, 1896, no. 17. 

This northern species has not been reported before 

from central-northern United States. It occurs com- 

monly in New England, and Hall has reported it from 

Oregon. 

Physcia cesia (HOFFM.) NYL. 
On trees. American islands, July, 1896, no. [D) | pay 

Physcia obscura (EHHRH.) NYL. 
On trees. American islands, July, 1896, no. 18. 

Umbilicaria muhlenbergii (AcH.) TUCK. 
On granitic rocks. Massacre island, July, 1894, no. 

2619. American islands, July, 1896, no. 30. 

Not previously reported from Minnesota. 

Umbilicaria vellea (L.) Nyt. 
On granitic rocks. Massacre island, July, 1894, no. 

2597. 
Not previously reported from Minnesota. 

Umbilicaria dillenii Tuck. 

On granitic rocks. Massacre island, July, 1894, no. 

2619a. American islands, July, 1896, no. 31. 

Umbilicaria pustulata (L.) Horr. 
On granitic rocks. American islands, July, 1896, no 42. 

The last two were listed by the writer as from Wiscon- 

sin or Minnesota in Proc. Iowa Acad. Sci. 1894. Other- 
wise, these four Umbilicarias have not been reported be- 

fore from central-northern United States. 

Peltigera canina (L.) HOFFM. 

On earth. Elmer point, Aug., 1894, no. 2800. Amer- 

ican islands, July, 1896, no. 28. 

Varying from pretty good forms to the first variety 

below. 

Peltigera canina (L.) HOF FM. var. spuria ACH. 
On earth. Shoal lake island, July, 1894, no. 1038. 

Massacre island, July, 1894, no. 2618. Island near North- 

west angle, Aug., 1894, no. 3227. 

Not previously reported from Minnesota. 
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28. Peltigera canina (L.) Horr. var. sorediata SCHR. 
On earth. Big island, July, 1894, no. 2210. 

This plant was often observed by the writer at Minne- 

apolis, where it frequently fruits, as does the plant here 

listed from the Lake of the Woods. It is rare and usu- 

ally sterile in Iowa. The plant is nearly as fibrillose 
beneath as Peltigera canina (l.) HorrM., with shorter 

always white fibrils, those of the latter frequently be- 

coming brown. 

Not previously reported from Minnesota. 

29. Collema crispum Borr. 
On earth. American islands, July, 1896, no. 22. 

The margins of the apothecia are crenate, in which the 

plant is nearer Collema tenax (Sw.) ACH. 
Not previously reported from Minnesota. 

30. Placodium elegans (LiINK.) D. C. 

On granitic rocks. American islands, July, 1896, no. 56 

31. Placodium cerinum (HEDWw.) Naka. and HEPP. 
On trees. American islands, July, 1896, nos. 8 and 16. 

32. Placodium vitellinum (KHHRH.) NAEG. and HEPP. 
On granitic rocks. American islands, July, 1896, no. 55. 

Spores 20 to 80 in asci. Thallus rather deficient, and 

some of the apothecia have entire margins. In the last 

two characters the plant approaches var. aurelluwm ACH. 

Not previously reported from Minnesota. 

33. Lecanora rubina ( VILL.) ACH. 
On granitic rocks. American islands, July, 1896, no. 57. 

Not previously reported from Minnesota. 

34. Lecanora varia (EHRH.) NYL. 
On granitic rocks. American islands, July, 1896, no. 52. 

Not previously reported from Minnesota. 

35. Lecanora varia (EHRH.) NyL, var. symmicta ACH. 
On dead wood. American islands, July, 1894, no. 2273c. 

American islands, July, 1896, no. 29. 

The spores are not so wide in proportion to the length 

as Tuckerman’s measurements, as is frequently the case 

with specimens of various forms of the species from Min- 

nesota and Iowa. ge 
Not previously rey ed from Minnesota. 
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Lecanora cinerea (L.) SOMMERF. 

On granitic rocks. American islands, July, 1896, no. 53. 

Not previously reported from Minnesota. 

Lecanora cinerea (L.) SOMMERF. var. gibbosa NYL. 

On granitic rocks. American islands, July, 1896, no. 54. 

Not previously reported from Minnesota. 

Lecanora muralis (SCHREB.) SCHR. 
On granitic rocks. American islands, July, 1896, no. 51. 

Not previously reported from Minnesota. 

Rinodina sophodes (AcuH.) NYL. 
On trees. American islands, July. 1896, no. 15. 

Not previously reported from Minnesota. 

Gyalecta lutea (Dicks. ) Tuck, 
On woodand moss. American islands, July, 1896, no. 1. 

Spores rarely three or even four-celled, in which the 

plant tends toward Gyalecta friesii KOERB. 
Not previously reported from Minnesota. 

Stereocaulon paschale (L.) FR. 
On earth among rocks. Small island south of Little 

Oak island, July, 1894, no. 1730. Little Oak island, July, 

1894, no. 2109. Big island, July, 1894, no. 2154. Elmer 

point, Aug., 1894, no. 2803. American islands, July, 

1896, no. 23. 

Not before reported from central - northern United 

States, except by the writer, in Proc. Iowa Acad. Sci. 

1594. The number of collections above prove that the 
plant is common. 

Cladonia cariosa (ACH.) SPRENG. 
On wood. Small island south of Little Oak island, 

July, 1894, no.1726a. Island near Massacre island, July, 

1894, nos. 2437c and 2485. 

Not previously reported from Minnesota. 

Cladonia pyxidata (L.) FR. 
On earth among rocks. Garden island, July, 1894, no. 

430. Big island, July, 1894, no. 2153. Massacre island, 

July, 1894, no. 2603. Island near Northwest angle, Aug., 

1894, nos. 3227 and 3287. Flag island, Aug., 1894, nos. 

2896 and 2900. American islands, July, 1896, no. 33. 
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Cladonia fimbriata (L.) FR. var. tubeformis FR. 
On earth among rocks and on wood. Sweetheart is- 

land, July, 1894, no. 299. Small island south of Little 

Oak island, July, 1894, no. 1729. Little Oak island, July, 

1894, no. 2110. Massacre island, July, 1894, nos. 2602 and 

2668a. Flag island, Aug., 1894, no. 2896c. American 

islands, July, 1896, no 47. 

Not previously reported from Minnesota. 

Cladonia degenerans FLOERK. 

On wood. Garden island, June, 1894, no. 427. Amer- 

ican islands, July, 1896, no. 41. 

Not previously reported from Minnesota. 

Cladonia gracilis (L.) NY. 
On earth among rocks. Small island south of Little 

Oak island, July, 1894, nos. 1723, 17255 and 1726. Big 

island, July, 1894, no. 2243. Island near Massacre island, 

July, 1894, nos. 2487 and 2484. Flag island, Aug., 1894, 

no. 2896a. American islands, July, 1896, nos. 43 and 45. 

Cladonia gracilis (L.) Nyu. var. verticillata FR. 
On earth among rocks. Main land, Huggins landing, 

July, 1894, no. 1599. Small island south of Little Oak 

island, July, 1894, nos. 1724 and 1728. Little Oak island, 

July, 1894, no. 2108. Flag island, Aug., 1894, nos. 2894 
and 2899. Island near Massacre island, Aug., 1894, no. 

2437a. American islands, July, 1296, no. 44. 

Cladonia gracilis (L.) Nyu. var. hybrida ScH#r. 

On earth among rocks. Shoal lake island, July, 1894, 

no. 1041. Small island south of Little Oak island, July, 

1894, no. 1723b. Massacre island, July, 1894, no. 2598. 

American islands, July, 1896, no. 40. 

Not previously reported from Minnesota. 

Cladonia gracilis (L.) Ny. var. elongata FR. 
On earth among rocks. American islands, July, 1896, 

no. 48. 

Cladonia fureata (Hups.) FR. var. crispata FL. 
On earth among rocks. American islands, July, 1896, 

no. 39. 
This variety has not been reported before from the in- 

terior of the United States. 
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51. Cladonia furcata (Hups.) FR. var. pungens FR. 

On earth among rocks. Main land, Huggins landing, 

July, 1894, no. 1597. 
Apparently a rare form in America. 

Not previously reported from Minnesota. 

79) 52. Cladonia rangiferina (L.) Horr. 
On earth among rocks. Sweetheart island, June, 1894, 

no. 351. Hill near Rat Portage, July, 1894, no. 920. Is- 

land north of Hay island, July, 1894, no. 1961. Big 

island, July, 1894, nos. 2156 and 2157. Small island south 

of Little Oak island, July, 1894, nos. 1725 and 1727. Lit- 

tle Oak island, July, 1894, no. 2106. Massacre island, 

July, 1894, nos. 2568 and 2601. Island near Northwest 

angle, July, 1894, nos. 3222, 3286 and 3289. Elmer point, 

Aug., 1894, no. 2805. American islands, July, 1896, 

no. 37. 

53. Cladonia rangiferina (L.) Horr. var. alpestris L. 
On earth among rocks. Sweetheart island, July, 1894, 

no. 350. Small island south of Little Oak island, July, 

1894, nos. 1725a and 1729a. Little Oak island, July, 1894, 

no. 2107. Massacre island, July, 1894, no. 2600. Elmer 

point, Aug., 1894, no. 2804. Island near Northwest an- 

gle, Aug., 1894, no. 2223. Flag island, Aug., 1894, no. 

2898. American islands, July, 1896, no. 35. 

Not previously reported from Minnesota. 

ot Sa Cladonia uncialis (L.) FR. 
On earth among rocks. Island north of Hay island, 

July, 1894, no. 1962. Little Oak island, July, 1894, no. 

2111. Massacre island, July, 1894, no. 2599. Big island, 

July, 1894, no. 2155. Flag island, Aug., 1894, no. 2897. 

American islands, July, 1896, nos. 34 and 36. 

Not previously reported from Minnesota. 

55. Cladonia cornucopioides (L.) FR. 
On earth among rocks. Main land, Huggins landing, 

July, 1894, no. 1599. 

Not previously reported from Minnesota. 

56. Cladonia macilenta (EHRH.) HOFFM. 
On dead wood. American islands, July 1896, no. 46. 

Not previously reported from Minnesota. 
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57. Cladonia cristatella TUCK. 

On dead wood. Sweetheart island, June, 1894, no. 298. 

Main land, Huggins landing, July, 1894, no 1593. Small 

island south of Little Oak island, July, 1894, no. 17265. 

Big island, July, 1894, no. 2213. Flag island, Aug., 

1894, nos. 2898, 2894a and 2896). American islands, 

July, 1896, no. 38. 

58. Biatora atropurpurea (Mass.) Hepp. 
On bark of Populus. American islands, July, 1896, 

no. 13. 

Thallus thin, membranous, whitish, becoming scurfy; 

apothecia rather small, adnate, disk a little convex and 
becoming somewhat rough, pale within. Spores ellip- 

soid, simple, 1°—1 mik, 8 in asci. 

The plant is placed here provisionally. 

Not previously reported from Minnesota. 

59. Biatora rubella (EHRH.) RABENH. 
On trees and dead wood. American islands, July, 1896, 

no. 12. 

Spores 4,—6§mik, the longest being 10 mik. longer than 

Tuckerman’s measurements, as are those of the Eu- 

ropean plant. 

Not previously reported from Minnesota. 

60. Lecidea enteroleuca FR. 

On trees. American islands, July, 1894, no. 2273b. 

61. Buellia parasema (Ac#.) TH. FR. 
On trees. American islands, July, 1896, no. 14. 

62. Endocarpon fluviatile DC. 
On submerged rocks. Massacre island, July, 1894, no. 

2622a. American islands, July, 1896, no. 26. 

Not previously reported from Minnesota. 
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XLUI. CONTRIBUTIONS TO A KNOWLEDGE OF 

’ 

. * 

4 

THE LICHENS OF MINNESOTA—II. LICHENS 

OF MINNEAPOLIS AND VICINITY. 

BrRucE FINK. 

CONSIDERATIONS OF DISTRIBUTION AND HABITAT. 

This paper is based upon collections made by me during the 
summer of 1896 in the outskirts of Minneapolis, or within six 

miles of the city limits. As stated in the preceding paper, 

the lichen-fiora of that portion of Minnesota from Minneapolis 
south is essentially similar to that of northern Iowa. After 

_ haying worked over portions of this latter area thoroughly, I 

was quite as much interested while collecting at Minneapolis 
to ascertain how the two regions bordering on the Mississippi 

river compared with reference to their lichen-ficras as in ques- 
tions purely local. Indeed, in no way can plant-distribution be 
studied better than by comparing different areas, and I shall 

attempt to draw some conclusions, from my study of certain 

localities, concerning lichen-distribution in the region now un- 
der consideration. 

The first thing that impressed me in the study of the region 

about Minneapolis is that lichens are not so numerous there 

either as regards species or individuals as in some other parts 

of Minnesota, or in certain equal areas in northern Iowa. I 

have made a collection of about 220 species at Fayette, Iowa, 

of which 180 species were listed in my paper upon the lichens 

of lowa. These numbers are given for the whole county of 
Fayette, but, for purposes of comparison, all species not with- 

in five miles of the city of Fayette are cut out, as will appear 
in a table to follow. 

The only noteworthy differences between the vicinities of 

Minneapolis and Fayette as regards substrata suited to lichen- 
development are the presence of the Saint Peter sandstone at 
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the former place, which does not occur at the latter, and the 

fact that the paleozoic limestones outcrop at the surface much 

more frequently at the latter. The first difference isin favor of 

the lichen-flora about Minneapolis, and the second favors that 

about Fayette, as each of these substrata bears its character-’ 

istic lichens. As will be especially noted toward the close of 

these notes, these two differences about offset each other. The 

tamarack swamps about Minneapolis have no parallel about 

Fayette and furnish lichens not found, or rare, in other parts 

of the region considered in this paper. Yet all of these lichens 

occur about Fayette on one substratum or another, so that, in 

the comparison, the former region will gain nothing. Minne- 

apolis has the larger river and the lakes, but not a single lichen 

has occurred near these bodies of water that is especially char- 

acteristic of such localities. However, these bodies of water. 

give the region a peculiarity of lichen-distribution which can 

scarcely escape the notice of an experienced collector. It is 

that the number, both of individuals and species, is noticeably 

greater about the lakes and river than in places somewhat 

remote from them. 

The following table, giving the genera and the number of 

species in each for the Minneapolis and Fayette vicinities, will 

be instructive and will form the basis for some further com- 

parisons of the two regions. 

No. of No. of No. of No. of 

species, species, species, species, 

GENERA. Mpls. Fayette. GENERA. Mpls. Fayette. 

A COLMUMN 55 joc cine sess 1 1 Opegrapha.............. 1 2— 2 

Arthomia.:.....0.:08.5.2. 3 5-— 1 Pannaria................ 2 2— 1 

AlectOria... 06.6.0 0. 6... J 1 Parmelia... -.5icc..00%. | 78 9— 1 

PRIRLOMAT ae soeeee esc etan| 0 138— 3 Peltigera.. occ. cseee 6 6 

MB UO Ma ess Steere ces ce 3 5— 1 Pertusaria,.....0 63.208. 4 78 4— 2 

Cetrariaiy cocaine. 1 1 Py SCMA ioscan ae 10— 1 

CON ENG (Cy (pCR 3) aan arc 9 16 Placodium.............. 10 10— 1 

COolbemma est oenwiocn sess... 2 7—1 Pyrenula...........0.. 4 7-1 

Coniocyhe. ..3.6 5-02.05; . 0 1 1 Arp. 211 oes NornGornecase dee qi) 1 

Endocarpon............ 5 6 Ramalina ....3.°52>.. 20) oo 3 

J OV yy a Ee BAR Co aaqGgasoonaones 1 1 Minmodimals.. jcorceiaoss ao 4 

Gyalecta.. ........ 0 0— 1 Staurothele............ 0 1 

Graphise ues. cecconolsnen ol 2-1 Theloschistes......... 4 5 

WMS PPL sso. sccceecsareue 10 1 Ureceolaria..........:... 1 1—1 

Lecanora......... ...... 15 16— 2 LOf= 1 Ct Yaar eerninnse Roane cc! 4 

Weciden a. aia cteocn ae 2— 1 Verrucaria .....5;.cchc 4-1 

Leptogium.............. 1 5 —— = 

Omphalaria............. 1 1— 1 TOPANS 5 .ssne leecher sk 118 157—23 

The collecting at Fayette extended over three years, and 

that at Minneapolis only over two months. Yet the collecting 

at the former place was my first extended work on lichens, and 

the best part of the work was confined to a single summer. 
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The Fayette column I have divided into two parts, the first 
containing 157 species, which, with present experience, I 

should expect to find in a region as favorable for lichen- 
development as Fayette and in the time spent in collecting at 

Minneapolis. The second part of the Fayette column contains 
23 species, so rare that one would not be so likely to find them 

in the short time, or which are not found within five miles 

of Fayette. The 113 species found at Minneapolis are about 
72 per cent of the 157 species of Fayette lichens, and it will be 
an approximately correct estimate to say that lichens are one- 

fourth more numerous at the latter place than at the former. 

The cause of the smaller number of lichens about Minne- 

apolis is evidently to be sought mainly in its dryer climate. 

Several considerations have conspired to cause me to arrive at 

this conclusion. First, most species of lichens here are more 

disposed to confine themselves to moist situations, as about the 
bodies of water mentioned above, in heavy woods, or when in 

dry places near the ground. The last tendency is noticeable 

in Graphis scripta (l.) ACH., which in dry places most fre- 

quently grows low down on the trunks of the trees. In pass- 

ing up from.the Mississippi river banks 50 to 100 feet to the 

level ground just above the bluffs the decrease in number of 

species and individuals, whether on rocks, earth or trees, is 
very striking. In one place within or near the city limits the 

granitic boulders just above the bluffs are well covered with 

lichens, while twenty rods back from the river in open ground 

the rocks of the same kind are nearly bare of them. The de- 

crease is not so marked in lichens growing on trees as in those 

growing on rocks, but is noticeable. [am not referring now 

to change in species in passing to the dryer locality, which 

also occurs here as elsewhere, and is due to stress caused by 

environment. Further, it may be said that a decrease would 

occur in numbers in other regions, but observation shows it to 

be more marked in dry climates. In parts of northern Iowa 

no such noticeable decrease occurs. Here 15 or more species 

of lichens may easily be found on a single tree in moderately 

dry situations, and nearly all the species commonly occurring 

on the boulders in the vicinity of Fayette may be found on a 

single one in an open dry field far removed from any stream. 

Second, the gelatinous lichens, which thrive in moist places, 

are rare at Minneapolis. The first table will show that the 

genera Collema and Leptogiwm show 3 species at Minneapolis 

and 12 at Fayette. I took special pains to investigate this 
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peculiarity of distribution at the former place, searching deep 

wooded ravines where these species should abound. It may be 

added that two of the three species given for the one locality 

are much rarer than any one of the 12 given for the other. 

This adds to the evidence in a way not shown in the table. 

Third, the genus Peltigera, the species of which grow on the. 

ground where they can get an abundance of moisture, is repre- 

sented by an equal number of species in the two localities com- 

pared, as will appear upon examining the first table. The 

individual Peltigeras are also about equally numerous in the two 

regions, the genus Peltigera being probably the best developed 

one of the flora about Minneapolis, though several other genera. 

are represented by more species. 

A thorough exploration of three or four selected areas along 

the Mississippi river, between the two localities compared 

above would, if made by one well acquainted with lichens and 

their habits of growth, bring out some very interesting and 

instructive information regarding lichen-distribution. The 

first and second questions considered just above could thus be 

traced. As to where the gelatinous lichens decrease in num- 

ber most rapidly in passing northward; and where the change 

from comparative uniformity of distribution, so far as influ- 

enced by the moisture or dryness of small adjacent areas, to 

greater lack of uniformity in this regard takes place most 

rapidly, are questions of interest. 

The difference in number of species of lichens for the two. 

localities compared is a greater per cent of the larger total 

than is the difference in number of genera. Fayette has 34 

genera and Minneapolis 29. The difference in favor of the 

former place for genera is only 15 per cent, while for species 

it is about 28 per cent, or nearly twice as great. Reference to 

the table will show that the five Fayette genera (Coniocybe, 

Gyalecta, Heppia, Pyxine and Stauwrothele), not thus far found at 

Minneapolis, are each represented at the former place by a 

single species Hence, the 15 per cent has not the significance 

that it would have if it stood for genera well represented at 

one place and wanting at the other. On the whole, the less 

favorable conditions for lichen-development have affected the 

number of species vastly more than the number of genera. 

Further knowledge of the distribution of the lichens about 

Minneapolis can be gained by the consideration of the 

table below, in which I have given numbers of lichens for 

various substrata for Minneapolis and Fayette with the per 



Fink: THE LICHENS OF MINNESOTA. 707 

cents which these numbers represent of the whole number of 

lichens found in each locality.on the substrata considered. 

SunsmRata. aa et ba aa Seopa ren fee 
DTN eta se, arene teemeacaacairs 58 or 58.5 per cent.... ...: 90 or 57 per cent. 

Calcareous rocks...........- 17 or 17+ oe Jun onarrrtes 31 or 19.33 per cent. 

Beanie rocks ..-.\cees tosses || 2 Or 12-1“ oekc ett 17 or 10.66 
St. Peter sandstone.......... ARES DOCH Oo CR OSOOREEOCOCOET 0 

UPN ASS oc -kied aiaie’e wianeiwasseanise 12 or 12+ per cent......... 22 or 13.75 per cent. 

Wood and rocks............. Din cians balecta chielecieoatteleyels:s 15 

Wood and earth............. 10 AES eeig-lsct Cenne ACS EAerc 2 

Rocks and earth............. Be lealesoms See atecitatecehecates 3 

Total numbers......... ALS cp ccikaly civlaveailasintine easel ccs 180 

The table shows very little difference in the per cents of 

species on different substrata for the two localities, and this 

would seem to indicate that, though the dryer climate of the 

Minnesota region has caused a ‘poorer development of lichens 

than is found at the Iowa locality, it has not caused these plants 
to seek substrata especially favorable for their development. 

Other factors enter in to compensate differences which would 

otherwise occur to such an extent that the table shows in this 

respect just what it would not show were it not for these fac- 

tors,—similarity as to number of lichens on different substrata 

for the two regions. 

These other factors have prevented the development of a 

larger per cent of earth and rock lichens. As climate becomes 

dryer the relative per cent of these lichens should increase 

because nearer the earth there is more moisture. First as 

to the lichens on calcareous rocks, the per cent for Fayette is 

a little higher than that for Minneapolis, while the opposite 
condition should follow the difference in climatic conditions 

between the two places. This apparent difficulty is easily 

explained since the calcareous rocks outcrop at the surface 

much more frequently at the former locality. The lichen-spe- 

cies on calcareous rocks at Minneapolis are those confined in 

both places to perpendicular exposures, while one-third of the 

species found at Fayette are characteristic of surface outcrops. 

Deducting one-third of the 19.33 per cent given in the table for 
Fayette leaves less than 12.7 per cent and gives Minneapolis 

an advantage of more than 3 per cent for conditions as to sub- 

strata existing at both places. This is given as the true rela- 

tion so far as influenced by the difference in hygrometric con- 

ditions. 
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Next as to the lichens on granitic rocks, the difference of 1.3 

per cent in favor of Minneapolis is not so great as might be 
expected. This is due to the fact that so many of the granitic 

boulders are in dry open places. The few in moist or shaded 

places are reasonably well covered with lichens, but those not 

thus protected are not, as has been stated elsewhere. The lime- 

stone exposures are usually shaded along the wooded river 

banks, hence the advantage for these rocks would be greater 

than for the granitic rocks were it not for the lack of surface 

outcrops of the limestone rocks. 

As to the earth lichens, the region including Minneapolis 

lacks the calcareous-earth lichens of the lowa region, because 

the caleareous rocks are more deeply covered by drift and have 

not been so frequently exposed to help in soil formation. Of 

the 22 earth lichens found at Fayette 7 occur on calcareous 

earth, while of the 12 found at Minneapolis only 2 occur on 

calcareous earth. Reducing the first number to 15 and the 

third to 10 gives Minneapolis an advantage of .3 per cent. 

This .8 per cent does not show the effect of atmospheric differ- 

ences between the two places compared, because of the Minne- 

apolis Cladonias only one-third occur on the earth, while of 
those at Fayette about two-thirds grow on the ground. Since 

I shall be able to present no very satisfactory explanation of 

this difference in distribution of the Cladonias, it might be fair 

. to throw the earth Cladonias out of the calculation; and, if this 

were done, the advantage in favor of Minneapolis in the per 

cents would be about 2.5. 

As to the wood lichens about Minneapolis, it will be seen that 

if the per cents of rock and earth lichens were what we should 

expect from hygrometric conditions alone, the per cent of these 

would rise and that of the wood lichens would fall in compara- 

tive proportion. In other words, conditions other than atmos- 

pheric have tended to decrease the rock and the earth lichens, 

but not the wood lichens. Scarcity of lichens on trees removed 

from the large bodies of water and not in heavy forests has 

been noted elsewhere in this paper. As to lichens on dead 

wood, especially old boards, the Minneapolis region furnishes 

8 and Fayette 14. The per cent of the whole lichen-floras in 

favor of the latter region is about one. In the Minneapolis 

region the lichens on old boards are common enough in damp 

places, but in dry ones old boards are frequently quite bare of 

them. In the Iowa region the old boards are abundantly sup- 

plied with lichens, even in dry places. 
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The reconstructed table below (which leaves the numbers of 

lichens for the substrata considered unchanged in the Minne- 

apolis column except that for the earth lichens all calcareous. 

earth lichens plus all earth Cladonias are omitted, treats the 
Fayette earth lichens in the same way and also deducts from 

the latter column all the calcareous-rock lichens found on sur- 

face exposures) gives the relative per cents for all the sub- 

strata considered as influenced by atmospheric conditions 

alone. 

No. and per cent, No. and per cent, 
SUBSTRATA. Minneapolis. . Fayette. 

OE ane AO ROR SCRA CprIEe 58 or 62.3+ per cent........ 00 or 68+ per cent. 
Caleareous rocks............ 17 or 18.25— “ UE ia arr 20 or 15-+- . se 

GIFEMItC TOCKS «<0. 05.2 s65. <0: 120r12.8+ ‘ Soe lassie obiae 17 or 12.8— 

120) CALE NS a 6or6.5— “ yemrretocts 5 or 4— 

This table simply places the per cents that would result from 

atmospheric conditions where they may be easily compared. 

However, by the reduction of the numbers representing earth 
and calcareous-rock lichens to eliminate other causes, it re- 

duces the advantage for the Minneapolis vicinity in granitic 

rock species to a very small fraction. A somewhat larger 

number of such rocks were examined about Fayette, and pos- 

sibly the larger number increases the number of species of 

lichens on them, which once established may now all be found 

on a few of the rocks. However, if the smaller number about 

Minneapolis is due to removal of the rocks, this argument 

loses much of its value. This table shows the relation between 

the wood lichens, as influenced by climate alone by per cents, 

which has not been done before. 

I have already stated that the comparative numbers of lich- 

ens for Minneapolis and Fayette apply for individuals as well 

as for species. Now, it must not be supposed that earth and 

rock lichens are comparatively common at the former place 

because the per cents are higher. A careful inspection of the 
tables will show that this does not follow. There are only a 

few lichen species which may be regarded as comparatively 

common about Minneapolis, such as most of those occurring on 

the Saint Peter sandstone, some of the Peltigeras, one or two 

Endocarpons, Rinodina sophodes (ACuH.) NYL., Physcia stellaris (L.) 

TucK. and perhaps two or three others. I have attempted to 

state in the list whether the species are common, frequent, or 
rare, and it seems to me that the number of rare lichens is 

large. This is very noticeable in the Lecanoras where only one 

species of 15 listed is given as common. 
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The Saint Peter sandstone along the Mississippi river near 

Minneapolis, and that along the same river in northeast- 

ern lowa near McGregor, may be compared as to lichen-floras 

by use of the following table, which gives the species charac- 

teristic of these rocks in both places, and also those found on 

them in each place and not in the other. 

Species found in both 
places. 

Ramalina ealicaris (L.) 

Fr. var. farinacea 

SCHAER. 

Ureeolaria scruposa 

(L.) NY. 

@ladonia cornucopioi- 

des (L.) FR. 

Usnea barbata (L.) Fr. 
var. rubiginea MICHX. 

In northeastern lowa only. 

Pannaria microphylla 

(Sw.) DELOs. 

Cladonia rangiferina 

(L.) Horr. var, syl- 

vatiea L. 

Cladonia unecialis (L.) 

Fr. 

Biatora granulosa 

(EHRH.) POETSCH. 

About Minneapolis only. 

Cladonia czspiticia 

(PERS.) FL. 

This table affects comparisons thus far made in no way since 

the Iowa locality, now under consideration, is a different one 

than that previously used. In all the comparisons thus far 

made, the lichens on the Saint Peter sandstone have been elim- 

inated with those of other substrata occurring in only one of 

the localities. Now, in the above table it will be noticed that 

the Iowa region has the advantage in the number of species not 
common to both. Knowing what occurs in Iowa, I examined 

the Minnesota locality very carefully, and the advantage is ap- 

parently due to the more favorable conditions for itichen growth 

in northern Iowa. The four species common to both regions 

are doubtless distributed along the river between the two local- 

ities wherever these rocks are exposed. How far north the 

four species found only in the lowa locality extend, and how 

far south that found only in the Minnesota locality extends, are 

questions of interest. Knowledge on this point might lead toa 

modification of views just stated. 

Usnea barbata (L.) FR. var. hirta F'R., is also confined to the 

Saint Peter sandstone at the Minnesota locality, but not at the 

Iowa one, though occurring on this formation there also. This 

rock is apparently its most natural habitat in the regions con- 

sidered, to which habitat it is confined in tiie one less favorable 

to lichen development. Though, as in this instance, I have 

omitted from the last table the species found on these rocks 

and also on other substrata near by in one or both regions, ab- 

ruptness in floral change due to stress caused by change in sub- 

strata is seldom better illustrated than in comparing the lichens 
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of the Saint Peter sandstone with those of other substrata that 

happen to lie adjacent. The distribution of lichens on this rock 
' formation in Minnesota, Wisconsin, lowa and Illinois is worthy 

of careful study. Other questions of distribution would be 

brought to light, illustrated by the species here considered and 

doubtless by several others not yet collected on these rocks. 

The statements thus far made willsurely lead to some wrong 

conclusions on the part of readers if not somewhat explained. 

A perusal of the foregoing comparisons might lead to the con- 

clusion that the region covered by this paper is poorer in 

lichen-species than it really is. It has been compared with a 
region probably as much above the average for the part of the 

upper Mississippi valley near the river as it is below as to 

number of lichens, and yet the per cent of difference in favor 

of the lowa locality is only 28. 

On the other hand, comparison with some other lists of lichen- 
floras about large cities might cause one to conclude that I 

have omitted certain factors that tend to decrease the number 

of species for such regions and have been at error in asserting 

that the locality treated in this paper is not naturally up to the 

average in number of lichens. For instance, the recent list by 

Mr. W. W. Calkins, for Chicago and vicinity, covering a much 

larger area than the one treated in this paper, only contains 12 

more species. Probably Mr. Calkins’ collecting was as well 

done as mine, but from personal knowledge, as well as from the 

statement of Mr. Calkins in his introduction, I know that the 

Chicago region, naturally not a rich lichen-area, is now not so 

rich as formerly because of the inroads of civilization destroy- 

ing substrata. Destruction of substrata need scarcely be con- 

sidered in the area about Minneapolis, for, excepting perhaps 

the granitic boulders, one can find as great an abundance of 

substrata about Minneapolis as about Fayette, the locality with 

which the former region is compared. 

Concerning the list of lichens in Deane and Collins’ ‘‘ Flora 

of Middlesex Co., Mass.,” in which Boston is located, little 

need be written. Though the lichen-flora treated in that list 

is much richer than that of either Chicago or Minneapolis, the 

number of species and varieties listed is only 146. After some 

experience in collecting about Boston, I know that this list for 

the large county of Middlesex is so incomplete that any conclu- 

sion as to the richness of the Minneapolis lichen-flora drawn 

from a comparison with this list would not be at all trust- 

worthy, especially after making allowance for the much larger 

area covered by the latter list. 
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Also, from scattered statements in this paper, the inference 

might be drawn that I should have given more prominence to 

difference of substrata in accounting for the difference in num- 

ber of lichens in the localities compared. Minneapolis gains 

6 species on the Saint Peter sandstone, which is not found at 

Fayette, and lacks 6 species, occurring at Fayette, because the 

calcareous rocks seldom outcrop at the surface, and 5 species 

because of scarcity of calcareous earth. Possibly some allow- 

ance should be made for a probable slight advantage :for Fay- 

ette in number of granitic rocks, though Minneapolis has the 

advantage in the per cent of species on these rocks, Of the 5 

species gain for Fayette in the figures given above, 8 or 4, 

about 75 per cent, could be expected to occur at Minneapolis if 

the substrata were present. We could add as many more 

species for the possible advantage of Fayette in granitic rocks 

as substrata and still only have a total difference of 7 species 

resulting from difference in substrata. This would reduce the 

advantage of Fayette to be accounted for by difference in at- 

mospheric conditions to 37 species, ‘or 24 per cent. Subtract- 

ing this from the total difference of 28 per cent, leaves a 

doubtful 4 per cent to be accounted for by lack of substrata at 
Minneapolis. 

It may also be thought that I have not taken into account the 

usual decrease in number of species in passing from warmer to 

colder regions. The distance of about 150 miles from south to 

north between the two localities compared is so small that lit- 

tle difference in number of species could result, the difference 

in mean annual. temperature being between 2° F. and 3° F. 

The smaller number of individuals at Minneapolis also tends to 
prove that the difference in latitude has not helped to produce 

the difference in number of species, as the decrease in number 

of species, caused by colder climate, usually gives place to an 

increase in number of individuals. __If the difference in lichen- 

floras were due to the above cause, northern species should 

come in, to some extent, at Minneapolis, to take the place of 

those found at Fayette, and not at the former place. Parmelia 

olivacea (L..) ACH., Evernia prunastri (L.) ACH., Cetraria ciliarisy 

(AcH.) TuCK., and possibly Alectoria jubata (L.) TUCK var. 

chalybeiformis ACH. are more numerous, and occur on more 

substrata at Minneapolis as a result of more northern location, 

but not a species has come in: 
So far as moisture influences distribution of lichens, the 

region along the Mississippi river should increase in richness 
of species as we pass south in the state from Minneapolis. Yet 
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so many factors influence distribution of species that one can- 

not predict with certainty the conditions in an unexplored 

region, even when adjacent to one already well studied. 

Further, the inference must not be hastily drawn that Minne- 

sota as a state is comparatively poor in lichen-species, for, 

while no one locality may finally yield so large a number 

of species as Fayette, lowa, with 220 already collected, yet 
within the borders of the former state are included some areas 

which are veritable gardens for certain species. As examples 

may be mentioned the Cladonias and Umbilicarias of the Lake 
of the Woods, listed in the first paper of this series, and the 
rock lichens of Taylors Falls already collected. 
The list of species to follow certainly contains all or nearly 

all the species and varieties of lichens commonly occurring 
about Minneapolis, as well as a large portion of rare ones. It 

represents the lichen-flora of the area considered fairly well, 

so that notes and comparisons on distribution may be safely 

drawn from the list and observations made while collecting the 

plants. However, a continued search should in time add 30 or 

perhaps 40 species to the number here given for this area. 

It is worth while to note the difference in precipitation of 

moisture for the two localities compared. This may be done 

by a consideration of the following table, which gives the 

yearly precipitation for St. Paul, Dubuque and Fayette, since 
reliable records have been kept at these places. 

TABLE OF PRECIPITATION. 

YEAR. Sr. PAuL. DUBUQUE. FAYETTE. 

UM 5) wiclinsa oe c’e a aie die sn' =e 35.50; inches. |.30-76 1n¢hes. }......c0.e> oe5s 
HIRD PN TS Alois woot stave Sisbateioie acciexs 30.66 e 30.11 US) PABA Re es © ee Scenes 
are cea laieies sie es-aintets ace ane 23.42 a 50.28 Bae LN Giatire Sse ceva Anat 
ER ae cease cn ute. 28.807) SAC ages hae Bh LD) ARs qaet die 5 
BESO ect). eich ales tee boos Slants 22.78 KS Gr Oana Sie mal emis. cto 
OIE Ch ict ate ai's Sis afcss bid “elon, pl ovese 32.39 a 32.40 a3 
MSP eet rhe sco folcied bie so chsle ara’ 29.76 = 40.32 age aN here pt amen 
BN ooo ced he Sonera acstantene 39.06 ae 55.10 HPht fetes cha ce ogee Oe 
BRR oie tals a.s.3-siateeeel ues 9 23.14 : 32.84 BAe Se ACRES ceeua's, aierats 
AMEN an Sco cox sy Gos ethe koe 26.76 ‘ 39.57 SACRA AR Ete Sets. nee ac 
Ney sacs als wis yan wie ie Sal's a's 6 26.11 42.86 Sew Nant deere h aco) Seatac ote 
RMN Ph Core en og aw boise aint’ 7A KS sy 40.45 Dea WAG i ickomnicte tehsiers tae Soe 
Meee esiclas sieidt e's slo ae Se 22.89 $f 27.51 UIE eo) BP Rane ep 
UST CRS REC, Spee Ree eee gee 23.85 . 34.40 Seren ait: ayaa, Zhe ie ue eS 
DS OE eee eee 25.86 Bc 3301 o iP Fee see ot 
1889.. ‘ 16.96 RS 24.25 a4 26.37 inches. 
SEO Ae eee ae 23.38 43.16 * 46.74 ° 
HS cerry <x Sevan im sittinws'S 21.79 27.55 32.64 a 
_ LR ee eee 32.55 ‘ 48.47 . 40. 34 es 
BAM (eons ctels. co hmieminiels mc 25.95 He 30.77 is 29.41 Ms 
MEPS: So share, orton fo kieial Nelo e aie 25.30 19.35 ih 21.64 s 
OEY Nets lege eraciatel Fe es whe aot 24.26 : 19.79 s 27.97 Hf 
MMO RIG io Cire sais nities. keto tels 34.73 x 42.29 e 84.49 ss 
Average 23 years........... 27.12 Fc 36.43 Th, FUSS A Save eee ee 
Average last 8 years........ 25.68 “ 31.95 4 | 32.45 “iy 
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A comparison of the figures for St. Paul and Fayette for the 

eight years since the record has been kept for the latter place, 

shows a difference in annual precipitation of 6.77 inches in 

favor of Fayette. Comparison of St. Paul and Dubuque for the 

whole twenty-three years shows a difference of 9.31 inches per 
annum in favor of Dubuque. Now, comparison of Fayette and 

Dubuque for the eight years shows a difference of .50 inches 

per annum in favor of Fayette. Thus these last two places, 

only about fifty-five miles apart, show so little difference in 

amount of precipitation that the Dubuque figures may be sub- 

stituted for Fayette without great error. Also, a glance at the 

table shows that St. Paul suffered less from the drouth of 

' recent years than Dubuque, and hence than Fayetté, so that 

the figures for the smaller number of years cannot be relied 

on, and 9.31 inches per annum doubtless is nearer the average 

difference between Minneapolis and Fayette in precipitation 

than is 6.77 inches. The use of St. Paul figures for Minne- 

apolis can, of course, give rise to no appreciable error, and 

this difference of abuut 9.31 inches, with the accompanying dif- 

ference of humidity of the atmosphere, seems to account very 

largely for the difference of 28 per cent in number of species of 

lichens. No reliable figures as to relative or absolute humidity 

could be obtained. 
Though dealing with a small area, it will be seen that this 

_ paper may be regarded as preliminary to a study of the dis- 

tribution of lichens all along the upper Mississippi river. 

Some of the questions that would arise in such a study have 

been briefly stated in this paper, and others have been sug- 

gested to me which I have not stated. 

The principal conclusions as to distribution and habitat of 

the lichens about Minneapolis may be given as follows: 

(1) The lichen-flora of Minneapolis and vicinity is nota rich 

one, being about 25 per cent poorer than some portions 

of northern Iowa, and doubtless also than southeastern 

Minnesota. 

(2) The difference in number of lichens for the two areas com- 

pared affects species, but scarcely extends to genera to 

any appreciable extent. It also affects individuals, giv- 

ing a large number of rare or infrequent species for 

Minneapolis. 

(3) The cause of the comparatively smaller number of species 

and individuals for Minneapolis and vicinity is its dryer 

climate. Other causes act, as stated elsewhere, to a very 

mited extent. 
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(4) Proofs that the principal cause is dryer climate are as fol- 

lows: 
(a) The lichens about Minneapolis are more inclined 

to confine themselves to moist places in denser 

woods, or about bodies of water 
(b) The gelatinous lichens, which thrive best in moist 

places, are rare about Minneapolis. 

(c) The genus Peltigera, whose species grow on the 
ground, where moisture is plentiful, is the best 

represented genus at Minneapolis when we take 

into account both species and individuals. 

(d) Were it not for other than atmospheric conditions 
the number of species of rock and earth lichens 

would be somewhat large when compared with 

those on trees. 
(ec) Even the Saint Peter sandstone, usually occurring 

in moist places, bears fewer species of lichens 

about Minneapolis than in a region near Mc- 

Gregor, in northeastern Iowa. 

(5) The most interesting portion of the lichen-flora of the 

region is that of the Saint Peter sandstone, which has 

yielded the characteristic species given in the fourth 

table. 
(6) The tamarack swamps furnish floral elements somewhat 

distinct from those of other portions of the area studied. 

(7) It seems that there is somewhat of a reduction of the num- 
ber of habitats of certain species as compared with the 

other region better adapted to the development of lich- 

ens. This has been noted for Usnea barbata (L.) FR. 
var. hirta Fr., and a comparison of the number of species 

of lichens found both on wood and rocks at Minneapolis 

and Fayette, as shown in the second table, is further evi- 

dence. Other instances could be drawn from a compari- 

son of the lists for the two places. Yet, for the species 

Parmelia olivacea (Li.) ACH., Evernia prunastri (L.) ACH. 

and Cetraria ciliaris (ACH.) TuCK., the number of habi- 
tats is larger than for northernlowa. These are species 

that occur abundantly to the north of the United States, 

and the region about Minneapolis is better adapted to 

their development than the one with which it is com- 

pared. 
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(8) The scarcity of Cladonias, as regards individuals and earth 
growing species, I have not yet attempted to explain. If 

general scarcity is due to dry climate, one would suppose 

that the earth forms should predominate. Yet, Isuspect 
that the old stumps and the Saint Peter sandstone fur- 

nish more moisture than does the earth, so that two- 

thirds of the species are confined to the first two sub- 

strata on this account. Ifso, the cause of scarcity, even 

of earth forms, may, after all, be dry climate. 

LIST OF SPECIES AND VARIETIES. 

1. Ramalina ecalicaris (L.) FR. var. fraxinea FR. 

On trees, infrequent. July 4, 1896, no. 89. 

Not previously reported from Minnesota. 

2. Ramalina calicaris (L.) FR. var. fastigiata FR. 

On trees, frequent. July 4, 1896, no. 89a. 

3. Ramalina calicaris (L.) FR. var. farinacea SCHAER. 

On Saint Peter sandstone, common. July 11, 1896, no. 170. 

Not previously reported from Minnesota. 

4. Cetraria ciliaris (AcH.) TUCK. 

On tamaracks, old fences and Saint Peter sandstone, fre- 

quent. June 19, 1896, no. 96; July 10, 1896, no. L58. 

Not previously reported from Minnesota. 

5. Evernia prunastri (L.) AcH. 
On tamaracks, old fences and Saint Peter sandstone, fre- 

quent. June 19, 1896, no. 19. 

Rare further south, the only other state from which it is re- 

ported in the Mississippi valley being Iowa, where the writer 

has collected it twice. ; 

6. Usnea barbata (L.) FR. var. florida Fr. 

On trees, rare. July 4, 1896, no. 92. 

7. Usnea barbata (L.) FR. var. hirta FR. 

On Saint Peter sandstone, rare. July 4, 1896, no. 92a; July 

11, 1896, no. 169. 

Passes into the next. 

8. Usnea barbata (L.) Fr. var. rubiginea MICHX. 

On Saint Peter sandstone, common. July 11, 1896, no. 169a. 

Not previously reported from Minnesota. 

9. Usnea angulata ACH. 

On tamarack, very rare. June 19, 1896, no. 21. 

Not previously reported from Minnesota. 
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10. Alectoria jubata (L.) Tuck. var. chalybeiformis AcuH. 
On old fences, frequent. July 10, 1896, no. 218. 

Not previously reported from Minnesota. 

11. Theloschistes chrysopthalmus (L.) Norm. 
On tamaracks, very rare. June 19, 1896, no. 20. 

12. Theloschistes polycarpus (HHRH.) TUCK. 

On dead wood and occasionally on living trees. Preferring 

Populus, frequent. July 4, 1896, no. 108; July 9, 1896, no. 129. 

13. Theloschistes lychneus (Dyt.) TUCK. 

On trees, infrequent and seldom fruited. June 26, 1896, 

no. 32. 

14, Theloschistes concolor (Dicks. ) TUCK. 
On trees, common. June 28, 1896, no. 29. 

15. Parmelia crinita ACH. 
On trees, infrequent. July 4, 1896, no. 102; July 13, 1896, 

no. 202. 

Not previously reported from Minnesota. 

16. Parmelia tiliacea (HOFFM.) FLOERK. 

On trees, common. July 4, 1896, no. 93. 

17. Parmelia borreri TURN. 

On trees, common. June 24, 1896, no. 4. 

18. Parmelia borreri TURN. var. hypomela TUCK. 
On trees, rare. July 4, 1896, no. 74. 

Sterile, hence not quite certain. 
Not previously reported from Minnesota. 

19. Parmelia saxatilis (L.) FR. 

On trees, frequent. July 4, 1896, no. 79. 

20. Parmelia olivacea (L.) AcuH. 
On trees, especially tamarack, also on old fences and Saint 

Peter sandstone, frequent. June 19, 1896, no. 17; July 9, 1896, 

no. 131. 

21. Parmelia caperata (L.) ACH. 

On trees, common. June 28, 1896, no. 47. 

22. Parmelia conspersa (HHRH. ) ACH. 
On granite and Saint Peter sandstone, rare and sterile. July 

3, 1896, no. 77; July 13, 1896, no. 115. 

23. Physcia speciosa (WULF., ACH.) NYL. 
At base of trees, rather rare. July 4, 1896, no. 85. 
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24. Physcia hypoleuca (MuHL.) TUCK. 

On trees, rare. July 4, 1896, no. 86. 

25. Physcia granulifera (AcH.) Tuck. 
On trees, frequent. July 4, 1896, no. 95. 

Not previously reported from Minnesota. 

26. Physcia pulverulenta (SCHREB.) NYL. 
On wood, frequent. July 4, 1896, no. 81a. 

27. Physcia stellaris (L.) Tuck. 
On trees, abundant. June 25, 1896, no. 23. 

28. Physcia stellaris (L.) Tuck. var. apiola NYL. 
On granitic rocks, rare. July 9, 1896, no. 184. 

Not previously reported from Minnesota. 

29. Physcia tribacia (AcH.) TUCK. 

On trees near the base, infrequent. June 28, 1896, no. 41- 

30. Physcia cesia (HorrM.) NYL. 
On granitic rocks, infrequent. July 3, 1896, no. 72. 

31. Physcia obscura (EHRH.) NYL. 
On trees, frequent. July 4, 1896, no. 75. 

32. Physcia adglutinata (FLOERK.) NYL. 
On trees, frequent. July 4, 1896, no. 90. 

33. Peltigera polydactyla (NECK.) HOFF. 

On earth, rare. Aug. 16, 1896, no. 226. 

34. Peltigera pulverulenta (TAYL.) NYL. 

On earth, infrequent. June 30, 1896, no. 39. 
Not previously reported from Minnesota. 

35. Peltigera rufescens (NEcK.) HOFFM. 

On earth, infrequent. June 30, 1896, no. 40. 

Not previously reported from Minnesota. 

36. Peltigera canina (L.) Horr. 

On earth, very common. June 30, 1896, no. 44. 

37. Peltigera canina (L.) HOFFM. var. spuria ACH. 
On earth, frequent. July 9, 1896, no. 124. 

38. Peltigera canina (L.) Horr. var. sorediata ScH.=R. 
On earth and Saint Peter sandstone, frequent. July 9, 1896, 

no. 142; July 14, 1896, no. 165. 

See note under no. 28 of first paper of this series. 

But the plant from the sandstone shows scarcely fibrillose 

forms like var. spwria ACH. except for the soredia. 
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39. Pannaria languinosa (ACH.) K@RB. 

On shaded rocks and mosses, common. June 30, 1896, no. 51; 

July 11, 1896, no. 157. 

The pale sulphur-colored form common in Europe, but not 
before reported for the American lichen, occurs on the Saint 

Peter sandstone. It has also been collected by the writer on 

the same rock formation in Lowa. 

Not previously reported from Minnesota. 

40. Pannaria nigra (HupDs.) NYL. 

On calcareous rocks, rare. July 138, 1896, no. 138. 

Not previously reported from Minnesota. 

41. Omphalaria sp. 
On calcareous rocks, rare. July 30, 1896, no. 196. Thallus 

of small black fronds, rounded above, and the larger ones be- 

coming somewhat roughened and lobed. Apothecia innate and 

frequently several ina frond. Spores simple, colorless, ~> mik, 

numerous in asci. Gonimia in clusters. Probably a new spe- 
cies. 

42. Collema flaccidum Acu. 
On trees, rare. June 19, 1896, no. 18. 

Not previously reported from Minnesota. 

43. Collema pulposum (BeRNH.) NYL. 
On clayey earth, infrequent. June 28, 1896, no. 28; June 25, 

1896, no. 14; July 20, 1896, no. 179. 
Not previously reported from Minnesota. 

44. Leptogium lacerum (Sw.) FR. 

On calcareous rocks among mosses, rare. July 20, 1896, 

no. 139. 

Not previously reported from Minnesota. 

45. Placodium elegans (LinK.) DC. 

On calcareous rocks, rare. July 31 1896, no. 225. 

46. Placodium cinnabarinum (AcH.) ANz. 

On granitic and calcareous rocks, rare. July 3, 1896, no. 69; 

July 10, 1896, no. 109. 

Not previously reported from Minnesota. 

47. Placodium microphylinum TUCK. 
On dead wood, rare. July 11, 1896, no. 182a. 

Not previously reported from Minnesota. 
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48. Placodium citrinum (HorrM.) L&IGHT. 
On calcareous rocks, probably rare. July 11, 1896, no. 150a; 

July 30, 1896, no. 204. 
Not previously reported from Minnesota. 

49. Placodium aurantiacum (LiGHT.) NAEG.and HEPP. 

On trees and calcareous rocks, frequent. June 26, 1896, no. 

30; July 2, 1896; no. 92: 

50. Placodium cerinum (HEpDw.) NakG. and HEPP. 
On trees, abundant. July 12, 1896, no. 193. 

The usual form occurs, and also another with whitish thalline 

exciple and sub-pruinose apothecia. The last, usually on 

Ulmus, is, I think, worthy of a distinct name, though thus far 

always included with this species. 

51. Placodium cerinum (HEpDw.) NagG. and HEPP. var. py 
racea NYL. 

On dead wood, frequent. July 12, 1896, no. 198a. 

Not previously reported from Minnesota. 

52. Placodium cerinum (HEpw.) Nac. and HEPP. var. sid- 

eritis TUCK. 
On granitic rocks, frequent. June 26, 1896, no 11. 

Not previously reported from Minnesota. 

58. Placodium vitelliinum (EHRu.) NAEG. and HEPP. 

On wood, infrequent. July 10, 1896, no. 147. 

Spores nearly all simple, scarcely exceeding 8 in asci. 

54. Placodium vitellinum (EHRH.) NaxG. and HEpPP. var. 

aurellum ACH. 

— Oncaleareous and granitic rocks, frequent. June 28, 1896, 

no. 54; July 8, 1896, no. 73. 

Spores 8 in asci, and always 2-celled in the specimens on cal- 

careous rocks. On granitic rocks spores are 8 in asci, but fre- 

quently simple. 

Not previously reported from Minnesota. 

55. Lecanora rubina ( VILL.) ACH. 
On granitic rocks, rare. July 13, 1896, no. 206 

56. Lecanora muralis (SCHREB.) SCHR. var. saxicola SCHAr. 

On granitic rocks, rare. June 24, 1896, no. 1. 

Not previously reported from Minnesota. 

57. Lecanora subfusea (L.) AcH. 

On trees, infrequent. July 4, 1896, no. 94. 

A common lichen in northern Iowa, but about Minneapolis it 

is confined to damp woods—a result of dryer climate. 
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58. Lecanora subfusea (L.) ACH. var. argentata ACH. 

On trees, rare. July 9, 1896, no 112. 

Not previously reported from Minnesota. 

59. Lecanora subfusea (L.) AcH. var. coilocarpa AcH. 

Rarely found on red cedar, but more frequently on Saint 

Peter sandstone. July 11, 1396, no. 182a; July 30, 1896, no. 

227. 
The apothecia become large in some of the rock specimens. 

60. Leeanora hageni ACH. 
On calcareous rocks and old boards, common. June 24, 1896, 

no. 2; July 10, 1896, no. 147a. 

Not previously reported from Minnesota. 

61. Lecanora varia (ExRH.) NYL. 

On dead wood and Saint Peter sandstone, frequent. July 4, 
1896, no. 84; July 10, 1896, no. 132; July 18, 1896, no. 195. 

62. Leeanora varia (EXRH.) NYL. var. Symmicta ACH. 
On old boards, rare. July 9, 1896, no. 128a. 

63. Lecanora erysibe NYt. 
On calcareous rocks, rare. July 20, 1896, no. 175. 

Not previously reported from Minnesota. 

64. Lecanora cinerea (L.) SOMMERF. 
On graniti¢ rocks, rare. July 9, 1896. no. 135. 

65. Lecanora cinerea (L.) SOMMERF. var. gibbosa NYL. 

On granitic rocks, rare. July 30, 1896, no. 198. 

66. Lecanora xanthophana NYL. 
On granitic rocks, very rare. July 18, 1896, no. 212. 

Not previously reported from Minnesota. 

67. Lecanora cervina (PERS.) NYL. 
On granitic rocks, infrequent. July 18, 1896, no. 213. 

Not previously reported from Minnesota. 

68. Leecanora privigna (AcH.) NYL. 
On calcareous rocks, rare. June 28, 1896, no. 36. 

Not previously reported from Minnesota. 

69. Lecanora privigna (AcH.) NYL. var. pruinosa AUCT. 
On calcareous rocks, infrequent. July 2, 1896, no. 56; July 

18, 1896, no. 209. 
Not previously reported from Minnesota. 

70. Rinodina oreina (AcH.) Mass. 
On granitic rocks, rare. June 26, 1896, no. 27. 

Not previously reported from Minnesota. 
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71. Rinodina sophodes (Acu.) NYL. 
On old boards and granitic rocks, abundant. July 10, 1896, 

no. 151; July 10, 1896, no. 144; July 3, 1896, no. 81; July 16, 

1896, no. 188a. 

72. Rinodina sophodes (AcuH.) NYL. var exigua FR. 

On trees, where the thalline exciple is usually present, but 

the spores frequently reach 30 in each ascus. Also on dead 

wood, where it is more typical externally, but the spores only 

10 or 12 ineach ascus. Probably infrequent. July 9, 1896, no. 

123; July 9, 1896, no. 145. 

Not previously reported from Minnesota. 

73. Pertusaria velata (TURN.) NYL. 
On trees, rare, A single specimen was collected and lost. 

74. Pertusaria communis DC. 

On trees, rare. July 11, 1896, no. 163b. 

Not previously reported from Minnesota. 

75. Pertusaria pustulata (AcH.) NYL. 
On trees, infrequent. July 4, 1896, no. 96; July 18, 1896, no. 

189. 
Not previously reported from Minnesota. 

76. Urceolaria scruposa (L.) Nyt. 
On Saint Peter sandstone,common. July 11, 1896, no. 154. 

_ Not previously reported from Minnesota. 

77. Cladonia mitrula Tuck. 
On earth, frequent. June 30, 1896, no. 37. 

78. Cladonia cariosa (ACH.) SPRENG. 
On earth at base of stumps, rare. July 31, 1896, no. 280. 

79. Cladonia pyxidata (L.) FR. 
On earth, common. June 28, 1896, no. 33. 

80. Cladonia fimbriata (L.) Fr. var. tubeformis FR. 
On earth and old logs, frequent. June 28, 1896, no. 38. 

81. Cladonia gracilis (L.) Nyt. 
On old stumps, rare. July 31, 1896, no. 228. 

82. Cladonia gracilis (L.) Ny. var. verticellata FR. 
On old stumps, rare. July 31, 1896, no. 205. 

83. Cladonia cespiticia (PERs.) FL. 
On Saint Peter sandstone, frequent. July 11, 1896, no. 156. 

Not previously reported from Minnesota. 
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84. Cladonia cornucopioides (L.) FR. 
On Saint Peter sandstone, rare. July 14, 1896, no. 220. 

Not previously reported from Minnesota. 

85 Cladonia cristatella Tuck. 

On old stumps, infrequent. July 31, 1896, no. 229. 

86. Biatora hypnophila (TuRN.) TUCK. 
On moss and earth, infrequent. June 30, 1896, no 45; July 

10, 1896, no. 159. 

Not previously reported from Minnesota. 

87. Biatora rubella (EHRH.) RABENH. 
On trees, common. July 4, 1896, nos. 88, 101 and 107. 

88. Biatora fusco-rubella (Horrn.) Tuck. 
On trees, rare. July 20, 1896, no. 194; July 11, 1896, no. 153. 

Not previously reported from Minnesota. 

89. Biatora inundata FR. 
On wet rocks, abundant. July 2, 1896, no. 62; July 8, 1896, 

no. 117; July 9, 1896, no. 126. 

Not previously reported from Minnesota. 

90. Biatora muscorum (Sw.) TUCK. 
On earth and Saint Peter sandstone, freauent. July11, 1896, 

no. 164; July 20, 1896, no. 207. 

Not previously reported from Minnesota. 

91. Biatora umbrina (Acu.) Tuck. 
On calcareous rocks, probably rare. June 28, 1896, no. 34. 

Spores hamate, broadly u-shaped, slightly s-shaped or little 

curved. 

Not previously reported from Minnesota. 

92. Lecidea enteroleuca FR. 
On trees and dead wood, infrequent. July 4, 1896, no 80b; 

July 11, 1896, no. 182. 

93. Buellia parasema (AcCH.) TH. FR. 
On trees, infrequent. July 4, 1896, no. 104. 

94. Buellia myriocarpa (DC.) Mupp. 
On dead wood, infrequent. July 30, 1896, no. 192. 

Not previously reported from Minnesota. 

95. Buellia myriocarpa (DC.) Mupp. var. polyspora WILLEY. 

On trees, rare. July 4, 1896, no. 116. 
Not previously reported from Minnesota. 
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96. Opegrapha varia (PERS.) FR. 
On trees, frequent. July 4, 1896, no. 107a; July 9, 1896, no. 

120. 
Not previously reported from Minnesota. 

97. Graphis scripta (L.) AcH. 
On trees, common. June 28, 1896, no. 50; July 2, 1896, 

no. 61; July 11, 1896, no. 163. 

$8. Arthonia lecideella Nyt. 

On trees, frequent. July 7, 1896, no. 137. 

Not previously reported from Minnesota. 

99. Arthonia radiata (PerRs.) TH. FR. 

On trees, rare. July 2, 1896, no. 66; July 4, 1896, no. 105; 

July 11, 1896, no. 168. 

Not previously reported from Minnesota. 

100. Arthonia punctiformis ACH. 
On trees, infrequent. July 7, 1896, no. 113. 

Not previously reported from Minnesota. 

101. Acolium tigillare (AcH.) DC.” 
On old fences, infrequent. July 7, 1896, no. 114. 

102. Endocarpon miniatum (L.) SCHAR. 

On calcareous rocks, infrequent. July 31, 1896, no. 208. 

_ Not previously reported from Minnesota. 

103. Endocarpon miniatum (L.) Score. var. complicatum 
SCHAAR. 

On calcareous and granitic rocks, rare. July 14, 1896, no. 

160; July 14, 1896, no. 161. 

Not previously reported from Minnesota. 

104. Endocarpon hepaticum AcH. 
On calcareous earth, rare. Specimen lost. 

Not previously reported from Minnesota. 

105. Endocarpon pusillum HEDw. 
On calcareous rocks, abundant. June 24, 1896, no. 5; June 

25, 1896, no. 9. 
Not previously reported from Minnesota. 

106. Endocarpon pusillum Hepw. var. garovaglii KPH. 
On calcareous rocks and Saint Peter sandstone, rare. July 

18, 1896, no. 215; July 30, 1896, no. 216. 
Not previously reported from Minnesota. 
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107. Verrucaria nigrescens PERS. 
On calcareous and granitic rocks, common. June 25, 1896, 

no. 25; June 28, 1896, no. 42; July 2, 1896, no. 67. 

Not previously reported from Minnesota. 

108. Verrucaria fuscella FR. 

On calcareous rocks, rare. July 8, 1896, no. 124; July 18, 

1896, no. 184. 

Not previously reported from Minnesota. 

109. Verrucaria muralis ACH. 

On calcareous rocks, rare. June 28, 1896, no. 36; July 9, 

1896, no. 125. 

Not previously reported from Minnesota. 

110. Pyrenula punctiformis (AcH.) Nac. 
On trees, infrequent. June 17, 1896, no. 85; July 16, 1896, 

no. 188. 
Two forms are placed here, one having 2-celled spores and 

the other 4-celled ones. Doubtless one will eventually be 

placed elsewhere. 

Not previously reported from Minnesota. 

111. Pyrenula leucoplaca (WaALLR.) KBR. 
On trees, probably rare. July 4, 1896, no. 87; July 11, 1896, 

no. 153a. 

Not previously reported from Minnesota. 

112. ~Pyrenula nitida Acu. 
On trees, infrequent. July 4, 1896, no. 99. — 

Not previously reported from Minnesota. 

1138 =Pyrenula thelena Acu. 

On Betula, rare. July 4, 1896, no. 97. 

Not previously reported from Minnesota. 
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TY oie: RE-ARRANGEMENT OF THE NORTH 

AMERICAN HYPHOMYCETES. 

II.—( Concluded. ) 

* 

RoScoE POUND and FREDERIC EK. CLEMENTS. 

Dendryphium WALLR.,which was omitted in Part I, has been 

divided. The catenulate-spored section of which D. comosum 

WALLR. is the type has been referred to Schizocephalum 

PREUSS (Minn. Bot. Stud. 9: 666. 1896). Dendryphium WALLR. 

has been retained for the section Brachycladium, of which 

Dendryphium nodulosum Sacc. is the type. Thus constituted, 

it is one of the Diplosporiaeae (1. c. 659). 

51. DENDRYPHIUM Wat te. FI. Crypt. Germ. 2:300. 1833. 

Vegetative hyphae obsoleté; sporophores erect, or ascending, 

septate, swollen at the septa, the stout branches arising 

pseudo-acrogenously from the swellings, fuscous; conidia 

rarely or not at all catenulate, acrogenous, solitary, or 2—3- * 

clustered, oblong to fusoid-cylindrical, phragmosporous, 

fuscous. 

Family STILBACEAE Fr. Syst. Myc. Introd. 1:47. 1821. 

Sterile hyphae obsolescent; fertile hyph2e collected into a 

dense, stipitoid stroma, hyaline or fuscous; conidiophores 

either terminal, or lateral, forming a capitulum; spores glo- 

bose to cylindrical, amero-dictyosporous, hyaline or fuscous. 

Subfamily Schaerocybeae. 

Conidiophores terminal, i. e., apices of the fertile hyphae; 

capitulum more or less globose, or turbiniform generally dis- 

tinct from the stipe. 

Tribe Stilbeae Fr. Summa Veg. Scand. 2:468. 1849. 

Conidiophores simple, or sparingly branched; conidia sol- 

itary. 

Subtribe Hyalostilbeae Sacc. Mich. 2:32. 1882. 

Stroma hyaline, or bright-colored. 
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1. STILBUM Tope. Fung. Meckl. 1:10. 1790. 

Stipe erect, cylindrical, the fertile apices of the hyphae col- 

t: lected into a dense globose, or capitate capitulum; hyaline. 

strict, but not rigid; conidia simple, hyaline, globose to el- 

lipsoid. , 
The number of species reported for the United States is 29. 

2. ACTINICEPS B. & Br. Journ. Linn. Soc. 15:85. Pl. 2. 
Sf: Se ts 

Stipe as in Stilbum, but the capitulum composed of two sorts 
of hyphae, the sterile terminating in stiff projecting, radiating 

spicules, the fertile.thin, branching, bearing the small globose, 

or ellipsoid conidia. 
A small genus of but two species, one of which occurs in 

this country. 

3. MARTINDALIA Sacc. & ELL. Miss. Myc. 2:16. 1884. 

Stipe stilboid; capitulum composed of elongated spiral, 

nodulose sporophores; conidia globose, hyaline. 

Contains but a single species, reported for this country. 

4. CILICIOPODIUM Corba. Sturm. DC. FI. III. 12:75. 

Stipe erect, or ascending, composed of simple, or branched 

filaments, clavate-cylindrical, bright-colored; capitulum obso- 

lescent; conidia acrogenous, hyaline, globose, or ellipsoid. 

Two species of this genus are reported for the United States. 

5. ATRACTIUM Link. Berl. Mag. 3:10. 1809. 

Stipe cylindrical, erect, capitate; sporophores erect, typic- 

ally single, parallel; capitulum obsolescent; conidia falcate, 
hyaline, 2-pluriseptate. 

This genus contains but a single American representative. 

Subtribe Sporocybeae Fr. Summa Veg. Scand. 2:467. 1849. 

Stroma fuscous, or dark-colored. 

‘6. SPOROCYBE Fr. Syst. Orb. Veg. 1:170. 1825. 

Stipe composed of rigid, erect, fuscous hyphae capitate 

above; capitulum globose to turbiniform; conidia simple, fus- 

cous, globose, or ellipsoid. 

Represented in the United States by 17 species. 
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7. GRAPHIUM Corba. Icon. Fung. 1:18. 1887. 

Stipe erect, rigid, cylindrical, capitate, or clavate above, 

fuscous; apices of the hyphae sporiferous, diverging; conidia 

simple, hyaline, ovoid or ellipsoid. 
Fifteen species occur in the United States. Graphium is in- 

termediate between Stilbwm and Sporocybe. 

8. ARTHROBOTRYUM Ces. Berk. Outl. Brit. Fung. 342. 
1860. 

Arthrosporium SAacc. Mich. 2:32. 1880. 
Didymobotryum Sacc. Syll. Fung. 4:626. 1886. 

Stipe compact, erect, rigid, capitate above, pallid or fuscous; 

conidia oblong, 2-pluriseptate, fuscous or hyaline. 
As here limited, Arthrobotryuwm contains 6 species reported 

for this country. 
ARTHROBOTRYUM COMPOSITUM ( ELL.) 

Arthrosporium compositum ELu. Bull. Torr. Bot. Club. §: 64. 1881. 

ARTHROBOTRYUM DIDYMUM (COOKE.) 

Stilbum didymum CooKE. Grey. 7:34. 1878. 

Didymobotryum cookeiSacc. Syll. Fung. 4: 626. 1886. 

ARTHROBOTRYUM PUBESCENS (C. & E.) 

Graphium pubescens C.& E. Grev. 6:5, 1877, 
Didymobotryum pubescens (C. & E.) Sacc. Syll. Fung. 4: 627. 1886. 

9. TSARIOPSIS Fres. Beitr. Myk. 87. 1863. 

Stilbomyces E. & E. Proc. Acad. Nat. Sci. Phil. 1895: 441. 

1895. 

Hyphae erect, loose, cylindrical, scarcely or not at all capi- 

tate, fuscous, or pallid; conidia oblong, linear or cylindrical, 

fuscous or hyaline. 

Represented by 7 species in the United States. 

Tribe Coremieae. 

Stipe and capitulum as in Stilbeae, but the sporophore typic- 

ally verticillate-ramose, and the conidia catenulate. 

10. COREMIUM Lx. Obs. Myc. 1:19. 1809. 

Stysanus CoRDA. Icon. Fung. 1:21. 1837. 

Stipe erect, cylindrical, broadly capitate, or clavate above, 

fuscous, or bright colored; conidia simple, 7. ¢. non-septate, 

ovoid to fusoid, fuscous, or bright colored. 

This genus has 9 representatives in this country. 

COREMIUM BERKELEY! ( MONT.) P 

Graphium berkeleyi Mont. PI. Cell. Nouv. $:303. 1838. 

Stysanus berkeleyi (Mont.) Sace. Syll. Fung. 4: 623, 1886. 

ae oF 
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COREMIOM BICOLOR ( WEB.) 

Embolus bicolor WEB. Prim. Flor. Hols. 1780. 

Tsaria stemonitigs Pers. Com. Fung. Clav.111. 1797. 

Cephalotrichum stemonitis (PERS.) Nees. Syst. 87. 1816. 

Stysanus stemonitis (PERS.) Corda Icon. Fung. 1:112. Pl. 4. f. 283, 1837. 

COREMIUM MONILIOIDES (A. & 8S.) 

Tsaria monilioides A. & 8S. Consp. Fung. Lusat, 362. Pl. 12, f.8. 1805. 

Cephalotrichum monilioides Lk. Sp. Pl. 2: 112. 1825. 

Stysanus monilioides (A. & S.) Corda Icon. Fung. 2:17. Pl. 11. f.72. 1838. 

11. TRICHURUS Ciements & SHEAR. Rep. Bot. Surv. 
Nebr. 4:7. 1896. 

Stipe and sporophore as in Coremium, but the capitulum 
densely beset with long, strict spines. 

Contains but a single species, found in this country. 

12. GRAPHIOTHECIUM Fucken. Symb. Myc. 366. 1869. 
Stipe erect, cylindrical, capitate clavate above, perithecioid 

at the base; hyphae parallel, fasciculate; conidia simple, hyal- 

ine, ovoid. 

Represented in the United States by two species only. 

13. HEYDENIA Fres. Beitr. Myk. 47. 1852. 

Stipe elongate-cylindrical, rigid, fuscous, pseudoprosen- 

chymatous in texture, dilated above into an irregular disk, 

from which arises the subglobose capitulum; sporophores non- 

ramose, septate; conidia globose, pleurogenous. 

Represented in this country by a single species. 

Subfamily Isarieae BRoGN. Essai Champ. 1825. 

Conidiophores lateral, i. e., short branches, or sterigmata 

borne laterally upon the stroma, in some cases apices of the 
fertile hyphae, but then emerging all along the stroma; capit- 

ulum linear, cylindrical, or clavate, scarcely distinct from the 

stipe. 

14. ISARIA Pers. Tent. Disp. Meth. 41. 1797. 

Stipe erect, rarely branched, everywhere sporophorous 

above, sterigmata usually formed by the tips of the fertile 

hyphae; capitulum indefinite, or lacking; conidia globose, or 

ellipsoid, simple, hyaline. 

Thirty-one species, mostly conidial stages of Cordyceps, oc- 

cur in the United States. 



730 MINNESOTA BOTANICAL STUDIES. 

15. PODOSPORIUM Scuw. Syn. Amer. Bor. 278. 18384. 

Podosporella E. & E. Proc. Acad. Nat. Sci. Phil. 1894:385. 

1894. 

Stipe erect, strict, black, composed of densely congested, 

carbonaceous, rarely soft, hyphae, cylindrical or linear-subu- 

late; sporophores short, lateral, typically simple; conidia scat- 

tered, septate, fuscous, cylindrical, or clavate cylindrical. 

PODOSPORIUM CRUCIGERAE (SCHW.) 

Dematium crucigerae SCHW. Syn. Car. 128. 1822. 

Podosporium rigidum Scuw. Syn. Amer. Bor. 278. Pl. 19.f.1. 1834. 

PODOSPORIUM HUMILE (E. & E. 

Podosporella humilis E, & E. Proc. Acad. Nat. Sci. Phil. 1894: 385, 1894. 

Family TOUBERCULARIACEAE (EHRENB.) 

Tubercularieti EHRENB. Sylv. Myc. Berl. 12. 1818. 

Sporophores collected in a waxy or gelatinous, wart-like 
head or tuft (sporodochium). 

Although they grade into the Stilbaceae to some extent, the 

Tuberculariaceae are well distinguished as a group of the 

Hyphomycetes. On the other hand, the black or dark-colored 
genera approach so closely to the Melanconieae that many of 

them are not to be placed with certainty in either group. Sev- 

eral genera have been placed at various times first in one and 

then in the other by the same author. Thus Hpicliniwm was 
first put in the Melanconieae as a sub-group of Didymosporium 
by Saccardo, who later separated it from Didymosporium and 
placed it in his Tubercularieae. Some of these genera also ap- 

proach genera placed in the Sphaeropsideae, especially in Nec- 

trioideae and Excipulaceae. Sometimes the ambiguity extends 

only to a few species in a genus, as in Trimmatostroma, in which 

certain species are clearly of the Melanconieous type, while 

our TJ. americana is rather of the Tuberculariaceous type. 

Among the Sphaeropsideae, Cyphina and Patellina in the Nectri- 
oideae, Dinemasporium and Amerosporium in the Hacipulaceae, 

and some species of Leptothyrium in the Leptostromaceae might 
well be placed with some Melanconieae and with some Tuber- 

culariaceae. Compare with these genera some Volutelleae. 
Saccardo has placed Patellina both in Hacipulaceae and in 

Tuberculariaceae, adhering at length to the latter view. It és 

apparent, then, that it is largely a matter of personal taste 

where such groups are placed. 

Schroeter,* evidently with these difficulties in mind,separated 

* Krypt. Flor. v. Schles. Pilz. 32:8. 1893. 
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the Tuberculariaceae from the Hyphomycetes, making them co- 

ordinate with the latter group and the Melanconieae. But this 

does not relieve the difficulty of separating Tuberculariaceae 

from Melanconieae and both from some Sphaeropsideae. And 
the close relation of Stilbwm, which needs only to shorten its 

stipe to become one of the Knyarieae, precludes drawing too 

great a line between Stilbaceae and Tuberculariaceae. 

Significant also is the paralellism between some genera and 

genera clearly Melanconieous, as, for example, between Sphaer- 

idium and Trullula and Blennoria. 

Perhaps eventually portions of the Tuberculariaceae, some 

Excipulaceae, and some Nectrioideae, will have to be united 

with the Melanconieue to form anew group. But this will be 
far from satisfactory. 

The Tuberculariaceae for the most part represent conidial 

forms of Hypocreaceae. Trichoderma in the Mucedinaceae is 

at once suggested by this fact as well as by its morphological 

Similarity. Musisporium, a sub-genus of Fusariwm, might be 

placed as well in the Trichodermeae, and was long kept separate 
from Fusarium. But, under varying conditions, the same 

fungus has been found taking on the Fusarium form or the 

Fusisporium form, or both successively. 
We have removed, not without doubt, Patellina, and have 

retained Epicoccum, Hpiclinium and Trimmatostroma. 

Tribe Knyarieae POUND & CLEMENTS. 

Sporodochia not setose or ciliate, sporophores simple or 

branched, never verticillate, conidia single, that is, not caten- 

ulate. 

1. KNYARIA O. Kuntze. Rev. Gen. Pl. 2:855. 1891. 

Tubercularia ToDE. Fung. Mecklenb. 1:18. 1790, not T'ubercu- 

laria Wiea. Prim. Fl. Holsat. 87. 1780. 

Sporodochia wart-like, sessile or subsessile, waxy, usually 

reddish; conidia acrogenous or acro-pleurogenous, elliptical or 

oblong, continuous. 

The sporodochium consists of a mass of simple or branched 

conidiophores arising from a pseudoparenchymatous layer, 
and expanded somewhat above. The conidia form a waxy 

layer covering the surface. The species are largely conidial 

forms of Nectria. Several of the remaining genera of this tribe 

might well be united with Anyaria, the principal distinction 

being in the shape of the sporodochia. 

/ 
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Eighteen species are reported from North America. The 

most common is: 
KNYARIA PURPUREA (L.) 

Tremella purpurea L. Spec. Pl. 1158. 1753. 

Tubercularia vulgaris TopE. Fung. Mecklenb. 1:18. 1790. 

The Linnaean description clearly indicates this species, even 
if Tode did not indirectly refer to the same species as a syn- 

onym. 

Tuberculina Sacc. containing a number of species para- 
sitic in Uredineae, is now generally placed in the Ustil- 

agineae. Some species, however, are of a different nature 

from the typical Tuberculina, and are perhaps no more than 

small Knyariee, e. g. T. solanicola E. & HE. Journ. Mye. 

deere. (1893. 

Granularia Sacc. Mich. 2:648. 1882. is of a doubtful posi- 
tion. The sporodochia(?) are globular, and composed of 

compacted, filiform, hyaline hyphae. The surface of the 

sporodochia is formed by the compact mass of hyphae, and 

the interior is composed of hyphae and ovoid spores borne 

acrogenously. A form of this character has no place in 

this group. On account of Granularia RotTH (1791), the 

name cannot well be retained. 

Illosporium Mart. Fl. Crypt. Erl. 325. 1817. Contains a 
number of forms growing on lichens, and some growing on 

wood, dead stems, and even leaves. After investigating 

some of the lichenicolous species pretty carefully, we are 

satisfied that they are to be placed in Dr. Thaxter’s group 

of Myxobacteriaceae, if not in some cases identical with the 

forms he has discovered.) Several of the xylogenous spe- 

cies appear to be of the same nature. The phyllogenous 

forms seem to be of a different character, but we are not 

concerned with them here. 

2. AEGERITA Pers. Tent. Disp. Meth. Fung. 40. 1797. 

‘Sporodochia subglobose, sessile, superficial, subfarinaceous 

(on account of the conidia on the surface); conidiophores hyal- 

ine or light colored, pallid, short, rather thick, simple or 

slightly branched, sometimes obsolete; conidia rather large, 

globose or ovoid, acrogenous or sub-acrogenous, continuous. 

Five species are reported from North America, of which . 

some are rather doubtful. . 

(1) Compare also Zukal’s Myxobotrysaceae (Bericht. Deutsch. Bot. Ges, 14:340. 1896), 

which seems to besubstantially the same group. 
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Sphaerosporium ScHw. Syn. Fung. Am. Bor. 303, is not very 
well characterized. Jt has plane, pulvinate sporodochia 

covered with a stratum of ochraceo-rufous, rather large, 
globose conidia. But one species is described. 

Spacelia Lev. is composed of conidial stages of Claviceps 
and Epichloe, and the only species found in our limit are 
sufficiently known in their maturer stages. 

3. HYMENELLA Fr. Syst. Myc. 2:233. 1823. 

Hymenula Fr. Elench. Fung. 2:37. 1828. 

Hymenopsis SAcc. Syll. Fung. 4:744. 1886. 

Sporodochia disciform, scutellate-disciform, or sub-convex, 
bright colored or black; conidiophores simple or subsimple; 

conidia ovoid or oblong, acrogenous, continuous. 

Eleven species are reported from North America. The 

species placed in the section Hymenobactron under Hymenopsis 

by Saccardo, having bacillar conidia, may well be sepa- 

rated. But it does not seem necessary to retain Hymenopsis, 

which is based solely on the dark color of the conidiophores 

and conidia. 

4. THECOSPORA Harkn. Bull. Cal Acad. Sci. 1:41. 1884 

Sporodochia white or yellowish, globulose, indurate; conidio- 

phores slender, sub: simple or branched; conidia borne here 

and there on the conidiophores, involved in a hyaline mucous 

layer, continuous. 

Two species are described. 

5. STIGMATELLA B.-& C. Grev. 3:97. 1875; Berk. Outil. 

‘rypt. Bot. 818. 1857. (Figure and name only.) 

Sphaerocrea SAcc. & ELL. Mich. 2:582. 1882. 

Sporodochia globose, composed of compacted, fasciculate, 

continuous simple or furcate conidiophores; conidia large, 

globose ellipsoid, continuous, adhering to the conidiophore by 

a more or less persistent projection. 

Two species are described. 

6. EPIDOCHIUM Fr. Summ. Veg. Scand. 471. 1849. 

Sporodochia waxy or gelatinous becoming fleshy, sub-glo- 

bose or verruciform, or discoid, often tremelloid, black, olivace- 

ous, or pallid; conidiophores filiform, equal, simple or branched; 

conidia oblong, ellipsoid, or sub-falcate, continuous. 

| 
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Two species are desbribed from North America. In some of 
the European forms the conidiophores pass into globose or 

clavate ‘‘pseudospores.” These forms have been placed by 
many among the Tvremellineae, where, perhaps, some of the 

species put in Hpidochium belong. ‘The section Hormodochium 

Sacc. has catenulate conidia and should be separated. None 
of the North American species are included in it. 

7. EPICOCCUM LK. Obs. Myc. 2:32. 1818. 

Sporodochia globose or convex, cellular; conidiophore, very 

short, dark colored; conidia subglobose, minutely verrucose, 

usually areolate. 

The species occur on dead, decaying herbaceous stems and 
leaves, for the most part, where their presence is indicated by 

a red or purple discoloration. 

Nine species are reported from North America. 

8. EPICLINIUM Fr. Summ. Veg. Scand. 475. 1849. 

Sporodochia applanate, pezizoid or truncate, black; coni- 

diophores reduced or obsolete; conidia oblong, one-septate, 

pedicellate (i. e., on reduced conidiophores), upon a corneous 

stroma. 

The type is a Schweinitzian species described as a Didymo- 

sporium. 

9. BACTRIDIUM Kunze. Myk. Heft. 1:5. 1817. 

Sporodochia rather thin, hemispherical, convex; conidio- 

phores short, terete, simple or subsimple; conidia large, elong- 

ate oblong-cylindrical, many septate. 

Three species are reported from North America. 

10. EXOSPORIUM Lx. Obs. Myc. 1:8. 1809. 
Sporodochia convex, compact; conidiophores short, simple, 

densely fasciculate, black; conidia acrogenous, oblong or ter- 

ete, many septate. 

Three species are reported from North America. 

Scoriomyces ELL. and Sacc. Misc. Myc. 2:18. 1884. is of 

doubtful position. The sporodochium is composed of the 

apices of rhizomorpha-like fibres, and is waxy, and amor- 

phous. The rhizomorpha-like fibers form within a thick 

net-work in each subhexagonal areola of which a spore is 

produced. No sporophores or hyphae have been observed. 

Such a form can hardly be placed in this group with pro- 

priety. Two species are described. 
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11. SPEGAZZINIA Sacc. Mich. 2:37. 1880. 

Sporodochia convex, rather dense, black; conidiophores sub- 

terete, fasciculate; conidia terminal, borne on sterigmata, sar- 

ciniform, usually cruciate four.celled. 

One species is described for North America. 

12. DICRANIDION Harxn. Bull. Cal. Acad. Sci. 1:163 
1885. 

Sporodochia minute, pulvinate; conidiophores short, branch- 

ing; conidia acrogenous, subterete, septate, bifurcate, of the 

shape of a tuning fork. 

One species is described. 

13. EVERHARTIA Sacc. & Evu. Mich. 2:580. 188? 

Sporodochia verruciform, fuscous; conidiophores septate, 
subdichotomous or obsolete; conidia densely conglobate, or en- 

closed in a viscous mass, at first involved in mucus, cylindrical, 

many septate, once to several times spirally coiled, hyaline. 

Two species are described. In one species the conidiophores 

are interwoven with sterile hyphae. 

14. TROPOSPORIUM Harkn. Bull. Cal. Acad. Sci. 1:34. 
1884. 

Sporodochia applanate, farinaceous; conidiophores elongate, 
loose, branching; conidia hyaline, continuous, densely spirally 

convolute. 

One species is described. , 

The Knyarieae might be divided into three groups, those like 

Knyaria and Hymenella, with well developed conidiophores and 
small, continuous or septate conidia; second, those genera with 

the conidiophores greatly reduced or wanting, comprising 7, 8, 

‘9 and 10, and, finally, those with staurosporous or helicospor- 

ous conidia. But as these groups grade into one another the 

division has seemed unnecessary. 

Tribe Cylindrocolleae. 

Sporodochium globose, or verruciform, sessile, or substipi- 

tate; sporophore thin, elongated, generally much branched, 
hyaline, or fuscous; conidia simple, cylindrical, concolorous, 

catentate, the chains often branched. 
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15. CYLINDROCOLLA Bon. Handb. 149. 1851. 

Sporodochium irregularly verruciform, gelatinous, bright- 

colored; sporophore filiform, multiramose; conidia simple, 

cylindrical, truncate, acrogenous, hyaline, or bright colored. 

The species of this genus are for the most part conidial 

stages of Calloria; five species occur in this country. 

16. SPHAERIDIUM Fres. Beitr. Myk. 46. 1852. 
Sporodochium globose, subcarneous, not at all gelatinous, 

substipitate; sporophore as in Cylindrocolla; conidia elongate- 

cylindrical, hyaline, borne in simple, or branched chains. 

Conidial stages of Helotieae; two species are reported for the 

United States. 

Tribe Volutelleae. 

Sporodochium disciform, or pulvinate, sessile, or stipitate, 

margin, rarely the entire sporophore, ciliate or setulose; spor- 

ophore simple, or sparingly branched, even obsolete and then, 

replaced by a stroma, hyaline or fuscous; conidia simple, or 

septate, single, rarely catenulate, acrogenous, hyaline, or 

fuscous. 

17. VOLUTELLA Tove. Fung. Meckl. 1: 28: 1790. 

Sporodochium disciform, sessile, or stipitate, ciliate, bright- 

colored; sporophore typically simple; conidia simple, globose 

to ellipsoid, hyaline. 

Represented in the United States by 12 species. 

18. VOLUTELLARIA Sacc. Syll. Fung. 4:682. 1884. 

Sporodochium pulvinate, sessile; sporophore obsolete; stroma 

sub cellular, ciliate; conidia simple, acervulate, ovoid, hyaline. — 

A monotypic genus, as yet found only in this country. 

19. CHAETOSTROMA Corpa. Sturm D. C. Fl. 2:122. 1829. 
Sporodochium disciform, margin ciliate or setulose with 

stout, septate, fuscous hairs distinct from the sporophores; 
sporophore simple, bacillar; conidia simple, typically single, 

ovate to fusoid, fuscous. 

A single species of this genus has been reported for the 

United States. 
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20. MYROTHECIUM Tope. Fung. Meckl. 1:25. 1790. 

Sporodochium disciform, or patellate, margined with thin, 

hyaline, continuous hyphae, similar to the sporophores; the lat- 
ter usually branched, rarely bacillar; conidia oblong to cylin- 
drical, simple, fuscous, often nearly hyaline. 

This genus contains 4 American representatives. 

Tribe Fusarieae. 

Sporodochia pulvinate, verruciform, or sub-effuse, not setose 

or ciliate; conidiophores verticillately branched; conidia acro- 

genous, oblong, ovoid, fusoid, or falcate, continuous or septate. 

21. DENDRODOCHIUM. 

Sporodochia pulvinate or verruciform; conidiophores sub. 
verticillate; conidia elliptical or oblong, continuous. 

This genus connects with Knyaria on the one hand and with 

Fusarium on the other. Six species are reported for North 

America. : 

22. FUSARIUM Lx. Berl. Mag. 3:10. 1809. 

Including Fusisporium Lk. Obs. Myc. 1:17, and Selerosporium 

CORDA. 

Sporodochia pulvinate, or effused; conidiophores verticil- 

late; conidia fusoid or falcate, continuous or, usually, many-° 

septate. 
In Eu- Fusarium the sporodochia are pulvinate, while in Fusis- 

porium they are effuse and are scarcely to be termed sporo- 

dochia. The latter is in many respects allied to Trichoderma, 

near which it was long placed. Butit has been shown that the 

same species may assume either the pulvinate or the effuse 

type under varying conditions, thus rendering it practically 

impossible to maintain a distinction. 

Fifty-six species are described or reported fram North 

America. 

23. PIONNOTES Fr. Summ. Veg. Scand. 481. 1849. 

Sporodochia gelatinous, becoming rigid, forming a thick, 

often lobed, mass; sporophores subverticellate, sometimes sim- 

ple, fasciculate; conidia rather large, elliptical, cylindrical, or 

usually fusoid, curved, continuous or obsoletely septate. 

Not very well distinguished from Fusarium. 2 species are 

reported for North America. 
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24. MICROCERA Desm. Ann. Sci. Nat. Bot. Il. 10:359. 
1848. 

Sporodochia conical or pulvinate; conidiophores filiform, 

subverticellate; conidia narrowly falcate, many-septate. 

Not very well distinguished from Fusarium. One species is 

reported from North America. 

Tribe Trimmatostromeae, 

Sporodochium pulvinate, or disciform, fuscous; sporophores 

obsolescent or obsolete; stroma cellular when present, some- 

times lacking; conidia catenulate, catenulae often branched, 

acervulate, simple to phragmosporous, fuscous. 

25. STRUMELLA Fr. Summa Veg. Scand. 2:482. 1849. 

Sporodochium irregularly verruciform; sporophore very 

short, obsolescent; chains of conidia irregularly multiramose; 

conidia ovoid to fusoid, simple. 

Five species of this anomalous genus occur in the United 

States. 

26. TRIMMATOSTROMA Corba. Ic. Fung.1:9. 1887. 

Sporodochium pulvinate, more or less carbonaceous; sporo- 

phore obsolete; conidia oblong, phragmosporous. 

A single species is reported for this country. 

eS ee 



XLY. ON SOME MOSSES AT HIGH ALTITUDES. 

J. M. HoLzINGER. 

During a short visit in Colorado, in June of 1896, it was 

my good fortune to be able to arrange an ascent of Pike’s Peak 
on foot. On this trip I collected some interesting mosses at un- 
usualelevations. The object of this note is to call the attention 

of all botanists who may have the opportunity to collect on top 

of this or similar high mountains to the fact that a consider- 

ably varied moss flora is thriving near and at its very top, and 

under conditions that would hardly warrant the expectation of 

a single species of moss. So far as the records of altitudes 

with collecting stations go to show, field workers had hereto- 

fore not looked for, and so had not collected mosses above 

12,000 feet altitude. Indeed, few species are credited with an 

altitude greater than 8,000—10,000 feet, either in Europe or 

North America. Yet, my collection from above the Saddle 

House, altitude 12,502 ft., to the top of the peak, altitude 14,147 

feet, has yielded over twenty-five species of mosses, nineteen 
of which I have been able to determine. My list is appended. 

1. Andreaea petrophila EnyrH. Sterile and fruiting. 

This moss occurs abundantly above 12,000 feet elevation on 

the red granitic boulders that make up the vast, bleak, convex 
pile of the top of Pike’s Peak. Although I was on the;sunny 

side of the top, and my visit occurred on June 7, this, — 

and in fact all the rock mosses collected near the top, fre- 

quently occurred on the wnder side of the great rock masses, 

in close contact with the snow and ice, that finds a peren- 

nial home among these cyclopean masses of rock. 

Along with what agrees fairly well with typical Andreaea 

petrophila, and especially near the top of the peak, I found 

sods that differed considerably from the usual forms, having 

the leaf margins strongly rolled in, showing in cross-section 
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papillae on both sides of the leaf, and two cell layers part way 

across the leaf. I had already decided to honor this bistratose 

character with a varietal name, when I came upon and took to 

heart Limpricht’s remark under this very species. In his 

Laubmoose. 1:140, he says: ‘‘In Bryol. eur. Schimper 

has afflicted with names along series of forms (of Andreaea 

petrophila), and has figured them on tab. 624, 625; however, 

the arranging of an abundance of material in accordance there- 

with is a thankless task, for in this sense the circle of forms is 

without limit in every common species.” At any rate, until I 

can have the opportunity of critically examining some of the 

Old World forms of this species, especially the high altitude 

forms, it seems best to let the plant rest under its old specific 

name. 

2. Cynodontium virens var. wahleabergii B. S. Sterile. 

Collected near the 138,000 feet level, with Pogonatum al- 

pinum. 

3. Dicranum albicans B.S. Sterile. 

On ground, at an elevation of over 13,000 feet. 

4. Distichium capillaceum (Sw.) Bry. eur. Sterile. 

This is apparently the high-alpine, short-leafed form named 

var. brevifolium Bry. Kur. and referred to in Limpr. Laubm. 

p- 515. Collected above 13,000 feet. Not uncommon. 

5. Barbula fragilis B.S. Sterile. 

This plant is smaller than that occurring near Winona; but 

in all respects, otherwise, even to the broken leaf points, it 

agrees with it. Only one small sod was found at 13,000 feet. 

6. Barbula mucronifolia B. S. 

Occurred in two places near 138,000 feet altitude. 

7. Barbuia mulleri B. S. Sterile. 
This determination is doubtful. The plants are smaller than 

usual, if it is this.. Common from 138,000 to 14,000 feet. 

8. Grimmia apocarpa HEDw. 

Collected near the top of the mountain. 

9. Grimmia commutata Hus. 

An abundant moss from 10,000 to 13,500 feet. 
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10. Orthotrichum laevigatum Zervr. 

An abundantly fruiting plant, common frem 13,000 to 14,000 

feet. I had determined this as 0. Kingianum, since there is in 

this moss a double peristome, the cilia being as long as the 

teeth, formed frequently of two rows of cells. But Mrs. E.G. 

Britton, our best authority on Orthotrichum, determined it as 

O. laevigatum. 

11. Orthotrichum sp. 

Only a small sod was collected of this plant. Mrs. Britton 
refers the plant to O. Killiasii C. M., with a doubt. 

12. Enealypta vulgaris HEpw. 

Only a little was collected of this species near the 13,000 feet 

level. But it is quite common from there down the mountain. 

13. Weberaelongata ScHw. Sterile. 

At 18,000 feet to 13,500 feet altitude. 

14. Webera elongata var, humilis Scu. 

At about the same altitude, Jess common than the species. 

15. Webera nudicaulis Lesa. 

Above 138,000 feet altitude. 

Another species of Webera was collected in considerable 

quantity, but is not identifiable, being sterile. 

16. Pogonatum alpinum RoeEHL. Sterile. 

On ground at 13,000 feet altitude. 

ae Polytrichum strictum MENZ. Sterile. 

On ground, alone and mixed with Distichium, at 13,000 to 

13,500 feet altitude. 

18. Polytrichum piliferam ScHres. Sterile. 

Mixed with the sterile Webera mentioned under No. 15. At 

13,000 feet elevation. 

19. Pseudoleskea rigescens LINDB. Sterile. 

Near the top of the peak, at 14,000 feet altitude. The plant 

was compared with material from Idaho collected by Dr. J. H. 

Sandberg in 1892, and agrees perfectly with it. 



In addition to these 19 species, there is quite a quantit 
material at hand from my collection, containing some 10 spe- 
cies more. So that Pike’s Peak, at least, has in the last two 

- thousand feet below its top, not less than 30 species of mosses — 

which deserve attention at the hands of future collectors. 
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XLVI. THE FORCES DETERMINING THE 

POSITION OF DORSIVENTRAL LEAVES. 

Re NN. wDAY: 

The work described in the following paper was undertaken 

for the purpose of determination of the relative value of vari- 
ous forces operative in the production of the positions of dorsi- 

ventral leaves, and to what extent the inherited and spontane- 

ous trophies of these organs might be altered by outward 
conditions. 

A paper covering these points and embracing a review of the 

literature bearing upon the subject was published by Vines in 

1890 (V). Vines’ conclusions as given by himself are as fol- 

lows: 

‘‘(1) Epinasty, and also hyponasty, are not induced, but are 

spontaneous movements; (2) dorsiventral members, so far as 

my experiments go, are not negatively geotropic, the move- 

ments hitherto described as negative geotropism being due to 

hyponasty, and altogether independent of gravitation.” 

As may be seen by reference to the results of my experiments, 

they contirm Vines’ view of the general nature of epinasty 

and hyponasty, which is in direct opposition to that of Detmer. 
In the consideration of the second point in the summary given 

above, I am, of course, unable to comprehend exactly what is 

meant by ‘‘movements hitherto ascribed to negative geotrop- 
ism.” It seems reasonable to suppose, however, that reference 

is here made to the upward movements of leaves in darkness, 
—a conclusion which is not in harmony with the results de- 

scribed below. 

Since the appearance of Vines’ paper, Czapek (I) has publish- 
ed amost valuable contribution to our knowledge of the combin- 

ed reactions of heliotropism and geotropism. The chief interest 
of his researches lies in the conclusion that the action of two 

The work recorded in this paper was performed under the direction and by the 

aid of Prof. D. T. MacDougal. 
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stimuli—geotropic and heliotropic—upon an organ simultane- 

ously in no wise affects the sensibility of the organ to each of 

these stimuli, in opposition to the theory of ‘‘Specific energy, 

of Miller, but that the reaction of one or the other may be me- 

chanically suppressed, but not physiologically altered. 

The results of Vines’ (V) and Detmer’s (II) investigations as 

to the nature of epinasty and hyponasty are so widely diverg- 

ent, though obtained from the same material, that it was 

deemed advisable to repeat the detail of their experiments. To 

this end seeds of Helianthus, Cucurbita, and Phaseolus were 
germinated in a dark chamber, and subjected to various condi-* 

tions. The cotyledons remained closely pressed together for a 

period of three to five days, but at the end of this time they 
began to separate, and about the eighth day exhibited a diverg- 

ence of 120° to 185°. This experiment included a large num- 

ber of individuals of each species, and great precautions were 

taken that all possibility of error be excluded. The exposure 

of the plants to light during the short time necessary for daily 

examination, was quite insufficient to vitiate the results. The 

results of this set of experiments verifies Vines’ conclusions 

that epinasty is not induced by light, but may occur in dark- 

ness as well. The fact that the cotyledons did not .-move 

through an are of 90° and attain a horizontal position is due to 

the fact that the plant was not in a phototonic condition. The 

epinastic growth shown by the cotyledons was clearly inde- 

pendent of light, and Detmer’s photo-epinasty and hyponasty 

as such do not exist. Detmer’s conclusions are repeated in the 

recent edition of his text book, and no reference is made to the 

contradictory results reached by Vines. 

The remaining experiments, extending over a period of four- 

teen months, were devoted to the study of geotropism, helio- 

tropism, and epinasty in dorsiventral members. The material 

used included one or more species of Taraxacum, Helianthus, 

Nicotiana, Arisaema, and Lactuca. 
In the manipulation of the growing specimens it was found 

to be much more convenient if they were carefully removed 

from the pots in which they were grown, and the roots, with 

the adhering mass of earth wrapped in sphagnum moss. 

When prepared in this manner space sufficient for the move- 

ment of the leaves through.an arc of 150° was obtained. The 

plants were allowed to recover from this transplantation before 

used for experimental purposes. In all of the experiments 

young, vigorously-growing specimens were used, and care was 
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exercised that the leaves had assumed their final position and 

balance of growth. This last precaution is quite essential 

since many radical leaves are hyponastic in earlier stages, and 

‘ epinastic inlater stages of development. At the end of each 

experiment the condition of the plant was noted, and if it was 
unhealthy or flaccid, results were disregarded. In every in- 

stance duplication of the experiment was made. The dark 
chamber used was constructed of zinc and was placed in the 

plant house in such position that the sunlight could not strike 
it. The temperature varied between 24° and 28° C. 

DETAIL OF EXPERIMENTS. 

Experiment 1.—A normal specimen of a rosette of Taraxacum 

obtained by germination of a seed three months previously was 

placed in an upright position in adark chamber. Twenty-four 

hours later the younger leaves had begun to curve upward. 

Forty-eight hours later all the leaves were pointing upward. 

The vertical position might be due to hyponasty, or negative 

geotropism. 

Experiment 2.—A specimen of Taraxacum, similar to that 

used in Exp. 1, was attached to the clinostat in a dark chamber 
in such manner that the axis of the root-stock was rotated 

while held in a horizontal position. Forty-eight hours after 
the beginning of the experiment, the leaves had assumed a 

position parallel to the axis of the root-stock. The position of 
the leaves in this instance was clearly due to hyponasty. 

Experiment 3.—A specimen of Taraxacum was placed in the 

dark chamber with the root-stock in a horizontal position. 

Forty-eight hours later all of the leaves were at right angles 

to the root-stock and pointing upward. At the beginning of 

the experiment eight leaves held this position, and the same 
number were pointing in an opposite direction. In order to 

assume the upright position the last group moved through an 

arc of 180° inthis, as well as all other experiments, no ac- 

count was taken of torsions. 

Experiment 4.—A specimen of Taraxacum was placed in the 

dark chamber in an inverted position, with the root-stock 
pointing upward, and the leaves horizontally with their dorsal 

surfaces below. Forty-eight hours later all of the leaves had 

curved upward into a position parallel with the root-stock. 



746 MINNESOTA BOTANICAL STUDIES. 

_ Experiment 5. A plant of Taraxacum in a pot was placed in 

its normal upright position, where it could receive light from 

one side only. The leaves of the rosette on the side farthest 

from the source of light were curved upward at the end of the 

third day in such a manner as to place themselves perpendicu- 

lar to the rays of light. Those leaves on the side of the rosette 

nearest the light remained in nearly their normal position. 

Experiment 6.—A normal specimen of Taraxacum was placed 

in an inverted position in a dark chamber with strong sunlight 

thrown in the chamber from below, by means of a large mirror. 

The plant was kept in this position for a week, being well wa- 

tered and cared for during the interval. At the end of seven 

days a few of the leaves exhibited slight torsions in response 

to the peculiar conditions of the light received, but the re- 

mainder held their relative positions as before. 

The members of the rosette of Taraxacum are therefore dia- 

heliotropic as shown by experiments 5 and 6, negatively geo- 

tropic as shown by experiments 3 and 4, and hyponastic as 

shown by experiments 1 and 2. The ordinary position of the 

leaves is therefore due to their diaheliotropism. 'Tke diahelio- 

tropic irritability of the plant so much overbalances the other 
forms that their reactions are suppressed. When the helio- 
tropic stimulus is removed the apogeotropic reaction is exhib- 

ited, and the hyponasty of the leaf is suppressed. If both the 

- heliotropic and geotropic stimuli are removed the leaf assumes 

a hyponastic position. The result of this set of experiments 

supports the conclusion reached by Frank (IV), that the rad- 

ical leaves of Taraxacum are apogeotropic. Iam wholly una- 

ble to account tor the discordance between the experiment of 

Vines (V, p. 426,) and experiments 3 and 4 of my own series, 

which were many times repeated. 

NICOTIANA. 

Experiment 7.—A healthy normal specimen of a rosette of 

Nicotiana growing in a pot was placed in an inverted position 
in a dark chamber, with the radical leaves horizontal. Forty- 

eight hours later the leaves were pointing directly upward. 

Experiment 8.—A specimen of a rosette of Nicotiana similar 
to that used in Exp. 7 was placed in an inverted position in a 

dark chamber, with the radical leaves horizontal and the dorsal 

surfaces downward. Sixty hours later the leaves had assumed 
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a position parallel to the root-stock and pointing directly up- 

ward. 

Experiment 9.—A specimen of a rosette of Nicotiana was 

placed in a dark chamber, with the root-stock in a horizontal 
position and the leaves in a vertical plane. Forty-eight hours 

later all the leaves were pointing upward. 

Experiment 10.—A specimen of the rosette of Vicotiana, with 

the roots enclosed in sphagnum, was placed in a chamber in a 
natural position and light was allowed to enter from above and 

below, striking the under and upper surfaces of the leaves. 
Observations from time to time during a period of six days re- 

vealed no movements except by a few of the leaves in an effort 

to assume a position more nearly perpendicular to the light. 

Experiment 11.—A specimen of Nicotiana prepared with 
sphagnum was placed in a dark chamber in an inverted posi- 
tion, with the root-stock pointing upward and the dorsal sur- 

faces of the leaves facing downward. One week later no 

changes had taken place except those indicated in Exp. 10. 

Experiment 12.— A specimen of Nicotiana prepared with 

sphagnum was attached to a clinostat, and rotated with the 
axis of the root-stock in horizontal, and the leaves in a vertical 

plane. Forty-eight hours later the leaves had curved toward 
the root, in a manner indicative of epinastic growth and exhib- 

iting a behavior exactly contrary to Taraxacum. 

Experiment 13.—A normal specimen of Nicotiana prepared 

with sphagnum was attached to a clinostat and rotated with 

the axis of the root-stock in a horizontal position, and its leaves 
_inavertical plane. Light was allowed to strike the plant at 

right angles to the root-stock and parallel to the surfaces of 

the leaves. Forty-eight hours later the leaves had curved to- 

ward the root in such manner as to exhibit their dorsal sur- 

faces to the light as each in turn was brought opposite the 

opening in the dark chamber. 

It may be seen by experiments 10, 11, and 13 that the mem- 

bers of the rosette of Nicotiana are diaheliotropic; by experi- 
ment 9 that they are apogeotropic; and by experiments 9 and 

12 that they are epinastic. The degree of irritability to the 

three classes of stimuli decreases in the order named. 
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HELIANTHUS. 

Experiment 14.—-A young specimen of Helianthus, 40 cm. ia 

height, was placed in the dark chamber in the normal upright 

position. Twenty-four hours later the leaves were noticeably 
curved downward, and 72 hours later the apices of all the 

younger leaves were pointing vertically downward. The 

change was not so marked in more mature organs. The same 

result was obtained by Vines (V, p. 422, fig. 8). 

Experiment 15.—A young normal specimen of Helianthus was 

placed in a horizontal position with the stem bound firmly to a 

stick to prevent curvatures of anything except the leaves. 

Seventy-two hours later the leaves exhibited epinastic curva- 

tures, pointing toward the root, in a manner generally similar 

to that described by Vines (V, p. 429), except that all were 

pointed in a basipetal direction. All the positions assumed by 

leaves previously extending horizontally from the stem were 

such that the dorsal surfaces were uppermost. 

Experiment 16. The plant used in Exp. 15 was allowed to re- 

cover normal attitude and condition in sunlight, and then it was 

placed in an inverted position in the dark chamber. Forty 

hours later the leaves began to curve upward toward the roots, 

and the curvature became more pronounced 20 hours later. 

Experiment 17.—A young normal plant of Helianthus was at- 

‘tached to a clinostat and rotated with its axis in a horizontal 

plane. During its rotation light was admitted at right angles 

to the stem. Twenty-four hours later the leaves were curved 

toward the root in such manner that the dorsal surfaces re- 

ceived the rays at right angles. 

Experiment 18.—A young plant of Helianthus was placed in 

normal upright position until the leaves were epinastically 

curved. The plant was then inverted and illumination was 

then given from below, with the result that in four days the 

leaves had returned to their usual positions with respect to the 

stem, and with their dorsal surfaces at right angles to the rays. 

The results of the entire group of experiments agree with 

those obtained by Vines. The leaves of Helianthus are dia- 

heliotropic, diageotropic, and epinastic. 
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ARISAEMA., 

Experiment 19.—A plant of Arisaema triphyllum, recently 
emerged from the bud, was placed in an upright position in the 

dark chamber. At the end of 48 hours the leaflets had as- 

sumed an epinastic position, with the tips pointing downward. 

Experiment 20.—A specimen of Arisaema was placed in a dark 

chamber in an inverted position with the laminae horizontal 
and the stem bound to a stick to prevent curvatures in that or- 
gan. Forty eight hours later the tips had moved upward 
through an arc of 30°-50°. 

Experiment 21 —A vigorously growing specimen of Arisaema 

was attached to a clinostat and rotated with the stem in a hori- 

zontal plane, and given an illumination from one side only. 

Ninety hours later all of the leaves had curved through an are 

of 90°, and were parallel to the stem with the tips pointing to- 

ward the roots. 

Experiment 22.—A young specimen of Arisaema was placed 

in an inverted position in a dark chamber and illuminated from 

below in such manner that the light struck the dorsal surfaces 

of the leaflets. At the end of a week no change in position 
had taken place. 7 

Experiment 23.—Two specimens of Arisaema, as nearly alike 

as possible, were placed in the dark chamber, one in the normal 
upright position and the other inverted. No change in posi- 

tion except that due to epinasty was noticed in the leaves of 

either plant inside of a period of three days, and the angle of 

curvature was the same in both. 

Experiment 24.—A specimen of Arisaema was placed in such 
a position in a dark chamber that the axis was horizontal and 
the leaf-blades in a vertical plane. The tip of one leaflet 

pointed directly downward, while two others were directly up- 

ward, but with the long axis of the leaf directed 20° away from 

the vertical. Forty-eight hours later the leaflet pointing down- 

ward had risen through an arc of 75° and lay nearly horizontal, 

while the two remaining leaflets had curved downward to the 

horizontal position. These positions were retained four days 

later. 

Experiment 25.—Ktiolated specimens of Arisaema exhibited 

a great variety of positions of the leaflets, which seemed to be 

dependent entirely on the trophies. In such condition the 
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adaptive processes interfere in such manner as to render the 

results difficult of interpretation. 

The foregoing experiments indicate that the leaflets of Ari- 

saema are diaheliotropic, epinastic, and diageotropic. 

LACTUCA. 

Experiment 26.—A specimen of a rosette of Lactuca seariola 

was placed in a clinostat in a dark chamber, and rotated with 

its root-stock in a horizontal and the rosette members in a vert- 

ical plane. Illumination was given at right angles to the root- 

stock. Forty-eight hours later the radical leaves had curved 

backward and pointed toward the roots, in a manner indicative 

of diaheliotropism. 

Experiment 27.—A specimen of the rosette of Lactuca was 

placed in the dark chamber in an inverted position. Twenty- 

four hours later all the leaves had curved upward toward the 

roots. 

Experiment 28.—A specimen of Lactuca was placed in a dark 

chamber in an inverted position and illuminated from below. 

Four days later no noticeable change of position had occurred. 

Many torsions were to be seen, however. 

Experiment 29.—A specimen of the rosette of Lactuca was 

attached to a clinostat, with the root-stock horizontal and the 

leaves in a vertical plane. Forty-eight hours later the leaves. 

‘had curved toward the root. 

Experiment 30.—A specimen of Lactuca was placed in a dark 

chamber in a horizontal position. Forty-eight hours later 

curvatures had begun, and seventy-two hours later al] the 

leaves were pointing upward. 

The curvatures of Lactuca are diaheliotropic, epinastic, and 

apogeotropic. 

RECAPITULATION. 

A consideration of the results of the foregoing experiments 

leads to the following conclusions: 

I. The prevalence of an epinastic or hyponastic condition of 

growth in any organ is due entirely to internal causes and may 

be said to be spontaneous. In many plants leaves are epinas- 

tic in an earlier stage of growth, and hyponastic in a later 

one, or vice versa. The balance of the two forces may not be 

disturbed or initiated by external conditions. Light, there- 
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fore, cannot induce epinasty or hyponasty. This is in direct 

support of the position taken by Vines, and the results upon 
which it is based demonstrate that the photo-epinasty of Detmer 

does not exist as such. 

II. All dorsiventral leaves are diaheliotropic. 

IfI. Dorsiventral leaves may be diageotropic or apoge- 

otropic. Radical leaves of Lactuca, Taraxacum and Nicotiana 
are apogeotropic, and those uf Helianthus and Arisaema are 
diageotropic, a conclusion not in agreement with the results 

of Vines, who maintains that gravity may exert in such organs 

a diageotropic effect only. 

IV. The ultimate position of dorsiventral leaves is a fixed 

light position, and the geotropic or trophic tendencies find no 

mechanical expression. The removal of the light stimulus 

from a plant, allows the unimpeded action of the other two 

forces. In some instances geotropism, in others, the trophic 

tendency, predominates. In no instance, however, has a re- 

sultant position, due to a mechanical equivalency of the two 

reactions, been observed. 

V. The relative values of the geotropic and trophic tenden- 

cies are such that apogeotropism is generally stronger than 

hyponasty and epinasty, while epinasty or hyponasty are in 

turn stronger than diageotropism when occurring in the same 

organ. 

VI. It.is not possible to foresee the reaction of dorsiventral 

organs with reference to their present form or function. The 

geotropic tendency must have undergone serious alteration 

during the period of development of the species which resulted 

in the formation of rosettes, however. In these, as well as in 

stem leaves, the causes lie beyond the present circle of investi- 
gation. 

1 
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Pflanzentheilen, efc. 1870. 

Vines: On Epinasty and Hyponasty. Ann. Bot. 3:415-4387. 1889- 
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EXPLANATION GFE PLATE. 

IPA exe 

Taraxacum grown in normal position in darkness. The young 

leaves are vertical or nearly so. The older leaves have remained 

in a position variously approximating the horizontal. 

Taraxacum grown in inverted position in darkness. The younger 

leaves have curved toward the roots and grown Vertically upward. 

The older leaves have approximately retained their original posi- 

tion. 



XLVIL. ON THE GENUS COSCINODON IN 

MINNESOTA. 

aa ave HOLZING ER. 

In my Preliminary List of Mosses of Minnesota,* I pub- 
lished the plant collected by me on the Catholic cemetery bluff 
at Winona as Coscinodon raui AUSTIN, with a note indicating 

uncertainty regarding this determination. This was published 

March 5, 1895. In the Bulletin of the Torrey Botanical Club 

of November, 1895, pp. 447-449, under Contributions to Amer- 
ican Bryology, XI, Mrs. EK. G. Britton states that the specimens 
collected by me on exposed sand bluffs at Winona, ‘‘ have been 

determined by M. Cardot as C. renauldi,” while she herself 

claims the determination as C. raui, following in this Professor 

Barnes, who some years before took the pains to compare the 

moss in question with some authentic Coscinodon material in 

the Cambridge Herbarium. So far as Mrs. Britton’s reference 

to M. Cardot’s determination is concerned, I desire to make a 

correction. 

First, I stated in my list that M. Cardot had pronounced 

this species to be ‘‘C. wrightii, finding with it also C. renauldi.” 
Then, under date of March 28, 1895, M. Cardot, after examin- 

ing my list in MINNESOTA BOTANICAL STUDIES, writes to me 
on this point: 

“The Coscinodon of Winona which you have sent to me, and 

which I have published in our exsiccati (No. 173), is surely C. 
wrightii, a species very distinct from C. rari and C. renauldi. 
But there were, in a mixed sod, some specimens of ©. renauldi, 

which is, perhaps, not sufficiently distinct from C. rawi.” This 

is, of course, different from declaring the plant to be C. 

renauldi. But the last statement in my quotation from 

Cardot’s letter has some additional interest, apart from its 

bearing on the plant in question: inasmuch as he here states, 

some eight months prior to Mrs. Britton’s published note on 

* Minn. Bot. Studies. 1: 285. 
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**Coscinodon raut and Coscinodon renauldi,” that his C. renauldi 

‘‘is, perhaps, not sufficiently distinct from C. raui.” The crit- 

icism of Cardot’s species would doubtless have taken a different 

turn had his attitude regarding the plant been generally known. 

A most helpful feature, however, one for which all interested 

students owe a debt of gratitude to the writer, is the clearing 

up of errors made by the authors of the two species, Sullivant 

and Austin. In the light of these corrections the plants may 
now be thoroughly well understood. 

From the dilemma regarding the right place of the little 

Coscinodon I was not extricated even when Mrs. Britton kindly 
loaned me type slides prepared from authentic material of C. 
raut, Which I examined and returned to her March 30, 1895. 

She also kindly favored me with specimens of C. raui and C. 

wright collected near Rapid City, S. Dak., by Mrs. T. A. Wil- 
liams, and @. wrightii collected in Nebraska by Mr. H. J. Web- 

ber. My method of examination was to remove some good 

leaves from a well soaked plant, make a water mount, and in- 

spect critically the surface of the leaves with a # in. and a + in. ob- 

jective. From the appearance of the leaves thus studied I could 

not arrive at a satisfactory conclusion. There were uniformly 

rectangular cells in the lower half of the leaves of all plants. 

The cells in the upper half were usually roundish, more thick- 

walled than below, but some leaves could be found on every 

plant that had the cells in the upper part more or less elong- 

ated, more so toward the costa, less toward the margin. Nor 

was the bleaching of the leaf apex, the erose-dentate margin 

in that part and the rounded leaf apex, a uniform character of 

either species. Some leaves on either species were hardly dis- 
colored at the apex, and then had the margin in that part en- 

tire; others were discolored in the entire upper third, and then 

were usually erose-dentate in that part. To be sure, the leaves 

of good Coscinodon wrightii were found to be, on the whole, 

more rounded at the apex, the long subula rising rather ab- 

ruptly above them; but some of the upper leaves, at least in 

C. rawi, are occasionally nearly as rounded, though the average 

leaf apex was more acute than in C. wrightii. Not even the - 

diagnostic character laid down in Barnes’ Key was found to 

hold for C. raui, which there has assigned to it a hyaline hair 

point shorter than the leaf. Mrs. Britton’s correct figure 

of a leaf taken from type material tends to modify this 

diagnosis. And it is to be regretted that Barnes’ new Key, 

issued January, 1897, has, after two years of tacit refutation of 
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this diagnostic character of C. rawi, not offered a more distinct- 
ive diagnosis of the species. -In my diagnosis of the plant 

under consideration 1 depended on Barnes’ Key. Professor 
Barnes himself did not recognize the character in his determin- 

ation of the plant, which has the upper leaves at least furn- 
ished with a slightly rough hyaline hair point much longer 

than the leaf, which gradually decreases in relative length, 

till near the rooting base of the stem the leaves are scale-like, 

appressed to the stem, very small, and the costa in the lower 

leaves cease below the rounded or barely apiculate apex. 

In this uncertain condition the matter has rested for nearly 

two years. In May, 1896, I had the good fortune to col- 

lect some mosses in Colorado, the home of the types of C. 
wrightti and C. raw. By the very kind and generous arrange- 
mentof Professor Carl F. Baker, then of Colorado Agricultural 

College, Fort Collins, I enjoyed the exceptional facility of col- 

lecting for two days, with his guidance, and the use of a horse, 

wagon and driver, in some of the side cafions of Poudre river. 

While we were drenched both days by an incessant rain, 

and waded for miles up and down steep hills through the 

stickiest and yellowest Colorado clay, we secured our mosses 

all the more certainly because of the prevailing moisture. 
Under these favoring conditions a number of species, mostly 

very small mosses, were found by us on that trip; and among 

them, fortunately, two species of Coscinodon. Pressure of 
other duties has prevented me from working out this 

puzzle till recently. There is no difficulty at all in distinguish- 

ing the two species from each other with the naked eye, when 

one is sure of the genus from the presence of the muitrate, 
plicate calyptra. The gross distinction is as follows: 

1. Coscinodon wrightii is silvery green, from the presence 
of the much lengthened hair points on the upper 

leaves, which stand erect; and this, with the more 

crowded condition of the plant, which forms small 

dense cushions, gives the lighter color. 

2. Coscinodon raui has a more decided green tinge, there 
being fewer long hairs; the plants occur also usually 

less crowded, and in more extended patches. 

In order to determine whether there was some tangible dif- 

ference observable with the pocket lens, I moistened and sep- 
arated several dozen plants of each species, washed out the 
sand and clay in which they are uniformly imbedded nearly to 
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the top, laid them out on glass slips, and let them dry. The 

appearance then, under the hand lens, left no shadow of doubt 

regarding the distinctness of the two plants. Disregarding 

the colorless subula of the leaves, which may or may not be 

longer than the leaf blade in C. raw, the plants are distin- 

guished with the hand lens as follows: 

1. Coscinodon wright has the more numerous hair points, 
on the whole longer, it is true, than in C. rauwi; is less 

branched, more delicate; the hair points, while di- 

minishing in length toward the base of the stem, are 

distinctly present, and are about the middle of the 

new, developed stem still as long as the leaves (Pl. XL/J, 

Jigs. 8, 9); leaves with hair points erect-appressed, the 

blades distinctly spoon-shaped all along the stem. 

2. Coscinodon raui has fewer hair points, at least some of 

which may be twice the length of the leaf blade; is a 

more branching, somewhat coarser plant; the hair 

points discontinue below the upper third of the new, 

developed stem; the stem leaves are similar to near 

the base, are simply acute, obliquely ascending, spread- 
ing, With a distinct keel projecting on their under 

side. 3 

These appearances changed my mind completely regarding 

the possible identity of the two species which I had enter- | 
- tained; here were two radically distinct plants, distinguishable 

without the aid of a compound microscope. And, after I care- 
fully compared the plants with the descriptions in Lesquereux 

and James’ Manual, giving also Mrs. Britton’s corrections on 

the recorded observations of the two authors their proper 

weight, I had no reason to doubt that I had collected typical 

material of the two species, in their type locality, and in good 
quantity. I was now prepared to recur to the vexing Minne- 

sota plant. Even before looking at it, I remembered that its 

gross appearance brought it nearer to C. wrightii than to C. 

raui. This was verified by an inspection. Then I washed out 
and separated a series of plants, and laid them out to dry on a 

glass slip. To be sure, the appearance of my plant under the 

hand lens did not associate it distinctly with either Colorado 

plant; for the new, developed stems were not leafy to near their 

base, and the leaves were not so distinctly spoon-shaped. Oth- 

erwise the plant was certainly nearer to (@. wrightii than to C. 
raui, differing from C. wrightii principally in gross appearance 
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of the more naked lower part of the shorter stem, the leaves 

being more crowded toward the upper end. I began to think 

this might be a third species of Coscinodon, after all. But when 
I had looked up Cardot’s letter, above quoted, in which he 
insists that this plant is Coscinodon wrightii, I was again at sea. 
And now I determined upon a critical examination of leaf- 

cross-sections, the result of which leaves no doubt regarding 

the relationship of our Minnesota Coscinodons, furnishing also 

absolutely reliable diagnostic characters of the two species. 
I first proceeded to make leaf sections of the two Colorado 

plants, with the following results: 

1. Coscinodon wrightii yielded leaf sections uniformly and ~ 

evenly concave, in which the costa projected nearly 

evenly above and below the leaf surface; toward the 

apex the costa is restricted to the outer, under side of 

the leaf; in both sections a single row of large cells 

lies across the wpper surface, continuous with the leaf 

cells. See Pl. XLI, fig. 3. ; 

2. Coscinodon raui has a deeply furrowed costa, as is shown 

by jig. 12. This form of the costa doubtless gives 

the rigid divergent appearance to the stem leaves of 

C. ravi under the hand lens. That the furrow extends 

even some distance into the colorless awn of this 

species is made apparent under the low power of the 

microscope by the occasional accumulation of soil in 

this groove, a condition frequently observed in this 

plant. Such an appearance never occurs in C. wrightii, 

which, judging from the leaf sections, has probably 

no such groove in the hair points of its leaves. 

With this diagnosis worked out, I made a similar examina- 

tion of cross sections of the Minnesota plant. And, judging 

from this character, there can be no doubt but that it should 

be referred to C. wrightii rather than to C. rawi, its leaf sec- 

tions being exactly like those of C. wrightii from Colorado. 

But there was still a recognizable difference in the gross ap- 

pearance of my Minnesota plant, a difference uniform in all my 

material, and which I established by a series of examinations. 
This, in my judgment, justifies the Minnesota plant to be des- 
ignated as a variety of C. wrightii, for which I propose the 

name— 

Coscinodon wrightii var. brevis n. var. 
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Monoecious, like the species; simple or branching, one 

of the branches usually terminating in the antheridial, the 

other in the archegonial bud; leaves crowded toward the 
top of the stem into a tumid bud, rapidly reduced to scales, so 

that the stem below the middle is nearly naked; leaves not dis- 

tinctly spoon-snaped under the hand lens as in the Colorado 

plant. 

The examination into the occurrence of the sexual organs of 

the two forms of Coscinodon wrightii shows no essential differ- 

ences between the two plants. I have made drawings of both 

organs with adjacent leaves also of the Colorado plant, which, 

on comparison with those taken from the Colorado plant, show 

incidentally that the hair points of the archegonial leaves are 

developed before the lamina; while the antheridial leaves are 

principally laminae with only a short costa, or with none at 

all, and may or may not have an incipient subula, or a short 

acumen. 
In closing, I give my diagnosis of the North American species 

of Coscinodon so far as known at present: 

Genus COsCINODON. Leaves appear as in Grimmia; but the capsule 
is halfecovered by a mitrate folded calyptra as in Orthotrichum. 

1. Plants dioecious, - - - - - - - - ©. pulvinetus. 
Alaska, British Columbia. 

bo Plants monoecious, 

a. Costa in cross section deeply furrowed, stem leaves diverging 

and appearing keeled under a hand lens, - = C. raui. 

Arizona, Colorada, South Dakota, Minnesota. 

aa. Costa in cross section not furrowed, either equally projecting 

above and below the lamina, or in upper part of the leaf re- 

stricted to the back, 

b. Developed fruiting stems equally leafy to near base, the leaves 

to below middle of stem hair-pointed, and under hand lens dis- 

tinctly spoon-shaped, - - - - - - CO. wrightii. 

Colorado, North Dakota. 

bb. Developed fruiting stems leafless for some distance above the 

rooting base, only some closely appressed scales representing 

the leaves there; hair-pointed leaves all crowded to near the 

top; no distinct appearance of spoon-shaped leaves, 

C. wrightii var. brevis. 
Minnesota. 



Holzinger: ON THE GENUS COSCINODON. 759 

Since completing the above paper a note should be ad- 

ded. Coscinodon raui, it should be stated, has been col- 

lected by me near Winona, but on the Wisconsin side of the 
Mississippi. My material is dated July 16, 1895. But all the 
material from the: first station, the Catholic cemetery bluff, 

which is now in my hands, is unmixed Coscinodon wrightii 
var. brevis. 

Through the kindness of Professor C. R. Barnes I was permit- 

ted to re-examine a part of his material from near Winona, sent 

him by me; all of it proved to be Coscinodon wrightii var. brevis. 
But Mrs. E. G. Britton’s material from the same station, a part 

of which she also kindly sent me since writing the above, un- 

doubtedly contains the two. It is therefore very probable 

that Professor Barnes’ specimen was also mixed, and that, in 

his certainly very careful examination and comparison with 

the Cambridge type, he happened to have in hand some Cos- 
cinodon rawi from the Minnesota material. Finally, a re-ex- 

amination of all of Prof. Barnes’ material disclosed some plants 

of C. raui growing together with C. wrightii var. brevis. 

EXPLANATION OF PLATE. 

PEACH cui. 

Fig. 1. Enlarged plant of C. rawi, calyptra and peristome. X4. 

Fig. 2. Enlarged plant of U. wrightii. X4. 
Fig. 3. Enlarged plant of C. wrightii var. brevis, showing position of fe- 

male bud and male bud. X4. 

Fig. 4. Leaf of C. rawi from upper portion of stem, front view. X42. 

Fig. 5. Same, side view. X42. 
Fig. 6. Leaf of C. raui from lower portion of stem, front view. X42. 

Fig. 7. Same, side view. X42. 
Fig. 8. Leaf of C. wrightii from upper portion of stem, front view. X42. 

Fig. 9. Same, side view. X42. 

Fig. 10. Leaf of C. wrightit from lower portion of stem, front view. X42. 

Fig. 11. Same, side view. X42. 

Fig. 12. Cross section of leaf of C. rawi. X120. 

Fig. 13. Same, C. wrightii. 120. 
Fig. 14. Leaf of C. wrightii, showing areolation. X112. 

Fig. 15. Same, C. raui. X112. 
Fig. 16. Female flower of C. wrightii var. brevis, with two perichaetia! 

leaves. X42, 
Fig. 17. Male fiower of same, with three perichaetial leaves. X42. 
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XLVI. OBSERVATIONS ON THE FERNS AND 

FLOWERING PLANTS OF THE 

HAWAIIAN ISLANDS.* 

A> CAG SEP aIVnaeR:. 

The Hawaiian group of islands has long been known as pos- 

sessing peculiar botanical features, and has been visited during 

the past one hundred years by a number of botanists, the first 

of whom was David Nelson, who collected there in 1778 and 

1779, during the third voyage of Captain Cook. 

The principal published accounts of Hawaiian plants are by 

Chamisso, in Linnaea; by Gaudichaud, in Botanique du Voy- 

age de l Uranie, incorrectly cited by Mann and Hillebrand as 
Bot. Freyc. Voy.; by Meyen, in Nov. Act. Acad. Caes. Leop. 

Carol. Nat. Cur. ; by Asa Gray, in the Botany of the U. S. Ea- 
ploring ieee anon. and in the Proceedings of the American 

Academy of Arts and Sciences; by Nuttall, in the Transactions 
of the American Philosophical Society; by Horace Mann, in the 
Proceedings of the Boston Society of Natural History, and Pro- 
ceedings of the American Academy; by Wawra, in Flora, and 

by Hillebrand, in his Flora of the Hawaiian Islands. Gaudi- 

chaud also issued a folio atlas, in which are plates of the plants 

collected on the voyage of the Bomte, but unaccompanied by 

descriptions, The Hawaiian plants to which these plates refer 
have mostly been described by different writers, and credited 

to Gaudichaud. 

The main part of the group, spate of the islands of 

Hawaii, Maui, Kahoolawe, Lanai, Molokai, Oahu, Kauai, and 

Niihau, is situated between 18° 55’ and 22° 20’ N., and 154° 50’ 
and 160° 40’ W. Scattered in a northwesterly direction for a 

distance of 600 or 700 miles, are occasional rocks and small, 

low islands, now belonging to the young republic. Of these, 

Laysan island is perhaps the largest, though only a narrow 

strip of land a few miles long. It is of value only on account 

~ *A complete series of this collection, amounting ‘to over one thousand specimens 
of ferns and flowering plants, and including some sixty type specimens, has been pre- 

sented by Mr. A. A. Heller to the herbarium of the Geological and Natural History 

Survey. The whole makes an addition of quite inestimable value to the state col- 

lections.—C. M. 
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of its large guano deposits The plants found on it are the 

same as those which occur along the beach on the lee sides of 

Oahu and Kauai, as Gossypium tomentosum and Scaevola koenigii. 

Kauai, the third in size, is the oldest in point of formation, 

and usually considered to be the best botanically. On the lee 
side, separated by a channel nine miles in width, is Niihau, a 

small and rather low island, the maximum height not exceed- 

ing 1,000 feet. In the early part of the century it was of con- 

siderably more importance than now, as ships were accustomed 
to put in there to get a supply of yams, which were very 

abundant. There also the famous Niihau mats were made 
from Cyperus laevigatus. 

Following the trend of formation from northwest to south- 

east, Oahu, the fourth island in size, comes next, separated 

from Kauai by a channel sixty miles in width. 

Next in order is Molokai, fifth in size. It is a long, narrow 

island, with precipitous cliffs along the windward side. Con- 
flicting statements are made as to the height of the mountains 

on this island, some giving 3,500 feet as the maximum, others 

6,000 feet The highest, and consequently the wettest portion, 

is toward the eastern end. The western end is composed of 

the ancient crater of Maunolaa. Onasmall peninsula, which 

juts out near the middle on the north side of the island, is situ- 

ated the leper settlement. This point of land is cut off from 

the main portion of the island by a pali, as precipices are there 

called. This paliis about 3,000 feet high, and practically im- 

passable, so that the only approach is by sea. Some years ago 
the lepers, or as many of them as could be captured, were sent 

off to Molokai, and now, whenever a case develops, the victim 

is promptly sent there too. The government provides them 

with habitations, food and medical attendance, so that many of 

them are really much better off than they were before. This 

method has undoubtedly done much to check the spread of the 
dread disease. 

Immediately south of Molokai, separated by a narrow chan- 

nel, is Lanai, a small island, with a maximum elevation of per- 

haps 2,500 feet. Lying as it does on the lee side of Molokai 

and Maui, it receives but a small amount of moisture, and has 

only one permanent stream of water. 

Just east of Lanai, lies Maui, the second in size of the group. 

It is composed of two mountains, connected by a low, sandy 

isthmus. The western part consists of precipitous mountain 

ridges, while the larger eastern part is occupied by the great 
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mountain of Haleakala, 10,000 feet high. The slope of this 

mountain, at least on the western side, is easy and gradual. 

The immense extinct crater of Haleakala—‘‘House of the Sun” 

—is the largest in the world. It is triangular in shape, and 

from 1,000 to 2,000 feet deep. 

Kahoolawe, southwest of Maui, is a small, barren island, 

devoted to sheep raising, and has never been considered of 

much interest botanically. 

Last, but not least, for it is the largest, is the island of 

Hawaii, from which the group derives its name. It is 100 

miles long and 90 miles wide. The northern end is occupied 

by the Kohala range of mountains, with a height of 6,000 feet. 

The remainder of the island is composed of three peaks, Mauna 

Kea, 18,805 feet high; Mauna Loa, 12,675 feet, and Hualalai,. 

8,273 feet. These three mountains form the three points of an 

equilateral triangle, with an elevated plateau of from 5,000 to 

6,000 feet between them. On the southeastern slope of Mauna 

Loa, at 4,041 feet, is the famous crater of Kilauea. 

Considering their proximity to the Equator, the Hawaiian 

islands enjoy an unusually mild climate, the mean annual tem- 

perature at Honolulu being about 79° F. The minimum is 50° 

F. and maximum 90° F., but the latter figure is rarely reached. 

The northeast trade winds, which blow during about three- 

fourths of the year, are the cause of the pleasant and equitable 

temperature. During the winter months, when the wind shifts 

to the south or southeast, bringing with it some of the equa- 

torial heat and sultriness, is the most disagreeable time of the 

year. This is the season, too, when the heavy ‘‘Kena” storms 

of wind and rain usually make their appearance. 

The topography has much to do with the rainfall, as the 

islands are practically all mountains, with very little low land 

along the coast. In nearly all cases a mountain barrier being 

presented to the prevailing wind, the moisture is condensed, 

and a heavy precipitation follows on the windward side, while 

the lee side may be comparatively rainless. At Hilo, on 

Hawaii, and at Hanalei, on Kauai, the average rainfall is 180 

inches, while at points opposite on the lee’sides of the same 

islands, the average is about 25 inches. 

As the soil is composed of disintegrated lava rock, it is very 

porous, and very little water can be found on and near mount-. 

ain summits, although there are exceptions on Maui and Kauai, 

where bogs have been formed. Usually the rainfall which is 

precipitated on the summits and upper slopes, percolates. 
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through the soil and makes its appearance as streams some- 

where upon the lower slopes of the mountains, or wells up as 
springs on the beach. Along the beach, between Diamond 

Head and Koko Head, on Oahu, in a region where rain rarely 

falls except in winter, are a number of springs of fresh water, 

covered at high tide by the sea. Just beyond Diamond Head 

it is a common sight to see cattle go down to the beach, and 

apparently take a drink of salt water. 

Judging from the uniformity of the geological formation, we 

should expect a great similarity in the vegetation of the several 

islands, but such is not the case. True, there are many species 

common to all of the islands, but the bulk of the native species 

found on any given island, are different from those which occur 

on the other islands, and when a species is found on two or 

more islands, it differs somewhat in leaf form, or in some other 

particular. This is especially true of strictly endemic plants. 
The introduced species show a much greater uniformity in 

habit and growth. 

Isolated from a continental area, and almost equally so from 

the other islands of the Polynesian system, Hawaiian vegeta- 

tion has developed independent of extraneous modifying con- 

ditions. That it has done so in a satisfactory way, is evinced 

by a summing up of the proportion of endemic species in Hille- 

brand’s Flora. This work, published in 1888, enumerates 999 

species of phanerogams and vascular cryptogams. Of this 

number, 139 are introduced, and 653 are endemic, leaving 207 

native species which are found elsewhere. 

Of the 653 endemic species, 250 belong to 40 endemic genera. 

These endemic genera are found principally among the Rubi- 

aceae, Compositae, Lobeliaceae, and Labiatae. The dis- 

tribution of the species in the iarger of these endemic genera 

is quite interesting. 

Schiedia is represented on all of the islands, but principally - 
on the northern islands of Kauai and Oahu. The same holds 

good, too, with Pelea and Platydesma. 

Of the Araliaceae, Cheirodendron is pretty well divided. 

Dipanax is northern, one species out of three being found on 

Lanai. Triplasandra is confined almost exclusively to Oahu. 
Of the Rubiaceae, Kadwa, Gouldia, Bobea, and Straussia are 

distributed over all of the islands, but Hawaii has a smaller 

number than the other islands. 

In ihe Compositae, Remya is,found on Kauai and Maui, wie 

no species recorded from the intermediate island of Oahu. 
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Tetramolopium ranges over all of the islands, but is most 

abundant on Maui and Hawaii, only one species finding its way 

to Kauai. Lipochaeta, which may be considered a Hawaiian 

genus, ranges over all of the islands, but principally from 

Hawaii to Oahu. The same may be said of Campylotheca. 
Argyroxiphium is confined to the high mountains of Maui and 
Hawaii. Wialkesia is represented by two species, one on Kauai, 

and one on Maui. Dubautia is confined principally to Kauai, 

four of the six species being found there, while none occur on 

Hawaii. Raillardia, on the contrary, is found principally on 
Hawaii, with one species on Kauai. Hesperomannia is of cen- 

tral distribution, occurring on Lanai Maui, and Oahu. 

In the Lobeliaceae, Clermontia is of central distribution, few” 

species being found on Kauai and Hawaii. FRollandia is found 
only on Oahu. Dellissea is northern in range, growing prin- 

cipally on Oahu and Kauai, with one species on Hawaii. 

Cyanea, with about thirty species, occurs on all of the islands, 

but is most abundant on the islands of Maui and Hawaii, thus 

being principally of southern distribution. 

Of the Labiatae, Haplostachys is central or southern, rang- 

ing from Molokai to Hawaii, with a form on Kauai. Phyllos- 
tegia predominates on Hawaii and Maui, with a few species on 
Molokai, Oahu, and Kauai. The same is true of Sphacele, 

except that even fewer species are found on the northern 

islands. 

‘Besides these larger genera, there are smaller ones, which 

have representatives only on the northern islands, and when 

they are taken into account, the endemic species are found to 

be pretty evenly distributed over the entire group. But we 

also find that in the larger and more differentiated genera, the 

greatest number of species are found on the later formed 

islands of Maui and Hawaii, where also the greatest elevations 

* are found. 
The great number of ferns appeal to the eye of the botanist, 

when he ascends to the region of native vegetation. Omitting 

the lower cryptogams, they comprise one-sixth of the native 

vegetation. The comparative scarcity of grasses, Compositae, 

and Leguminosae, in opposition to the unusually large number 

of Rutaceae, Rubiaceae, Lobeliaceae, and Labiatae, is a matter 

of astonishment to the collector from more temperate regions. 

To the student of the lower cryptogams, an immense field is 

open. Near the summits of the mountains, and in other places 
where there is a large amount of moisture, the trees, bushes 
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and ground are draped and carpeted with mosses and Hepatics. 

Lichens seem to be most abundant on the trees and rocks of 

the lower and middle regions, at least on Oahu and Kauai. 
Aleurites moluccana, the ‘‘Kukui” tree, which flourishes only 

in the lower forest region, is the host of more species of lichens 

than perhaps any other tree. Next comes Acacia Koa, the 
‘‘Koa”’ tree, which harbors many interesting species, but, as a 

rule, different from those which are found on the Kukui tree. 

Parasitic fungi are common on the leaves and stalks of many 

plants, but fleshy fungi seem to be scarce. Marine algae are - 

abundant, as one would expect, and fresh water forms are prob- 

ably plentiful in suitable situations 

In the remarks concerning the geographical features of the 

islands, Oahu and Kauai were purposely omitted, or merely 

mentioned, in order to speak of them later, as they are the only 

islands which were visited by the writer. 

Oahu, the fourth island in size, upon which is situated 

the capital city of Honolulu, is about thirty-five miles long, 
and twenty five miles wide at the point of its greatest breadth. 

The eastern portion, beginning at a point just west of Hono- 

lulu, is only ten or twelve miles wide. Two mountain ranges 

traverse the length of the island, the main range skirting the 

northeastern coast, and the Wainai range following the north- 

western coast. Between these two ranges is a stretch of low 

land, which is often very dry, and hot. 

Judging from the contour of the main range, the windward 

side, at least as far north as Ka Oio point, must once have been 

the rim of avast crater. It presents a wall with a sheer descent 

of from 1,000 to 2,500 feet, all along between Makapuu and Ka 

Oio points. Rock walls like this, or precipices of all sorts, are 
called pali in the Kanaka, or Hawaiian languge. At the head 

of Nuuanu valley, is the only pass where it is possible to make 

a road across the mountain. This point, which is 1,200 feet 

above sea level, is always spoken of as the Pali. Here a small 

ridge projects toward the windward side, and by making use of 

this slope, a steep, zigzag road has been cut, which leads to the 
plain below. Here, on either side of Nuuanu valley, are the 

two high peaks of the main range, Konahuanui on the east 

side, and Waiolani on the west side. The former has an eleva- 

tion of about 8,500 feet, the latter of 3,700 feet. On the Kona- 

huanui side, the ridges all have steep slopes, but on the Waio- 

lani side, especially near the extreme northwestern end, they 

spread out and become rather broad. The largest streams on 
the island rise here. 
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_ As mentioned above, the windward side of the range is a 

precipice, but on the lee side the conditions are different. Here 

numerous narrow ridges jut out, with deep valleys between. 

The sides of these ridges are so steep, that they are entirely 

inaccessible at most places. The lower ends, however, slope 

gradually toward the sea, so that by following along the back- 

bone, one can ascend to the main ridge, although this is ac- 

complished only by great labor, difficulty, and danger, as a 

misstep in some places would mean a plunge of 1,000 feet into 

. the valley below. 

The Waianae range extends along the shorter western coast. 

Its highest point is fiat-topped Mt. Kaala, which has an eleva- 

tion of 4,000 feet, and is the highest point on the island. 

Although the subterranean fires were extinguished ages since 

on this island, there is abundant evidence to show that there 

once was great volcanic activity. There are four tufa cones in 

the vicinity of Honolulu. A short distance west of the city is 

the twin crater of Moanalua, containing a lake of salt water, 

which does not appear to be connected with the ocean. Punch- 

bowl stands like a sentinel on the northeastern edge of the city. © 

Diamond Head, the most imposing of the four, is four miles 

east. It has a height of 700 feet. Four or five miles beyond, 

near the extreme eastern end of the island, is Koko Head. A 

short distance beyond Diamond Head, are the remains of an 

ancient lava flow, where the immense black rocks are piled up 

in picturesque confusion. Just opposite, on the heights of 

Palolo, are the remains of a crater, and probably this flow 

emonated from thence, although there is not much trace of it in 

the intervening low ground. : 

This open country, or ‘‘lowland zone,” as Hillebrand calls 

it, is almost rainless during the greater part of the year, and 

has few native species. It is the home of introduced species, a 

number of which are annuals, and spring up after the winter 

rains. In the dry and dusty regions, both east and west of 

Honolulu, the Algaroba tree, a species of Prosopis, flourishes, 

as do also large numbers of Acacia farnesiana, which here is 

always ashrub. Opuntia tuna is a familiar figure of the land- 

scape. Argemone mexicana has all the appearance of an intro- 

duced plant, yet it must be a native, as it was found on the 

Islands when Captain Cook first touched there. 

Lantana camara is perhaps the most noxious of all the intro- 

duced plants. It has spread over all of the islands of the 
group, and rendered useless many acres of pasture land. 



Heller: PLANTS OF THE HAWAIIAN ISLANDS. 767 

To the 139 introduced species enumerated by Hillebrand, 

some 20 more have been added by the writer. The bulk of 

them were collected in the vicinity of Honolulu. 

Of the few native trees mentioned as growing in the lowland 

zone, Erythrina monosperma and Reynoldsia Sandwichensis appear 

to have become extinct, at least on the eastern side of the 

island. On this island, the five zones into which Hillebrand 

divides the flora of the Islands, are not very applicable. The 

lowland and lower forest zones are distinct enough. The lat- 

ter, characterized by the Kukui tree, ascends to between 1,500 

to 2,000 feet. Polypodium pellucidum, which Hillebrand records 

as occurring in the fourth, or upper forest zone, I have found 

only in the lower zone. The other forms of higher elevations, 

are all referable to new species, described in this paper. 

The third, or middle forest zone, extends to the summits of 

the mountains. In this zone it is said that ‘‘the prevailing 

trees are indeed Metrosideros polymorpha and Acacia Koa, but, 

although they reach here their greatest development in size 

and number, they are not confined to this zone, but extend 

above, and descend below it.” On the contrary Acacia Koa is 

here more fully developed within the lower forest, and extends 

very little above it. Metrosideros is found sparingly in the lower 

forest, but is nowhere of any size, and higher is inclined to be 

shrubby. As the summits are approached, it disappears alto- 
gether. 

The upper forest zone, as limited by Hillebrand, and the bog 
flora seem to be altogether wanting. 

The flora of Oahu may be divided primarily into two divis- 

ions, that of the lowland, and that of the mountains. It is pos- 

sible that the former may again be divided into windward low- 

land flora and lee side lowland flora, but as I did not collect on 

the windward side, this is a mere matter of conjecture. The 

mountain flora falls into three divisions. Two of these are 

found on the main range, and the third is on the Waianae 

range. The broad, low valley of Nuuanu, with the deep gap 

at the Pali, prevents the spread of species along the entire 

length of the main range, thus forming the boundary line of 

two floral areas. Many species grow on the east side of Nu- 

uanu, which do not occur on the mountains on the west side, 

and vice versa. . 

Another peculiarity about the distribution of species, is that 

a species may occur in any given valley, but is not found in the 

valleys adjacent. One explanation of this fact may be that - 
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they are not species which are capable of ascending high 

enough to cross the ridge, and the conditions are such that 

they cannot extend along the sides, and thus work around the 

ends. : , | 
The parts explored are only a small proportion of the whole 

island. The little valley of Pauoa, back of Honolulu, and the 

heights above it, received the most attention, especially the 

slopes of Konahuanui, which overlook upper Pauoa and Monoa 

valleys. Monoa valley itself was not explored. Some work 

was also done on the western slope of Makiki, and on ‘‘Tanta- 

lus,” just above. Several trips were made up Nuuanu valley 

to the Pali, one about half way up Waiolani, one up Kalihi val- 

ley to its head, and several to the region of Diamond Head. 

One trip was also made to Pearl river. Marine algae were col- 

lected at Diamond Head and on the coral reef at one side of 

Honolulu harbor. 

About four months were spent on the island of Kauai, the 

most northern of the group, and credited with having the most 

attractions for the botanical collector. This island is almost 

circular in outline, and enjoys the distinction of often having 

an annual rainfall of 200 inches at Hanalei, on the windward 

side, while Waimea, on the lee side, is one of the hottest and 

driest places on the group. The highest point is Mt. Waialeale, 

situated a little east of the centre. It is credited with an eleva- 

tion of 6,000 feet, but in reality is under 5,000 feet. 

The configuration of the island is very different from that of 

Oahu. Instead of a long main ridge, with secondary ridges 

branching out at right angles there is a central elevation in 

Mt. Waialeale, with ridges radiating from it in all directions, 

something like the spokes of a wheel. These ridges, at least 

their lower portions, are broad, and easy of ascent. There is 

usually a good trail along the backbone of each ridge, made by 

the wild cattle, which are numerous, and range through the 

forest everywhere. The lower limit of the forest is at much 

greater elevations here than on the island of Oahu. Itis about 

700 feet in Hanapepe valley, which is situated beneath Waia- 

leale, and enjoys considerable rainfall, while above Waimea, it 

is almost 4,000 feet. The point, then, to which the forest de- 

scends, depends upon the proximity to the central high point, 

and to the windward rainy side. 

There are three, and perhaps four distinct fioral areas on the 

lee side of the island, but as my explorations did not extend to 
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the table land on the west side of the Waimea river, I cannot 

vouch for the fourth. 

The deep cafion of the Hanapepe river, which cuts into the 
heart of the island, constitutes the dividing line between two of 

these floral areas. To the east of it lies a high, heavily tim- 

bered tract, with the lower limit of the forest at about 2,000 

feet. Back, and a little southeast of Hanapepe falls, at an ele- 

vation of 3,000 feet, is a bog, situated in an ancient crater, the 

wall of which is broken down on the west side, and flanked 

there by wet woods. The Wahiawa river has its source in this 

bog. The Wahiawa does not cut deep enough in the upper 
part of its course to hinder the spread of species in an easterly 

direction. The flora of this region is essentially different from 

that on the west side of the Hanapepe cafion. 

The second area is situated between the Hanapepe and the 

east fork of the Waimea river, which also cuts deeply in to- 

wards the centre of the island. This tract is somewhat sub- 

divided by the main tributary of the Hanapepe,’ which has 

eroded a deep canon opposite Gay & Robinson’s house. This 
stream, like the Wahiawa, does not cut deep enough near its 

sources to make an impassible barrier to the spread of the 
species, and many species are found in common on the ridges 

on either side. This second area is, as a whole, much drier 

than the first one. 
The third area is situated between the deep cafons of the 

east and west forks of the Waimea river. Here the forest 

proper does not begin until an elevation of 4,000 feet is reached. 

The timbered portion is mostly made up of a broad plateau, 

which ends abruptly on the southern, or Waimea side, and is 

sometimes called the ‘‘ tabular summit.” Somewhere on this 

plateau back towards Waialeale, is located an extensive bog, 
the ‘‘Lehua makanoe” of the natives. Near the edge of the 

plateau is where we find Wilkesia, Raillardia latifolia, Cyanea 

leptostegia, and other endemic Hawaiian species. 

Kauai gets the credit of being the best botanical ground on 

the islands, but perhaps it is because collectors have spent less 

time there than on some of the other islands. Mr. Perkins, 

who has visited the entire group, while collecting birds and 

insects for the British Museum, tells me that he considers 

Molokai the best collecting ground. Although not a botanist, 

he is a keen observer, and as many insects are found only on 

certain plants, he has become acquainted with many of the 

native species. From my own observation, I would say that 
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the island of Oahu is perhaps as good collecting ground as 

Kauai. 

There is no doubt but that Hillebrand’s sum total of 999 

species of flowering plants and ferns is entirely too small. My 

own explorations covered only a small part of the lee side of 
Oahu and less than half of the lee side of Kauai, yet these lim- 

ited areas have yielded 500 species, in round numbers. Taking. 

into consideration that the native flora of any given island of 

the group is different practically from that of the other islands, 

it is safe to say that careful study of the flora in the field, will 

increase the sum total to at least 2,000 species. 
In describing the new species, I have taken a certain number 

as the type, and described only the specimen under that num- 

ber. When a slightly different form, but undoubtedly the same 

species was collected, I have not made my description of the 

type to include that also, but refer it to the same species, and 

point out in what particulars it differs from the type. Much 

mischief has been dcne by mixed descriptions including several 

forms, but it is to be hoped that such a faulty practice will be 

discarded by every botanist. 

I wish to express my thanks to Professor Wm. T. Brigham, 

Curator of the Bernice Pauahi Bishop Museum at Honolulu, for 

many kindnesses which made pleasant my stay in Honolulu, 

and also for the privilege of consulting the Mann & Brigham 

collection, preserved in the Museum. Here I was able to ver- 

ify many of my specimens, and received much aid in determin- 

ing others. To Mr. Francis Gay, of Makaweli, Kauai, I am 

much indebted for the privilege of occupying the Gay & Rob- 

inson house in Hanapepe valley, and the Kaholuamano house 

on the plateau, above Waimea. 
The-drawings for the plates were made by my wife, Mrs. E. 

Gertrude Heller, who has greatly aided in the preparation of 

this paper. 
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FILICALES.* 

- OPHIOGLOSSACEAE. 

OPHIOGLOSSUM L. Sp. Pl. 1062. 1753. 

Ophioglossum pendulum L. Sp. Pl. 1062. 1753. 

On reclining tree trunks and protruding roots, never at any 

distance from the ground, in woods above Manoa, Oahu, at 

2000-2500 feet elevation. 

April to November (2217). 

POLYPODIACEAE. 
ACROSTICHUM L. Sp. Pl. 1067. 1753. 

Acrostichum conforme Swz. Syn. Fil. 10:192, pl. 7, 7.7. 1806. 

Hillebrand says this fern is ‘‘rather rare.” On the plateau 
above Waimea, Kauai, it is plentiful at 4000 feet elevation, 

growing either on the ground or on trees. It was not seen at 

lower elevations, and apparently does not occur on Oahu on 
the main range. 

- October (2808). 

Acrostichum gorgoneum KAULF. Enum. Fil. 63, 1824. 

First collected in wet wood between the Wahiawa and Hana- 

pepe rivers, at about 2000 feet elevation, where it is rather 

common, growing on the ground and rotten logs. It is also 

common at 2000 feet in similar situations above Manoa and 

Pauoa, Oahu. Above Waimea, Kauai, only a few plants were 
seen, at 4000 feet elevation. 

July to November (2622). 

Acrostichum helleri UNDERW. n. sp. (Plate XLIL ) 

Rootstock stout, creeping, densely covered with dark brown, 

crisped scales; petioles of sterile leaves rising at intervals of 

about 1 cm., 2-3 cm. long, naked, stramineous; sterile leaves 

20-25 cm. long, 3-4 cm. wide, blunt at the apex, tapering to- 
ward the base, the margin entire; texture coriaceous; veins 

free, once or occasionally twice forked, about 1 mm. apart; 

surfaces smooth, glaucous green; petiole of spore bearing leaf 

8-10 cm. long, gradually margined by the narrow leaf which is 

about the length of the sterile one but only 2-5 cm. wide, taper- 

ing gradually upwards, the apex somewhat acute and the 

margin recurved. :, 

*The determination and synonomy by Professor Lucien M. Underwood. 
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Growing on trees at altitudes of about 3500 to 4000 feet, above 

Waimea, on the ridge west of the Hanapepe river, and near the 

head of the Wahiawa, Kauai. 
This finely marked species belongs to the § Elaphoglossum, 

but has the texture of A. reticulatum. According to Mr. Heller, 

it ‘‘grows on upright trees, from ten to twenty feet from the 

ground, and grows around the trees. The thick, haizy root- 

stocks seem to be an accumulating place for dirt and eventually 

a disk is formed completely around the tree, usually extending 

out at least six inches from it. * * * It does not occur 
below 3000 feet and is most plentiful at about 3500 feet.” 

August to October (2709). 

Acrostichum micradenium FEf®, Acrost. 48, pl. 8, f. 7. 1844. 

On logs and tree trunks in damp woods, near the Wahiawa 

river, Kauai, at 2500 feet elevation, where it is rather common, 

though not observed at higher elevations. On Konahuanui 

and Waiolani, Oahu, it is found at 2500 feet and lower, but was 

not seen near the summits. 

July (2621). 

Acrostichum reticulatum Kaur. Enum. Fil. 64. 1824. 

On reclining tree trunks. Common near the Wahiawa river, 

Kauai, at 2500 to 3000 feet, and above Manoa and Pauoa, Oahu, 

at 2000 to 2500 feet. 

July to November (2114, 2567). 

Acrostichum squamosum Swz. Schrader’s Journ. 2:11. 1800. 

About the bases of trees, on the ridge west of the Hanapepe 

river, at 3000 feet, and at 4000 feet above Waimea, Kauai, on 

the banks of streams in the woods. 

July to October (2688). 

ADIANTUM L. Sp. Pl. 1094. 1753. 

Adiantum capillus-veneris L. Sp. Pl. 1096. 1753. 

Along the Hanapepe river and its tributaries, island of Kauai, 

growing plentifully on wet rocks. Also along the Wahiawa. 

In upper Pauoa, Oahu, the perpendicular rocks near the falls 

were covered with the dead fronds of this fern. 

July 1 (2479). 
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ASPLENIUM L. Sp. Pl. 1078. 1753. 

Asplenium diplazioides H. & A. Bot. Beechy Voy. 107. 1882. 

Diplazium arnotti Brack. Bot. U.S. Expl. Exped. 16:144. 1854, 
Asplenium arnotti BAKER, Syn. Fil. Ed. 2, 240. 1874. 

In wet woods, above Manoa, Oahu, at 2000 feet elevation, 

just below the edge of the plateau. 

November 5 (2900). 

Asplenium aspidioides SPRENG. Syst. Veg. 4:90. 1828. 

Very common in upper Pauoa, and on the lower slopes of 

Konahuanui, Oahu, at elevations of 1500-2500 feet. 

April to November (2073). 

Asplenium contiguum Kautr. Enum. Fil. 172. 1824. 

On a Kukui tree on Tantalus, and on the ground above Manoa, 

Oahu, at 2000 feet elevation. 

April (2055, 2115). 

Asplenium cuneatum Lam. Encycl. 2:509. 1786. 

In rather dry woods, on Kaholuamanoa, above Waimea, 

Kauai, at 4000 feet, growing on the ground. 

October (2865). 

Asplenium deparioides Brack. Bot. U. S. Expl. Exped. 
16:172. 1854. 

Along the left bank of the Wahiawa, Kauai, just beiow the 

second fall. 

July 25 (2603). 

Asplenium deparioides BRACK. var. 

A much smaller plant than A. deparioides, with shorter pinnae 

and less faleate segments; found in wet woods near the head of 

the Wahiawa, at about 3000 feet elevation. 

August 21 (2760). 

Asplenium erectum Bory. in Willd. Sp. Pl. 5:328, 1810. 

Along the banks of a stream shaded by Kukui trees, below 

the tabular summit above Waimea, Kauai, at about 2500 feet 

elevation. 

October 1 (2845). 



774 MINNESOTA BOTANICAL STUDIES. 

Asplenium erectum var. subbipinnatum Hi~tLepeR. Fl. Haw. 
Is. 590. 1888. 

Not uncommon in the woods of Kaholuamano, above Waimea, 

Kauai, at 4000 feet. A delicate fern, with slender fronds, usu- 

ally about eight inches in length. 

September (2764). 

Asplenium farcatum THunsB. Prodr. Fl. Jap. 172. 1784. 

Growing on dry, exposed rocks, below the plateau of Kaho- 

luamano, above Waimea, Kauai, at 3000 feet elevation. 

October (2872). 

Asplenium horridum Kaur. Enum. Fil. 173. 1824. 

Occasional in dry woods on Kaholuamano above Waimea, 

Kauai, at 4000 feet elevation. Apparently a local fern, as but 

few plants are ever found in any one locality. It was also no- 

ticed in upper Pauoa. 

October (2853). 

Asplenium horridum KaAUwLF. var. 

Differs from the preceding in the nearly smooth, bluish rachis 

and pinnae, the segments being larger, more deeply and less 

obliquely cut. In damp woods between the Wahiawa and 

Hanapepe rivers, Kauai. Not uncommon at one place. 

July (2588). 

Asplenium lucidum Forst. Prodr. 427. 1789. 

Referred by Baker to A. obtusatum, but quite distinct. Col- 

lected on the left bank of the Wahiawa, Kauai, just below the 

second fall. 

July (2692). 

Asplenium monanthemum Swz. Syn. Fil. 80. 1806. 

Asplenium monanthes L. Mant. 130. 1771. 

A rather common fern in the woods of Kaholuamano, above 

Waimea, Kauai, at 4000 feet, growing on the ground. 

September (2771). 

Asplenium nidus L. Sp. Pl. 1079. 1753. 

This fern grows in various situations, and well deserves the 

name of ‘‘ Bird’s Nest Fern,” the space enclosed by the bases 

of the fronds resembling a bird’s nest. On the island of Oahu 

it was found growing on trees, on Tantalus and also above 

Manoa, while in Waialae, fine large plants grow on a shaded 
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ledge of rocks, In Hanapepe valley, Kauai, it occurs on rocks, 

on open exposed slopes. 

April to August (2056). 

Asplenium normale Don. Prodr. Fil. Nep. 7. 1825. 

In damp woods, lower slopes of Konahuanui, and Kalihi, 

Oahu, on the ground. Usually proliferous. 

April (2218). 

Asplenium obliquum Forst. Prodr. 429. 1786. 

On cliffs and in wet woods along the Hanapepe river, Kauai. 

Baker unites this with A. obtusatum. 

July (2486). 

Asplenium obtusatum Forst. Prodr. 480. 1786. 

Growing under bushes at 1350 feet elevation, on the steep 

slope on the Konahuanui side of the Pali, Oahu. 

May 24 (2361). 

Asplenium resectum Sm. Icones Ined. pl. 72; Swz. Syn. Fil. 
80. 1806. 

Below the plateau of Kaholuamano, Kauai, at about 2500 feet 

elevation, along the bed of a stream, gregarious. It also oc- 

curs below the edge of the plateau above Manoa and Pauoa, 

Oahu, in moist ground. Hillebrand records it as ‘‘common on 

trees and rocks,” but I have not seen ‘it except at the places 
mentioned above, and only on ground where there is consider- 

able moisture. 

October (2844). 

Asplenium rhizophyllum Kunze, Linnaea, 9:71. 1852. 

Growing under larger ferns and bushes, on Tantalus, Oahu, 

above Honolulu, at 2000 feet elevation. 

April (2117). 

Asplenium scandicinum (WILLD.) PREsL. Tent. Pter. 98. 1836. 

Aspidium scandicinum WILLD. Sp. Pl. 5:285. 1810. 

On the ground in wet woods along the Wahiawa, Kauai, at 

about 2500 feet. Baker unites this with A. aspidioides, but the 

Island forms, at least, are very distinct plants. Hillebrand, 

instead of using his own judgment and field observations, fol- 

lows Baker. 

July (2623). 
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Asplenium sphenotomum HiLuesR. FI. Haw. Is. 599. 1888. 

In the woods of Kaholuamano, above Waimea, Kauai, at 4000 

feet elevation, growing on the ground and on trees. A hand- 

some fern, more plentiful in deep wet woods, than in the dry 

outer forest. 

September (2765). 

Asplenium vexans UNDERW. n. sp. 

Rootstock stout, ascending or erect, covered with the thickly 

placed bases of the fallen petioles; petioles about 25 cm. long, 

with a dense tuft of dark brown scales at the base, smooth and 

pale brown above; leaves membranous, triangular-ovate, about 

30 cm. long, 20 cm. wide at the base, triquadripinnatifid; pin- 
nae about 14 pairs, the lower widest in the middle, the upper 

wider at base, all provided with a winged rachis; pinnules 2 to 

3 cm. long, oblong-lanceolate, cut almost to the base into decur- 

rent segments which in the larger pinnules are cut into 3 or 4 

acute divisions, or in the smaller are entire or 2 to 8 toothed at 

the apex; veins forked, single in each tooth; sori 4 to 6 to each 

pinnule mostly confined to its upper half. 

On the ground, on Tantalus, and above Pauoa and Manoa, 

Oahu, in damp woods under larger ferns. 

Allied to A. cicutarium in texture and habit. It bears a close 

resemblance to A. scandicinum, and was probably confounded 

with that plant by Hillebrand. 

April to November (2058). 

CIBOTIUM Kaur. Berl. Jahrb. der Ph. 1820. 

Cibotium Chamissoi KauLtr. Enum. Fil. 230, pl. 7, f. 24. 1824. 

In moist ground, beneath the edge of the plateau above 

Manoa, Oahu, at 2000 feet elevation. 

November (2898). 

‘ibotium menziesii Hook. Sp. Fil. 1:84. Pl. 29¢. 1846. 

Common in damp woods along the Wahiawa, Kauai, at 2000 

to 2500 feet elevation, and on Kahaluamano above Waimea. 

This species is easily distinguished from the others by the long 

brown hair on the stipes, and to an observant person the whole 

plant presents a different appearance from any of the other 

species. 

August (2693). 
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Cibotium pruinatum Mert. in Kuhn. Linnaea, 36:150. 1869. 

Along streams in wet woods, near the Wahiawa, Kauai, and 

on Kaholuamano (2818). The three forms referred to this 
species differ materially from each other, and also from the 
brief description which this plant has received. They are all 

distinctly wooly-hairy beneath. No. 2600 is nearest to @. 

glaucum, but differs in its hairy under surface. It is necessary 
to study these forms in their native woods, before the species 
can be well understood. 
August to October (2590, 2600, 2818). 

DAVALLIA SmitH, Mem. Acad. Turin. 5: 414, pl. 9. 1793. 

. Davallia speluneae (L.) BAKER, Syn. Fil. Ed. 2, 100. 1874. 

Common in upper Pauoa, Oahu, at 1500 feet elevation, and in 
gulches on the ridge west of the Hanapepe river, Kauai, at 

8000 feet. Also above Waimea, Kauai. Hillebrand seems to 

have been rather unfamiliar with the vegetation of such an 

easily accessible place as the heights of Pauoa, for he says: 

‘‘Rare, found by me on the Waianae mountains, Oahu, and 

near Hilo, Hawaii, only.” 

April to July (2072 Oahu, 2650 Kauai). 

Davallia strigosa Swartz, Syn. Fil. 98., 1806. 

Said to be a very common fern on all of the islands of the 

Hawaiian group. In Pauoa, Oahu, it was found in sheltered 

places on grassy slopos, under bushes (2012), and on the out- 
skirts of the woods at about 1500 feet elevation, in much damper 

situations (2327). On Kauai, a less hairy form was found in the 

valley of the main tributary of the Hanapepe river, growing in 

shade under trees (2480). 

Davallia strigosa SWARTZ, var. 

In open places near the edge of the forest above Waimea, 

Kauai, growing in great profusion, is a form which differs from 

the above by having a narrower leaf, narrower and more veiny 

pinnae, pinnules and segments. 

September 10 (2803). 

Davallia tenuifolia Swartz, Schrader’s Journ. 2:88. 1800. 

This plant is very common in the lower woods where the 

timber is thin, and seems to prefer drier situations than many 

of the other ferns. Collected in Pauoa, Oahu, and on Kaholu- 

amano, Kauai. 

April to October (2328). 
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DEPARIA H. & G. Icon. Fil. pl, 154. 1828. 

Deparia prolifera (KAULF.) Hook. Sp. Fil. 1:85. 1846. 

Dicksonia prolifera KAULF. Enum. Fil. 225. 1824. 

In wet woods at an elevation of about 3000 feet, near the head 

of the Wahiawa, this fern was occasionally found. Hillebrand 

united this species with Asplenium deparioides, but apparently 

without valid reason for the two species are easily distin- 

gfuished. 

August 21 (2740). 

Deparia triangularis UNDERW. n. sp. 

Rootstock short and thick; petioles 35 cm. long, stout, naked 

except for a few ferruginous scales near the base, brownish be- 

low, lighter above; leaves elongate-triangular, half a metre or 

more long, bipinnatifid or nearly bipinnate below; lower pinnae 

20 cm. or more long with somewhat irregular falcate segments 

4 to 5 cm. long, 1 cm. or more wide, with irregular jagged mar- 

gins; upper pinnae narrower, lanceolate, cut nearly to the mid- 

rib into falcate segments 1.5 cm. long; sori about 8 to each of 

the upper segments, more numerous below. 

On the ground, Oahu, (2057). 

A peculiar species with very irregular leaves, distinct from 

D. prolifera, which is the only other species of the genus found 

in the Hawaiian islands. 

DOODIA RB. Be. Prodr. FL Nov. Holl. 15 16am 
Doodia media R. BR. Prodr. Fl. Nov. Holl. 151. 1810. 

Collected at an elevation of 2000 feet on the left bank of the 

Wahiawa, Kauai, below the second fall, where it was growing 

on open banks. Later it was observed at higher elevations on 

the ridges west of the Hanapepe river. ‘The species is also 

found in Australia and New Zealand. 

July 22 (2601). 

DRYOPTERIS Apvans. Fam. Pl. 2:20. 1768. 

[Aspidium Sw. Schrader’s Journ. Bot. 2:20. 1800.] 

Dryopteris coniifolia (WALL.) UNDERW. 

Aspidium coniifolium WALL. Cat. n. 341. 1828. 

Growing on the edge of a stream, above Waimea, Kauai, at 

4000 feet elevation. Apparently rare, as only a few plants 

were found. 

September 14 (2817). 
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Dryopteris caryotidea (WALL.) UNDERW. 

Aspidium caryotideum WALL. Cat. n. 376. 1828. 

This species was first detected at an elevation of about 3000 
feet, on the side of a gulch on the ridge west of the Hanapepe 
river, Kauai. Later it was noted in a deep valley above Wa- 

imea, at about 2000 feet elevation. It prefers rather open situ- 
ations, and does not appear to be plentiful. It differs, accord- 

ing to Hillebrand, from Asiatic plants of this species. 

July 11 (2544). 

Dryopteris cicutaria (SWARTZ) Kuntze, Rey. Gen. Pl. 812. 
1891. 

Aspidium cicutarium SWARTZ, Schrader’s Journ. 2:279. 1803. 

In a deep gulch at the foot of the tabular summit, above Wa- 
imea, Kauai, at about 2000 feet elevation. It was also noticed 

in upper Pauoa and Kalihi valleys, Oahu, near streams. 

October 1 (2842). 

Dryopteris cyatheoides (KAULF.) KUNTZE, Rev. Gen. Pl. 812. 
1891. 

Aspidium cyatheoides KAULF. Enum. Fil. 234. 1824. 

Common, growing on the ground, in open places in the lower 

forest Oahu (1991). On Kaholuamano, Kauai, growing along a 

stream in the woods, a large form was collected, with wider 

and much more closely imbricate pinnae (2857). 

Dryopteris filix-mas (L.) ScHorr. Gen. Fil. 1884. 

Polypodium filix-mas L. Sp. Pl. 1090. 1753. 

_ Common on Kauai, in damp woods, at elevations of 2000 to 

4000 feet. Collected first on the ridge between the Hanapepe 

and Wahiawa rivers (2587), and later on Kaholuamano (2746). 
The specimens referred to this species are quite different from 

the European or American forms. 

Dryopteris filix-mas var. parallelogramma (Kz&.) UNDERW. 

Aspidium filix-mas var. parallelogramma KzE. Linnaea 13: 140, 1857. 

At an elevation of about 3000 feet, on a dry ridge, west of 

the Hanapepe river, Kauai. Compared with the ordinary 

forms of the male fern, this would certainly be a distinct spe- 

cies. 

August 22 (2749). 
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Dryopteris latifrons (BRacK.) Kunrzs, Rev. Gen. Pl. 813. 1891. 

Lastrea latifrons BRACK. Bot. U.S. Expl. Exped. 16:196. 1854. 

At the base of a large rock, on the edge of the plateau above 

Manoa, Oahu, at an elevation of about 2000 feet. An endemic 

Hawaiian fern, recorded as occuring on all the islands, but not 

common. 

October 30 (2899); probably from the type locality, ‘‘ Oahu, 

Sandwich Islands; on the high mountains behind Honolulu.” 

Dryopteris parasitica (L.) KUNTZE, Rev. Gen. Pl. 811. 1891. 

Polypodium parasiticum L. Sp. Pl. 1690. 1753. 

Nephrodium molle Desy. Mem. Soc. Linn. G: 258. 

Common on Oahu, in open places, valleys, and slopes, barely 

reaching to the lower limit of the lower forest. 

March 26 (2011). 

Dryopteris nuda UNDERW. n. sp. 

Rootstock short; petioles caespitose, 20 to 25 cm. long, naked 

throughout, brownish below, lighter above, extending into a 

stramineous rachis; leaves triangular-ovate, 25 to 30 cm. long, 

tripinnatifid; lewest pinnae much the largest, 13 cm. long by 

about 10 cm. or more wide at the base, unequally triangular, 

the lower pinnule much larger and more divided; upper pinnae 

varying from broad triangular to lanceolate, always widest at 

base, the uppermost simple; ultimate segments with short, 

somewhat distant, sharp serrations; veins pinnate, the branch- 

es obscurely forked; sori small, marginal, one at the lower 

side of each tooth or segment; indusia withering persistent. 
Resembling somewhat small forms of our common D. spinu- 

losa, but a much more rigid plant with less pronounced serra- 

tions and different habit. The rachises throughout have occa- 

sional narrow scale-like hairs of a reddish color. 

This plant was common on Kauai in rather dry woods. It 

was first collected at an elevation of 2000 feet, on the ridges 

between the Hanapepe and Wahiawa rivers, later on the ridge 

west of the Hanapepe, at 2000 feet, and also at 4000 feet above 

Waimea. 
August to October (2750). 

_Dryopteris squamigera (H. & A.) Kuntze, Rev. Gen. Pl. 813. 

1891. 
Nephrodium squamigerum H. & A. Bot. Beechey, 106. 1833. 

On the face of a perpendicular rock ina gulch above Waimea, 

Kauai, at an elevation of 2000 feet, this species was plentiful, 
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but was not seen at at any other place. Being exposed directly 

to the afternoon sun, many of the plants were withered. The 
species is said to be rare on the Islands, but is also recorded 
from the Society and Viti islands. 

October 1 (2841). 

Dryopteris truncata (GAUD.) KUNTZE, Rev. Gen. Pl. 814. 1891. 

Aspidium truncatum GAUD. Bot. Voy. Uranie 333, pl. 10. 1830. 

This is a rather common fern, growing in damp situations at 

medium elevations. First collected in Kalihi valley, Oahu 

(2334), and later above Waimea and along the Hanapepe river, 
Kauai (2843). 

Dryopteris unita (L.) Kuntze, Rev. Gen. Pl. 811. 1891. 

Polypodium unitum L. Sp. Pl. Ed. 2, 1548. 1763. . 

Common along streams and wet places, below the forest. The 

highest place where it was noticed, was on the grassy slope at 

the head of Pauoa, at about 1000 feet elevation. The plant is 
stiff and erect, with ascending pinnae. 

July to October (2094); original locality, ‘‘in Indiis.” 

GYMNOGRAMMA Desyv. Berl. Mag. 5:304. 1811. 

Gymnogramma javanica BLUME, Fil. Jav. 95, pl. 47. 1830. 
Gymnogramma pilosum BRACK. Bot. U. S. Expl. Exped. 16:22. 

1854. 

Collected at elevations of from 3000 to 4000 feet, on Kauai. 

On the ridge west of the Hanapepe river it was found growing 

in damp woods among other ferns, but not plentifully. Above 
Waimea it was more plentiful in deep woods along streams, 

and was also of a much more luxuriant growth. 

July to October (2637). 

Gymnogramma sadlerioides UNDERW. n. sp. (Plate XLII.) 

Rootstock short, rather stout, nearly erect; petioles 12 to 15 

em. long, purplish brown, sparingly clothed with long, slender, 

pale brown scales; leaves pinnatifid or nearly bipinnate, lance- 

olate, 28 to 30 cm. long, about 4 cm. wide; pinnae with 3 to 6 
pairs of ovate pinnules, the lower smaller, horizontal or slight- 

ly curved upwards; pinnules 5 to 6 mm. long, blunt, entire, the 
lateral margins slightly recurved; veins free, producing a 

branch on either side near the base of the pinnule, each of 

which bears a short linear sorus which stands on the pinnule 
half way from the main vein to the margin; sporangia short 

stalked, 12 to 15 in a sorus. 
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An unique species, entirely unlike any others in this multi- 

typical genus, which should properly be divided into a number 

of genera, as is the practice of almost all pteridologists outside 

-of Kew. If it does not form a section by itself, it will come 

nearest in character to § Leptogramme, though very different 

from any described form of that section. It is named from the 

resemblance to Sadleria squarrosa in the cutting of the leaf. 

Hanging from a rock wall, on Kaholuamano above Waimea, 

Kauai (2863). 

HYPOLEPIS Bernu. Schrader’s Neues Journ. 1:34. 
1806. 

Hypolepis tenuifolia (Forst.) BERNH. Schrader’s Neues 
Journ. 1:34. 1806. 

Lonchites tenwifolia Forst. Prodr. n. 424. 1786. 

This species is not uncommon in deep forests, at an elevation 

of 4000 feet, above Waimea, Kauai. 

August 31 (2778). 

NEPHROLEPIS Scuotr. Gen. Fil. pl. 3. 1834. 

Nephrolepis acuta (ScHK.) Presy. Lent. Pterid. 79. 1836. 

Aspidium acutum Scux. Fil. 32, pl. 31. 

Very common on trees and on the ground in the lower forest, 

and extending up into the middle forest zone. Specimens were 

collected in Nuuanu valley, Oahu, at an elevation of 1000 feet. 

March 23 (1987). 

Nephrolepis exaltata (L.) Scnotr. Gen. Fil. 1834. 

Polypodium exaltatum L. Sp. Pl. Hd. 2, 1548. 1763. 

While N. acuta is confined to low and medium elevations, this 

species replaces it at high elevations. On Kauai, where the 

highest point is somewhat under 5000 feet, N. exaltata is plen- 

tiful at elevations of from 3000-4000 feet. 

October 11 (2873); original locality, ‘‘in America.” 

PHEGOPTERIS Fes. Gen. Fil. 242. 1850-52. 

Phegopteris honolulensis (HooK.) HELLER. 

Polypodium honolulense Hook. Sp. Fil. 4: 288. 1862. 

Polypodium hillebrandii Hoox. Sp. Fil. 4:254. 1862, not P. hille- 

branditi HooK. 1, ¢c. 228. 
Phegopteris hillebrandii HILLEBR. FI. Haw. Is. 566. 1888. 

Ai an elevation of 4000 feet, above Waimea, Kauai, this spe- 

cies is rather common along streams, somewhat resembling 

Asplenium aspidioides at a casual glance. 

September 14 (2814). 
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Phegopteris polycarpa (H. & A.) HittesBR. FI. Haw. Is. 560. 
1888. 

Polypodium polycarpum H. & A. Bot. Beechy, 104. 1832. 

Stenogramme Sandwicensis BRACK. Bot. U.S. Expl. Exped. 16: 26, 
pl. 4. 1854. 

Phegopteris microdendron D. C. EATON in Mann. Proc. Am. Acad. 
7:218. 1867. 

Polypodium stenogramnioides BAKER. Synop. Fil. 317. 

This handsome species was collected at an elevation of 4000 

feet above Waimea, Kauai, where the long fronds grew droop- 
ing over the edge of a stream in the forest. It is probably 

Hillebrand’s var. Kawaiensis, which was collected by Knudsen 

on Halemanu, which is separated from Kaholuamano, where 

my specimens grew, by the deep gorge of the west branch of 

the Waimea river. Hooker and Arnott’s specimen must have 

been collected on Oahu, as the Beechy expedition collected only 

on Oahu and Nihaui, and the latter island is too low to afford 

favorable situations for the growth of this fern. It was ob- 

served high up on the slopes of Konahvanui, Oahu. It is an 

endemic Hawaiian fern, and said by Hillebrand to be ‘‘not un- 

common.” 

September 30 (2839). 

Phegopteris punctata (TaHuNB.) HitLesr. FI. Haw. Is. 562. 
1888. 

Polypodium punctatum THUNB. FI. Jap. 337. 1784. 

A fern common in the woods on the ridge between the Wahi- 

awa and Hanapepe rivers, Kauai, and near the former stream. 

Not reported from Kauai by Hillebrand. 
July 18 (2587). 

Phegopteris spinulosa HitLesR. FI. Haw. Is. 566. 1888. 

A tall fern, found growing among a tangle of other large 

ferns on a stream bank at an elevation of 4000 feet above Wai- 

mea, Kauai. Very little of it was found, but this is probably 

due to the fact that it resembles rather closely several other 

more common species of the same genus, and hence was usu- 

ally overlooked. A peculiar Hawaiian fern. Hillebrand’s 

types came from Maui and Hawaii. 

October 11 (2874). 
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Phegopteris unidentata (H. & A.) Mann. Proc. Am. Acad. 

(2218; ©1867, 

Polypodium unidentatum H. & A. Bot. Beechy, 105. 1832. 

Collected at an elevation of 4000 feet above Waimea, Kauai, 

along a stream in the woods. It is an endemic Hawaiian fern, 

said to grow on all the islands of the group, at elevations of 

from 2000 to 4000 feet. 

September 30 (2838). 

POLYPODIUM L. Sp. Pl. 1082. 1753. 

Polypodium abietinum D. C. Eaton, in Mann. Proc. Am. Acad. 
(e209! L867. 

On moss covered trees, at 3000 feet elevation, in wet woods, 
near the bog at the head of the Wahiawa river, Kauai. Hille- 

brand refers this species to P. tamariscinum, but it is certainly 

a very distinct species. It is perhaps common in favorable sit- 

uations, but owing. to its small size, and habit of growing on 

tree limbs among moss, may easily be overlooked. It has 

been found only on the Hawaiian group. 

August 21 (2732). 

Polypodium hawaiiense UNDERW. n. sp. 

Rootstock wide creeping, clothed when young with dense 

cinnamon-colored scales; petioles rising at intervals of 2 to 3 

em., stout, olive-brown, 7 to 8 cm. long, smooth; leaves dark 

green, 18 to 20 cm. long, with about 14 pairs of horizontal divis- 

ions, 3 to 4.5 cm. long, 1.5 cm. wide, crenate, blunt and rounded 

at the ends, crowded at the base so that the margins often over- 

lap, not at all decurrent; veins about four times forked; sori 

very large, borne on the primary branch of the veins approxi- 

mate to the midrib. 

This species also belongs to the same group as P. pellucidum 

and differs from that fern in texture, in the form of the pinnae 

which are never decurrent, broader, more blunt and approxi- 

mate; also in the venation and in the position and size of the 

sori. Mr. Heller informs me that there were no intermediate 

forms between this species and P. pellucidum, from which it 
seems to be clearly distinct. 

On trees and stumps in damp woods, on Kauai, at elevations 

of 8500 to 4000 feet. Collected first on the ridge west of the 

Hanapepe river, and later on Kaholuamano, above Waimea. 

August to October (2634). 
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Polypodium helleri UNDERW. n. sp. 

Rootstock moderately slender, creeping, clothed especially 
when young with slender cinnamon-colored scales; petioles 

rising at intervals of about 1.5 cm., stramineous, 10 to 15 cm. 

long, distinctly pubescent as are the rachises; leaves 20 to 35 

em. long, 10 to 12 cm. wide, ovate-lanceolate, parted into about 

30 pairs of narrow linear divisions, which are 5 to 7 cm. long, 
7 to 10 mm. wide, mostly narrower toward the base and sepa- 
rated by a broad sinus, crenate especially toward the end; veins 

with about three forks, occasionally uniting, mostly free; sori 

on the primary branch of the vein, light colored, small. 

A very distinct species belonging to the same group as P. 

pellucidum, but differs from that species in its thinner texture, 

with sori only half as large, pinnae longer, narrower, more 

numerous and in every way different in form and habit. 

On tree trunks and rocks just below the second fall of the 

Wahiawa river, Kauai, at an elevation of 2000 feet. 

July 22 (2602). 

Polypodium hookeri Brack. Bot. U. S. Expl. Exped. 16:4. 
1856. 

This species is not uncommon on wet, moss-covered trees, 

from an elevation of 2,000 feet to the summit of Konahuanui, 

Oahu. From its habit it may be easily overlooked. 

May to November (2245). 

Polypodium lineare THUNB. FI. Jap. 335, pl. 19. 1784. 

A common fern, ranging from the lower forests to 3500 feet 

on Kauai. On Oahu it was found growing on exposed rocks 

(2005, 2031), and on trees, especially on Acacia Koa (2076). On 

Kauai, a large broad form, with undulate margins (2533), oc- 

curred on trees, on the ridges west of the Hanapepe river. 

Polypodium pellucidum Kautr. Enum. Fil. 101. 1824. 

Collected only in upper Pauoa, Oahu. On Kukui trees. 
March (2054). 

Polypodium pseudo-grammitis Gaub. Bot. Voy. Uranie, 345. 
1830. 

A very common fern, growing on rotten logs, stumps, and 

tree trunks, at elevations of 2000 to 4000 feet. Collected on 

both Oahu and Kauai. 

April to October (2215). 
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Polypodium samoense Baker, Syn. Fil. Ed. 2, 821. 1874. 

This species was found only in wet woods, near the bog at 

the head of the Wahiawa river, growing on moss-covered limbs. 

In the Hawaiian group, it has been reported only from the 

island of Kauai. 

August 12 (2708). 

Polypodium sarmentosum Brack. Bot. U. S. Expl. Exped. 
16:3, pl. 2, 7.3. 1854, 

Quite common on trees and bushes from an elevation of 2000 

feet, to the summit of Konahuanui, Oahu. A Hawaiian fern, 

common on all of the islands. 

May to October (28538) 

Polypodium serrulatum (Swartz) Mert. Ueber Hinige Farn- 
gatt 1. Polypodium, 32. 1857. 

Asplenium serrulatum SWARTZ, Fl. Ind. Occ. 1607. 1806. 
Xiphopteris serrulata KAULF. Enum. Fil. 85. 1824. 

This handsome little species was collected at an elevation of 

little more than 3000 feet, near the summit of Konahuanui, 

Oahu. It was also seen in similar situations on Kauai. It grows 

only on wet, moss-covered trees. 

November 2 (2905). 

Polypodium spectrum Kaur. Enum. Fil. 94. 1824. 

This singular fern is common in the lower woods, where its 

long vine-like rootstalks creep and twine over trees and rocks. 

The form from Oahu (2118), has blunt lobes, while in specimens 
from near the Hanapepe falls, Kauai (2438), there are five sharp- 

pointed lobes. It is reported as growing also in Sumatra. 

Polypodium tamariscinum KauLFr. Enum. Fil. 117. 1824. 

Common on trees and on the ground, but found at its best on 

the wet summit of Konahuanui (2214), At 4000 feet elevation, 

above Waimea, Kauai, was found a fine form (2855); sometimes 

referred to a distinct species (Adenophorus tripinnatifidus 

GAUD.). 

PTERIS L. Sp. Pl. 1073. 1753. 

Pteris aquilina L. Sp. Pl. 1075. 1753. 

This species of world-wide diffusion, was common on grassy 

slopes below the forest on Kauai. 

June 22 (2416). 
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Pteris decipiens Hook. Sp. Fil. 2:209. 1858. 

The first specimens of this fern were found at 1200 feet, 
growing in crevices of moist rocks, at the Pali, Oahu, which is 

probably the original station, as the type came from Oahu. 

Later it was noticed at the foot of Hanapepe falls, Kauai, and 

very handsome specimens were obtained in a ravine above 

Waimea, where it grew on a rock shaded by Kukui trees. It 

is an endemic species. 

March to October (1990). 

Pteris decora (BRACK.) Hook. Sp. Fil. 2:210. 1858. 

Dryopteris decora BRACK. Bot. U.S. Expl. Exped. 16:103, pl. 13, 
ees Wend. 

On exposed rocks below the forests, on the ridge west of the 

Hanapepe river, and above Waimea, Kauai, both stations at ele- 

vations of about 2000 feet. Professor Underwood says, ‘‘It is 

doubtful if this species can be maintained as a Pleris.” I cer- 
tainly had no idea that it was such when the specimens were 

collected. It has been found only on the Hawaiian group. 

Pteris excelsa GAuD. Bot. Voy. Uranie, 388. 1830. 

A tine large fern, which grows in company with Davallia spe- 

luncae and Aspleniwm aspidioides, in damp gulches at eleva- 
tions of about 38000 feet, on the island of Kauai. 

July 31 (2649). 

Pteris irregularis KAULF. Enum. Fil. 189. 1824. 

Collected in dry open places on the margin of the woods 

above Waimea, Kauai, at elevations of 3000 to 4000 feet. A 

handsome species growing in clumps. 

August 31 (2782). 

Pteris regularis E. BAILEY, Hawaiian Ferns, 26. 1883. 

A species of apparently local distribution, found in wet 

gulches along streams. It was collected in Kalini valley, Oahu, 

at about 1200 feet elevation, and was also seen in Pauoa and from 

the island of Kauai. Professor Underwood says: ‘‘ A species 

well characterized in Mr. Bailey’s too modest pamphlet.” 

May 20 (2835). 
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SADLERIA Kauur. Enum. Fil. 161. 1824. 

Sadleria pallida H.& A. Bot. Beechy, 75. 1832. 

On the edge of a hill, in a dry and exposed place, at 4000 

feet, above Waimea, Kauai. A small species with no appreci- 

able trunk. 

October 7 (2866). 

Sadleria souleytiana (GauD.) HILLEBR. Fl. Haw. Is. 581. 
1888. 

Blecchnum souleytiana GAUD. Bot. Voy. Bonite pl. 2 and 134 with- 

out description. 

A tree fern, with short trunk, and stout fleshy leaves, grow- 

ing at an elevation of 4000 feet above Waimea, Kauai, in deep 

wet woods. The auricles at the base of the stipes are much 

more prominent in this fern than they are in Marattia, and 

are quite palatable. 

September 11 (2807). 

Sadleria polystichoides (BRACK.) HELLER. 

Blechnum polystichoides BRAcK. Bot. U. S. Expl. Exped. 16: 134. 

1854. 

Blechnum squarrosum GAuD. Bot. Voy. Bon. pl. 2, f. 1-6, without 

description. 

Sadleria squarrosa MANN. Proc. Am. Acad. 7:213. 1867. 

Collected on the slope of Waiolani, at an elevation of about 

2000 feet above ‘‘Hillebrand’s Gulch.” It is a small fern, the 

smallest of this genus on the islands, and can hadly be called 

a tree fern. Mann says: *‘I have seen specimens not over a 

foot high including caudex and all, in luxuriant vegetation.” 

June 10 (2392). 

VITTARIA Sm. Mem. Acad. Turin. 5:4138, pl. 9. 1793. 

Vittaria elongata Swartz. Syn. Fil. 109. 1806. 

Growing on trees, usually on the Kukui, at medium eleva- 

tions, and common on both Oahu and Kauai (2054). On Kauai, 

on the ridge above Gay & Robinson’s house, occurred the form 

known as J. zosteraefolia (2532), which has the lower side of the 

groove shorter, thus plainly showing the fructification. 
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GLEICHENTACEAE. 

GLEICHENIA Smith. Mem. Acad. Turin. 5:419, pi. 9. 
ilps ey 

Gleichenia dichotoma (WiLLD.) Hook. Sp. Fil. 1:12. 1846. 
Mertensia dichotoma WILLD. Act. Holm. 167. 1804. 

This species is common in dry, open situations on the edge 

of the woods, and also at considerable elevations, in thick wet 

woods. It is called ‘‘Stag Horn.” In many places it forms al- 

most impassible jungles, the long, vine-like branches interlac- 

ing with one another and also climbing over bushes. 

August 23 (2761). 

Gleichenia longissima BLUME, Enum. 250. 1830. 

Gn the ridge opposite Gay & Robinson's valley house, at an 

elevation of 2500 feet. Also at a higher elevation on the ridge 

west of the Hanapepe river, and at 4000 feet above Waimea, 

Kauai, where it was growing along astream bank. A handsome 

species, more confined to the ground than G. Eee: and 

much less inclined to spread. 

July 23 (2613). 

Gleichenia owhyhensis Hook. Sp. Fil. 1:9. 1846. 

Only a few specimens of this species were picked up near 

the summit of Konahuanui, Oahu, growing where the stunted 

trees are covered with dense growths of dripping mosses and 

hepatics. Here it replaces G. dichotoma, which it somewhat 
resembles, and which is abundant on the lower and drier slopes 

of the same mountain. There is no authority for changing 

this name to hawatiensis, as some have done. The species is 
endemic to the Hawaiian group. 

SCHIZAEACEAE. 

SCHIZAEA Smitu, Mem. Acad. Turin. 5:419. 1793. 

Schizaea robusta Baker, Syn. Fil. Ed. 2, 429. 1874. 

The first specimens of this plant were collected at an eleva- 
tion of perhaps 2500 feet, on Konahuanui, Oahu, on a little 
level spot in clay formation. The plants were small and 

stunted. It was also found on the opposite side of Nuuanu val- 

ley, on the slope of Waiolani, at the same elevation. Near the 

Wahiawa bog on Kauai, large and beautiful specimens were 
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obtained. Diligent search in situations favorable to its growth, 

would probably prove it to be much less rare than it is sup- 

posed to be, as it is a plant easily passed by. 

May to August (2246). 

HYMENOPHYLLACEAE. 

HYMENOPHYLLUM Smit, Mem. Acad. Turin. 5: 418. 

1793. 

Hymenophyllum lanceolatum H. & A. Bot. Beechy, 109- 
1832. 

On trees on Konahuanui, Oahu, especially toward the sum- 

mit (2229, 2256). On Kauai, it was collected on trees, near the 
Wahiawa bog (2750), at 3000 feet elevation. 

Hymenophyllum obtusum H. & A. Bot. Beechy, 109. 1882. 

A small fern, usually with brownish fronds. It grows in 

moss-like tufts on tree trunks. Collected at 2000 feet eleva- 

tion, above Manoa, Oahu. The type was collected by Lay and 

Coolie, on Oahu. 

November 5 (2910). 

Hymenophyllum recurvum Gaupb. Bot. Voy. Uranie, 576. 
1830. 

On trees and rotten logs. Common at medium elevations on 

Oahu-and Kauai. A handsome plant, light green in color. 

July 25 (2620). 

TRICHOMANES L. Sp. Pl. 1097. 17583. 

Trichomanes apiifolium PRESL. Hymenophyllaceae, 44. 1843. 

A few clumps of this species were found at about 2500 feet 

elevation, on Konahuanui, above the Nuuanu valley gulch. Jt 

grows on the ground. 

April 22 (2179). 

Trichomanes humile Forst. Prodr. n. 464. 1786. 

On the left bank of the Hanapepe river, above the junction, 
and near the falls, is a large rock shaded by a thick growth of 

‘*Ohia” trees (Eugenia malaccensis), on which this small fern 
grows in abundance. It was not observed at any other sta- 

tion. 

July 12 (2556). 
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Trichomanes meifolium Bory, in Willd. Sp. Pl. 5:508. 1810. 

At 4000 feet above Waimea, Kauai, there was an abundance 

of this fern, growing on perpendicular rocks along the stream, 

just below Gay & Robinson’s Kaholuamano house. However, 

very few good specimens could be found, as nearly all of the 

fronds were withered. 

September 14 (2816). 

Trichomanes radicans Swartz, Fl. Ind. Oce. 1736. 1806. 

A very common fern on both Oahu and Kauai, where it was 

found climbing over tree trunks and rocks in the lower and 

middle woods. 

April to October (2119). 

Trichomanes rigidum Swartz, Fl. Ind. Occ. 1738. 1806. 

A few plants were collected in wet woods, near the head of 
the Wahiawa river, Kauai, at an elevation of 3000 feet. 

August 21 (2741). 

MARATTIACEAE. 

MARATTIA SmitH, Mem. Acad. Turin. 5:419. 1793. 

Marattia douglasii BAKER, Syn. Fil. Ed. 2, 441. 1874. 

This is a plant of high elevations, at least on Kauai and Oahu. 

On Kauai, it was collected at 4000 feet, along the stream near 

Gay &-Robinson’s Kaholuamano house, above Waimea On 

Oahu, it was seen only near the summit of Konahuanui. It 

seems to occur only in places where there is a great deal of 

moisture, and may be found at much lower elevations on the 

windward sides of the islands. 

August 30 (2770). 
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LYCOPODIALES. 

* LYCOPODIACEAE. 

LYCOPODIUM L. Sp. Pl. 1100. 1753. 

Lycopodium cernuum L. Sp. Pl. 1103. 1753. 

Very common in open places on the outskirts of the forest, 

and also at considerable elevations on some of the ridges. 

Called ‘‘rat’s foot” by the natives. Specimens were collected 
near the Wahiawa river, Kauai, at about 2000 feet elevation. 

July 22 (2596); original locality, ‘‘in Indiis.” 

Lycopodium phylanthum H. & A. Bot. Beechey, 103. 1832. 

A species found only on the Hawaiian Islands, occurring at 

intervals at medium elevations in the forests. Pendant from 

moss grown trees, at 2500 feet and more, on both Kauai and. 

Oahu. 
April to October (2192). 

Lycopodium serratum THuNnB. FI. Jap. 341, pl. 38. 1784. 

On the ridge west of the Hanapepe river, Kauai, at an eleva- 

tion of about 38000 feet, this species grew abundantly, at one 

place, on the ground beneath trees (2687). In wet woods near 

the Wahiawa bog, occasional plants were picked up. On Oahu, 

it was found growing on the ground under bushes (2904), at an 

elevation of about 2700 feet, on Konahuanui. 

Lycopodium verticillatum L. f. Suppl. 448. 1781. 

Only two or three plants of this species were found, at 2500 

feet elevation, on Konahuanui, Oahu, growing on mossy trees. 

It is apparently rare. 

PSILOTUM Swartz, Syn. Fil. 187. 1806. 

Psilotum complanatum Swartz, Syn. Fil. 414. 1806. 

Not nearly so common as P. nudum, and found only on trees. 

It was collected on both Oahu and Kauai. 

April to November (2216). 

Psilotum nudum (L.) GRIEsB. 
Lycopodium nudum L. Sp. Pl. 1100, 1753. 

Psilotum triquetrum SWARTZ, Syn. Fil. 414. 1806. 

A very common plant, growing on slopes below the forest, 

and at higher elevations on trees. Collected on both Oahu and 

Kauai. 
March to September (1989); original locality, ‘‘in Indiis.” 
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SELAGINELLA Beauv. Prodr. Aetheog, 101. 1805. 

Selaginella arbuscula (KAULF.) SPRING. Monog. Fam. Ly- 

cop. 2:183. 1848. 

Lycopodium arbuscula KAULF. Enum. Fil. 19. 1824. 

On moist rocks, at 1200 feet elevation, at the Nuuanu Pali, 

Oahu. The plants were small and not very plentiful. 

March 23 (1993). 

_ Selaginella flabellata (L.) SprinG. Monog. Fam. Lycop. 2:174. 
1848. 

Lycopodium flabellatum L. Sp. Pl. 1105. 17538. 

On the ground; a rather common species, colleted at 2500 

feet and more on Konahuanui, Oahu (2180), and at 8000 feet on 
the ridge west of the Hanapepe river, Kauai (2499). Original 

locality, ‘‘America calidiore.” 

Lycopodium menziesii H. &G. Enum. Fil. No. 181. 

Collected at about 500 feet elevation in Pauoa valley, Oahu, 

where it grew on rocks. Among the specimens from this place 

were some of an elongate form (2009). On Kauai, it was col- 

lected on the stones at the foot of Hanapepe falls, where it was 

kept continually moist by the spray from the falls (2558). 

NATADACKAE. 

‘. POUTAMOGETON L. Sp. Pl. 126. 1753. 

Potamogeton foliosus Rar. Med. Rep. (II) 5:354. 1808. 

Potamogeton paucijflorus PursH, Fl. Am. Sept. 121. 1814. 

In lower Pauoa, Oahu, at about 50 feet elevation, in taro 

patches (2387), apparently introduced. On Kauai it was col- 
lected in a pool along the Hanapepe river, near the falls, at an 

elevation of about 700 feet, and in a similar situation at the 

second fall of the Wahiawa, elevation 2000 feet. It is certainly 

native at the Kauai station. This species has always been con- 
sidered peculiar to North America, hence its occurrence in the 

Islands is of considerable interest. 
Michaux, in Flora Bor. Am. 1:102, doubtfully referred this 

species to P. gramineum L. 
June 4 (2387); July 12 (2555); original locality, ‘‘in rivis af- 

fluente mari inundatis Carolinae inferioris.” 



794 MINNESOTA BOTANICAL STUDIES. 

GRAMINEAE.* 

CALAMAGROSTIS Apans. Fam. Pl. 2:31. 1763. 

Calamagrostis forsteri(R. & S.) Steup. Nom. Bot. 250. 1841. 
Agrostis forsteri R. & S. Syst. 2:359. 1817. | 

Collected in clay soil, at 4000 feet elevation, above Waimea, 

Kauai, growing in a small glade in the forest. The species is 

recorded from Molokai, Lanai, and Maui, by Hillebrand, under 

the name of Deyeuxia forsteri. Its occurrence at such a dis- 
tance from the other stations is somewhat remarkable. 

September (2779). 

CAPRIOLA Apans. Fam. Pl. 2:31. 1763. 

[Cynodon Ricu.; PERS. Syn. 1:85. 1805.] 

Caprioia dactylon (L.) Kunrze, Rev. Gen. Pl. 764. 1891. 

Panicum dactylon L. Sp. Pl. 58. 1753. 

Cynodon dactylon Pers. Syn. 1:85. 1805. 

A common grass on all of the islands, in low ground near the 

sea. It was introduced about 1835. Collected at Capiolani 
Park, where it grew along the race track. 

March 20 (1960); original locality, ‘‘in Europa australi.” 

CENCHRUS L. Sp. Pl. 1049. 1753. 

Cenchrus echinatus L. Sp. Pl. 1050. 1753. 

Common about Honolulu, in yards, waste places, and culti- 
vated grounds. Collected at Capiolani Park, along the race 

track. It was introduced in 1867. 

March 20 (1964). 

CHLORIS Swartz, Prodr. 25. 1788. 

Chloris radiata (L.) Swartz, Prodr. Veg. Ind. Occid. 26. 1788. 

Agrostis radiata L. Amoen. Acad. 5:392. 1759. 

In dry ground, not far from the sea shore, on the islands of 

Oahu, Kauai, and Hawaii. Specimens were collected at Capio- 

lani Park, near Honolulu. 

March 20 (1963); original locality, Jamaica. 

* The determinations and citations by Mr. Geo. V. Nash. 
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CHRYSOPOGON Trin. Fund. Agrost. 187. 1820. 

Chrysopogon aciculatus (Rerz.) TRin. Fund. Agrost. 188. 1820. 
Andropogon aciculatus RETZ Obs. 5:22. 1779-91. 

A common grass on open slopes below the forests, on both 

Oahu and Kauai. Collected on Kauai, on the ridge west of the 

Hanapepe river. 

July (2476). 

COIX L. Sp. Pl. 972. 1753. 

Coix lacryma-Jobi L. Sp. Pl. 972. 17583. 

Escaped from cultivation, and plentiful in ditches, about the 

Palama part of Honolulu. (2554). 

ERAGROSTIS Beauv. Agrost. 70, pl. 14, f. 11. 1812. 

Eragrostis hawaiiensis HILLEBR. F 1. Haw. Is. 530. 1888. 

A tall, handsome grass, collected on the slopes above Wai- 

mea, Kauai, at about 2000 feet elevation, where occasional 

clumps are found. Hillebrand’s type came from Kohala, island 

of Hawaii. 

September 24 (2880). 

Eragrostis major Host. Gram. Austr. 4:14, pl. 24. 1809. 

Occasional clumps of this grass are found growing along the 

streets of Honolulu, and in yards. It is not recorded from the 

Islands by Hillebrand. 

May 9 (2288); original locality, ‘‘Europa australi ad agrorum 

versuras.” 

Eragrostis plumosa (Retz.) Link, Hort. Berol. 1:192. 1827. 

Poa plumosa RETzZ. Obs. 4:20. 1779-91. 

This species is common about Honolulu, but was not noticed 

at any distance from the coast. It is undoubtedly introduced. 
March 20 (1962). 

Eragrostis variabilis GAupD. Bot. Voy. Uranie, 408. 1830. 

Collected on grassy slopes, at 1200 feet elevation, near the 

Nuuanu Pali, Oahu. Also noticed on the slopes of Konahu- 
anui. 

March 23 (1992); original locality, Oahu. 
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HETEROPOGON Pers. Syn. 2:533. 1807. 

Heteropogon contortus (L.) Beauv. in R. & S. Syst. 2:836. 
1817. 

Andropogon contortus L. Sp. Pl. 1045. 1753. 

A common grass on the dry and hot slopes of the lee side of 

the island of Kauai, growing among lava rocks. 

July to October (2522); original locality, ‘‘in Indiis.” 

ISACHNE R. Br. Prodr. Fl. Nov. Holl. 196. 1810. 

Isachne pallens HitLeBR. Fil. Haw. Is. 504. 1888. 

This species was collected on rocks at the base of Hanapepe 

Falls, but was not seen elsewhere. It hung from the face of a 

perpendicular rock, where it was continually washed by the 
small streams of water which trickle down the sides of the rock. 

Hillebrand’s type came from the woods of eastern Oahu. 

July 2 (2489). 

CHAETOCHLOA Scrisn. Bull. No. 4, U. S. Dept. Ag. 
Div. Agrost. 88. 1897. 

[Setaria BEAauy. Agrost. 113. 1812, not Ach. 1789.] 

Chaetochloa glauca (L.) Scripyn. Bull. No. 4, U. S. Dept. Ag. 
Div. Agrost. 39. 1897. 

Panicum glaucum lu. Sp. Pl. 56. 1753. 
Setaria glauca BEAUV. Agrost. 51. 1812. 

Ixophorus glaucus NASH, Bull. Torr. Bot. Club, 22:423. 1895. 

Very abundant in the Hanapepe river valley, and on adjoin- 

ing slopes. It is not recorded by Hillebrand, and if introduced 

since his time, must have spread rapidly, as it is well estab- 

lished, covering the hillsides in many places. 

June 29 (2469); original locality, ‘‘in Indiis.” 

Chaetochloa verticillata (L.) Scr1pnN. Bull. No. 4, U. S. Dept. 
Ag. Div. Agrost. 39. 1897. 

Panicum verticillatum L. Sp. Pl. Ed. 2, 82. 1762. 

Setaria verticillata BEAUV. ~Agrost. 51. 1812. 

Ixophorus verticillatus NASH, Bull. Torr. Bot. Club, 22:422. 1895. 

Established along streets, and in waste ground about Hono- 

lulu. Collected at Waikiki. 

March 20 (1961). 
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OPLISMENUS Beauv. FI. Owar. 2:14, pl. 58, 1807. 

Oplismenus oahuensis NEES & MEYEN, in Steud. Nom. Bot. 
Kd. 2, 220. 1841. 

Common in damp woods, where it grows luxuriantly. Col- 

lected on both Oahu and Kauai. Hillebrand calls it Oplismenus 

compositus var. sylvaticus TRIN. 

April to October (2061). 

PANICUM L. Sp. Pl. 55, 1753. 

Panicum colonum L. Syst. Ed. 10, 870. 1759. 

Plentiful about Honolulu, growing along the streets, and in 

cultivated ground. It was found growing in very dry, and also 

in wet places. The forms growing in moist or shaded ground 
were of a more erect growth than the dry ground forms. 

March 21 (1978). 

Panicum crus-galli L. Sp. Pl. 56. 1753. 

Two forms of this wide-spread grass were collected on the 

edge of a taro pond in Pauoa valley, just outside of Honolulu, 

one (2384) with long awns, and the other (2384a) awnless or 
almost so. The latter may be Hillebrand’s variety of P. colonum. 

Panicum nephelophilum Gaup. Bot. Voy. Uranie, 411. 1830. 
Collected above Waimea, Kauai, at 3000 to 4000 feet eleva- 

tion. Only a few scattered plants were seen, growing on the 

outskirts of the woods. 

October (2850). 

Panicum pruriens TRIN. Gram.,Pan.191. 1826. 

Common on the ridges back of Honolulu, up to about 2000 
feet. 

March 21 (1972). 

PASPALUM L. Syst. Ed. 10, 2:855. 1759. 

Paspalum conjugatum Bera. in Act. Helv. 7:129, pl. 8. 1772. 

The ‘‘Hilo grass,” very common on the lower slopes below 
the forests on Oahu. A large, coarse decumbent grass, which 

grows in such tangles, that walking through it is very fatiguing. 

March 21 (1971). 

Paspalum orbiculare Forst. Fl. Ins. Austr. Prodr. 7. 1786. 

Common on Oahu, where it has the same range as the pre- 
vious; except that it extends further up the slopes. 

March 21 (1971). 
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POLYPOGON Desv. Fl. Atl. 1:66. 1798. 

Polypogon littoralis SM. Comp. Fl. Brit. 13. 1816. 

This species was collected at 1200 feet elevation, at the Nuu- 
anu Pali, six miles from the seashore. It is probably a waif at 

this point as very little of it was found. Hillebrand records it, 

but is not certain where it was collected. 

April 23 (2201). 

STENOTAPHRUM Trin. Fund. Agrost. 175. 1820. 

Stenotaphrum secundatum (WaALT.) KUNTZE, Rev. Gen. PI. 
(94, “189i 

Ischaemum secundatum WALT. Fl. Car. 249. 1788. 
Stenotaphrum americanum SCHRANK. Hort. Monac. pl. 98. 1819. 

Abundant on grassy slopes at the Nuuanu Pali, island of 

Oahu. It is said to be a good forage plant. 

May 24 (2359). 

SYNTHERISMA Wa tr. FI. Car. 76. 1788. 

Syntherisma helleri Nasu, n. sp. (Plate XLIV.) 

Panicum filiforme HILLEBR. FI. Haw. Is. 495. 1888, not L. 1753. 

Glabrous throughout, with the exception of the spikelets. 

Culms 2.5 to 4 dm. tall, erect, or decumbent at the base, slen- 

der, somewhat branched; nodes 5 or less, blackish brown; 

sheaths striate, the lower ones short, longer than the short 

internodes, the uppermost sheath elongated; ligule membran- 

ous, about 1 mm. long, truncate; inflorescence long exserted, 

the axis 1 cm. long or less; spikes 3 to 8, 4 to 9 cm. long, 

slender, ascending, approximate at the summit of the culm 

and often with a single one a short distance below; rachis flat, 

.5 mm. wide, flexuous toward the apex, short hispid on the mar- 

gins; spikelets elliptic, 1.5 mm. long, .7 mm. wide, acute, in 

pairs, one very short-pediceled, the other with a pedicel equal- 

ling or slightly shorter than itself, with frequently an addi- 

tional pediceled spikelet present on the same side of the rachis 

just above the pairs; first scale wanting; second and third 

scales membranous, hardly as long as the spikelet, the former 

a little shorter than the latter, both 7-nerved, the marginal 

and first nerve on either side of the midnerve pubescent with 

appressed hairs; fourth scale chartaceous, deep chestnut 

brown, 1.8mm, long, acute, enclosing a palet of equal length 

and of similar texture and color. 
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Collected on the Island of Oahu, in Pauoa, by Mr. A. A. Hel- 

ler, in 1895, No. 2321. By Dr. Hillebrand, in the Flora of the 

Hawaiian Islands, it was considered identical with Panicum fili- 

forme L., under which name it there appears. The whole gen- 

eral aspect of the plant and the flat, not triangular, rachis 
plainly indicate its dissimilarity to that species. 

Syntherisma sanguinalis (L.) Nass, Bull. Torr. Bot. Club, 
22:420. 1895. 

Panicum sanguinale L. Sp. Pl. 57. 1753. 

Common in cultivated ground about Honolulu. Collected in 

Pauoa valley, in company with S. Helleri. 

May 16 (23820); original locality, ‘‘in America, Europa aus- 
trali.” 

CYPERACEAE.* 

BAUMEA Gaubp. - Bot. Voy. Uranie, 416, pl. 29. 1830. 

Baumea meyenii KUNTH, Enum. Pl. 2:314. 18387. 

A plant referred with some doubt to this species, was first 

collected at about 3000 feet elevation, on the ridge west of the 

Hanapepe river, Kauai, on an exposed gravelly slope. It was 
also collected in wet woods along the Wahiawa river, and on 

the island of Oahu, on the slopes of Konahuanui. 

July to October (2651). 

_ CAREX L. Sp. Pl. 972. 1758, 
Carex wahuensis C. A. MeyER, Mem. Sav. Etr. Petersb. 1: 218. 

pi 10.) 4881, 7 

Collected on grassy slopes at 2500 feet elevation, above Wai- 
mea, Kauai. 

October 10 (2849). 

CLADIUM P. Browne, Civ. and Nat. Hist. Jam. 114. 
1756. 

Cladium leptostachyum NEES & MEYEN, Beitr. Bot. Gesell. 
auf ein Reise, 115. 1843. 

Noticed at only one locality, on the left bank of the Hana- 

pepe, opposite the first ford, where a large clump of it was 

growing. Itis recorded as occurring on ‘‘all the islands, but 

by no means frequent.” . 
July 5 (2509); original locality, ‘‘in, insula Oahu, Sand- 

wicensium.” 

* The determinations by Dr. N. L. Britton. 
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CYPERUS L. Sp. Pl. 44. 1753. 
Cyperus difformis L. 

Common about taro ponds, in Pauoa valley, near Honolulu. 

Not before recorded from the Islands. 

April to June (2003). 

Cyperus hawaiiensis MANN, Proc. Am. Acad. 7:208. 1867. 
Ex descriptio. 

On rocks at 1400 feet elevation, at the Nuuanu Pali, where a 

few plants were collected. This species seems to have been 

collected only by Mann and Brigham, and by Wawra. The 

type is Mann and Brigham No. 246, from ‘‘the mountains of 

Hawaii, Maui, and Kauai.” 

Cyperus hypochlorus H1uLeBrR. FI. Haw. Is. 468. 1888. Ex © 
descriptio. 

The plant referred to this species is not uncommon in Hana- 

pepe valley, Kauai, in wet places near the river bank, and on 

grassy slopes. A large, handsome species. 

June 29 (2466). 

Cyperus laevigatus L. Mant. 2:179. 1771. 

Common about Honolulu in wet ground. Specimens were 
collected at Waikiki, and at Salt Lake. 

March to May (1959). 

Cyperus pennatus Lam. Tabl. Encycl. 1:144. 1791. 

Common in marshes about Pearl city, Oahu, and also in moist 

places on slopes in the Hanapepe valley, Kauai. 

June 10 (2407); original locality, ‘‘ Java.” 

Cyperus polystachys Rotts. Descr. et Icones. 39. 1773. 

Common on grassy slopes on Oahu, up to the edge of the 

forest. Noticed also near Pearl city, in low ground near the 

coast. It was plentiful also on Kauai. 

March to August (1948). 

Cyperus rotundus L. Sp. Pl. 45. 1753. 

Collected in cultivated ground near Waikiki, outside of Hono- 

lulu. It was introduced about 1850. 

May 9 (2286); original locality, ‘‘ India.” 
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- Cyperus umbellatus (L.) Bento. Fl. Hongkong. 386. 1861. 
Kyllingia umbellata L. Suppl. 105. 1781. 

This plant was collected on a grassy ridge back of Waimea, 

Kauai, at an elevation of 2500 feet. It was seen in only this one 

place. 

October 1 (2851); original locality, ‘‘in Indiis.” 

ELEOCHARIS R. Br. Prodr. Fl. Nov. Holl. 1: 224. 1810. 

Eleocharis ovata (RotH.) R. & 8S. Syst. 2:152. 1817. 

Scirpus ovatus RoTH. Catal. 1:5. 1797. 

Scirpus obtusus WILLD. Enum. 1:76. 1809. 
Eleocharis obtusa SCHULTES, Mant. 2:89. 1824. 

Collected at the foot of Hanapepe falls, on the island of Kauai. 

It does not seem to differ materially from the widely distributed 
American plant. 

July 2 (2488). 

FIMBRISTYLIS Vani. Enum. 2:285. 1806. 

Fimbristylis polymorpha Borcki. Linnaea, 37:14. 1871. 

Collected in Pauoa, Oahu (2385), and along the Hanapepe 
river, Kauai (2475). Of the forty synonyms of Boeckler, it is 

a hard matter to decide which is the proper name for the 

Hawaiian plant. The coining of a new specific name by Boeck- 

ler was certainly not admissible, even if there was sufficient 

ground for uniting all of the species which he cites. It is im- 

possible for me to obtain the proper name for this plant, hence 

the use of the meaningless term Frimbristylis polymorpha. 

Fimbristylis umbellato-capitata STEUD. ? 

Specimens collected at Waikiki, Oahu, within the race track 

enclosure, where there is a pool of brackish water, seem to be- 

long to the plant which Hillebrand designated as a variety 

umbellato capitata of F. cymosa, which is ‘‘ F. umbellato-capitata 

of Mann, Enum. no. 518, but probably not of Steud.” Mann 

does not state where his specimens were collected. Hillebrand 

records it from nearly all of the islands, and states that it is 

found ‘‘in higher and exposed localities, and more frequent 

than the first form” (cymosa). Waikiki, where it was collected 

by me, is practically at sea level. 

March 20 (1958). 
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GAHNIA Forst. Char. Gen. 51, pi. 26. 1776. 

Gahnia mannii HILLesR. FI.. Haw. Is. 482. 1888. Ex de- 
scriptio. 

Plants referred to this species, were collected at 4000 feet 

above Waimea, Kauai (2840), in dry gravel, near the edge of 

the plateau. Later it was again collected in damp woods, on 

the slope of Konahuanui, Oahu (2912). Hillebrand’s type came 
from Lanai. 

Gahnia gahniaeformis (GAUD.) HELLER. 

Morelotia gahniaeformis GAUD. Rot. Voy. Uranie, 416, pl. 28. 1830. 

Gahnia gaudichaudii StEUD. Synop. Pl. Gl. 2:164. 1855. 

It is stated in Hillebrand’s Flora, that Cladium quadrangulare 

NEES, Linnaea, 9:301, is a synonym of this species, but refer- 

ence to the page cited does not seem to substantiate that view, 

as Morelotia gahniaefolia is given as quite distinct, near the bot- 

tom of the page ‘This species was not collected by me. 

KYLLINGA Rotts. Descr. et Ic. 12, pl. 4, f. 3-4. 1778. 

Kyllinga monocephala Rotts. Descr. et Ic. 18, pl. 4, f. 4. 1778. 

Common, from sea level to 2500 feet elevation, on Oahu. 

Some of the vigorous plants which grow in rich soil in the for- 

ests, present a very different appearance from the low, stunted 

forms which grow in lower and more exposed places. 

March to October (1970). 

RYNCHOSPORA VAHL. Enum. 2:229. 1806. 

Rynchospora lavarum Gaup. Bot. Voy. Uranie, 415. 1830. 

At an elevation of about 2500 feet, on Konahuanui, Oahu, is 

a flat place only a few yards in extent. where this species is 

plentiful. The soil is a stiff clay, so that considerable moisture 

is retained, instead of rapidly sinking, as is usually the case in 

the light volcanic soil of the islands. Near the centre of this 

small space a hole has been dug, in which water can always be 

found, and on the edge of this hole the plants are thickest. 

Hillebrand mentions it as growing on the high mountains of 

East Maui and Hawaii. It must have been collected on Oahu by 

Lay and Coolie, as it is enumerated in the ‘‘ Botany Beechy.” 

May 28 (2843). 
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Rynchospora sclerioides H. & A. Bot. Beechy, 99. 1882. 

Rynchospora thyrosidea NEES & MEYEN, in Kunth, Enum, Pl. 
2:294. 1837. 

Not uncommon on the slopes of Konahuanui, Oahu, in damp 
woods. A handsome species. The later name of Nees & Meyen 

seems to have been commonly used in botanical books. Their 

name of R. thyrosidea is used in Linnaea, 9: 297, 1834, but with- 

out description. It is possible that this name has precedence 
as a label name, but the first description appeared under R. 

sclerioides. 

SCIRPUS L. Sp. Pl. 47... 1753. 

Scirpus lacustris L. Sp. Pl. 48. 1753. 

Common about Honolulu. in brackish water along the beach, 

and also in fresh water. Specimens were collected along the 
stream in Nuuanu valley, more than a mile from salt water. 

March 30 (2047); original locality, ‘tin Huropae aquis puris 

stagnantibus et fluviatilibus.”’ 

Scirpus maritimus L. Sp. Pl. 51. 1753. 

A form of this species, called variety digynus by Hillebrand, 

is plentiful in salt marches at Salt Lake, and other places 

about Honolulu. 
April 24 (2208). 

Scirpus 

At Waimea, Kauai, a Scirpus was collected in taro ponds, 

which has not yet been satisfactorily placed. It is probably 

an introduced plant, allied to Scirpus debilis. 

October 23 (2891). 

VINCENTIA Gaup. Bot. Voy. Uranie, 417. 1880. 

Vincentia angustifolia GAUD. Bot. Voy. Uranie, 417. 1880. 

Collected on Konahuanui, Oahn, growing in company with 
Rynchospora lavarum. A large plant with leaves much like 

those of Acorus calamus. 

May 23 (2342). 
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LEMNACEAE. 

LEMNA L. Sp. Pl. 970. 1753. 

Lemna minor L. Sp. Pl. 970. 17583. 

This species, unrecorded for the Hawaiian flora, is very com- 

mon about Honolulu, in taro ponds, and other bodies of still 

water. At Capiolani Park, where the specimens were cores 
ed, it is especially plentiful. 

April 16 (2134); original locality, ‘‘in Huropae aquis quietis.” 

CONVALLARIACEAE. 

ASTELIA Banxs & Sot. in BR. Br-Prodr. Fl. Nov. Holl. 
291. 1810. (Plate XLV.) 

Astelia menziesiana SMITH, in Rees, Encycl. App. 34. 

Rhizome thick, creeping, covered with thin brown scales; 

flowering stem channeled, two feet high or less, clothed through- 

out with dense, white wool, simple and leafless up to the inflor- 

escence; leaves closely imbricate at the base of the flowering 

stalk, which they slightly exceed in length, linear, gradually 

attenuate, maximum width three-fourths of an inch, clothed on 

both faces with appressed white hairs, midvein yellowish, 

prominent beneath, but not noticeable above, the upper side 

marked with two prominent lateral nerves, and a number of 

smaller intermediate ones; inflorescence paniculate, the alter- 

nate branches two to five inches long, each subtended by a 

sessile, ovate-lanceolate, acuminate, leafy bract, the lowest one 

longer than its flowering branch, about equaling the inflores- 

cence, the others successively shorter and broader, and each 

shorter than the branch which it subtends; pedicels at right 

angles to the peduncle, stout for the size of the flower, nearly 

a half inch in length, densely white woolly; bractlet at the base 

small, shorter than the pedicel; perianth segments purple, ob- 
long, narrowed at the apex, but hardly acute, white wooly on 

the outside, the three inner ones less so than the three outer 

ones, and slightly narrower, all three nerved, the outer ones 

tipped with an incurved protuberance; stamens shorter than 

the perianth segments; stigmas small, sessile on the narrowed 

apex of the ovary; ovary ovoid, three-celled, glabrous. 
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Hillebrand unites this species with A. veratroides GAUD., but 

with very little reason, merely saying that ‘‘the forms with 

more or less glabrate leaves—A. menziesiana SM.—are chiefly 

found at lower elevations,” thus leaving one under the impres- 
sion that the two plants are very similar, when in fact they are 
totally unlike in size, habit and habitat. I saw at once that my 

plant was neither veratroides nor Waialealae, and distributed it 
as Astelia argyrocoma n. sp. (No. 2752). Lately upon having 

access to Wawra’s publications in Flora, I find that he has very 
clearly described A. menziesiana in Flora, 58: 242. 1875, and 

that my specimens undoubtedly belong there. It was found on 

the Island of Kauai only, in wet woods, at elevations of 3000 to 

4000 feet, growing on the reclining trunks of moss-covered 

trees. Sometimes hundreds of plants can be found on a single 

trunk. It is common on the ridge west of the Hanapepe river, 

and on the plateau above Waimea. Wawra records it from 

Kauai, ‘‘on moss-covered trees in the valley of Hanalei, and on 

Pohakupili and Halemanu.” It came into bloom late in Au- 
gust. oa ie 

A. veratroides is a large species, with leaves three to four feet 

long, and from three to six inches wide. The flowering stalk 

is proportionately large and stout. It is plentiful on the rid- 

ges back of Honolulu, usually growing on the precipitous edge 

of aridge, and only at medium elevations. Very few plants 

were seen in Kauai, where they grew along the steep banks of 

a stream in the woods. 

DIANELLA Lam. Encycl. 2:276. 1786. 

Dianella sandwicensis H. & A. Bot. Beechy, 97. 1832. 

It is altogether probable that Hooker and Arnott’s D. sandwi- 
censis is distinct from the Dracaena ensifolia of Linnaeus, an In- 

dian plant which one would not expect to find in the Hawaiian 
Islands. On Oahu it appears to grow only on the ground, at 
elevations of 2000 to 3000 feet. On Kauai it waa found princi- 
pally on mossy or decayed tree trunks, ranging from elevations 

of 2500 to 4000 feet. The Index Kewensis refers it to Dianella 

nemorosa Lamark, published in 1786, of which the earlier Dra- 

caena ensifolia L.., published in 1767, is said to be a synonym. 

May to October (2349). 
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DRACAENA L. Mant. 1:63. 1767. 

Dracaena aurea Mann, Proc. Amer. Acad. 7: 207. 1867. 

Hillebrand says this species is ‘‘not uncommon on all islands 

at altitudes of 1000 to 2500 feet, as in Nuuanu, Oahu, near the 

Pali.” Ifit ever was common on Oahu, it has become rather 

scarce during the intervening years. My first specimens were 

collected at the Nuuanu Pali, where there are several trees, 

but it is not at allcommon. On Kauai, it is plentiful between 

the Hanapepe and Waimearivers. Above Waimea, on the edge 

of the tabular summit, at about 3500 feet elevation it is very 

abundant. One stunted tree was observed in the forest on Ka- 
holuamanoa at 4000 feet. Mann’s statement that the berry is 

red, is much more correct than Hillebrand’s designation of it as 

‘“‘yellow.” Red-brown is perhaps the proper term. The grace- 

ful, palm-like habit of this tree, is quite a contrast to the her- 

baceous Liliaceous plants of more temperate climes. 

May 24 (2862); the type number is M. & B. 362, without ex- 

act locality, but probably from Oahu. 

SMILACEAE. 

SMILAX L. Sp. Pl. 1028. 1753. 

Smilax sandwicensis KUNTH. Enum. Pl. 5: 253. 1850. 
Pleiosmilax sandwichensis SEEM. Journ. Bot. 6:193. 1868. 

According to Hillebrand this species ranges from Kauai to 

Maui. Specimens with fully formed but unripe fruit, were 

collected on the lower slopes of Konahuanui, back of Pauoa, 

island of Oahu, at an elevation of about 2000 feet. The plant 

usually forms a dense tangle, climbing over bushes and trees. 

May 14 (23812). 

DIOSCOREACEAE. 

DIOSCOREA L. Sp. Pl. 1032. 1753. 

Dioscorea sativa L. Sp. Pl. Ed. 2, 1468. 1768. 

This species with its peculiar, potato like rhizome, is com- 

mon on the heights of Pauoa, Oahu. On Kauai, it is rather 

common in Hanapepe valley. Although hundreds of plants 

were seen, only a few were found in flower, but all, except 

those in flower, bore bulbs which form in the axils of the 

leaves. These bulbs are often an inch and a half in diameter. 

August 14 (2728), original locality, ‘‘in Indiis.” 
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ZINGIBERACEAE. 

CURCUMA L. Sp. Pl. 2. 1753. 

Cureuma longa L. Sp. Pl. 2. 1753. 
In the upper. part of Nuuanu valley, at an altitude of about 

900 feet, this plant is quite plentiful. The large clusters of 

yellow flowers present a striking appearance. The plant, as a 
rule, is about five feet high, leafy to near the summit. 

May 24 (2867); original locality, ‘‘in Indiis.” 

ORCHIDACEAE.., 

LEPTORCHIS Du Perit THovars, Nouv. Bull. Soc. 

Philom. 314. 1808. 

[Liparis L. C. Ricu. Mem. Mus. Paris 4:43. 1818.] 

Leptorchis hawaiiensis (MANN) Kunrze, Rev. Gen. Pl. 671. 
1891. 

Liparis hawatiensis MANN, Proc. Amer. Acad. 7: 207. 1867. 

This plant was found growing in damp places on Konahuanui, 

at an elevation of about 9500 feet. On Kauai, it was found at 

from 38000 to 4000 feet, but always growing on trees which 

were covered with mosses and hepatics. It is not common, but 

careful search in favorable situations, will generally yield sev- 

eral specimens. 

May to October (2706); no locality given, except ‘‘in mount- 

ain woods on trees.” Type number, M. & B. 471. 

ANOECTOCHILUS Buvume, Byar. 411, ¢. 75. 1825. 

Anoectochilus sandwicensis LinpL. Gen. and Spec. Orch. 500. 
1840. 

Hillebrand credits this species as growing ‘‘in the lower for- 
ests of all islands.” On Oahu it was found growing near the 
summit of Konahuanui, at 3000 feet elevation in what he desig- 

nated the ‘‘ middle forest zone,” or what on this island is really 

the ‘‘upper forest zone.” On Kauai, where it is plentiful near 
the head of the Wahiawa river, at about 8000 feet elevation, it 

is certainly in the middle Zone. It grows apparently only in 

wet, almost boggy woods, where both ground and trees are cov- 

ered with a thick mat of mosses and hepatics. The stems are 

weak and decumbent. 
August 21 (2742). 
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PIPERACEAE. 

PEPEROMIA Ruiz. & Pav. F1. Peruv. et Chil. Prodr. 

8. 1794. 

Specimens of all the numbers of this interesting, but difficult 

genus, were sent to M. Casimir DeCandolle for determination, 

but, although more than a year has elapsed, no answer has been 

returned. By the aid of Hillebrands Flora, and such other 

works as are at hand, I have endeavored to trace the specimens 

to their proper places, but not always with success. 

Peperomia hypoleuca montis-eeka HILLEBR. Fl. Haw, Is. 422. 
1888. ? 

This plant, which was seen only near and on the summit of 

Konahuanui, Oahu does not answer very well to Hillebrand’s 

description, yet it can hardly be placed under any of the other 

species mentioned. Ordinarily, the under side of the leaf is 

brick red, but in some specimens it is whitish. This was more 

especially true of specimens collected late in the season. 

May to November (2243). 

Peperomia latifolia M1Qq. Syst. Pip. 128. 1848. 

A common plant at medium elevations on the mountains of 

Oahu and Kauai. In the living state, the thick, fleshy leaves 

are often of a red tinge beneath. 

April to October (2116). 

Peperomia leptostachya H. & A. Bot. Beechy, 96. 1832. ? 

The three numbers which may perhaps be referred to this 

species, grow at low elevations. No. 2010 was collected in 

Pauoa valley, back of Honolulu. It grew on rocks in exposed 

situations, below the forest, and was noticed at several places. 

The stems of these specimens are hirsute throughout. The 

leaves on the young shoots are opposite, but are whorled on 

the branches. The plants are erect, and usually not more than 

eight inches high. 

No. 2237 was collected at about 1000 feet elevation in Waialae 

valley, on the eastern end of Oahu. It grew on the ground 

under the shade of Kukui trees. These plants were weak and 

procumbent, many of the stems being fifteen or eighteen inches 

long. The stems are puberulous instead of hirsute, as in No. 

2010. The leaves are also longer. 

No. 2510 was collected on rocks along the Hanapepe river, 

Kauai, at an elevation of perhaps 700 feet. This station is less 
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exposed than the one in Pauoa, where 2010 was collected, 

being just on the edge of the forest, and in rich, damp soil. 

The stems in these specimens are somewhat hirsute, especially 
on young shoots, where the leaves are in whorls of three or 

more. It is of erect growth, about eight inches high. The 

leaves, branches, and flowering spikes disarticulate readily in 

all three numbers. 

Peperomia macraeana’C. DC. Seem. Journ. Bot. 4:145. 1866. 

Some of the specimens under No. 2838 undoubtedly belong 

to this species. They were collected at an elevation of about 

1500 feet, in wet woods at the head of Kalihi valley, Oahu. 

The species is perhaps rather common in damp woods. 

Peperomia macraeana C. DC. var. 

These specimens were collected in wet woods, at an elevation 

of 8000 feet and more on Kauai, principally on the ridge west 

of the Hanapepe river. They seem to resemble P. membranacea 

somewhat, but the character of spikes shorter than the leaves, 
forbids that disposition of them. 

July and August (2612). 

Peperomia macraeana nervosa HILLEBR. Fl. Haw. Is. 421. 
1888. 

Above Waimea, Kauai, where Hillebrand’s type was collected 

and near the head of the Wahiawa, were collected specimens 

which answer to the description of this plant, except the clause 
‘*purplish underneath, excepting the course of the nerves.”’ 

They are whitish underneath in my specimens. The plant is 
light green instead of dark green as in the species, and has 

thicker leaves and spikes. It appears to be quite distinct. 

Peperomia membranacea H. & A. Bot, Beechy, 96. 1882. 

Part of No. 2238, collected at the head of Kalihi valley, 

Oahu, belongs to this species. 1t seems to grow only in dense 

wet woods. The slender spikes, extending much beyond the 

leaves, the broader and thinner leaves, and the arrangement 

of the veining of the leaves, distinguish it from P. macraeana, 

specimens of which were collected at the same place, and in- 

cluded under number 2338. Collected May 20th. 

Peperomia membranacea H. & A. var. 

On the ridge west of the Hanapepe river, Kauai, plants were 

collected which seem to be referable to P. wembranacea. The 
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habit is the same, and the leaves very similar in shape. It 
also has the same long slender spikes extending beyond the — 

leaves. The main stem likewise is glabrous, but the branches 

are hirsute. There is a difference also in the veining, for in- 

stead of the ‘‘five conspicuous basal or sub-basal nerves,” there 

are but three veins, with faint indications of a fourth and fifth 

on some leaves.. The under side of the leaves instead of being 
glabrous, are hirsute, and the upper side bears a line of hairs 

on the midrib. It may be Hillebrand’s P. hypoleuca var. kauai- 

ensis, Which he says is ‘‘intermediate between the present 

species (hypoleuca) and P. membranacea,” but he describes the 
plant as having ‘‘ oblanceolate or oblong ” leaves. The leaves 

of my plant are ovate. Collected in damp woods at an eleva- 

tion of 3000 feet. 

July 29 (2633). 

Peperomia reflexa (L. f.) A. DietR. Sp. Pl. 1: Ed. 6, 180. 
1831. 

Piper veflecum L. f. Suppl. 91. 1781. 

Three numbers were collected which seem referable to this 

species. The first (2077), was collected on the heights of Pa- 

uoa, Oahu, where it was growing in the forks of Kukui trees. 

The plants are small and grow in tangled clumps. A second 

number (2534), is very similar but smaller, and has somewhat 

thicker spikes. It also grew on Kukui trees, along the Wahi- 

awa and Hanapepe rivers, Kauai. The third number (2481), is 

much larger in every way. It was found growing only on the 

ground, first along a tributary of the Hanapepe river, Kauai, 

and later in the woods at 4000 feet elevation above Waimea. 

Peperomia 

About a mile above the mouth of the main tributary of the 

Hanapepe river, Kauai, was collected a plant which does not 

seem to agree with any of the Hawaiian species, although it 

seems to be close to P. sandwicensis. The plants were growing 

in wet, muddy ground, at the base of a ledge of rock. They 

are small, none being over six inches long, including the long 

spikes. The stems are short, branching from near the decum- 

bent base, somewhat channeled, smooth below, the upper part 

and the branches, pubescent with short hairs that curve up- 

ward. The leaves are in whorls of three, or sometimes the - 

lower ones opposite, on hairy petioles of about one-fourth their 

length. Including the petiole, the largest are about an inch 

long, obovate, or almost orbicular in outline, thick, three- 
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nerved, these often obscured, granular punctate and green 

above, but not pubescent, except sometimes along the margin 

or at the junction with the petiole, the under side red, pubes- 

cent, with short curved hairs, or occasionally merely granular; 

spikes very long and slender, commonly as long or longer than 
the rest of the plant. 

July 1 (2478). 

Peperomia 

Another species from Kauai, which cannot be satisfactorily 

placed, was first collected at about 38000 feet elevation, on the 

ridge west of the Hanapepe river, where it was found growing 

at the base of trees. The plants from this place are small, 

less than six inches high. The stems are usually simple, but 

sometimes branched above, slightly channeled, pubescent 

throughout. The leaves are on short petioles, opposite, or in 

threes, about an inch in length, thin, lanceolate, with tapering 

base, three-nerved, or the upper appearing as if one-nerved, 

hairy on both faces. The spikes are terminal, single, slender, 

the rachis strongly angled, glabrous, on sparingly pubescent 

pedicels. Above Waimea, Kauai, at 4000 feet elevation, larger 

specimens were collected, which also appear to belong here. 

July to October (2632). 

CASUARINACEAE. 

CASUARINA L. Amoen. Acad. 4:143. 1789. 

Casuarina equisetifolia L. Amoen. Acad. 4:143. 1759. 

Introduced, and extensively planted in Capiolani Park, near 
Honolulu. 

March 20 (1955). 

URTICACEAE. 

ADICEA Rar. Ann. Nat. 179. 1815. 

[Pilea LinpDL. Coll. pl. 4. 1821.] 

Adicea peploides (GaubD.) Kuntze, Rev. Gen. Pl. 623. 1891. 

Dubrueilia peploides GAUD. Bot. Voy. Uranie, 495. 1830. 

Pilea peploides H. & A. Bot. Beechy Voy. 96. 1832. 

Collected first at the Nuuanu Pali, Oahu, elevation 1200 feet, 

where it was growing in the crevices of wet rocks. The plants 

here were dwarfed and small. On Kauai, at Hanapepe Falls, 
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the plants were large and robust, being kept continually moist. 

by the spray from the falls. Here it grew among the boulders 

and loose stones which have accumulated at the foot of the 
falls. 

April to August (2200). 

BOEHMERIA Jaca. Stirp. Am. 246, pl. 157. 1763. 

Boehmeria grandis (H. & A.) 

Urtica grandis H. & A. ‘Bot. Beechy, 95. 1832. 

Boehmeria stipularis WEDD. in Ann Sc. Nat. (IV) 1: 200. 1854. 

That a species native to the Hawaiian Islands should be 

identical with an African species, is hardly tenable. Hille- 

brand, after noting some difference between the Hawaiian plant 
and Weddell’s B. stipularis, thinks ‘‘it is probable that two dis- 
tinct species lie concealed in the present one (stipularis), and 
that thus the difficulty of explaining the occurrence of only one 

species in two limited areas which are removed from each other 
by half the circumference of the globe, will find an easy solu- 

tion.” Nevertheless, he did not attempt a solution, which is 

certainly easy, for in Urtica grandis H. & A., we have a per- 
fectly valid name to apply to the Hawaiian plant On Oahu, it. 

is credited as occurring only on Mt. Kaala, of the Waianae 

range. On Konahuanui, back of Honolulu, I obtained speci- 

mens at an elevation of about 2500 feet (2906), early in Novem- 

ber. This is the broad-leaved, apparently typical form. On 

Kauai, specimens of the variety gamma of Hillebrand were col- 
lected at Hanapepe Falls, where it is rather plentiful. This form 

(2436), which is quite constant on Kauai, was again observed 
in a branch cafion of the Hanapepe, at an elevation of about. 

1500 feet, and also on Kaholuamano, above Waimea, at an ele- 

vation of 4000 feet. It differs from the Oahu plant in being 

taller and more slender, with narrower and more pointed leaves, 

which bear but few scattered pilose hairs on the midveins, in- 

stead of being markedly hairy on all of the veins. The upper 

face, too, is merely granular, instead of pilose. 

NERAUDIA Gaup. Bot. Voy. Uranie, 500, pl. 117. 1830. 

Neraudia melastomaefolia Gaupb. Bot. Voy. Uranie, 500, pl. 117. 
1830. 

Hillebrand says that this species occurs ‘‘on all islands, on 

dry slopes of the lower regions.” My specimens were collected 

on Kaholuamano, above Waimea, Kauai, at an elevation of 4000 
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feet, on the banks of astream in the forest. It is a small tree, 

about ten feet high, with a distinct trunk, loosely branching 
above, the weak branches curved, glabrous, or somewhat pu- 
bescent where they merge into the inflorescence. This is pretty 
certainly Gaudichaud’s plant, as described by Weddell, in DC. 

Prodromus, 16: part 1, 235!°, where the leaves are character- 

ized as ‘‘very glabrous on both sides, or appressed pilose be- 

neath on the nerves,” but what Hillebrand had in view, is not 

so easy to determine. His description calls for a ‘‘low shrub, 

8-5 feet high, branching from the base, the spreading, rather 

nodose branches pubescent with appressed silky hairs.” This 

would apply much better to N. ovata or N. sericea. He also 
says that the leaves are on petioles of one-half totwolines In 
all of the three distinct forms in my collection, the leaves are 

on petioles of an inch or more in length. Hillebrand says: 

‘‘The presence of a white milksap rests upon Gaudichaud’s 

statement. Ido not remember to have observed it.” Gaud- 

ichaud’s statement is quite correct, as the millxy juice was ob- 

served in all of the specimens collected by me. 

September 24 (2792). 

Neraudia sericea GAUD. Bot, Voy. Uranie, 500, pl. 117. 1830. 

Specimens from above Waimea, Kauai, collected at an eleva- 

tion of about 2000 feet, agree very well with Gaudichaud’s fig- 
ure in the Bot. Voy. Bonite, pl. 133, except that the leaves are 

a little narrower, and slightly undulate. Wawra’s plant, No. 

2113, identified as this species, is from the same region. 

October 1 (2847). ' 

Neraudia sericea GAUD. var. 

Near the base of the tabular summit, above Waimea, Kauai, 

at about 3000 feet elevation, was found a form which is prob- 

ably N. ovata Gaud., but for the present is referred to N. sericea. 
The leaves are broadly ovate, acuminate, with a rounded and 

slightly cordate base. It may be N. melastomaefolia var. kau- 

aiensis Hillebr., but his description calls for a leaf ‘‘ovate- 
rhomboidal, slightly contracting but rounded and even retuse 

at the base.” 

October 12 (2881). 
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PIPTURUS Wepp. Ann. Sc. Nat. (IV) 1:196. 1854. 

Pipturus albidus (H. & A.) A. Gray, in Mann, Proc. Am. Acad. 
672018 1867 

Boehmeria albida H. & A. Bot. Beechy 96. 1882. 

Pipturus taitensis WEDD. Ann. Sc. Nat. (IV) 1:197. 1854. 

On the mountains back of Honolulu, at elevations of about 

2000 feet, this species is rather common, growing on moist and 

thinly wooded slopes. It is identical with Mann & Brigham’s 

No. 45, upon which Asa Gray founded Pipturus albidus. As 
additional evidence, the Hawaiian plants of the Beechey voy- 

age, were collected on the islands of Oahu and Niihau, and this 

is a species which is not likely to occur on the latter island, as 

there is not sufficient rainfall, or great enough elevation. It 

is a large bush or small tree, with a distinct trunk and loosely 

spreading branches. The leaves are broadly ovate, thick, 

crenate from the shortly pointed apex to near the base. The 

upper surface is irregularly papillose and rough looking, yet 

to the touch is almost smooth. The under side is covered be- 

tween the veins with short, dense, white tomentum. The dark 

yeins and veinlets are hirsute. In DeCondolle’s Prodromus, 

Weddell has evidently confused at least two distinct species, 

and Hillebrand has followed him. The variety meyeniana of 

Weddell is probably nothing more than typical albidus, as no 

other forms were seen on Oahu. 

April 11 (2120); probably from the original locality. 

Pipturus gaudichaudianus Wepp. Ann. Sc. Nat. (IV) 1: 196. 
1854. 

On Kaholuamano above Waimea, Kauai, at an elevation of 

3500 to 4000 feet, is found a plant which answers fairly well to 

the description of the above species. It is a bush, four to six 

feet high, with slender, ascending branches. The broadly 

eliptic-ovate leaf is usually four inches or more in length, 

crenate, shortly pointed, the upper side smooth in appearance, 

but rough to the touch, and under a lense appressed pilose and 

closely granular The tomentum beneath is very close and not 

nearly so white as in P. albidus. Wawra has recorded it from 

‘‘Maui: Waiheeberge, 1814.” 

September 2 (2786). 
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Pipturus kauaiensis n. sp. (Plate XLVI) 

A small tree, eight to twelve feet high with spreading top; 

branches glabrous, except the growing parts. which are to- 

mentose; bark close, light brown; leaves ovate-lanceolate,acumi- 

nate, crenate in the upper two-thirds or haif, except the acu- 

minate tip, of varying size, but the width commonly half the 

length, base equal sided, narrowing, or sometimes rounded, the 

upper side dark green, shortly pilose and granular under a 

lense, the under side densely covered with short and soft white 

tomentum, except the veins and veinlets; principal veins three, 

dark; dioecious: flowers very small. glomerate in the axils of 

the leaves and branches, the female more numerous than the 
male; fruit clusters white. 

Easily distinguished from P. albidus by its thinner, narrower 

and taper pointed leaves, which are of a different texture, and 

by the smaller and smoother flower clusters. The branches 
also are more slender and more regular. Weddell, in DC. 

Prodr 16: part 1, 235, as well as Hillebrand, evidently included 

this very distinct species in their descriptions of P. albidus. It 

is not uncommon in thickets along the Hanapepe river, but 

does not occur at any great elevation. 

June 24 (2428) 

Pipturus ruber n. sp. (Plate XLVIL) 

A small tree, six to eight feet high, with short trunk, and 

dense spreading top; branches covered with short, gray or 

tawny hair; leaves alternate, on stout, pubescent petioles, 

rather thick, ovate or occasionally ovate-lanceolate, acute, 

crenate from base to apex, upper surface light green, barely 

roughened, sparingly hirsute only on the three prominent, im- 
pressed veins; the under side pale, covered with longer and 
coarser tomentum than is found on any other species; veins 
prominent beneath, bright red, but fading when dry, hirsute; 

female flowers red, densely pubescent, the clusters large. 
A handsome species, very distinct from any of the preceding. 

The numerous clusters of red flowers, and the red yeins on the 

under side of the leaf are very conspicuous in the living plant, 

but lose their color in the driedspecimen. The male plant was 

not collected. The tomentum on the under surface of the 

leaves is much darker than in the other species. The flower 

clusters are even larger than those of P. albidus, and the leaves 

although somewhat similar in texture are much smoother on 

the upper surface and are of a different shape. 
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Collected at an elevation of 4000 feet above Waimea, Kauai. 

It was growing on the banks of a stream in the woods, below. 

Gay & Robinson’s Kaholumano house. 

October 4 (2852). 

TOUCHARDIA Gaupb. Bot. Voy. Bon. t. 94; Wedd. 
Monog. Urtic. 441. 1856. 

Touchardia latifulia Gaup. Bot. Voy. Bon. t. 94; Wedd. 
Monog. Urtic. 442, pl. 13, f. C. 1856. 

As the plants figured in the Atlas of the Botany of the Voy- 

age of the Bonite, are unaccompanied by either description or 

reference to other published species they are all nomina nuda. 

All of them however, seem to have been described by later au- 

thors and credited to Gaudichaud. Weddell seems to have 

been the first who characterized the genus Touchardia, with 

its single species. Collected at Hanapepe falls, Kauai, at an 

elevation of about 700 feet. The leaves are light green on both 

faces, not ‘‘dark green,” as Hillebrand says. They are rugose 

on both faces, especially on the lower. The prominent veins 

are red. In the dried specimens the leaves become much darker 

than in the living state, thus perhaps accounting for Hille- 

brand’s error, but his expression ‘‘tripli-nerved, the lateral 

nerves not reaching the middle of the margin,” is not correct. 

The fact is, that they are simply pinnately nerved, as is plainly 

shown in Gandichaud’s plate. 
July 2 (2485); a Hawaiian genus, said by Hillebrand to occur 

on all islands. 

URERA Gaup. Bot. Voy. Uranie, 496. 1830. 

Urera glabra (H. & A.) Wepp. Arch. Mus. Paris. 9:149. 1856. 

Procris glabra H. & A. “Bot. Beechy, 96. 18382. 

Hillebrand calls this variety gamma, of U. sandwicensis 

Wedd. In addition to the differences brought out in the de- 

scription of the two plants, and the very evident dissimilarity 

to Gaudichaud’s figure in Bot. Bon. t. 92, we have enough geo- 

graphical range to separate them. U. sandwicensis is known 

only from the island of Hawaii, while U. glabra has a northern 
range, from Molokai to Kauai. Specimens were collected on 

Kauai, at the head of the cation opposite Gay and Robinson’s 
Hanapepe valley house, at an elevation of about 1500 feet, and 

also at about 3000 feet, at the foot of the tabular summit above 

Waimea. 
July to October (1605); original locality, Oahu. 
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LORANTHACEAE. 

VISCUM L. Sp. Pl. 1023. 1753. 

All of the Hawaiian species belong to the section Aspiduxia, 

which is leafiess, and perhaps should represent a distinct 

genus. 

Viscum articulatum Born. f. FIL. Ind. 311. 1768. 

If true Viscum arliculatum, or any other of the species men- 

tioned in DcCandolle’s Prodromus, occur in the Hawaiian Is- 

lands, the species with flat and rather broad joints, which I 
found growing only on Elacocarpus bifidus and on the island of 

Oahu, is apparently referable to it (2212). 
To this also must be referred two forms somewhat dissimilar 

‘in habit. No. 2183, found growing on the ‘‘Ohia ha,” or Hu- 

genia sandwicensis, is erect, with slender branches, the joints 
slightly contracting at the base, or of an equal width through- 

out, the ultimate segments inclined to be pointed. Collected 

on Konahuanui, Oahu, at an elevation of about 2700 feet. 

On the island of Kauai, on the main ridge west of the Hana- 

' pepe river, at about 3500 feet elevation, and on Kaholuamano 

above Waimea, at 4000 feet, occurs a distinct form (2680), much 
resembling V. attenwatum DC. The branches are lax, droop- 
ing, spreading, and rather weak. The joints are elongated, 

narrow, and of an almost even width throughout. The ulti- 

mate segments are also somewhat pointed. It grew in dense 

clusters on the branches of Hlaeocarpus bifidus. On Kaholiua- 
mano itis quite common. The tendency to become disarticu-. 

lated while drying is very slight in this form. 

Viscum pendulum (Wawra). 

Vicum moniliforme BLUME, var. pendula WaAwra, Flora (II) 
31:140. 1873. 

The pendulous habit and large size at once distinguish this 

from all the other forms. Jt seems to be Hillebrand’s Viscum 

articulatum var. beta. In the mature plants the joints are an 

inch or more in width, and notcontracted at the point of articu- 

lation. Indried specimens, however, the joints shrink consider- 

ably. Collected on Kaholumano, above Waimea, Kauai, at an 

elevation of 4000 feet. It was noticed only on an apparently 
undescribed species of Pelea, which grows near streams in the 
forest. 

September to October (2810); from near the original local- 

ity, ‘‘ Kauai, um Halemanu.”’ 
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Viscum salicornioides A. Cunn. Ann. Nat. Hist. (I) 2: 208. 
1839. : 

To unite this well-marked plant with V. articulatum, as Hille- 

brand has done, is certainly not admissible. The slender, terete 

joints readily separate it from all of the forms of that species. 

On Oahu, it was found at the Pali, growing on Maba sand- 
wicensis. On Kauai, it occurred only at high elevations, on 

the ‘‘Lehua” tree. A marked peculiarity is that it is found 

only on trees which grow on the edges of steep slopes, as on 

the edge of the plateau above Waimea, Kauai. 

April to October (2194). 

SANTALACEAE. 

SANTALUM L. Sp. Pl. 349. 1753. 

Santalum ellipticum Gaup. Bot. Voy. Uranie, 442. 1880. 

This is the plant referred to by Hillebrand as S. freycineti- 
anum var. delta ellipticum, and figured by Mrs. Sinclair, in 

her illustrations of indigenous Hawaiian plants. Collected on 

the ridge between the Hanapepe and Wahiawa rivers, Kauai, at 

about 2000 feet elevation. It is not uncommon on the plateau 

above Waimea. It is a small tree, fifteen to twenty feet high. 

August 24 (2579). 

EXOCARPUS LasBiLu. Voy. 1: 155, pl. 14. 1798. 

Exocarpus sandwicensis BaILL. Adansonia, 3:109. 1862. 
Exocarpus brachystachys HILLEBR. FI]. Daw. Is. 391. 1888. 

Collected on the lower slopes of Waiolani, Oahu, at an eleva- 

tion of about 2500 feet. A medium-sized, much branched shrub, 

some branches bearing large leaves, others only the small, 

scale-like ones. In Proc. Am. Acad. 7:198, Mann cites this as 

var. beta foliosa GRAY,| c. Upon following up the devious track 

of the 1. c., which our forefathers were so fond of using, we 

find that it refers to ‘‘ Bot. Expl. Exped. ined.” As no descrip- 

tion accompanies the name, it is a nomen nudum. Anyway, it 

is antedated by Baillon’s name. Very probably H. casuarinae 

BAILL., is only the leafless form of this species, as his type 
came from Oahu, and there seems to be but one species on that 

island. 

June 6 (2390); type locality, ‘‘Insulis Sandwicensibus Lanai 

et Oahu.” Type numbers, Remy, 513, 514. 
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POLYGONACEAE. 

POLYGONUM L. Sp. Pl. 359. 1753. 

Polygonum glabrum WILLD, Sp. Pl. 2:447. 1799. 

Collected along the Hanapepe river, Kauai, at an elevation 

of about 400 feet. Also observed on Kaholuamano, above Wa- 

imea, at an elevation of 4000 feet, growing in a mountain stream 

in the forest. Hillebrand says the species is ‘‘common along 

streams and water courses.” Except the stations mentioned 

above, [ have seen it at only one other place. It grows in the 

stream in upper Nuuanu valley, a mile or two from the Pali. 
June 24 (2423); original locality, ‘‘in India orientali.”’ 

RUMEX L. Sp. Pl. 333. 1753. 

Rumex acetosella L. Sp. Pl. 338. 1753. 

In the forest on Kaholuamano, above Waimea, Kauai, this 

species of Rumex is found growing in open places destitute of 

underbrush. It is not recorded in Hillebrand’s Flora, and how 

long it has been on the island I do not know. It is found near 

Gay & Robinson’s mountain house, a place which is used only 

at intervals, and where nothing whatever is cultivated. 

August 80 (2767); original locality, ‘‘in Huropae pascuis et 

arvis arenosis.” 

CHENOPODIACEAE. 

CHENOPODIUM L. Sp. Pl. 219. 1753. 

Chenopodium murale L. Sp. Pl. 219. 17538. 

Specimens were collected at Capiolani Park, within the race- 
- track enclosure, but it is rather common about Honolulu, near 

the water front. Also was observed at Makaweli, Kauai, near 

the beach. 

March 21 (2024); original locality, ‘‘in Huropae muris ag- 
geribusque.” 

Chenopodium sandwicheum Mog. Chenopod. Monogr. Enum. 
28. 1840. 

Hillebrand cites this species as published ‘‘in DC. Prod. 
XIII, Sect. Il, p. 67.” Collected on the edge and about the base 

of the tabular summit above Waimea, Kauai, at elevations of 

from 3000 to 3500 feet, where it is plentiful. Woody at the 
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base, with lax, spreading branches, from three to five feet 

long. 

September 2 (2788); original locality, ‘‘in insulis Sand- 
wicheis.” 

g 

AMARANTHACEAE, 

AMARANTHUS L. Sp. Pl. 989. 1753. 

Amaranthus viridis L. Sp. Pl. Ed. 2, 1405. 1763. 

A common plant at Honolulu, in the streets, in gardens, and 

in waste places. Specimens were collected on Alekea street, 

and at Capiolani Park. 

March to May (2025, 2185); original localities, ‘‘ Huropa 

Brasilia.” 

CHARPENTIERA Gaup. Bot. Yoy. Uranie, 444, pl. 47. 

1830. 

Charpentiera elliptica (HILLEBR.) 
Charpentiera obovata GAUD. var. elliptica HILLEBR. FI. Haw. Is. 

375. 1888. 

On Kaholuamano, above Waimea, Kauai, at 4000 feet eleva- 

tion, this well-marked species occurs along stream banks in the 

forest, and on the upper edges of steep slopes. It has thick, 

dark green, oblong-lanceolate, or elliptical-lanceolate leaves, 

very different in shape and texture from either of the two other 

species. It is figured by Mrs. Sinclair, in her illustrations of 

Hawaiian plants, plate 44. 
September (2781). 

Charpentiera obovata Gaupb. Bot. Voy. Uranie, pl. 48. 1880. 

Just below the second fall of the Wahiawa river, Kauai, ele- 

vation about 2000 feet, a small tree of this species was grow- 

ing. Hillebrand makes no mention of its occurrence on Kauai. ~ 

July 22 (2598). 

Charpentiera ovata Gaup. Bot. Voy. Uranie, pl. 47. 1880. 

On the edge of the plateau above Manoa, Oahu, at an eleva- 

tion of 2000 feet, there are several trees of this species. I did 

not see iton Kauai. By some writers it is considered a mere 

form of C. obovata, yet, in all cases observed by me, the living 

plants could be distinguished at a glance. Ovata is a larger 

and more regularly branched tree, has larger, differently 

shaped and thinner leaves, which turn darker in drying than 

do those of C. obovata. 
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NOTOTRICHIUM HiLtteser. Fl. Haw. Is. 372. 1888. 

Nototrichium sandwicense (A. GRAY) HILLEBR. FI. Haw. Is. 
373. 1888. 

Ptilotus sandwicensis A. GRAY, in Mann, Proc. Am. Acad. 7: 200. 

1867, as regards Remy’s No. 207. 

Said to be shrubby. The leaves are thick, opposite, on slen- 

der petioles of about one-fourth the length of the blade, serice- 
ous on both sides, especially so beneath, ovate or elliptical- 

ovate, acute or acuminate; inflorescence corymbose, trichotom- 

ous; pedicels slender, as long, or the ultimate ones sometimes 

twice the length of the spikes. The type is Remy’s plant, No. 

207. Under this number are two forms, one from Hawaii, with 

acuminate leaves on slender marginless petioles, the other 

from Oahu, with bluntish leaves, on margined petioles. On the 
ridge leading up to Kaholuamano, Kauai, between the forks of 

the Waimea river, I collected two forms, referable to Remy’s 

plant. One, an erect, compact bush, three to four feet high, with 

thick, elliptical, mostly obtuse leaves, grew on the open, ex- 

posed slope, at an elevation of about 2500 feet. The other grew 
in the shade, on the banks of a stream in a cafion, at about 2000 

feet elevation It is a larger bush, with more spreading 

branches, the leaves somewhat thinner, elliptical-lanceolate in 

shape, acute In both of these forms the leaves are on short 

margined petioles. 

September 24 (2831); original localities, ‘‘ Hawaii, near the 
coast; Oahu.” 

Nototrichium viride HiLLeBR. Fl. Haw. Is. 373. 1888. 

Ptilotus sandwicensis A. GRAY, in Mann, Proc. Am. Acad. 7: 200. 

1867, in part. 

There is not the least doubt about Mann & Brigham’s No. 

590 being specifically distinct from Remy’s No. 207. The 

former I have seen in the Herbarium of the Bernice Pauahi 

Bishop Museum, at Honolulu, and the latter in the herbarium 

of Columbia University. In the publication of Ptilotus sand- 

wicensis, the numbers are cited thus: ‘‘(M. & B. 590; Remy, 
207).” In Hanapepe valley, Kauai, the type locality for M. & 

B. 590, it is not uncommon at elevations of 300 to 600 feet, usu- 

ally growing on steep slopes. It is a small tree about ten feet 

high, with spreading branches. On the living plants, the foli- 
age has a rufous tinge. The leaves are thin, elliptical ovate, 

acute or acuminate, tapering below into a margined petiole, 

glabrous above, shortly pubescent beneath, especially the 
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younger ones. The mature flowering spikes are almost an inch 

in length on long, slender peduncles. Hillebrand’s short de- 

scription is rather faulty, for his statement that the leaves are 

‘‘olabrous and green on both faces,” is not correct, aS evinced 

by the above description. However, he did not have specimens 

in his own collection, which may account for any discrepancies. 
June 24 (2426). 

PHYTOLACCACEAE. 

PHYTOLACCA L. Sp. Pl. 441. 1753. 

Phytolacea brachystachys Moa. in DC. Prodr. 13: part 2, 32. 
1849. 

In Hillebrand’s Flora, this species is said to be ‘‘common in 

the lower forests.”’ It certainly is not common now on Oahu, 

for none of it was seen on that island. On Kaholuamano, above 

Waimea, Kauai, it is rather plentiful along streams in the for- 
est, at an elevation of 4000 feet. It can hardly be called an 

erect ‘‘undershrub,” as it is woody only at the base, and the 

herbaceous branches have a decided tendency to droop. 

August 30 (2772); original locality, ‘‘in ins, Oahu Sand- 

wicensium.” 

BATIDACEAE. 

BATIS P. Browne. Civ. and Nat. Hist. Jam. 358. 1755. 

Batis maritima L. Sp. Pl. Ed. 2, 1451. 1763. 

Collected at Waikiki, near Honolulu, growing in wet sand, 

near the beach. It is common along the shore on the lee side, 

and very abundant about the Palama end of Honolulu. Also oc- 

curs on Kauai. 

June 13 (2412); original locality, ‘‘in Jamaicae maritimis 
salsis.” 

NYCTAGINACEAE. 

BOERHAVIA L. Sp. Pl. 3. 1753. 

Boerhavia diffusa L. Sp. Pl. 3. 1753. 

Specimens were collected near the beach at Diamond Head, 

Oahu. Rather common near the coast on the lee side of that 

island, and was also seen on Kauai. 

March 29 (2020); original locality, ‘‘in India.” 
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PISONIA L. Sp. Pl. 1026. 1753. 

+» Pisonia sandwicensis HILLEBR. FI. Haw. Is. 369. 1888. 

Staminate specimens were collected at the second fall of the 

Wahiawa river, Kauai, which is at an elevation of about 2000 

feet. Pistillate ones were obtained at the base of the plateau 
above Waimea, at about 3000 feet elevation. This species is a 

good sized tree, often twenty-five feet or more in height, with 

a trunk diameter of eight or ten inches. The male flowers are 

- pinkish in color, and sweet scented. The white or pink tinged 

perigone, and long-exserted stamens, present a very attract- 

ive appearance. The female flowers are much smaller, and 
greenish. 

July to September (2598, 2784). The range is given from 

Maui to Kauai, but it has not been reported from Oahu. 

Pisonia umbellifera (FoRs?T.) SEEM. Bonplandia 10:154. 1862. 

Ceodes umbellifera Forsr. Char. Gen. 71, pl. 71. 1776. 

Specimens referable to this species were collected on Kauai, 

on the ridge west of the Hanapepe river, and on the ridge be- 
tween the Hanapepe and Wahiawa rivers, at elevations of about 

2000 feet. The fruit of these specimens was not at all viscid, 

and did not stick to the paper. But on Oahu, on the edge of 
the plateau above Manoa, specimens were seen, the fruit of 

which was very viscid, sticking tenaciously to anything with 

which it came in contact. Hillebrand says: ‘‘The fruiting 
perigone of all three species exudes a very viscid glue. * * * 

It will stick fast to paper in the herbarium for years.” 

June to October (2453); original locality, island of Tanna, 
New Zealand. 

PORTULACACEAE. 

PORTULACA L. Sp. Pl. 445, 1753. 

Portulaca oleracea L. Sp. Pl. 445. 1753. 

Collected at an elevation of about 700 feet, on the hillside op- 

posite Gay & Robinson’s Hanapepe valley house. It was also 

seen at other places, especially in dry ground near Honolulu. 

July 6 (2521); original localities, ‘‘in Europa australis, In- 

dia, ins. Ascenscionis.”’ 
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CARYOPHYLLACEAE. 

CERASTIUM L. Sp. Pl. 487. 1753. 

Cerastium vulgatum L. Sp. Pl. Ed. 2, 627. 1762. 
Cerastium triviale LINK. Enum. Hort. Berol. 1: 433. 1821. 

Hillebrand records this species from Maui only. I found it 

on Kaholuamano, above Waimea, Kauai, at an elevation of 4000 

feet. It differs from the common American form of C. vulgatum 
in being less stout, and more spreading. It is also less pu- 

bescent. 

September 10 (2804); original locality, ‘‘in Scaniae et Hu- 

ropae australioris pratis, areis.” 

DRYMARIA WILLD. in Roem. & Schultes Syst. Veg. 

5:406. 1819. 

Drymaria cordata (L.) WILLD. in Roem. & Schultes Syst. Veg. 

5:406. 1819. 

Holosteum cordatum L. Sp. Pl. 88 1753. 

On the ridge west of the Hanapepe river, at an elevation of 

3500 feet, and in the depths of the forest, I found a vigorous 

growth of this plant. I saw it at this station only, and how it 

got there, in a place frequented only by wild cattle, is a mys- 

tery. Introduced it must be, for it is not recorded in Hille- 

brand’s Flora, and if it were native, would have a wider range 

on the island. 

July 29 (2636); original locality, ‘‘in Jamaica, Surinama.” 

SCHIEDIA C.&S. Linnaea, 1:46. 1826. 
A genus found only on the Hawaiian group. 

Schiedia lychnoides H1LLEBR. FI. Haw. Is. 36. 1888. 

Collected in the forest, on the plateau above Waimea, Kauai, 

at an elevation of 4000 feet. Occasionally it grew on the ground, 

but usually on mossy logs or on trees. As suggested by Hille- 

brand, there may be grounds for uniting this and S. viscosa with 

the genus Alsinidendron, as their large flowers and general 

habit somewhat remove them from the other members of the 

genus. The seeds are minutely roughened, not smooth, as 

stated by Hillebrand. 

September 7 (2796); original locality, ‘‘Kauai, above Wa- 

imea.” 
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Schiedia spergulina A. Gray, Bot. U.S. Expl. Exped. 15: 135. 
pl. 11. 1854. 

On dry slopes above the Hanapepe river, at elevations of 300 

to 1000 feet, this species is rather plentiful. It grows on basalt 

outcrops only. Some of my specimens differ from the original 

description, probably owing to the fact that the flowers are © 
dimorphous, a point which is not brought out by either Gray 

or Hillebrand. The latter, it seems, did not have a specimen 
in his collection. In my specimens, the sepals are ovate, acute, 

smooth, except the margins, which are ciliate. In flowers 

which have long styles, the staminodia are but half the length 

of the sepais, while they are about as long as the sepals in 

flowers which have short styles. The number of styles is vari- 

able. Sometimes there are three and sometimes four. 

June 26 (2446); original locality, ‘‘mountains of Kauai.” 

Schiedia stellarioides MANN, Proc. Bost. Soc. Nat. Hist. 

12153-1866) 

This species grows in thick bunches. It has a suffruticose 
base, but the branches are herbaceous, procumbent, weak and 

spreading. Collected on Kaholuamano, above Waimea, Kauai, 

at an elevation of 4000 feet. Itis rather plentiful in open places 

near the edge of the woods. 

August 30 (2766); from the original locality, ‘‘on the mount- 

ains above Waimea, Kauai.” 

SILENE L. Sp. Pl. 416. 1753. 

Silene gallica L. Sp. Pl. 417. 1753. 

Hillebrand had this species from the ‘‘northern slope of 

Kaala, Oahu.” I collected it at the Nuuanu Pali, where it is found 

growing along the roadside, as well as clinging in crevices, 

high up on the cliffs. A few plants were also noticed near the 
edge of the plateau, above Waimea, Kauai. Here it was grow- 

ing in pasture land, at an elevation of 4000 feet. 

April 23 (2202); original locality, ‘‘in Gallia.” 
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RANUNCULACEAE. 

RANUNCULUS L. Sp. Pl. 548. 1753. 

Ranunculus mauiensis A. Gray, Bot. U. S. Expl. Exped. - 
| 15:11. 1854. 

Although the Kauai form differ somewhat from the type, 
collected on Maui, in having narrower and more dissected 

leaves, and has’ more pubescence, it cannot well be separated. 

The plants are erect, spreading. In general appearance and 

habit, it is more like R. recurvatus, than the plants which have 

been promiscuously called &. repens, and to which Hillebrand 

likened it. Specimens were collected on the ridge west of the 

Hanapepe river, at 3500 feet elevation, where it occurs spar- 
ingly, and also on Kaholuamano, above Waimea, where it is 

plentiful in the forest at an elevation of 4000 feet. None of the 

plants were in good condition, however. It was originally des- 

inated as var. beta. 

July to September (2635); original locality, ‘*‘ mountains of 

Kauai.” . 

LAURACEAE., 

CASSYTHA L. Sp. Pl. 35. 1753. : 

Cassytha filiformis L. Sp. Pl. 35. 1753. 

This peculiar, leafless plant, with the habit of a Cuscuta, is 

plentiful on the left bank of the Hanapepe river, just above 

Gay & Robinson's house. It twines over the grass and Guava 

bushes in dense tangled masses. 

August 14 (2729); original locality, ‘‘in India.” 

CRYPTOCARYA R. Br. Prodr. F!l. Nov. Holl. 402. 1810. 

Cryptocarya mannii HILLEBR: Fl. Haw. Is. 382. 1888. 

A small tree, ten to fifteen feet high, which is rather common 

in the woods of Kaholuamano, above Waimea, Kauai, at an ele- 

vation of 4000 feet. The fruit is crowned by the remains of the 

perigone, or at least has a well developed projection, a point 

about which Hillebrand was not certain. 

October 4 (2854); from the original locality, ‘‘ mountains 

above Waimea, Kauai.” 
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CRUCIFERAE. 

LEPIDIUM L. Sp. Pl. 643. 1753. 

Lepidium owaihiense C. & S. Linnaea, 1:32. 1826. 

Collected at the Nuuanu Pali, Oahu. The gnarled and tough 
woody stems of this species present quite a contrast to the 

herbaceous species which are found in America. The inflores- 

cence is pubescent, a fact which Hillebrand does not note. 
Specimens were collected at an elevation of 1400 feet, growing 
near the edge of the precipice, on the Konahuanui side. It is 

said to grow on all of the islands of the group. 

May 24 (2365). 

Lepidium serra Mann, Proc. Am. Acad. 7:149. 1867. 

Neither Mann in his description of the type, nor Hillebrand 

in his Flora, tell us anything definite about the habit of this 

species. Both say, ‘‘a straggling, much-branched shrub, 2-3 

feet high,” which is correct, so far as it goes. J have seen the 

plant at three stations, the first at the original locality, along 

the Hanapepe river, not far below the falls; along the main 

tributary of the Hanapepe, and on the edge of the plateau 

above Waimea, Plants were plentiful enough at all these 
places, but difficult to collect on account of their growing on 

the faces of perpendicular rocks, and at some distance from 

the ground. They usually grow in clumps, and have drooping 

branches. The stems are simple, and naked for nearly their 

_ whole length, only near the end bearing a profusion of linear- 

lanceolate leaves, and long, drooping, many flowered peduncles. 

The slender pedicels are puberulent. Speaking of the pods, 
Mann says: ‘‘ Maturis oblato-orbiculatus, stylo exemarginatura 

minima vix exserto,” and Hillebrand gives the character, 

‘*silicule flat, suborbicular, not emarginate.” In my specimens 

there are varying degrees of emargination, but the styles are 

decidedly exserted in all cases, when uninjured. There is a 

specimen of Mann’s plant in the Bernice Pauahi Bishop Mus- 

eum, at Honolulu. 

June 24 (2427); from the original locality, ‘‘Hanapepe, 

Kauai.” 
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CORONOPUS Gaertn. Fr. & Sem. 2: 293. 1791. 

Coronopus didymus (L.) J. E. Smiru, FI. Brit. 3: 691. 1806. 

Lepidium didymum L. Sp. Pl. Hd. 2, 92. 1767. 

Senebiera didyma Pers. Syn. 2:185. 1807. 

A few plants of this species were first seen on the slopes of 

Makiki, along the Tantalus road. It is rather common about 

the streets of Honolulu. 

March 21 (1974). 

CAPPARIDACEAE. 

CLEOME L. Sp. Pl. 671. 1753. 

Cleome pentaphylla L. Sp. Pl. Ed. 2, 988. 1763. 
Gynandropsis pentaphylla DC. Prodr. 1:245. 1824. 

Collected at Honolulu, near a lumber pile at the foot of Ale- 
kea street, It is said to be common along roadsides near Hon- 

olulu, but I saw it only at the above mentioned place. Hille- 

brand says it is a native of Africa, but Linnaeus gives its 

habitat as ‘‘in India.” 

March 27 (2015). 

SAXIFRAGACEAE. 

BROUSSAISIA Gaup. Bot. Voy. Uranie, 479, pl. 69. 
1830. 

Broussaisia arguta GAUD. Bot. Voy. Uranie, 479, pl. 69. 1880. 

A bush or small tree, and common on the slopes of Konahu- 

anui, back of Honolulu. It was also collected in the forests 

of Kauai. Hillebrand says: ‘‘In the specimens from Kauai, 

the serratures of the leaves are straight.” In my specimens, 

from the ridge west of the Hanapepe river, the serratures are 

smaller than in the Oahu specimens, but are incurved in pre- 

cisely the same manner. 

May to September (2302). 

PITTOSPORACEAE. 

PITTOSPORUM Banks, in Gaertn. Fr. & Sem. 1: 286, 

pl..59. 1788. 

Pittosporum acuminatum MANN, Proc. Am. Acad. 7:152. 1867. 

Specimens were first collected on the ridge west of the Hana- 
pepe river, Kauai, but unfortunately were gathered from two 
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different trees and it is possible that the majority of them may 

represent a different species, or at least a marked form. They 
are under No 2456. Later, specimens were collected at the 

type locality, ‘‘on the mountains above Waimea, Kauai.” 

This is No. 2783, and may be considered typical, except that 

the petioles are slightly shorter than Mann’s measurement. It 

is a beautiful species, with glossy, light green, thick leaves, 

not ‘‘ thin chartaceous,” as Hillebrand has it. His character 

of ‘‘spathulate” is not so good either, as Mann’s original ‘‘ ob- 

lanceolatis.” The type is M. & B. 603. 

Pittosporum glabrum H. & A. Bot. Beechy, 110. 1832. 

On fruiting specimens, collected in Nuuanu valley, some of 

the older leaves are rounded, but the younger ones on the 

same branch are slightly contracted at the apex. None of them 

are acuminate, nor is there any warrant apparently for Hille- 

brand’s description of ‘‘acumiaate.” Hooker & Arnott say: 

‘‘Foliis oblongo-obovatis obtusis basi attenuatis utrinque gla- 

berrimis supra nitidis.” In flowering specimens, collected on 

the lower slope of Konahuanui, and overlooking Nuuanu, the 

pedicels are pubescent. With the exception of this pubescence, 

which apparently soon disappears, the specimens agree very 

well with the original description of P. glabrum. 

March to May (1985); original locality, Oahu. 

Pittosporum kauaiense HILLEBR. Fl. Haw. Is. 25. 1888. 

This striking species was collected on the ridge west of the 

Hanapepe river, Kauai, at an elevation of about 2500 feet. It 

is a good sized tree, and one of the largest species. The pu- 

bescence on the under side of the leaves in my specimens is floc- 

‘cose, and seems to disappear on the olderleaves. The capsules 

are small, not tuberculate, and covered with short, white to- 

mentum. 

July 17 (2580); original locality, ‘‘Kauai mountains of 

Waimea.” 

ROSACEAE. 

OSTEOMELES Linpu. Trans. Linn. Soc. 13:98. 1822. 

Osteomeles anthyllidifolia (SmirH.) Linpi. Trans. Linn. Soc. 
13:99. : 1822. 

Pyrus anthyllidifolia Smiru, in Rees Cycl. 29. 

No. 2195 was collected April 23d, on the steep, wind swept 
slopes of the Nuuanu Pali, Oahu. Owing to its constant strug- 
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gle with the strong winds which sweep across this place, the 

plants have become dwarfed and prostrate, forming a dense, 

entangled clump, which rises barely a foot above the ground. 

The branches are several feet long. Perhaps the strangest 

feature is the black fruit. No. 2238, collected on a sheltered 

slope in Waialae valley, eastern Oahu, was an erect shrub, four 

or five feet high, with white berries, as is ordinary. 

MIMOSACEAE. 

ACACIA ApbDANS. Fam. Pl. 2:319., 1768. 

Acacia farnesiana WiLLpD. Sp. Pl. 4:1088. 1806. 

Common on the hot dry slopes of the lee side of Oahu near 

Honolulu. Here it never attains the size of a tree, but is always 

shrubby. Specimens were collected at the base of Punchbowl, 

back of Honolulu. 
March 25 (1996); original locality ‘‘in Domingo.” 

Acacia koa A. GRay. Bot. U. S. Expl. Exped. 15:480. 1854. 

This is the ‘‘Koa” of the natives. It is a large tree, with far- 

spreading branches, but very often has a comparatively short 

trunk, as the branching begins at a distance of eight or ten 

feet from the ground. From the trunks of this tree, the na- 

tives used to make their large war canoes. The wood is sus- 

ceptible of a high polish, and makes very handsome articles of 

furniture. The woodwork and cases in the Bernice Pauahi 

Bishop Museum, Honolulu, are made of Koa wood. On Oahu 
and Kauai it is common in the lower forest, the dark green of 

its foliage contrasting well with the light green of the Kukui 

tree. True leaves are rarely seen, as they occur only on young 

trees, and sometimes as adventitious shoots. Their place is 

taken on full grown trees by scythe-shaped phyllodia. The 

species is found only on the Hawaiian group. 

March 23 (1984). 

LEUCAENA BentuH.; Hook. Journ. Bot. 4:416. 1842. 

Leucaena glauca (L.) BeEntH.; Hook. Journ. Bot. 4:416. 1842. 

Mimosa glauca L. Sp. Pl. Ed. 2,1504. 1763. 

Acacia glauca WILLD. Sp. Pl. #:1075. 1806. 

Introduced, and very abundant about Honolulu. A small 

tree, with spreading slender branches, which bear an abun- 

dance of cream colored flower heads. 

March 29 (2048); original locality, ‘‘in America.” 
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PROSOPIS L. Mant. 10. 1763. 

Prosopis 

A species of Prosopis is common about Honolulu, flourishing 
best in hot, dry situations, and having the same range as Acacia 

farnesiana. By Hillebrand it is said to be ‘‘ Prosopis juliflora 

DC. or P. dulcis, Kunth.” It is certainly very distinct from the 

species called juliflora in the southwestern part of the United 
States, although it has a similar pod. The leaflets are short 

and pubescent, as compared with the long, smooth ones of the 

American plant. P. dulcis KUNTH, is described as having a 
torulose pod, which forbids its being a synonym of P. juliflora. 

March 25 (2001). 

CAESALPINIACEAE. 

CAESALPINIA L. Sp. Pl. 380. 1753, 
Caesalpinia bondue (L.) Roxs. Hort. Beng. 32. 1814. 

Guilandina bonduc L. Sp. Pl. 381. 1753. 

Hillebrand unites this with Caesalpinia bonducella Even 

the most casual examination of dried specimens shows that the 

two are abundantly distinct. As opposed to bonducella, the 
branches are more climbing, glabrous, armed with fewer, 

shorter, and straighter prickles. The leaves are broader, 

blunter, andsmooth. The inflorescence is naked, and the flowers 

fewer and much larger. It seems to be rare on the islands. 

A single vine, for it grows much like a grape vine,was found 

climbing over the limbs of a fallen Koa tree, on the main ridge 

west of the Hanapepe river, Kauai, at an elevation of about 
2500 feet. : 

July 11 (2541); original locality, ‘‘in Indiis.” 

Caesalpinia bonducella (L.) FLemine, As. Res. 11: 159. 1810. 

Guilandina bonducella L. Sp. Pl. Ed. 2, 545. 1763. 

In the valley of the Hanapepe river, Kauai, this species is 

common. In habit it is trailing rather than climbing. The 

stems are numerous, twining and interlacing, so as to form an 

impenetrable clump three or four feet high. The stems and 

branches are pubescent, with short, tawny hairs, and provided 

with numerous prickles, which curve downward. ‘The leaf- 

lets are comparatively narrow, acute, and pubescent beneath. 

The inflorescence is heavily bracted, the flowers small and 

crowded. 

June 26 (2477); original locality, ‘‘in Indiis.” 
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CASSIA L. Sp. Pl. 374. 1753. 

Cassia chamaecrista L. Sp. Pl. 379. 1753. 

Determined as above by Mr. C. L. Pollard. It is plentiful 
about Honolulu, and is especially so on the dry slopes of 

Punchbowl and Makiki. It must have been introduced since 

1870, as Hillebrand makes no mention of its occurrence on any 

of the islands. 

March 21 (1969), 

Cassia gaudichaudii H. & A. Bot. Beechy, 81. 1832. 

This, the only native species on the Islands, was first col- 

lected by me on the dry slopes of Diamond Head, and at the 

Pali, island of Oahu. On Kauai it was collected along the 

Hanapepe river, and on the main ridge west of the Hanapepe. 

It was not found above 1500 feet elevation, and was nowhere 

plentiful. 

March to July (2022). 

Cassia occidentalis L. Sp. Pl. 377. 1753. 

Occasionally met with about Honolulu, but apparently not 

common. Observed also on Kauai, in Hanapepe valley. 

April to August (2174); original locality, ‘‘in Jamaica.” 

Cassia laevigata WILLD. Enum. Hort. Berol. 441. 1813. 

Hillebrand mentions this species as an occasional escape 

from gardens. Since his departure from Honolulu in 1870, it 

has-spread and become well established at different points. It 

is common about Honolulu along roadsides, where it climbs 

over fences and trees. Near the eastern end of Oahu it is plen- 
tiful along the road, at some distance from houses. On Kauai 

it was found at an elevation of 38000 feet, growing in a deep 

forest. The seeds may have been carried there by wild cattle, 

but they rarely range low enongh to get into cultivated ground, 

or even into the pastures of the domesticated cattle. 

May to September (2295). 

PAPILIONACEAE. 

CANAVALIA Apans. Fam. PI. 2:325. 1763. 

Canavalia galeata Gaup. Bot. Voy. Uranie, 486. 1830. 

Collected on grassy slopes above Waimea, Kauai, at an ele- 

vation of 2500 feet. It is said to grow in forests of all the is- 

lands of the group, ‘‘twining on trees, often toa great height.” 

At this station it trailed over the ground. 

September 25 (2827). 
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CRACCA L. Sp. Pl. 753. 1753. 

[Tephrosia Pers. Syn. 2:328. 1807.] 

Cracca purpurea L. Sp. Pl. 752. 1753. 

Galega piscatoria Air. Hort. Kew. 3:71. 1789. 
Tephrosia leptostachya DC. Prodr. 2: 251. 1825. 

Tephrosia adscendens MACFAD. FI. Jam. 257. 1837. 

Tephrosia tenella A. GRAY, Pl. Wright. 2:36. 1853. 

A plant which was formerly of considerable use to the na- 
tives. It possesses a narcotic property and was used to stupefy 

fish. It iscommon on the dry western slope of Diamond Head, 

Oahu, and was also noticed on Kauai, along the road between 

Waimea and Hanapepe. It is not found far from the coast. 

March 28 (2023); orignal locality, Ceylon. 

CROTALARIA L. Sp. Pl. 714. 1753. 
Crotalaria assamica BENTH.; Hook. Lond. Journ. Bot. 2:481. 

1848. 

Recorded by Hillebrand from ‘‘ Oahu, Pauoa, at the head of 
the valley.” Jt is still found there in great abundance, and 

does not seem to have been carried to other localities. The 

mature seeds are large, dark olive in color. 

October 5 (2911); original locality, ‘‘ Assam.” 

Crotalaria fulva Roxs. FI. Ind. 3:266. 1832 

This tall, shrubby species, with large, yellow flowers much 

like those of C. assamica, has a pod very different from the 
other species which grow on the islands. The plant is plenti- 
ful along the roadside in Nuuanu valley, but is not recorded by 

Hillebrand. 

The Index Kewensis gives Hort. Beng. 54, as the place of 

publication, but J. G. Baker, in Fl. Brit. India, 2:80. 1879, cites 

it as given above. 

March 28 (1983a). 

Crotalaria incana L. Sp. Pl. 716. 1753. 

Very common abont Honolulu, growing along roadsides, in 

fields, and even on the outskirts of the forest on Tantalus. A 

branching, straggling shrub, the young branches herbaceous 

and tomentose. Pod short, tomentose, almost black when ma- 

ture. Seeds olive green when ripe. Not previously recorded 

from the Hawaiian Islands. It has perhaps been introduced 
from Australia, as it occurs there. 

March 21 (1966); original locality, ‘‘in Jamaica and Cari- 

baeis.”’ 
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Crotalaria longirostrata H. & A. Bot. Beechy, 285. 1841. 

This handsome: species has not spread much during the past 

thirty-five years. Hillebrand notes it as growing along ‘‘a 

roadside in Nuuanu valley and on the Waikiki plains near Hon- 

olulu, escaped from the Agricultural Society’s garden.” I have 

seen it only at the Nuuanu station. The flowers are rather 

large, bright orange yellow, the keel marked with red. The 

seeds are small, blackish. 

March 29 (2083); original locality, ‘‘ Talisco,” Mexico. 

Crotalaria saltiana ANDR. Bot. Rep. pl. 648. 1811. 

Crotalaria striata DC. Prodr. 2:131. 1825. 

A common weed about the streets of Honolulu, in waste 

ground, and in fields. It occurs also at an elevation of 2000 

feet on Tantalus, growing on the edge of the woods. It has 

evidently been in the island since 1865, as there is a specimen 

in the Mann and Brigham collection at the Bernice Pauahi 

Bishop Museum, under the name of C. longirostrata. The Mann 

and Brigham plants were collected in 1865. The seeds of this 
species are yellowish. This species and C. incana have spread 

much more rapidly than any of the other species, as they can 

be found almost anywhere in the neighborhood of Honolulu. 

It is an East Indian species, not previously recorded as occur- 

ring in the Islands. 

April 4 (2071). 

Crotalaria spectabilis Roth, Nov. Pl. Sp. 841. 1821. 
Crotalaria sericea RETZ. Obs. Bot. 3:26. 1779-91, not Burm. f, 

Fl. Ind. 156. 1768. 

Collected in Nuuanu valley along the roadside, and in open 
lots in the northwestern part of Honolulu. It is herbaceous, 

with stout, branching, glaucous stems. The flowers are large, 

an inch or more in length, bright yellow. The seeds are large, 

blue-black. 
March 29 (2029); original locality, ‘ India occidentali.” 

ERYTHRINA L. Sp. Pl. 706. 1753. 

Erythrina monosperma Gaup. Bot. Voy. Uranie, 486, pl. 174. 
1830. 

This, the ‘‘ Wiliwili” tree of the natives, is rather a strange 

looking object when in full bloom, although very handsome. 

The large flowers, which grow in dense clusters on the ends of 

the leafless branches, are either of a brick red or pale yellow 
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color. The leaves do not appear, as a rule, until after the 

flowers have dropped. There are a number of trees on the 

grassy slopes along the Hanapepe river, Kauai. It was not 

seen on Oahu. 
June 24 (2445). 

INDIGOFERA L. Sp. Pl. 751. 1753. 

Indigofera anil L. Mant. 272. 1767. 

Common in the valleys and on the slopes back of Honolulu. 

The specimen in the Mann and Brigham collection, at the Ber- 
nice Pauahi Bishop Museum, Honolulu, is not this species as 

labeled, but probably J. tinctoria, as it has a straight pod. J. 
tinctoria, according to Hillebrand, has been introduced but was 

not seen by me. 

March 21 (1967); original locality, ‘‘in Indiis.” 

MEDICAGO L. Sp. Pl. 778. 1753. 

Medicago intertexta MILL. Gard. Dict. Ed. 8. No. 4. 1768. 

Rather common about Honolulu, in yards, gardens, and grassy 

places along the streets, but not noticed at any distance from 

cultivated land. Flowers small, yellow. The creeping stems 

are often three or four feet long. Not recorded as growing in 

the Hawaiian Islands. The Index Kewensis says that M. inter- 

texta WILLD. Sp. Pl. 3: 1411, is equal to M. ciliaris CROCK., a 

name which has been used four times in the genus. Whatever 

the latter plant may be, MW. intertexta of Willdenow is identical 
with Miller’s plant, and was not published as a new species, as 

can readily be seen by referring to the Species Plantarum, 

where Willdenow says: ‘‘ Medica leguminibus cochleatis spin- 

osissimus, aculeis utrinque tendentibus, Mill. Dict. n. 4.” 

March 22 (1982). 

MEIBOMIA Apans. Fam. Pl. 2:509. 1763. 

[Pleurobolus St. Hru. Bull. Soc. Philom. 1812, 192. 1812.] 

[Desmodium Degsy. Journ. Bot. 3:122. 1813.] 

Meibomia triflora (L.) Kunrzr,; Rev. Gen. Pl. 197. 1891. 

Hedysarum triflorum L. Sp. Pl. Ed. 2, 1057. 1763. 

Desmodium triflorum DC. Prodr. 2: 334. 1825. 

This diminutive species must be much more common than 

formerly. Hillebrand says that it grows ‘‘on the Waikiki 

plains near Honolulu, and probably elsewhere, in spring.” It 
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seems to be most abundant on hot, dry slopes, as around Salt 

Lake and Diamond Head. Also common in moist ground in 

Pauoa valley, where specimens were collected. Noticed also 

on Kauai, near Hanapepe. where it grew along the roadside. 

There is a superficial resemblance between it and JLespedeza 

striata. 

Map 16 (2823); original locality, ‘‘in Indiis.” 

Meibomia uncinata (Jacqg.) KUNTZE, Rev. Gen. P]. 197. 1891. 

Hedysarum uncinatum JACQ. Hort. Schoenb. 3: pl. 298. 1798. 
Desmodium uncinatum DC. Prodr. 2: 331. 1825. 

Abundant in rich, damp ground, ranging from the valleys 

near Honolulu, to an elevation of 2000 feet or more, on Tanta- 

lus. Anerect or reclining perennial herb, with white or purple 

tinged, rather large flowers. 

March 21 (1968). 

PHASEOLUS L. Sp. Pl. 723. 1753. 

Phaseolus semierectus L. Mant. 100. 1767. 

Common in rich ground about Honolulu, especially at the 

northern base of Punchbowl. A long stemmed, herbaceous 

plant, with dark red flowers, which open fully only in the after- 

noon. A lower and stouter form (2096), was collected on the 

beach at Diamond Head. No specimens of P. truxillensis were 

found, which is recorded as growing at Diamond Head. 

March 25 (1997); original locality, ‘‘in America calidiore.” 

OXALIDACEAE. 

OXALIS L. Sp. Pl. 433. 1753. 

Oxalis corymbosa DC. Prodr. 1:696, 1824. 

Oxalis martiana Zucc. Denkschr. Akad. Muench. 9: 144. 1823-24. 

This handsome species has become well established in the 

neighborhood of Hcnolulu, and is even found on the outskirts 

of the forest. In the matter of nomenclature, I have followed 

the Index Kewensis, the author of which probably has data to 

prove that the specific name corymbosa was published previous 

to the apearance of Zuccarini’s name, which, accepting this 

view, must have been published during the latter part of 1824. 

April 9 (2098); original locality, ‘‘in ins. Borboniae et Mau- 

ritii.” 
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Oxalis corniculata L. Sp. Pl. 435, 1753. 

A common plant in the streets and gardens of Honolulu, but 
it has also found its way into the lower forest, and grows lux- 

uriantly in the rich soil. A prostrate, spreading plant, with 

wirey branches. 
April 19 (2159); original locality, ‘‘in Italia, Sicilia.” 

ZYGOPHYLLACEAE. 

TRIBULUS L. Sp. Pl. 387.. 1753. 

Tribulus cistoides L. Sp. Pl. Ed. 2, 703. 1763. 

Abundant in sand at Diamond Head, and at other places near 

the beach. It is found on all of the islands of the group. A 

handsome species, but not pleasant to handle, on account of 

the sharp spines on the fruit. 

March 28 (2018); original locality, ‘‘in America calidiore.” 

RUTACEAE. 

PELEA A Gray, Bot. U.S. Expl. Exped. 15:339. 1854. 

In the Index Kewensis, Pelea is united with Melicope, and if 
rightly so, the latter name has precedence, and must be used. 

But in Hillebrand’s discussion, which is probably correct, he 

points out enough differences to keep the Hawaiian plants dis- 
tinct. Hesays: ‘‘From Melicope, on the other hand, they are 

distinguished, aside from the valvate aestivation of the petals, 
by the terminal style, not basal or lateral as in that genus, and 

by the stigma, which is capitate in Melicope, but divided into 
four filiform branches in Pelea.” ~ 

Pelea anisata Mann, Proc. Bost. Soc. Nat. Hist. 10:314. 1866. 

The leaves of the ‘‘ Mokehana,” as this species is called by 

the natives, are used for making a mixture for coughs and 

colds, On the plateau above Waimea, Kauai, a low, shrubby 
form was collected, which answers very well to the original 

description: ‘‘In general appearance resembling P. oblongi- 

folia, but perfectly distinguished by its overpowering anisate 

odor when the leaves are bruised or the bark peeled off. * * * 
Leaves elongated oval or olong, obtuse, somewhat attenuate at ~ 

the base, two to seven inches long, one to two inches wide.” 

At this place the two species were growing close together, and 

resembled each other very closely. In a cafion at the head of 
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the main tributary of the Hanapepe river, a somewhat differ- 

ent form was collected. The specimens are from a tree fifteen 

feet high. The leaves are large, with rounded or retuse apex, 

the largest four inches wide and six inches long. A number of 

trees were noticed in the vicinity. The species has been found 

only on Kauai. 

July to October (2609). 

Pelea auriculaefolia A. GRAy, Bot. U.S. Expl. Exped. 18: 348, 
pl. 386. 1854. 

Platydesma duriculacfolia HiLuesR. Fl. Haw. Is. 72. 1888. 

Hillebrand has transferred this species to the genus Platy- 

desma, but seemingly without good reason. He indicates that. 

he has specimens of this species from the island of Hawaii, 

from the ‘‘Kohala range above Waimea (Hbd,)” and from 
‘‘woods of Laupahoehoe,” collected by Lydgate. He says, 

‘‘the description of the fruit according to Gray.” He evidently 

never saw a fruiting specimen, and one would think had never 

consulted the excellent plate in the atlas of the Botany of the 

Exploring Expedition, or the original description. Yet, speak- 

ing of Pelea sandwicensis, he says: ‘‘In Gray’s figure, the cap- 

sule is not correctly given, in fact it hardly differs there from 

that of P. volcanica on the next plate.’ Whatever inaccuracies. 

‘there may be in this figure, no one should for an instant con- 

sider the two figures very similar, as the shape and size of the 

capsules is noticeably different. The inflorescence of Platydes- 

ma ‘is very different from that of Pelea, and the flowers, so far 

as I have observed, are much larger. The difference between 

the fruit of the two genera is so marked, that a blind man 

could readily distinguish them by the touch. The explanation 

for this slip on the part of Hillebrand, must be that he had 

specimens of an undescribed Platydesma, and erroneously re- 

ferred it to Pelea auriculaefolia. 

Pelea clusiaefolia A. Gray, Bot. U. S. Expl. Exped. 15: 340, 
pl. 35. 1854. 

Clusia sessilis H. & A. Bot. Beechy, 80. 1832, not Forst. 

A species which is common in the type locality, ‘‘ mountains 

behind Honolulu, Oahu.” Usually a small tree, but sometimes 

shrubby. In my specimens, the leaves are all opposite. Some 
of the specimens, No. 2303, which are in flower only, were dis- 

tributed as ‘‘Pelea Sandwicensis.”” Comparison with the origi- 
nal description, and with the plate, convince me that they are 

P. clusiaefolia. 
May to November (2808, 9348). 
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Pelea cruciata n. sp. (Plate XLVIIZ) 

A small tree, ten to fifteen feet high, with stont trunk and 

rough bark; branches spreading, stout, with rough, grayish 

bark, the young growing portions pubescent with tawny hairs; 

leaves opposite, on stout angled petioles of about an inch in 
length, thick, elliptical, rounded at both ends, or somewhat 

contracted at the base, often slightly notched at the upper end, 

three to five inches long, two to three inches wide, shortly 

pubescent above with scattered hairs, covered below, espe- 

cially on the stout midrib, with tawny hairs; secondary veins 

parallel, at right angles to the midrib, and losing themselves 

near the margin in the wavy, intramarginal nerve; veinlets 

prominent; peduncles usually situated below the leaves in the 
axils of fallen leaves, less than half an inch long, stout, 

grooved, two or three flowered; mature capsule with thick 

walls, deeply four parted, the lobes curved, the whole capsule 

shaped much like a Swiss cross, with a diameter of an inch. 

The type is No. 2809, collected at 4000 feet on Kaholuamano, 
above Waimea, Kauai. It was growing in the forest along the 

banks of a stream. At first it was thought referable to P. kaw- 

aiensis Mann, but Mann's description calls for a ‘‘small cap- 
sule,” while these are large. It is doubtful whether Hille- 

brand’s description of P. kauaiensis applies to the true plant, 

as there is considerable difference between his and Mann's 

descriptions. ‘Mann’s type came from ‘‘Kauai, on the mount- 

ains above Waimea, at the elevation of 3000 feet,” but there is 

nothing to indicate whether it was from the same locality as 
mine, namely, between the forks of the Waimea river, or on the 

plateau of Halemanu, west of the Waimea, where Hillebrand’s 

specimens were collected by Knudsen. Hillebrand says that 

the ‘‘leaves bear a suspicious resemblance to P. (Melicope) 
barbigera, from the same region.” 

Pelea microcarpa n. sp. (Plate XLIX.) 

A small tree, about ten feet high, with moderately rough, 

grayish bark; loosely branched above, the slender branches 

more or less curved upwards, only the short growing ends 

pubescent; leaves in threes, near the ends of the branches, on 

plano-convex petioles of almost an inch in Jength, spatulate- 

obovate, or merely obovate, obtuse or retuse at the apex, glab- 

rous above, noticeably pubescent below only on the midrib; 

flowers all on the naked branches, in the axils of fallen leaves; 

peduncles very short, two to three flowered; pedicels stoutish, 
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about twice the length of the peduncle; flowers not seen; cap- 

sule small, cuboid, not exteeding four lines in diameter, merely 

notched or slightly lobed. 

Type number 2636, collected at an elevation of 4000 feet, on 

Kaholuamano, above Waimea, Kauai, in damp woods, where it 

is not uncommon. Also collected on the ridge west of the 

Hanapepe river, at an elevation of 3500 feet; “The specimens. 

from the latter place have the leaves shorter, and consequently 

more obovate than those from Kaholuamano. There is also 

more pubescence on the under side, and the petioles are some- 

what ciliate. The increase of pubescence is not constant, as it 

is more marked on the younger than on the older leaves. 

Pelea oblongifolia A. Gray, Bot. U. S. Expl. Exped. 15:343. 
1854. 

Specimens referable to this species, were collected on the 

plateau above Waimea, Kauai. It is a shrubby plant, with 

slender branches, and occurs as scattered individuals near the 

edge of the plateau. 

October 2 (2869). 

Pelea rotundifolia A. Gray, Bot. U. S. Expl. Exped. 15:344, 
pl. 87. 1854. 

This shrubby species is not uncommon at the type locality, 

‘‘Oahu, mountains behind Honolulu,” but only a few speci- 

mens were collected. Very few bushes were in either flower 

or fruit. 

May 23 (23852). 

Pelea sapotaefolia MANN, Proc. Bost. Soc. Nat. Hist. 10: 312. 
1866? 

On the edge of the plateau above Waimea Kauai, were col- 

lected specimens of the variety beta of Hillebrand. They have 

_ been compared with specimens in the Gray herbarium, and pro- 

nounced identical with specimens from both Mann & Brigham 

and Hillebrand. That this variety is specifically distinct from 

P. sapotaefolia, is pretty evident, but as my specimens have 
only young flowers, and as | have not seenspecimens of P sap- 

otaefolia, it is deemed best not to propose a specific name until 

better data are obtained. It is a small tree, freely and regu- 

larly branching above. The leaves are opposite, compara- 

tively small, thin, broadly obovate, obtuse, abruptly narrowed 

below, on petioles of a halfinch inlength. The flowers appear 
to be smaller than those of P. sapotaefolia. One old capsule 
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was found on the tree, but unfortunately it dropped to the 
ground, and could not be found in the dense tangle of ferns and 

- weeds which were growing at the foot of the tree. From what 

I recollect of it, it was entirely too deeply lobed to belong to 

the same section as P. sapotaefolia. 

Pelea waialealae Wawra, Flora, (II) 31:108. 1873. 

One of the smallest as well as handsomest species. It is a 

shrub, three or four feet high, and grows in clumps. The 

stems are slender, simple below, corymbosely branching above 

the branches ascending. The leaves can hardly be called ‘‘thin 

coriaceous,’’ as Hillebrand translates it. Wawraand the writer 

appear to be the only botanists who have collected it. In the 
bog at the head of the Wahiawa river, Kauai, it is plentiful. 

Wawra collected his type on the ‘‘plateau des Waialeale, 2170.” 
August 21 (2738). 

PLATYDESMA Mann, Proc. Bost. Soc. Nat. Hist. 

10:317. 1866. 

Platydesma campanulata Mann, Proc. Bost. Soc. Nat. Hist. 
10: 317. 1866. 

Specimens were collected at the type locality, ‘“Oahu, on the 
mountains behind Honolulu, at middle heights. M. & B. 94” 

Hillebrand’s citation of the publication of this species is wrong, 

and his description is not good. My specimens do not work 
out well according to his description, but by using the original 

description of Mann, the plants are found to be quite iden- 

tical. 

May 28 (23873). 

Platydesma rostrata HILLEBR. FI. Haw. Is. 72. 1888. 

On the ridge west of the Hanapepe river, Kauai, were col- 
lected two or three specimens which may belong to this species, 

unless they represent an undescribed one. Hillebrand’s descrip- 

tion of “leaves opposite, subsessile, linear-oblong, 12-16’ x 2-3’, 

of nearly even width from the suddenly rounded base to the 

bluntly acuminate apex, dark green, glabrous,”’ applies tolera- 

bly well. The leaves are crowded on the ends of the branches, 

and the majority of them are inclined to be pointed. There is 

quite a difference though, in the size of the flowers. The de- 

scription of P. rostrata calls for ‘‘ petals 5'',” while on my speci- 

mens they are an inchin length. No more than two or three 

flowers in a cluster were noticed, as opposed to ‘flowers 12-20 
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in shortly pedunculate cymose clusters.” The type was col- 

lected on Kauai by Knudsen, probably on Halemanu, west of 

the Hanapepe river. 

July 23 (2610a). 

MELIACEAE. 

MELIA L. Sp. Pl. 384. 1753. 

Melia azederach L. Sp. Pl. 384. 1753. 

A number of trees are found growing in Pauoa valley, Oahu, 

and also in Hanapepe valley, Kauai. 

March to May (2006); original locality, ‘‘in Syria.” 

EUPHORBIACEAE. 

ALEURITES Forst. Char. Gen. 3: pl. 56. 1776. 

Aleurites moluceana (L.) WILLD. Sp. Pl. 4:590. 1805. 

Jatropha moluccana L. Sp. Pl. Ed. 2, 1428. 1763. 

This is the ‘‘ Kukui,” one of the largest, as well as the most 

common tree of the lower forest zore. Im fact, it is the indi- 

cator of the upper limit of this zone, as it is never found above 

it. Itis alarge tree, with heavy, far spreading limbs. The 

light green leaves make it a very conspicuous object, especially 

as a number of trees always grow together, usually in ravines. 

It is a very useful tree to the natives of Polynesia, for, accord- 

ing to Hillebrand, ‘‘the nuts, strung together on sticks, served 

the natives for candles to light their houses, whence the English 

name Candle-nut tree. The gum which it exhudes seems also 

to have been in use. Of the acrid juice contained in the fleshy 

covering of the fruit, they prepared a black dye, which like- 

wise served to tattoo their skins. The expressed oil of the 

nuts, besides being useful for burning in lamps, makes a good 

paint oil.” 

June 24 (2431); original locality, ‘‘in Moluccis, Zeylonia.” 

ANTIDESMA L. Sp. Pl. 1027. 1758. 

Antidesma platyphyllum Mann, Proc. Am. Acad. 7:202. 

1867. 

Hillebrand has two leaf characters which do not appear in 

the specimens of this collection. They are ‘‘punctato-papil- 

lose,” and ‘‘ youngest leaves speckled with a peltato-stellate 
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pubescence.” Mann’s original description says they are ‘‘glab- 

ris,” and sol find them. Of the ‘‘paniculis ferrugineo-puberu- 
lis,” I find traces only in the pistillate specimens, but the 

inflorescence of the staminate specimens is quite glabrous. A 

small tree, with grayish bark, collected on the ridge west of 

the Hanapepe river, Kauai, and also on the ridges above Wai- 

mea, between the forks of the Waimea river. It occurs on the 

islands of ‘‘ Hawaii, Maui, Oahu, Kauai.” 

July to October (2497). 

CLAOXYLON A. Juss. Euph. Tent. 43, pl. 14. 1824. 

ClaoxylonStomentosum (HILLEBR. ) 

Claozylon sandwicense var. tomentosum HILuEBR. Fl. Haw, Is. 
299. 1888. 

These Kauai specimens are certainly distinct from C. sand- 
wicense. The leaves are large, usually elliptical, and slightly 
notched at each end, or the younger ones obovate. They are 

very scabrous and papillose above, thickly pubescent beneath, 

especially along the veins, with appressed, curved, yellow 

hairs. Collected on the edge of the plateau above Waimea, 

Kauai. Knudsen’s and Wawra’s specimens, which are Hille- 
brand’s type of variety tomentosa, came from the plateau of 

Halemanu, on the opposite side of the Waimea river. 

October 15 (2878). 

Claoxylon. 

At the head of the valley opposite Gay & Robinson’s 

Hanapepe valley house, island of Kauai, were collected speci- 
mens which perhaps are referable to C. sandwicense, which is 
described as follows by Hillebrand: ‘‘A small, soft wooded 

tree or shrub, 10-12 feet high, with pale, spreading branches, 

the youngest shoots tomentose but soon glabrate. Leaves 

obovate-oblong, 4~-7'x2-3’, on petioles of 1-2’, shortly acu- 

minate or obtuse, crenate serrate with callous uncinate teeth, 

contracted at the base, stiff membranaceous, lurid green, 

scabro-papillose but glabrate.”” Minor points of difference in 

my specimens are, shorter petioles, and leaves pubescent be- 

neath with scattered white hairs. They are never acuminate, 

but rounded, or slightly pointed at the apex. The inflores- 

cence seems to be injured, as the flowers are imperfect. 

July 23 (2604). 
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EUPHORBIA L. Sp. Pl. 450. 1753. 

Euphorbia atrococea n. sp. (Plate L.) 

A small tree, about ten feet high, with brownish bark; freely 

branching above; secondary branches numerous, with moder: 

ately long internodes, glabrous; leaves numerous, but not 

crowded, narrowly obovate, the largest an inch and a half 
long, five-sixteenths of an inch wide, dull green, coriaceous, en- 

tire, midrib prominent, but veins obscure; petioles an eighth 

of an inch in length; stipules very short, broadly triangular, 

slightly fringed; flowers axillary, or a few terminal, numerous 

on short peduncles; capsule black or dark brown, pubescent, 

slightly keeled, on nodding stalks which are slightly longer 

than the pedicels; seeds pitted and rugose. 

A species obviously related to HZ. celastroides, but the branches 

with shorter internodes, and the capsule dark and pubescent, 

and likewise keeled. It is never found below an elevation of 

3000 feet, while H#. celastroides is a plant of low elevations. The 

type is No. 2500, collected July 4th, on the ridge west of the 
Hanapepe river, Kauai, at an elevation of 3000 feet. 
On Kaholuamano, above Waimea, was collected a form, No. 

2858, which is referable to this species. The leaves are fewer, 

shorter, broader, darker green, with veins more prominent, 

but it has the same dark, pubescent capsule. A well marked 

form, growing at an elevation of 4000 feet, near the edge of 

the woods. 

Euphorbia celastroides Botss. DC. Prodr. 15: Part 2, 11. 
1862. 

A small tree, with short trunk; loosely branching. The sec- 

ondary or young branches are stiff, with short internodes. 

These specimens, which answer very well to the description of 

E£. celastroides, were collected on a sparsely wooded slope along 

the Hanapepe river, Kauai, at an elevation of 700 feet. Pretty 

conclusive evidence that it is the same as Boissier’s plant, is 

the fact that the types were collected on Niihau and Kauai by 

Remy. Plants which occuron both Kauai and Niihau, must 

necessarily be only those which grow at low elevations, as 

Niihau nowhere has an elevation of more than 1000 feet. Noth- 

ing like it was seen on Oahu, although Hillebrand records it 

from the valley of Niu. 

June 24 (2429). 
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Euphorbia clusiaefolia H.& A. Bot. Beechy, 95. 1832. 

Hillebrand says that this species is an ‘‘ erect shrub, 3-6 feet 

high, with stiff branches.” He is said to have ‘‘ visited all the 

larger islands, penetrating to the inmost recesses of their deep- 

est and darkest ravines, and climbing to the summits of their 

loftiest mountains,” yet it seems strange that he should make 

such an erroneous statement of a species which is common on 

the mountains back of ‘Honolulu. It is by no means an erect 

shrub, but the soft branches are procumbent or reclining, and 

there is no trace of stiffness about them. To describe them as 

sarmentose would be much nearer the truth. Collected at 2500 

feet elevation, on Konahuanui, Oahu. Also seen on Waiolani, 

at the same elevation. 

May 23 (2345); from the original locality. 

Euphorbia cordata MEYEN, Reise, 2:150. 1843. 

A low shrub, with short, gnarled stems and branches. The 

leaves are crowded, thick, orbicular. It appears to grow only 
in dry, hot places. Collected at Diamond Head, Oahu 

March 28 (2019); from the original locality. 

Euphorbia geniculata OrTEGA, Nov. Rar. Pl. Hort. Matr. Dec. 
iho Anmen Se 

Collected along the roadside in lower Nuuanu valley, Oahu, 

and in cultivated ground at Waimea, Kauai. It appears to be 

well established. Hillebrand says it appeared in gardens be- 

fore his departure. 

March to October (2035); original locality, tropical America. 

Euphorbia multiformis Gaup.; H. & A. Bot. Beechy, 95. 
1832. 

That Gaudichaud had truly a plant of many forms in view, is 

evinced by these remarks by Hooker & Arnott: ‘‘If we be right 
in referring this to the plant alluded to by Gaudichaud, it must 

be a very variable species; that botanist remarking that in ele- 
vated situations it forms a small tree, the trunk of which is 

three or four inches in diameter; but, in descending is found 

smaller, till at last, in low cultivated places, it is only suffruti- 

cose, or even herbaceous.” Hooker & Arnott give Gaudichaud 

the credit of the name, but say ‘‘absque descriptione,” which 

fact simplifies matters very much, for there can be no doubt 
about the plant which they describe and credit to Gaudichaud. 

Their plant came from Oahu, and apparently none of the other 
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forms occur there, except £. celastroides, recorded from the re- 

mote valley of Niu, into which it is hardly possible that Lay 

& Coolie penetrated. It is plentiful about the rocky slopes of 

Nuuanu Pali, and here is where Lay & Coolie probably col- 

lected their specimens. As described by Hillebrand, it is a 
‘‘olabrous shrub, 2-5 feet high.”’ 

April 23 (2199). 

Euphorbia pilulifera L. Sp. Pl. 454. 1753. 

An introduced species, which is very common in the ‘‘low- 
land zone.” It occurs as a dwarf in the hot and dry regions 

about Salt Lake and Diamond Head, and is also found growing 

luxuriantly in moist, cultivated ground. 

March to August (1980); original locality, ‘‘in India.” 

Euphorbia rivularis n. sp. (Plate LL) : 

A shrub, five or six feet high, simple below, with a stem al- 

most an inch in diameter; branches loose, spreading, somewhat 

drocping, with short internodes; leaves regularly opposite, 

standing at right angles to the branch, except the ultimate 

ones, which extend forward, oblong, usually slightly curved, 

two inches long, six-sixteenths of an inch wide, glabrous, pale 

green above, lighter beneath, blunt and rounded at the end and 

sometimes slightly retuse, somewhat narrowed and unequal 

sided at the base; veins not prominent, at acute angles to the 

midrib; petioles an eighth of an inch in length; stipules low, 

broadly triangular or lunate, not fringed; inflorescence several 

flowered; flowers on slender, angled pedicels; capsule very 

short stalked, erect, glabrous. 

The type is No. 2441, collected on the banks of the Hanapepe 

‘ river, Kauai, at an elevation of about 600 feet. A species ap- 

parently related to Z. celastroides, but of a very different habit. 

It is much smaller, more simple, and grows on rocks overhang- 

ing the river. It is unique on account of the long, regularly 

opposite leaves. 

Euphorbia sparsiflora n. sp. (Plate LIZ.) 

A glabrous shrub, ten inches to two feet high; stems slender, . 

branched, the branches ascending; bark grayish, or light’ 

brown; leaves obovate, evenly narrowed to a wedge-shaped 

base, rounded and blunt at the end, an inch or less in length, * 

on short petioles, a sixteenth of an inch in length, veins not® 

conspicuous; stipules low, broadly ovate, somewhat fringed; 

flowers few, solitary in the upper axils; pedicels very short and 

slender; capsule smooth, nodding, on a short, slender stalk. 
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The type is No. 2699, collected at an elevation of 3000 feet, in 

the bog at the head of the Wahiawa river, Kauai. In some re- 

spects it resembles EZ. multiformis, but appears to be distinct. 

The erect stems and branches are often partly covered with 

moss and other swamp vegetation. Specimens were distributed 

under the name of Luphorbia palustris, but as that name is pre- 

occupied, the appropriate one of sparsijlora is now substituted. 

PHYLGLANTHUS L. Sp. Pl. 981. 1753. 

Phyllanthus sandwicensis MuetL. Arg. Linnaea, 32:31. 
1863. 

Not uncommon on the grassy slopes of the Pali, Oahu. It is 

usually decumbent, due, no doubt, to the high winds which are 

prevalent there. Also collected on the ridge west of the Han- 
apepe river, Kauai. Here it was growing in the woods, at an 
elevation of 3000 feet. It is a shrub, ten inches to two feet 

high. Hillebrand cites this species as published in DC. Prod- 
romus, 15: Part 2, 389. 

April to August (2196). 

ILICACEAE. 

BYRONIA Enpu. Ann. Wien. Mus. 1:184. 1836. 

Byronia anomala (H. & A.) 

Ilex ? anomala H. & A. Bot. Beechy, 111, pl. 25. 1832. 

Reference to the plate of J/lex? anomala, in the Botany 

Beechy, and to that of Byronia sandwicensis in the atlas of the 

Botany of the U.S. Exploring Expedition, shows that two 

very distinct plants are figured. The plant here taken up is 

the only form found on Oahu, and on that island is where Lay 

& Coolie obtained the type of Hooker & Arnott’s species. I 
do not know whether Endlicher based his Byronia sandwiscensis 

upon the same plant or not, but in either case, the specific 
name of sandwicensis cannot be applied to this Oahu plant, to 

which the name anomala belongs. It is shrubby rather than 

arborescent, with short crowded branches. ‘The leaves are 

thick, broadly obovate-spatulate, or stout, margined petioles, 

and crowded near the ends of the branches. The inflorescence 

is practically terminal and compact. Collected on the slopes 

of Konahuanui, Oahu, at elevations of 2000 to 3000 feet. 

May to October (2242); from the original locality. 
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Byronia sandwicensis ENDL. Ann. Mus. Wien. 1:184. 1836. 

On the ridge west of the Hanapepe river, Kauai, at an eleva- 

tion of 3000 feet, specimens were collected which seem to be 

identical with those of the U. S. Exploring Expedition, plate 

26. They were obtained from a small much branched tree, 

which differs from B. anomala in being more branched, the 

leaves smaller and more scattered, and the inflorescence is very 

different. Instead of being almost terminal and ascending, it 

is axillary, the peduncles and pedicels more widely spreading, 

and not so stout, The flowers are amaller, and the fruit is 

narrower and longer. 

June 28 (2455). 

Byronia sandwicensis ENDL. var. ‘ 

This form is hardly separable from the above, yet is constant 

enough in localities where it occurs. It differs in being less 

' branched, has more crowded leaves nearly elliptical in out- 
line, instead of obovate, and a more copious inflorescence. In 

the bog at the head of the Wahiawa river, Kauai, it is found as 

a low shrub, with ascending branches, while above Waimea, on 

the plateau, it is a larger bush, with more spreading branches. 

August to October (2735). 

CELASTRACEAE. 

PERROTTETIA H. B. K. Nov. Gen. et Sp. 7:73, pi. 
622. 1825. 

Perrottetia sandwicensis A. GRAy, Bot. U. S. Expl. Exped. 
15: 291, pl. 24. 1854. :; 

Collected at the type locality, ‘‘on mountains behind Hono- ; 

lulu, Oahu.” It is common on the lower slopes of Konahuanui, 

and also on the island of Kauai. On the latter island it ranges 

as high as 4000 feet, but is also found in the lower woods along 

the Hanapepe river. A small tree, with light green, red- 

veined shining leaves. 

October 29 (2508). 
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SAPINDACEAE. 

CARDIOSPERMUM L. Sp. Pl. 366. 1753. 

ial aaa microcarpum H. B. K. Nov. Gen. et Sp. 
8:104. 1821. ; 

Collected on grassy slopes at an elevation of about 500 feet, 

in Hanapepe valley, Kauai. All of the plants observed belong 

to this species, which Hillebrand has united with C. halicac- 

abum. 

July 8 (2529); original locality, ‘‘in humidis prope S. Fer- 
nando de Atabapo (Missiones des Orinoco).”’ 

DODONAEA L. Systema, Ed. 18, 299. 1774. 

Dodonaea eriocarpa SMITH, Rees Cycl. 12. 

On the bare slopes between the forks of the Waimea river, 
Kauai, is a very common plant, which is referable to this spe- 

cies. The bushes vary in size from two to four feet, with as- 

scending branches. The leaves are thick, elliptical-lanceolate, 
and more or less pubescent on both sides. Notwithstanding 

the abundance of bushes, only a few of them were in flower, 

and so far as can be ascertained without fruit, they answer to 

the description of D. eriocarpa, as given by Hillebrand. 
September 30 (2846). 

Dodonaea viscosa L. Systema, Ed. 18, 299. 1774. 

As this species is now known, it seems likely that it is an 

aggregate of several good species. This particular form, which 

was collected above Waimea, Kauai, at elevations of 3000 to 

4000 feet, is a tree fifteen feet high, with slender, wide-spread- 

ing branches. The leaves are two to four inches long, ellipti- 

cal-lanceolate, on short petioles, thin, shining, and with mar- 

gins somewhat undulate. The young leaves are viscid. 

October 8 (2871). 

RHAMNACEAE. 

ALPHITONIA REISSEK.; ENDL. Gen. Pl. 1098. 1840. 

Alphitonia ponderosa HILLEBR. Fl. Haw. Is. 81. 1888. 

Alphitonia excelsa MANN, Proc. Am. Acad. 7:161. 1867, not 

Reissek. 

Speaking of this species, Hillebrand says: ‘‘ Waimea, Kauai, 

where it attains a greater height than any other tree on that 
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island (Knudsen).” It is a conspicuous object in the forest on 

account of the dense brick-red tomentum, which covers the 

under sides of the young leaves, as well as the flower 
buds The mature leaves are rather thick, dark green and 

shining above, with prominent veins, while below they are 

covered with short, white hairs, which contain a trace of red 

along the midrib. It is common on the edge of the plateau 

above Waimea, Kauai, but is by no means the largest tree in 

that vicinity, as several other species attain a greater height, 

as well as a greater thickness of trunk. 

August 22 (2748). 

ELAEOCARPACEAE. 

ELAEOCARPUS L. Sp. Pl. 515. 1753. 

Elaeocarpus bifidus H. & A. Bot Beechy, 110, pl. 24. 1882. 

A common tree in the lower and middle forest regions of 

Oahu and Kauai. On Kauai, it is found from the lower forest 

limit in Hanapepe valley, to an elevation of 4000 feet above 

Waimea. The type was collected by Lay & Coolie on the moun- 

tains back of Honolulu, where it is abundant. 

May to July (23874). 

MALVACEAE. 

HIBISCUS L. Sp. Pl. 693. 1753. 

Hibiscus abelmoschus L. Sp. Pl. 696. 1753. 

The entire leaved form of this species was collected in Han- 

apepe valley, Kauai, a short distance below the falls. There 

is no record of its oceurrence on the Islands. How it happened 

to be brought into such an out of the way place is not known, 

although the irrigating ditch which leads to the Makaweli 

plantations, some six or eight miles below, may have some- 
thing to do with its dispersal. It was found at only one place, 

in a thick growth of grass, ferns, and other vegetation, under 

and near the fiume where the ditch crosses a little ravine. The 

seeds must have been carried there in some way while the ditch 

was being constructed, or during repairs. The long hairs on 

the herbaceous stems are very sharp, having somewhat the 

nature of those on nettle plants. 

July to October (2553); original locality, ‘‘in Indiis.” 
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Hibiscus arnottianus A. Gray. Bot. U. S. Expl. Exped. 

15:176. 1854. 

Gray describes this as ‘‘a shrubby species, several feet in 

height, glabrous throughout, especially the leaves,” and says 

it was collected ‘‘on the Kaala mountains behind Honolulu, 

Oahu.” This is a very strange statement, as Mt. Kaalais more 

than twenty miles northwest of Honolulu. On the heights of 

Pauoa, just back of Honolulu, where very likely the specimens 

of Lay & Coolie, as well as those of the Exploring Expedition 

were collected, I saw what passes for this species in Hille- 
brand’s Flora. The time was early in November, at the end of 

the flowering season, when nearly all of the flowers had fallen, 

and were rotting on the ground beneath the trees. It is asmall 

tree, or large shrub, with a short trunk, which branches free- 

ly. The leaves are broadly ovate, entire, obtuse, or slightly 

pointed, and rather prominently five nerved. Instead of being 

smooth, the growing parts, at least, are pubescent with ful- 

vous, stellate hairs. The calyx is broadly cylindrical, of an even 

width throughout, pubescent. The pubescence is of two kinds, 

some of the hairs being in short stellate tufts, while others are 

several times longer, and more like spines. The calyx lobes 

are short, slender pointed, from a broad triangular base. The 

seven involucral bracts are more than half the length of the 

calyx. The large white flowers are decidedly pubescent on the 

outside. The only thing about this plant, so far as I can find, 

which answers to the description of H. arnottianus by either 

Gray or Hillebrand, is the long staminal column. Gray’s type 
is a specimen collected by Diell, presumably at Byron’s Bay, 

island of Hawaii, and the flowers are said to be red. Judging 

from the literature at hand, Gray, in his description, must have 

confused this white flowered Oahu form with the red fiowered 

one since described by Hillebrand as Hibiscus Kokio. However 

matters may be, the type is the plant collected by Diell, and it 

now seems as though the Oahu plant is an undescribed species. 

Hibiscus Waimeae n. sp. (Plate LUIZ.) 

A tree, twenty or twenty-five feet high, with close gray bark; 

trunk with a diameter of six inches or more, branched only 

near the top; branches far spreading and slightly drooping; 

leaves almost orbicular, with an average diameter of two inches, 

pale green, crenate, pubescent on both sides, that of the upper 

side scattered and short, that of the lower side very close and 

thick, velvety to the touch; petioles pubescent, about half the 
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length of the leaves; stipules small, subulate; flowers axil- 

lary, near the ends of the branches, large, white, or tinged 

with pink, on pubescent pedicels, which are jointed near the 

end; involucral bracts seven in number, linear-lanceolate, a 

half inch in length; calyx broadly tubular, somewhat inflated 

above, an inch and a half in length, short pubescent on the 

outside, wooly within, the teeth ovate-lanceolate, a half inch in 

length; petals five to six inches in length, including an ex- 

serted claw of two inches, one and a half to two inches wide, 

prominently veined, pubescent on the outside; staminal column 
rather stout, long exserted, red; stamens numerous, filaments 

slender, an inch in length, anthers red; styles five, slender, 

ascending, the stigmas capitate, red. 

A well marked species, united by Hillebrand with the Oahu 

plant which he calls Hibiscus arnottianus. Although closely 
related to that plant, it differs in numerous particulars. Itisa 

much larger tree, with smaller leaves, of a different shape and 

texture. The pubescence is somewhat stellate, as indeed it 

seems to be in all of the Hawaiian plants. The type is No. 

2785, collected at the base of the plateau above Waimea, Kauai, 

at an elevation of 3000 feet. 

Hibiscus youngianus Gaup.; H. & A. Bot. Beechy, 79. 1882. 

This species is mentioned by Gaudichaud, in Bot. Voy. 

Uranie, but is not described. The first description appears to 

be by Hooker & Arnott, who credit the species to Gaudichaud: 
Its natural habitat is in the marshes at no great distance from 

the coast, and is described by Hillebrand as ‘‘an erect, spar- 

ingly branched undershrub, 2-3 feet high.” Specimens were 

collected in upper Pauoa valley, Oahu, growing in a little 

ravine, where it attained a height of ten feet, bearing a few 

branches near the top. It was also seen as a bush five or six 

feet high, in marshes near Pearl City. It is found only on 

Oahu. 
April to June (2007). 

MALVASTRUM A. Gray. Mem. Am. Acad. (II) 4:21. 
1848. 

Malvastrum americanum (L.) Torr. Bot. Mex. Bound. Surv. 

38. 1859. 
Malva americana L. Sp. Pl. 687. 1753. 

Malvastrum tricuspidatum A. GRAY, Pl. Wright. 2:16. 1852. 

This is one of the most common weeds about dwellings and 

in cultivated ground. It was seen on both Oahu and Kauai. 

April to August (2136); original locality, ‘‘in America.” 
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PARITIUM A. Juss.; St. Hm. Fl. Bras. Mer. 1: 255. 
. 1827. 

Paritium tiliaceum (L.) St. Hin. Fl. Bras. Mer. 1:256. 1827. 

Hibiscus tiliaceus L. Sp. Pl. 694. 1753. 

“Hau” tree, is one of the names which a stranger first hears 

at Honolulu, when native plants are mentioned. The growth 

of this plant is rather peculiar. Rarely, at least when growing 

wild, is it found as a tree with large trunk and ascending 

branches. Its usual manner of growth is much like that of the 

banyan tree. The main branches perhaps ascend for a short 

distance, then turn off at a right angle, and soon descend to the 

ground, to creep along for some distance, and then again as- 

cend, or send off smaller branches. The general impression 
which it gives, is that of a tangle of vine-like branches, with 

no apparent beginning orend. The flowers are large, and look 

much like those of a Hibiscus, and are bright yellow, with a 

dark brown centre. When in full bloom, a Hau thicket is a 

beautiful sight. The species is common in the valleys and on 
open slopes on both Oahu and Kauai. 

April to July (2208); original locality, ‘‘in Indiis.” 

SIDA L. Sp. Pl. 683 1753. 
Sida acuta Burm. f. Fl. Ind. 147. 1768. 

Sida carpinifolia L. f. Suppl. 307. 1881, fide Index Kewensis. 

In Hanapepe valley, Kauai, grows a plant referable to this 

species. From the majority of the specimens of S. acuta in the 

herbarium of Columbia University, it differs in having shorter 

_ pedicels, and more pubescence on the ends of the branches. 

lt is very abundant along the river banks from Gay & Robin- 

son’s house to the falls, and apparently extends beyond, along 

the main branch of the river. It is a rather stiff plant, one to 

two feet high, with woody stem and branches. 

June 24 (2424). 

Sida angustifolia Mitt. Gard. Dict. Ed. 8, No. 3. 1762. 

This plant is called Sida spinosa by Hillebrand, who says: 

‘“‘Near Honolulu, at the base of Punchbowl hill.” It is still 

very abundant about Punchbowl, but has spread considerably, 

and now is found in many localities about Honolulu, 

April 25 (2200). 
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Sida fallax Wap. Nov. Act. Nat. Cur. 19: Suppl. 1, 306. 
1848. 

A species which is common on the lee side of Oahu, espe- 

cially about Diamond Head, where it was collected by the 

botanists of the U.S. Exploring Expedition. In none of the 

descriptions of Sida, so far as I have observed, is there refer- 

ence to the unequal sided petals which is so characteristic of 

the Hawaiian plants. They are erosely notched, the sinus be- 

ing quite broad. The flowers are often over an inch in diam- 

eter, orange yellow. The leaf forms are variable, though gen- 

erally broadly ovate, and the end either pointed or rounded. 

The canescent pubescence is variable too, but always present, 

usually decidedly so. 

Sida meyeniana Wap. Nov. Act. Nat. Cur. 19: Suppl. 1, 307. 
1843. 

Plants referable to this species were noticed at various places 

in Hanapepe valley, Kauai (2717). It is a slender bush, six to 

eigbt feet high, with large, orange-colored flowers, and light 

green leaves. The leaves are broadly ovate, rather large, un- 

equally serrate, grayish underneath with very short, stellate 

hairs. The calyx lobes are ovate, acute, marked for half their 

length by a broad white rib, and are somewhat pubescent on 

the outside, with the inside of the tips wooly. The young 

stems, petioles, and pedicels, are covered with bunches of stel- 

late hairs. : 
Another very different form, or rather two forms, is No. 

2197. The first one was collected at the Nuuanu Pali, Oahu. 

It is a low, prostrate, much branched shrub, with small, 

broadly ovate or almost orbicular leaves, which are bright 

green on both sides, and only the younger ones pubescent. 

Later, specimens were collected in Waialae valley, and includ- 

ed under this number. These specimens were from an erect, 

branching bush, four or five feet high. The leaves are also 

bright green on both sides, broadly lanceolate, with a base 

somewhat cuneate. None of these specimens agree very well 

with either Gray or Hillebrand’s descriptions of Sida meyeni- 

ana, nor does there seem to be any other described Hawaiian 

species to which they can be referred. 
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Sida rhombifolia L. Sp. Pl. 684. 1753. 

Common about Honolulu, in waste ground. It also occurs 

on Tantalus, in the forest. The flowers are of medium size, 

pale yellow. : 

March to June (1973, 2294); original locality, ‘‘in India 

utraque.” 

STERCULIACEAE. 

WALTHERIA L. Sp. PL. 673. 1753. 

Waltheria americana L. Sp. Pl. 673. 1753. 

Common on dry slopes of the lee side of Oahu. Also found 

on Kauai. 

March 25 (2085); original localities, ‘‘in Bahama, Barbiches, 

Surinamo. 

TILIACEAE. 

TRIUMFETTA L. Sp. Pl. 444. 1753. 

Triumfetta 

An undetermined species of this genus was collected in lower 
Nuuanu valley, Oahu, growing on the outskirts of Honolulu. 

The stout stem is woody, three or four feet high, much 

branched. The leaves are round-ovate, green above, and 

slightly pubescent, white woolly beneath, with short hairs. 

The small fruit is covered with echinate prickles. 

May 10 (2293). 

BIXACEAE. 

BIXA L. Sp. Pl. 512. 1753. 

Bixa orellana L. Sp. Pl. 512. 17583. 

Scattered trees of this species are found in Hanapepe valley, 

Kauai. It is alow tree, with thick, spreading branches, and 

when covered with its pink flowers, presents a pleasing sight. 

Collected in fruit only. 
July 1 (2477); original locality, ‘‘in America calidiore.” 
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MYROXYLON Forst. Char. Gen. 125. 1776. 

[Xylosma ForsT.f. Prodr. 72. 1786. 

Myroxylon hawaiiense (SEEM. ) KUNTZE, Rev. Gen. Pl. 44. 

1891. 

Xylosma hawaiiense SEEM. FI. Vit. 7. 1865-68. 

A large tree, with heavy branches, and thick, leathery, ovate 

leaves. Flowering specimens were collected on the ridge west 
of the Hanapepe river, Kauai, at an elevation of 3000 feet. It 

is found only on the islands of Oahu and Kauai. : 

July 23 (2611). 

TERNSTROEMIACEAE. 

EURYA Tuuns. Nov. Gen. 67. 1783. 

Eurya sandwicensis A. GRAy, Bot. U. 8S. Expl. Exped. 15: 209. 
1854. 

Collected at the type locality, ‘‘mountains behind the town 

of Honolulu.” One form (2240), which was distributed as 

Eurya sessilifolia, n. sp., is apparently only a sessile leaved 

form, and is mentioned by Gray in the original description. It 

_ grew near the summit of Konahuanui, and has larger, more 

crowded, sessile leaves, which are clasping at the base. No. 

2311, the normal form with smaller, petioled leaves, was col- 

lected on the same mountain, but at much lower elevations— 

about 2000 feet. 

VIOLACEAE. 

ISODENDRION A. Gray, Bot. U. S. Expl. Exped. 

15:92. 1854, 

Jsodendrion subsessilifolium n. sp.” (Plate LIV.) 

A slender, wand-like shrub, two to six feet high, simple, or 

sometimes sparingly branched, the branches ascending; glab- 

rous, bark grayish; leaves alternate, scattered along the upper 

part of the stem, on very short petioles, oblong-obovate, some- 

what pointed, two to three and a half inches long, an inch to 

an inch and a half wide, glabrous on both sides, the margins 

undulate, or obscurely serrate; stipules small, persistent, nar- 

rowly lanceolate, from a broad base, furnished with a promi- 

nent midrib; flowers axillary, solitary, on very short pedicels, 

which are subtended by a cluster of short bracts; calyx short, 

one-fourth the length of the corolla, its lobes lanceolate, con- 
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vex, keeled, slightly ciliate; corolla three-eighths of an inch 
long, streaked with purple; petals connivent for nearly their 

entire length, forming a tube, oblong, blunt, the ends some- 

what dilated, twisted and recurved; stamens five, short, barely 

exceeding the ovary, filaments flat, slightly expanded above, 

anthers broad, with short, curved appendages at the base; 

style the length of the corolla tube, almost straight, slightly 

thickened at the apex, stigma minute. 

The type is No. 2828, collected above Waimea, Kauai, at an 

elevation of 2000 feet. Iwas growing in a ravine between the 

forks of the Waimea river. Hillebrand seems to have had 

specimens of this species, collected by Knudsen, probably on 

the west side of the Waimea river. He referred them, how- 

ever, to Isodendrion longifolium, specimens of which I have seen 

in the herbarium of Columbia University, and which is a very 
different plant, as evinced by the specimens mentioned above, 
and by the plate, in the atlas of the Botany of the U. S. Ex- 

ploring Expedition. Plate LIV shows a flowering stem, and a 
flower and stamen enlarged. 

VIOLA L. Sp. Pl. 933. 1753. 

Viola chamissoniana GINGINS, Linnaea, 1:408. 1826. 

Hillebrand records a variety of this species from Kauai, 

which has ‘‘ young shoots and inflorescence puberulous.” In 
specimens collected along the edge of the plateau above Wai- 

mea, the leaves are pubescent underneath, even the older ones. 

It is a spreading bush, three or four feet high, with pale violet 

flowers. The type was collected by Chamisso, on Oahu, in 

1807. 

October 12 (2880). 

Viola kauaensis A. Gray, Bot. U. S. Expl. Exped. 15:85. 
1854. 

These specimens differ considerably from Gray’s original 

description, who, it seems, did not have the early, large flow- 

ered form. Hesays: ‘‘The flowers of the specimens are prob- 

ably late ones, with the petals smaller than when fully de- 

veloped, as they are not quite so long as the calyx. * * * 

What strengthens the suspicion that these are only such pre- 

cociously fertilized and cryptopetalous flowers as produced by 

many violets, is that the stamens are scarcely shorter than the 

petals.” The description calls for ‘‘ peduncles 14 to 2 inches 

long, nearly the length of the petioles, glabrous, furnished 
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with a pair of linear lanceolate slightly glanduliferous bract- 

lets a little below the flower.” The peduncles are several 

times longer than the stem leaves in my specimens, and the 

bractlets are situated about an inch below the flowers. The 

*‘caulibus gracilbus repentibus,” is not near so good as Hille- 

brand’s description: ‘‘ Rhizome creeping, rather thick, 2-3/’, 

scaly near the apex with obtuse stipules, and bearing (besides 

the remnants of older ones) one or two slender scapes 4-8’ in 

length, with 1 internode and a single leaf and flower, or with 2° 

internodes, and a second leaf and flower.” At the top of the 

rhizome, and springing from the same place as the scape, are 

usually several leaves with very long petioles. The sepals are 

scarious margined, and the petals notched. The following 

note by Hillebrand is also well borne out: ‘‘ Knudsen writes me 

that the stem is neither creeping nor trailing, but always erect.” 

Collected in the bog at the head of the Wahiawa river, Kauai, 

at an elevation of 8000 feet. The type specimens from which 

Gray described the plant, came from the great bog of ‘‘ Lehua 

, mankanoe,’’on the plateau above Waimea. 

August 12 (2701). 

PASSIFLORACEAE. 

PASSIFLORA L. Sp. Pl. 955. 1753. 

Passifilora edulis Sims, Bot. Mag. pl. 1989. 1818. 

Although an introduced plant, this species has all the appear- 

ance of being native on Kauai. Specimens were collected in 

the depths of the forest, on the ridge west of the Hanapepe 

river, and it was seen at other equally out of the way places. 

The acid, juicy fruit is very refreshing. It is about the size 

and shape of a hen’s egg, purple when ripe. It is said to have 

been described from specimens grown from seeds received from 

Portugal. 

July 11 (2542). 

PAPAYACEAE. 

CARICA L. Sp. Pl. 1036. 1753. 

Carica papaya L. Sp. Pl. 1036. 1753. 

The ‘‘ Papaya” has become well established in Hanapepe 
valley, Kauai. The fruit is yellow when ripe, and in shape 

and size very much like that of the ‘‘egg plant” commonly 
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found in our markets. The female flowers, and consequently 
the fruit also, are sessile and clustered atthe base of the lowest 

leaves, while the male flowers are on long peduncles which 

spring from the axils of the leaves above. It has a palm-like 
growth, the soft, scarcely woody trunk often six inches in 

diameter, and thickly studded with the scars of fallen leaves. 

The milky juice is said to possess properties similar to pepsin. 
July to October (2618); original locality ‘‘in Indiis.” 

THYMELAECEAE. 

DIPLOMORPHA Merssner, Denkschr. Regensb. Ges. 
3:289. 1841. 

[Wikstroemia ENDuL. Prodr. Fl. Norf. 47. 1833, not Spreng, 
1821.] 

Diplomorpha elongata (A. Gray). 

Wikstroemia elongata A. GRAY, Seem. Journ. Bot. 3: 303. 1865. 

This species is common in the forests above Hanapepe val- 

ley, Kauai, and exceedingly variable. Hillebrand describes it 

as a ‘‘ sparingly branching shrub, 4-6 feet high,” and says it 

grows ‘‘in the lower woods of Kauai, Lanai, Maui.” Near 

the lower edge of the woods it is usually of a shrubby nature, 

but at elevations of 8000 feet and more, in the depths of the 

forest, where it is also plentiful, itis arborescent. Here it is a 

small tree, with a symmetrically branched top. The leaves in 

these arborescent forms are smaller and narrower than in the 
shrubby forms of lower elevations. 

July (2535, 2631). 

Diplomorpha elongata recurya (HILLEBR. ) 

Wikstroemia elongata var. recurva HILLEBR. FI]. Haw. Is. 386. 
1888. 

Among specimens sent to the Gray Herbarium, at Harvard 

University for verification, No. 2581 was pronounced to be the 

variety recurva of Hillebrand, as it matched specimens from 

Hillebrand and Mann & Brigham. It seems to differ only 
slightly from the other specimens referred to elongata, and is 

hardly more than an individual variation. The specimens were 
taken from a large bush on the lower edge of the forest, on the 

ridge west of the Hanapepe river. 
No. 2545, collected on the same ridge, but higher, could not 

be matched at Harvard, and I had decided to describe it as a 
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new species, under the name of longepedunculata, but it answers 
much better to Hillebrand’s description of variety recurva, than 

does No. 2581. The following is his description: ‘‘Spikes on 

peduncles of 3-10’’, much lengthening with growth, and strong- 

ly recurved, the slender, almost filiform and glabrous rachis 

often attaining a length of 2} inches, covered with persistent 

pedicels, but the flowers confined to the apex.” My specimens 

fit this description perfectly, many of the peduncles being over 

two inches in length, and strongly recurved. It was found in 

a Single restricted area, but was plentiful there. The bushes 

were small and slender, only two or three feet high. 

Diplomorpha oahuensis (A. GRay). 

Wikstroenia foetida var. Oahuensis A. GRAY, Seem. Journ. Bot. 
3: 302. 1865. 

The uniting of this with Wikstroemia foetida, a species not 

found nearer than Samoa, is not at all satisfactory, especially 

Since the other Hawaiian species are endemic. Another rea- 

son for considering it as specifically distinct, is that it is a 

variable plant as it occurs in the Hawaiian Islands, No. 2211, 

collected on the lower slopes of Konahuanui, back of Honolulu, 

Oahu, is similar to specimens collected by the botanists of the 

Exploring Expedition, except that the leaves are broader. The 

type is Remy, 228, collected on Oahu. Hillebrand arranges 

the species under two heads, those with large leaves, and those 

with small leaves. Under the large leaved group we have two 

species, oahuensis and elongata, with slender, glabrate spikes. 

By following this classification, one has the choice of referring 

all large leaved forms with a smooth inflorescence to one or 

the other of these two species, or describing new species. The 

former plan is not satisfactory, and the latter is not a safe one, 

unless the person who follows it has had an opportunity to 

study all of the forms in the living state. 

In the bog at the head of the Wahiawa river, Kauai, was col- 

lected a form (2737), which is referable to oahwensis, of which 

species it has the leaf characters, but according to Hillebrand’s 

descriptions, has the flower characters of elongata, for the scales 

are only half the length of the ovary, which is thick, with a thick 

nearly sessile stigma. It is a low bush, the branches usually 

decumbent and resting on the wet moss and hepatics which are 

found nearly everywhere on the surface of the bog. Some- 

times the bushes are erect, about two feet in height. Hille- 

brand gives the habitat of oahuensis as ‘‘in valleys and along 

the lower skirts of the woods on all islands.”’ 
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Another troublesome member is No. 2780, collected on the 

plateau above Waimea, at an elevation of 4000 feet. It is a 
small tree, growing well back in the forest, on the edge of a 

ravine. The leaves are usually over two inches in length, 

elliptical-ovate, thick and leathery, very glaucous above, and 

pale green underneath. The fruit is very large, almost a half 

inch in length, and a quarter inch in diameter at the thickest 

part. Itis referable rather to oahwensis than to elongata, but 
is probably distinct from either. 

The following are the remaining Hawaiian species: 

Diplomorpha bicornuta (HILLEBR. ) 

Wikstroemia bicornuta HILLEBR. FI]. Haw. Is. 387. 1888. 

Diplomorpha buxifolia (A. Gray) 

Wikstroemia buxifolia A. GRAY, Seem. Journ. Bot. 3:304. 1865. 

Diplomorpha hanalei (WAwra) 

Wikstroemia hanalei WAWRA, Flora, (II) 33:185. 1875. 

Diplomorpha phillyraefolia (A. Gray) 

Wikstroemia phyllreaefolia A. GRAY, Seem. Journ. Bot. 3: 304. 1865. 

Diplomorpha sandwicensis (MEISNER) 

Wikstroemia sandwicensis MEISNER, DC. Prodr. 14:545. 1856. 

Diplomorpha uva-ursi (A. GRAY) 

Wikstroemia uva-ursi A. GRAY, Seem. Journ. Bot. 3:304. 1865. 

Diplomorpha villosa (HILLEBR. ) 

Wikstroemia villosa HILLEBR. F], Haw. Is. 386. 1888. 

LYTHRACEAE. 

LYTHRUM L. Sp. Pl. 446. 1753. 

Lythrum maritimum H. B. K. Nov. Gen. et Sp. 6:194. 1823. 

This species, if indeed the Hawaiian plant is LZ. maritimum, 
is usually found in the lower forest, or on the outskirts, in 

- damp, grassy places. Collected on the heights of Pauoa, back 

of Honolulu, at elevations of 800 to 2000 feet. 

May (23829); original locality, ‘‘in litore Oceani Pacifici, prope 

Patibilicam Peruvianorum.” 
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PARSONSIA P. Br. Civ. and Nat. Hist. Jam. 199, 1756. 

[Cuphea P. Br. Civ. and Nat. Hist. Jam. 216. 1756] 

Parsonsia pinto (VAND.) 

Balsamona pinto VAND. FI. Lus. 30, pl. 4. 1788. 

Cuphea balsamona C. & S. Linnaea, 2:363. 1827. 

This species, which Hillebrand refers to the very different 

Cuphea hyssopifolia, is very common near Honolulu in damp 

places, and also in the lower forests. It is common, too, on 

Kauai. If ‘‘of early accidental introduction,” it has become 

widely spread on several of the islands of the group. 

April to October (2004). 

MYRTACEAE. 

EUGENIA L. Sp. Pl. 470. 1753. 

Eugenia malaccensis L. Sp. Pl. 470. 1753. 

The ‘‘Ohia,” or ‘‘mountain apple,” is now rare on Oahu, at 

least near Honolulu, but is plentiful in Hanapepe valley, Kauai. 
The pear-shaped, bright red-purple fruit is very juicy. The 

red-purple flowers are abundant, and grow in clusters directly 

on the large branches and on the trunk, instead of on the ends 

of young branches. 

June 29 (2468); original locality, ‘‘in Indiis.” 

Eugenia (Syzygium) sandwicensis A. Gray, Bot. U. 8. Expl. 

Exped. 15:519. 1854. 

This is certainly generically distinct from Eugenia, the type 

of which is £. malaccensis, if we take the plant first mentioned 

in the Species Plantarum as the type of the genus. The 

‘‘Ohia ha,” as this species is called by the natives, has both 

fruit and flower characters different from Hugenia malaccensis. 

Instead of stamens many times longer than the petals, they are 

only slightly longer. In the description Gray says: ‘‘ Berry 

globular, as large as a cherry, containing one or two seeds 

which, as likewise the embryo, accord with those of Eugenia. 

* * * ‘This is one of the connecting forms between Eugenia, 

Acmena, and Syzygium, with the habit rather of the latter.” 

The fruit has a different shape from that of Eugenia malaccensis, 

for, instead of there being a cavity in which the round, chaff- 

covered seeds fit loosely, the thin, fleshy covering fits closely 

around the smooth, gray seeds. Collected at the original lo- 

cality, ‘‘on the mountains behind Honolulu,” and the speci- 

\ 
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mens appear to be typical, but they were from small shrubs, 
instead of a ‘‘tree twenty feet high.” Specimens from Kauai 

are very different, and probably are specifically distinct. On 

that island it is one of the largest forest trees, and occurs at 

elevations of 2500 to 4000 feet. The leaves are much smaller, 

elliptical-lanceolate. I will not attempt to transfer this species 
toa different genus at present, for Syzygium GAERTN. is not 

applicable on account of the earlier Suzygium of Peter Browne, 

which is a synonym of Chytraculia, Peter Browne. 
June to November (2241). 

NANI(A) ADans. Fam. Pl. 2:88. 1768. 

[Metrosideros BANKS; GAERTN. Fr. & Sem. 1:170, pl. 34. 
1788.] 

Intergrading as do the Hawaiian forms of the ‘‘Lehua,” the 

botanist who carefully studies them in the field, certaily can- 

not include them all under one polymorphous species. This - 

latter plan is an easy way, and students of the Hawaiian flora 

have thus far contented themselves by following it, whether it 

was scientific or not. Even by eliminating the extreme forms, 

there are troublesome intergrading individuals which must be 

placed somewhere, and the best way seems to be to refer them 

to the extremes with which they have the most points in com- 

mon, even theugh they do not agree well in some particulars. 

Primarily, there are two divisions, based on the shape of the 

leaves. The first, of which NV. polymorpha is the type, has or- 

bicular or broadly ovate leaves. The second has lanceolate 

leaves, and its type is NV. tremuloides, which represents the ex- 

treme lanceolate form. Until opportunity for more extended 

study offers, the following provisional treatment is given: 

Leaves broadly ovate or orbicular 
Calyx white wooly 

Small tree, leaves small, wooly underneath, not 

rugose above. N. polymorpha. 

Small tree, leaves small, wooly underneath, ru- . 

gose. N. rugosa. 

Bush, leaves large, glabrous N. pumila. 

Calyx glabrous or pubescent, but not wooly 

Leaves large, glabrous, petioles long N. macropus. 

Leaves small], glabrous, petioles short N., glabrifolia. 

Leaves neither broadly ovate nor orbicular 

Leaves pointed at both ends, calyx glabrous N. tremuloides. 

Leaves broader, rounded at one or both ends, calyx 

tomentuse or glabrate N. lutea. 
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Nani(a) polymorpha (GAUD.) 

Metrosideros polymorpha GAuD. Bot. Voy. Uranie, pl. 108, 109. 

1830. 

This is said by some botanists to be the same as Metrosideros 

villosa, but it is not likely that precisely the same forms of a 

genus which is so variable on the Hawaiian group, occur also 

on islands so far removed as the Society and Viti groups. We 
have conclusive evidence too, in Hillebrand’s remarks, that 

they are not the same, for he says: ‘‘ According to Seeman, 

all Hawaiian forms, except the extreme tomentose with rounded 

leaves, are represented in the Society Islands.” This extreme 

tomentose form with round leaves, is exactly the var. a, the 

type, if there is any, of Metrosideros polymorpha. Hillebrand, 
who, during his residence of 20 years on the Islands, had an 

opportunity of bringing this chaotic genus into order, appears 

to have merely followed the treatment of Gray and Seeman, 

without attempting to do anything original. Gray had speci- 

mens of this species from ‘‘Oahu, on the mountains behind 

Honolulu.” It is still found there, but only as scattered trees, 

at elevations of 1500 to 1800 feet. Although only a small tree, 

ten to fifteen feet high, it is a conspicuous object at almost any 

time of the year. The young leaves, which are closely crowd- 

ed on the ends of the branches, are of a purplish hue, while 

before flowering the densely white tomentose buds are almost 

as showy as the open flowers with their crimson stamens. 

May 28 (2375). 

Nani(a) rugosa (A. GRAY) KUNTZE, Rev. Gen. Pl. 242. 1891. 

Metrosideros rugosa A. GRAY, Bot. U.S. Expl. Exped. 15: 561, pl. 

69 B. 1854. 

This species I did not collect, but have seen specimens of it 
in the herbarium of Columbia University, and in the Bernice 

Pauahi Bishop Museum, at Honolulu. In general appearance 

it is much like N. polymorpha, but quite distinct. It also came 

from the ‘‘mountains behind Honolulu.” 

Nani(a) pumila n. sp. (Plate LV.) 

A bush, one to two feet high, either simple, or sending out 

one or two ascending branches; outer bark gray, peeling off in 

shreds; leaves orbicular, broadly ovate, or sometimes obovate, 

the largest about two inches in diameter, thick, glabrous, light 

green and shining above, dull and glandular underneath, the 

margin slightly induplicate, midrib impressed above, promi- 

nent beneath; petioles stout, about a fourth of an inch in length; 
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fully developed cymes large, with densely wooly peduncles an 

inch in length; calyx very wooly, except the short, triangular 

lobes, which are almost glabrous, but glandular; petals red, 

broadly obovate, about a quarter of an inch in length, glandular 

on the outside, ciliate; stamens numerous, an inch long, dark 

red; style almost as long, and of the same color as the stamens, 

not enlarged at the stigmatose apex; ovary deeply immersed 

in the bottom of the calyx, its disk-like top very glandular and 

resinous. 

The type is No. 2738, collected in the bog at the head of the - 
Wahiawa river, Kauai, at an elevation of 3000 feet. So far as 

size is concerned, this is near Hillebrand’s var. gamma, but he says 

‘‘a low trailing shrub, with stems only 3-6 feet long.” This is 

strictly erect, has larger leaves, and more numerous flowers 

than his plant. The corolla, stamens, and style are deep red, 

and the growing ends of the branches are usually tomentose, 

with traces of pubescence occasionally on the midribs of young 

leaves. It is probably confined to this bog and the large one 

on the plateau above Waimea. 

Nani(a) macropus (H. & A.) KuNTzE, Rev. Gen. Pl. 242. 1891. 

Metrosideros macropus H. & A. Bot. Beechy, 83. 1832. 

Typical trees of this species are not uncommon on the slopes 

of Waiolani, back of Honolulu, but specimens were not collect- 

ed from them. Hillebrand has the species from Kauai with 

‘‘leaves contracting at the base.” Of my specimens, No. 2762, 

which was labeled Metrosideros macropus, has leaves decidedly 
contracted at the base, and is not good macropus, either accord- 

ing to specimens or the type description. It was collected on 

the ridge between the Hanapepe and Wahiawa rivers. The 
specimens are from a small, well proportioned tree. The 

leaves are elliptical-lanceolate, glabrous, thick and shining, the 
largest an inch and a half wide by slightly over two inches in 

length, on bright yellow petioles of almost an inch in length. 

Metrosideros macropus is described as glabrous throughout, yet 

the peduncles and calyx in these specimens are tomentose. 

Perhaps the proper course would be to describe it as a new 

species, for leaving out the pubescence on pedicels and calyx, 
it is nearer to N. tremuloides than to N. macropus, where Hille- 

brand placed it. 
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Nani(a) glabrifolia n. sp. 

A large tree, thirty to forty feet high, with a trunk diameter 

of two to five feet; main branches stout and spreading, young 

branches crowded, angled, with short internodes; leaves nu- 

merous, broadly ovate, usually cordate at base, on very short 

petioles, glabrous; the short, stout, peduncles and pedi- 

cels as well as the calyx, shortly pubescent, but not wooly; 

fruit three-fourths free; flowers bright red. 

The type is No. 2821, which is abundant at an elevation of 
4000 feet, on the plateau above Waimea, Kauai. Specimens 
with the fruit of the previous season, were collected from a 

tree which had been blown down during a wind storm. Early 

in October, when I left this place, the trees were just coming 

into bloom. 

No. 20538, collected en Tantalus, back of Honolulu, may per- 

haps be referred to WN. glabrifolia. The specimens were froma 
small tree. The leaves are on longer petioles, and the flowers 

are yellowish. 

Nani(a) tremuloides n. sp. (Plate LVI.) 

A small tree, ten to twelve feet high, with slender trunk and 

smooth, grayish bark, glabrous throughout, even the inflor- 

escence; branches slender, loosely spreading; leaves narrowly 

lanceolate, pointed at both ends, coriaceous, shining, bright 

green above, paler beneath, on flat, slightly winged petioles a 

fourth of an inch in length, not prominently veined, but midrib 

conspicuous; cyme branches divaricate; peduncles three flow- 

ered, slender, of varying length, but always under a half inch; 

pedicels usually half the length of the peduncles, calyx cam- 

panulate, a fourth of an inch in length, green, the lobes equal- 

ing the tube, ovate, blunt, margins scarious; petals bright red, 

almost orbicular, nearly twice the length of the calyx lobes, 

the margins slightly eroded; stamens bright red, barely an inch 

in length; styles slightly longer than the stamens, the end 

curved; fruit half free. 

The type is No. 2895. A beautiful and well marked species, 
with constant characters, at least on the islandof.Oahu. It seems 

to be the var.:zeta of Gray, and is var. theta of Hillebrand, 

who says it is confined to Oahu and Kauai. The natives, who 

in former times were very good botanists in their way, recog- 

nized this form as distinct from the others, and called it 

‘“Lehua ahihi.” Specimens were collected at the Nuuanu Pali, 

and at various places on the slopes of Konahuanui, Oahu. It 
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was also noticed on Kauai, but notin bloom. The lax, and 

somewhat drooping branches, which, with the leaves, are 

almost continually in motion, suggested the specific name. 

Nani(a) lutea (A. GRAY). 
Metrosideros lutea A. GRAY, Bot. U. S. Expl. Exped. 15:560. 

1854. 

The type of this was collected on the island of ‘Hawaii, 

Sandwich Islands, in the vicinity of Hilo,” and is desaribed as 

follows: ‘‘Apparently a tree of considerable size; the branch- 

lets nearly terete, the younger ones only hoary with a fine 

pubescence. Leaves oval or broadly elliptical, rarely verging 

to ovate, rounded at both ends, often retuse, sometimes slight- 

ly subcordate, coriaceous, 14 to 2} inches long, glabrous or 

early glabrate above, hoary with a minute canescent tomentum 

underneath, which is very tardily deciduous, closely feather 

veined, the veins slender, but perspicuous, reticulated, the 

basal ones produced into an intramarginal false vein. Petiole 

rather conspicuous, 2+ to 4 lines long. Cymes small, solitary or 

in pairs at the apex of the branches, not exceeding the leaves, 

very short peduncled. Bracts caducous. Flowers subsessile 
or very shortly pedicelled (the pedicels less than a line long, or 

rarely a line and a half long, often scarcely any), usually in 

threes at the apex of the partial peduncles. Calyx densely 

canescent tomentose, as also the inflorescence, about 23 lines 

long, campanulate-turbinate, five lobed, the lobes very obtuse. 

Petals tomentose externally, ‘yellow, as well as the stamens,’ 

apparently pale. Filaments and style nearly an inch long.” 

This seems to be the polymorphous species, rather than NW. 

polymorpha, from which it differs in leaf outline, as well as in 

other particulars. The yellow color cannot be depended upon, 

for yellow flowers are likely to be found among any of the 

forms. The form in my collection which most nearly ap- 

proaches NW. lutea, is No. 2417, collected on the ridge between 

the Hanapepe and Wahiawa rivers, Kauai. It is a large tree, 

and was in full bloom in the third week in June. The leaves 

are inclined to be acute, and are glabrous. The flowers are 

dep red. 
The next nearest form is No. 2690, collected on the banks of 

the Wahiawa, just below the second fall. This is a medium 

sized tree, with narrower, glabrous leaves. The peduncles are 
longer, but the pedicels are very short. The flowers are yel- 

low, the style a little longer than the stamens. 
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Another form which may also be placed here rather than 

with any of the other species, is No. 2484. It grows at lower 

elevations than the two mentioned above, and is common on 

the wooded slopes of Hanapepe valley. It came into bloom 

early in July. The leaves are oblong-ovate, glabrous, as in the 

other forms, and on short petioles. 'The pubescence on pedun- 

cles and calyx is scanty, and the pedicels are very short, as in 

No. 2690. The petals have a yellow tinge, and are ciliate, but 

the stamens are scarlet. The style is a little longer than the 

stamens, thickened at the apex, and slightly curved. It seems 

to be the form figured by Mrs. Sinclair, plate 2, of her illus- 

trations of indigenous Hawaiian plants. 

Two forms from Oahu do not agree very well with any of the 

well-marked groups, except that the shape of the leaves would 

throw them into the /utea group. The one form, No. 2219, is a 

small tree with smooth, light bark. The leaves are lanceolate, 

glabrous, not conspicuously narrowed at the base, on petioles 

of half an inch in length. There is a conspicuous intramar- 

ginal nerve. The peduncles and calyx are hoary; petals 

twice the length of the calyx lobes, glandular on the outside, 

ciliate, dull red, as are the stamens; style as long as the sta- 

mens, slightly dilated at the end. Collected on the lower 

slopes of Konahuanui, at an elevation of 1800 feet. 

The other form, No. 23878, has a shorter, almost elliptical 

leaf, with a tendency to contract at the base, glabrous, distinct- 

ly veined, on very short petioles; inflorescence glabrous in old 

specimens; fruit small, almost free, but included within the 

calyx. Collected on the slopes of Kohuanui, at 2500 feet ele- 

vation. A bush, with stiff, ascending branches and rather 

crowded leaves, Fruiting specimens only were obtained. 

Perhaps it is a form of 2219, the difference in growth and leaf 

form being caused by the increase of elevation and the exposed 

character of its habitat. There are no large trees at this point, 

everything being dwarfed and stiff. 

PSIDIUM L. Sp. Pi. 470. 1758. 

Psidium guajava L. Sp. Pl. 470. 1753. 

The Guava is abundant in valleys and in open places in the 

lower forest of Oahu. The largest and finest fruit was found 

on the heights of Tantalus and Pauoa. Very few of the sweet 

fruited bushes are found near Honolulu. On Kauai, on the con- 

trary, bushes which bear sour fruit are rare. It is common 
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there in Hanapepe valley. Ripe fruit can be found at any sea- 
son of the year, but is perhaps the most abundant in spring and 

early summer. 

April 5 (2087); original locality, ‘‘in Indiis.” 

ONAGRACEAE. 

JUSSIAFA L. Sp. Pl. 388. 1753. 
Jussiaea suffruticosa L. Sp. Pl. 388. 1753. 

Hillebrand calls this Jussiaea villosa LAM. Itis very common 
on both Oahu and Kauai, in low, cultivated ground, and also in 

wet places in the lower forest. 

July to November (2557); original locality, ‘‘in Indiis.” 

UMBELLIFERAE. 

CARUM L. Sp. Pl. 263. 1753. 
Carum petroselinum (L.) Bento. & Hook. Gen. Pl. 1: 890. 

1867. 
Apium petroselinum L. Sp. Pl. 264. 1753. 

Collected in Hanapepe valley, Kauai, where it grew on the 

banks of the irrigating ditch. It had escaped from a cultivated 

piece of ground near by. 
July (2689); original locality, ‘‘in Sardinia juxta scaturig- 

ines. 

ARALIACEAE. 

CHEIRODENDRON Nourt.; Seem. Journ. Bot. 5: 236. 
1867. 

Cheirodendron platyphyllum (H. & A.) SEEM. Journ. Bot. 
5: 286. 1867. 

Panax? platyphyllum H. & A. Bot. Beechy, 84. 1832. 

Hedera platyphylla A. GRAY, Bot. U.S. Expl. Exped. 15:720, pl. 
91, 1854. 

Hillebrand records this species from “the two highest peaks 

of Oahu, Konahuanui and Kaala.” On the plateau above Wai- 
mea, Kauai, it is not uncommon, especially far back in the for- 
est, where there is considerable moisture. Here it is a large 

tree, 25 to 80 feet high, but on the summit of Konahuanui is 

small and stunted. The leaves are continually in motion, like 

those of Populus tremuloides. The type was collected on Kona- 

huanui, by Lay and Coolie. 
May to September (2244). 
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Cheirodendron trigynum (GAUD. ) 

Aralia trigyna GAUD. Bot. Voy. Uranie, 474, pl. 98. 1830. 
Panax? gaudichuudii H. & A. Bot. Beechy, 84. 1832. 

Hedera gaudichaudii A. GRAY, Rot. U.S. Expl. Exped. 15:719, pl. 
90. 1854. 

Cheirodendron gaudichaudii SEEM. Journ. Bot. 5: 236. 1867. 

A variable species, and perhaps the Panax? ovatum of Hooker 

and Arnott may be distinct. A form, No. 2496, which much re- 

sembles it, was collected on the ridge west of the Hanapepe 

river, Kauai, at an elevation of about 3000 feet. The speci- 

mens were taken from a tree about twenty-five feet high. The 

leaflets are broadly ovate, almostentire. On the plateau above 

Waimea, specimens were collected which have elongated leaf- 

lets, and more conspicuously serrate (2795). The first speci- 

mens collected (No. 2313), were obtained back of Honolulu, on 
the lower slopes of Konahuanui. In these, the leaflets are in- 

termediate in shape between Nos. 2795 and 2496. In all cases 

the leaflets are in threes. 

DIPANAX SEEM. Journ. Bot. 6:130. 1868. 

[Pterotropia HILLEBR. FI]. Haw. Is. 149. 1888.] 

In his treatment of this genus, Hillebrand discarded See- 

man’s name of Dipanax, and took up the section name Ptero- 

tropia of Horace Mann, raising it to specific rank. If the three 

species enumerated below truly belong to a single genus, as 

held by both Mann and Hillebrand, they must bear the older 

name of Dipanaz. 

Dipanax dipyrena (Mann) 
Heptapleurum (Pterotropia) dipyrenum MANN, Proc. Am. Acad. 

7:168. 1867. 

Dipanax mannii SEEM. Journ. Bot. 6: 130. 1868. 

Pterotropia dipyrena HILLEBR. F]. Haw. Is. 150. 1888. 

This species was not collected by me. It is said to grow on 

Lanai, Maui, and Hawaii. The type came from Lanai, and is 

M. & B. 849. 

Dipanax gymnocarpa (HILLEBR. ) 

Pterotropia gymnocarpa HILLEBR. FI. Haw. Is. 151. 1888. 

Not collected by me. Hillebrand’s type was collected by 

Lydgate, in the valley of Niu, island of Oahu. 
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Dipanax kavaiensis (MANN) 

Heptapleurum (Pterotropia) kavaiense MANN. Proc. Am. Acad. 
7:168. 1867. 

Agalma kavaiense SEEM. Journ. Bot. 6:140. 1868. 

Pterotropia kauaiensis AILLEBR. FI. Haw. Is. 150. 1888. 

Collected at the type locality, ‘‘mountains above Waimea, 

Kauai.” It was seen only on the brow of the plateau, at an 

elevation of about 3500 feet. The trees are conspicuous on ac- 

count of their large leaves. The under sides of the leaves, as 

well as the inflorescence, are covered with a very thick, fawn- 

colored, stellate pubescence. It is a large tree, 30 to 40 feet 

high, with soft wood. 

October 16 (2884). 

TETRAPLASANDRA A. Gray, Bot. U.S. Expl. Exped. 
15:727, pl. 94. 1854. 

Tetraplasandra waimeae Wawra, Flora (II) 31:158. 1873. 

First collected on the edge of the bog at the head of the 

Wahiawa, Kauai, where it was a small, stunted tree. On Ka- 

holuamano, above Waimea, it is a tree 20 to 40 feet high, with 

straight trunk and ascending branches. Like all the trees of 

this family the wood is soft, and easily broken. The full grown 

fruit is almost an inch in diameter. Wawra’s type came from 

the west side of the Waimea river, ‘‘Kauai, um Halemanu 

2114.” 

August to October (2734). 

TRIPLASANDRA Seem. Journ. Bot. 6: 1389. 1868. 

Triplasandra waimeae (WAwWwRaA) 

Heptapleurum (?) waimeae WAWRA, Flora (1I) 31:159. 1873. 

Triplasandra meiandra HILLEBR. FI]. Haw. Is. 152. 1888. 

Wawra says that his type came from ‘‘Oahu, um Waiolani 

1638.” Hillebrand says: ‘‘Wawra’s specific name is wrong; 

his specimens were collected during a joint excursion with the 

' author upon the western ridge of Nuuanu, Oahu.” Acting 

upon the idea, that because the specimens were not collected 
at Waimea, the properly published specific name of Waimeae 

must be abandoned, he invented the name of meiandra, and re- 

duced Wawra’s type to a variety, calling it var. a. This spe- 

cies was not collected by me. 
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VACCINIACEAE. 

VACCINIUM L. Sp. Pl. 349. 1753. 

Vaccinium penduliflorum Gaup. Bot. Voy. Uranie, 454, pi. 

68. 1880. 

Nuttall considered these Hawaiian plants distinct from Vac- 
cinitum, and proposed a new generic name for them, calling 

them Metagonia. Itis very probable that he was correct, for 

in general appearance they do not much resemble Vaccinium. 

The red fruit has a different taste, more like that of a cran- 

berry. This species is not uncommon on the ridge back of 

Honolulu, and also occurs on the mountain of Kauai. 

May to September (2393). 

EPICRADACEAE., 

CYATHODES LaBiLu. Nov. Holl. Pl. 1:57, pl. 81. 1804. 

Cyathodes imbricata STSCHEGLEW, Mosc. Bull. 32:10. 1859. 

Only the variety struthioloides is recorded from Kauai, in 

‘‘swamps of Lehua makanui and summit of Waialeale.” It is 

described as ‘‘stems slender, trailing on the ground, densely 

covered with prominent leaf scars, and with few assurgent 

branches.” In the bog at the head of the Wahiawa, plants are 

plentiful, which are to be referred to the species rather than to 

the variety. The branches are either trailing or erect. The 

species has previously been found only on ‘‘ higher regions of 

Mauna Loa, Mauna Kea, and Haleakela.” 

August 21 (2739). 

Cyathodes tameiameiae CHAM. Linnaea, 1:539. 1826, 

Named after Kamehameha, the famous Hawaiian king, who 

united all of the islands of the group into one kingdom. The 

letters T and K, as well as R and L, are interchangeable in the 

Hawaiian language. Rather common on the ridges of Oahu 

and Kauai, and the bushes very showy when covered with the 

bright red berries, It is a much branched bush, three to six 

feet high. 

April to September (2181a, 2454); original locality, ‘‘inclivis 

aridioribus ad radices montium circa Hana-ruru insulae 

O-Wahu.” 
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MYRSINACEAE. 

MYRSINE L. Sp. Pl 196. 1753. 

Myrsine gaudichaudii A. DC. Ann. Sp. Nat. (IT) 16:85. 1841. 

To this species are referred three numbers collected on the 
ridge west of the Hanapepe river, Kauai. In the Prodromus, 
the leaves are described as ‘‘oblongo-obovatis obtusis basi in 

petiolum angustatis coriaceis * * * Folia * * * petiolo 

- 8 lin. longa, valde coriacea.” 'The leaves in all of my speci- 

mens answer essentially to this description, and are much thin- 

ner than in the specimens referred to WM. lessertiana. This is 
especially true of No. 2530, and in 2531 they are inclined to be 

acute, as noted by Hillebrand. 

July to August (2530, 2531, 2682). 

Myrsine kauaiensis HI1LLesBr. FI. Haw. Is. 280. 1888. 

This handsome and well-marked species was collected at an 

elevation of 3000 feet, on the ridge west of the Hanapepe river, 

Kauai. The leaves are thin, and somewhat pubescent, even 

when old. It is a small tree, with slender, spreading branches. 
Hillebrand’s type was collected by Knudsen, on the west side 

of the Waimea river. 
August 6 (2679). 

Myrsine lanceolata (Wawra) 

Myrsine sandwicensis var. lanceolata WAWRA, Flora (II) 32:526. 

1874. 

Hillebrand makes no mention of this plant, which accounts 
for the sending out of specimens by me under the name Myrsine 

tenuifolia, n. sp. Wawra describes itas ‘‘arbuscula trunco con- 

torto; ramulis gracilibus pendulis parce foliosis; folia lineari 

lanceolata, tenera.”’ He collected it in ‘‘feuchte Wilder von 

Makanoi, 2135,” which means the large bog on the plateau 

above Waimea. My specimens were collected in the bog at the 

head of the Wahiawa, and differ only in having ascending in- 

stead of drooping branches. However, smali trees were seen 
high up on the ridge west of the Hanapepe river, which did 

have spreading and drooping branches. That it is a good spe- 

cies, quite distinct from WZ. sandwicensis, is evident. The nar- 

rowly lanceolate, acuminate leaves are different, and the fruit 

is mostly borne in the axils of the leaves, and not below on the 

naked stems, as is the case in the other species. 

August 12 (2700). 
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Myrsine lessertiana A. DC. Ann. Sc. Nat. (II) 16:85. 1841. 

This species is described as having lanceolate leaves, acute 

at each end. Specimens with such leaves were collected on the 
lower slopes of Konahuanui, back of Honolulu, at an elevation 

of about 1800 feet. The leaves are also stiff and coriaceous. 

May 18 (2304). 

Myrsine sandwicensis A.DC. Ann. Sc. Nat. (II) 16:85. 1841. 

Collected on the slopes of Konahuanui, Oahu, at 2500 feet 

elevation. This species appears to grow only on the edges of : 

steep slopes where vegetation is more or less stunted. It was 
seen in similar situations on the ridge west of the Hanapepe 

river, Kauai. The leaves are small, often not over an inch in 

length, obovate or spatulate, thick and coriaceous. It is a 

freely branching shrub. No. 2879. 

With the last number was collected a form with leaves of the 

same shape and texture, but considerably larger. The flower 

clusters were also much thicker. This is probably Wawra’s 

variety grandifolia ‘‘aus Hillebrand’s Herbar. 2381,” but Hille- 

brand makes no mention of it. No. 2380. 

PRIMULACEAE. 

ANAGALLIS L. Sp. Pl. 148. 1753. 

Anagallis arvensis L. Sp. Pl. 148. 1753. 

On the grassy slopes of the Nuuanu Pali, Oahu, this little 

plant has obtained a foothold, and is well established. There 

is no record of its occurrence in the Islands, nor was it seen at 

any other place. 

May 24 (2366); original locality, ‘‘in Kuropae arvis.” 

LYSIMACHIOPSIS gen. nov. 

Shrubs, either loosely branched and spreading, or simple and 

erect; branches and stems often roughened with the scars of 

fallen leaves, the growing ends covered with reddish tomen- 

tum; leaves of medium size, alternate, sometimes appearing as 

if whorled; flowers in the upper axils, on pedicels nearly as 

long, or sometimes longer than the leaves, purple or red; calyx 

parted to the base or almost so, into five to nine lobes; corolla 

urceolate, the lobes imbricate, five to nine in number; stamens 

united at the base by a granular membrane, which is attached 

to the base of the corolla, as many as the lobes of the corolla, 
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and opposite them, filaments comparatively long, slightly di- 
lated at the base, anthers oblong, one-third the length of the 

filaments, slightly pointed; capsule ovoid, woody or crustace- 

ous, breaking from the style atthe top, into as many valves as 

there are calyx and corolla lobes. 

A genus hitherto confused with Lysimachia, from which it 

differs primarily in being composed of shrubs instead of herbs, 

and by having red or purple, urceolate flowers. 

_Lysimachiopsis daphnoides (A. GRAY) 

Lysimachia Hillebrandii var. daphnoides A. GRAY, Proc. Am. Acad. 
5:329. 1862. 

Lysimachia daphnoides HILLEBR. FI]. Haw. Is. 285. 1888. 

An erect, simple stemmed shrub, one to three feet high. Oc- 

casionally there is a tendency to branch, but this seems due to 

some injury which the plant has received. On some plants the 
pedicels are very long and recurved. In flowers which have 
not matured, the calyx is reflexed, as is shown in Plate LVII. 

The obovate-oblong, crowded leaves are sessile. Collected in 

fruit only, at an elevation of 3000 feet, in the bog at the head 

of the Wahiawa river, Kauai, where it is plentiful., Gray’s 

original came from the large bog on the plateau above Waimea. 

August 21 (2736). 

Lysimachiopsis hillebrandii (Hook. f.) 

Lysimachia hillebrandii Hook. f.; A. GrAy, Proc. Am. Acad. 

5: 328 1862. 

Specimens were collected on the ridges west of the Hanapepe 

river, Kauai, at elevations of 3000 feet and more. The plant is 

rather common, and answers well to the description of this 

species, as given by Hillébrand, with the exception of ‘‘stamens 

4 the length of the corolla or little more.” They are slightly 

exserted, and therefore longer than the corolla. It is a bush, 

with rambling branches, which are two or three feet long in 

some cases. The calyx is almost half the length of the corolla, 

the lobes lanceolate, acuminate, scarious margined. The cor- 

olla is about three-fourths of an inch in length, purple, the 
ovate lobes acutish, with broad greenish or whitish, eroded 

margins. The filaments are a quarter of an inch in length, and 

therefore not ‘‘short,” as given by Hillebrand, in his generic 

description of Lysimachia. No. 2614, from which the generic 

description is mostly drawn, and represented by Plate LVIII. 
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Lysimachiopsis lydgatei (HILLEBR.) 

Lysimachia lydgatet HILLEBR. F |. Haw. Is. 284. 1888. 

The type of this species came from Maui, ‘‘on slopes and in 

gulches back of Lahaina,” presumably collected by Lydgate. 

Lysimachiopsis ovata n. n. 

Iysimachia rotundifolia HILLesr. FI). Haw. Is. 284. 1888, not 
Schmidt. 

Record from Nuuanu valley, Oahu. Hillebrand’s specific 

name is not tenable on account of the earlier L. rotwndifolia of 

Schmidt. 

Lysimachiopsis remyi (HILLEBR.) 
Lysimachia remyi HILLEBR. FI, Haw. Is. 284. 1888. 

This was originally called Lysimachia hillebrandii var. angusti-; 

folia, by Asa Gray, but as the name angustifolia had already 

been used several times in that genus, Hillebrand very prop- 

erly changed it. 

OLEACEAE. 

OLEA L. Sp. Pl. 8. 1753. 

Olea sandwicensis A. GRay, Proc. Am. Acad. 5:331. 1862. 

Common in the lower forest of Kauai. Usually a tree of 

medium size, with large, elliptical-lanceolate leaves, and num- 

erous axillary racemes of cream-colored flowers. Collected 

near the Wahiawa river, Kauai, but it is also found on the ridge 

west of the Hanapepe.river. It was not seen above an eleva- 

tion of 2500 feet. A form with obtuse instead of pointed fruit, 

is noted from Kauai by Hillebrand. 

June to August (2415); original locality, ‘‘Oahu, Sandwich 

Islands.” 

LOGANIACEAE. 

LABORDEA Gaup. Bot. Voy. Uranie, 449, pl. 60. 

1830. 

Labordea pallida Mann, Proc. Am. Acad. 7:196. 1867.? 

The type of this species is M. & B. 611, and according to Hil- 
lebrand, was collected near Kealia, Kauai, although the locality 
is not mentioned by Mann. I have specimens from Kaholuam- 

ano, above Waimea, Kauai, which may belong. to this species. 

They were taken from a small tree, about fifteen feet high, with 
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slender trunk, and spreading top. The leaves, as described 

by Mann, are ovate-oblong and glabrous, but the petioles are 
four or five lines long, which is somewhat longer than his de- 

scription calls for. . No flowers were seen, but the woody cap- 
sule is almost an inch in length, rather slender and pointed. 

September 25 (2868). 

Labordea tinifolia A. GRay, Proc. Am. Acad. 4:322. 1860. 

Specimens obtained from a medium-sized tree on the ridge 
west of the Hanapepe river, Kauai, match well with a specimen 

of this species in the herbarium of Columbia University. Hille- 

brand records it from Oahu and Maui only. He evidently has 

this genus badly confused, for it is hardly possible to deter- 

mine any of the species by using his key and descriptions. 
July (2579). 

GENTIANACEAE. 

ERYTHRAEA Neck. Elem. 2:10. 1790. 

Erythraea sabaeoides (GRISEB.) A. GRAy, Proc. Am. Acad. 
6:41. 1863. 

Schenkia sabaeoides GRISEB. Bonplandia, 1: 226. 1853. 

Collected in low ground near Diamond Head. It was also 

seen in Kalihi valley. A small, smooth plant with lavender 
colored flowers. 

March 20 (2026). 

APOCYNACEAE. 

GYNOPOGON Forst. Char. Gen. 35, pl. 18. 1776. 

[Alyxia BANKs; R. Br. Prodr. Fl. Nov. Holl. 469. 1810] 

Gynopogon olivaeformis (GAUD.) 

Alyzia olivaeformis GAUD. Bot. Voy. Uranie, 451. 1830. 

The “Maile” is a favorite plant with the Hawaiian for the 
making of wreaths and other decorations. It is usually vine 
like in habit, often forming quite a tangle on bushes and small 

trees. The dark green, thick and glossy leaves are variable in 

shape, but usually ovate or lanceolate. The fruit is black, 

somewhat spindle-shaped. Collected on both Oahu and Kauai, 
ranging from 2,500 to 4,000 feet elevation. 

May to October (2344). 
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RAUWOLFIA L. Sp. Pl. 208. 1753. 

Rauwolfia sandwicensis A. DC, Prodr. 8:339. 1844. 

A small tree, with smooth, yellowish bark, and stiff, spread- 

ing branches. It is rather common in the lower woods on the 

lee side of Kauai. 

July 17 (2582). 

ASCLEPIADACEAE. 

ASCLEPIAS L. Sp. Pl. 214. 1753. 

Asclepias curassayica L. Sp. Pl. 215. 1753. 

An introduced species, which is well established on Oahu 

and Kauai. On the latter island it has found its way well up 

into the lower forest, in open, grassy places. 

March to September (1950); original locality, ‘‘in Curassao.” 

CONVOLVULACEAE. 

CRESSA L. Sp. Pl. 223. 1753. 
Cressa truxillensis H. B. K. Nov. Gen. 3:119. 1818. 

Collected at Pearl river, Oahu, ‘‘east of the inlet,” as men- 

tioned by Hillebrand, who, however, calls it Cressa cretica. It 

is identical with specimens of C. truzillensis, collected in Peru 

by the botanists of the U. S. Exploring. Expedition. It is 
plentiful along Pearl river, and was also collected on Molokai 

by Remy. The anthers are violet. 
June 10 (2410); original locality, ‘‘in arenosis salsis Oceani 

Pacifici, prope Truxillo Peruviansrum.” 

JACQUEMONTIA CuHorsy, Mem. Soc. Phys. Genev. 
6:476. 18383. 

Jacquemontia sandwicensis A. GRay, Proc. Am. Acad. 5: 336. 

1862. 
When growing in exposed situations, the plants of this spe- | 

cies are liable to be very small, erect and bushy, but under 

more favorable conditions, they have stems two to three feet 

long, which are prostrate and creeping. The pale blue corolla 

is almost an inch in diameter. Collected on an ancient lava 

flow beyond Diamond Head, Oahu. 

April 12 (2095). 
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IPOMOEA L. Sp. Pl. 160. 1753. 

Ipomoea congesta R. Br. Prodr. Fl. Nov. Holl. 485. 1810. 

Ipomoea insularis CuHotsy; STrEUuD. Nomencl. Bot. Ed. 2, 817. 

1841, 
Common on slopes and about the lower edge of the forest on 

Oahu. The flowers are bright blue when fresh, but turn pink 

when dried. The rounded, cordate leaves are more or less 

pubescent on both sides. 
May 16 (2824). 

Ipomoea pes-caprae (L.) Sw. 

Convolvulus pes-caprae L. Sp. Pl. 159. 1753. 

Common along the beach in sand, on all of the islands of the 

group. Collected at Waikiki, near Honolulu. 

April to June (2097); original locality, ‘tin India.” 

Ipomoea palmata Forsk. Fl. Aegypt. Arab. 43. 1775. 

Hillebrand calls this Ipomoea tuberculata var. trichosperma, 

but does not state whether it is his own creation, or if he has 

reduced Jpomoea trichosperma BLUME, to a variety. Horace 

Mann, who was a very acute botanist, determined it as J. pal- 

mata. Common on the hot, dry, lower slopes, trailing over 

lava rocks and bushes. It is somewhat variable in leaf form. 

The flowers are pale red, or pinkish. 
March 29 (2045). 

HYDROPHYLLACEAE. 

CONANTHUS S. Wats. Bot. King Surv. 256. 1871. 

[Nama L. 1759, not L. 1753.] 

(Marilauunidium KuNTzE, Rey. Gen. Pl. 434. 1891.] 

Conanthus sandwicensis (A. Gray) 
Nama sandwicensis A. GRAY, Proc. Am. Acad. 5:338. 1862. 

A few plants were collected at Waikiki, Oahu, and later sev- 

eral more at Mana, Kauai, in low ground near the sea. A 

small plant, in appearance much like the various species which 

have until recently been called Nama, and which are found in 

the southwestern part of the United States. According to Mr. 

Coville, Cont. U. S. Nat. Herb. 4: 161, Conanthus aretioides can 

not be separated generically from the plants which we have 

wrongly been calling Nama, and therefore Conanthus is the 
next available name, a fact which Kuntze was not aware of 

when he proposed Marilaunidium. 
March to August (1956). 
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BORAGINACEAE. 

BOTHRIOSPERMUM Bounce, Enum. Pl. Chin. Bor. 47. 
1832. 

Bothriospermum tenellum F. & M. Ind. Sem. Hort. Petr. 24. 
1835. 

Hillebrand notes this species from ‘‘along cultivated fields in 

Pauoa, Oahu. A native of China and India; a recent arrival.” 

It does not seem to have spread outside of Pauoa, where it is 

now rather common. 

March 26 (2008). 

HELIOTROPIUM L. Sp. Pl. 180. 1753. 

Heliotropium curassavyicum L. Sp. Pl. 180. 17538. 

This widely diffused species is common in low places along 

the beach, presumably on all of the islands of the group. Itis 

found on Oahu and Kauai, at least. 

May (2883); original locality, ‘‘in Americae calidioris mar- 

itimis.” 

VERBENACEAE. 

CLERODENDRON L. Sp. Pl. 687. 1753. 

Clerodendron fragrans VENT. Jard. Malm. pl. 70. 1804. 
A form with double flowers has escaped along the roadside in 

Nuuanu valley, Oahu. Hillebrand mentions it as var. pleniflora. 

The large, broadly ovate leaves are pubescent on both sides. 

The flowers are white, tinged with pink or purple. 

March 29 (20382). 

LANTANA L. Sp. Pl. 626. 1753. 

Lantana camara L. Sp. Pl. 627. 1753. 

This species has become the most noxious plant in the Is- 

lands. Introduced in 1858, it is now abundant, and has ruined 

hundreds of acres of valuable pasture land. It forms impene- 

trable thickets on the slopes and in gulches of the lowlands, 

and has even invaded the lower forests. Here it grows in 

thick clumps, the stems often becoming weak and vine-like, 

and intertwining in a very intricate manner. The flowers 

vary in color, some being almost white, others purplish, and 

some are orange. 
April 5 (2088); original locality, ‘‘in America calidiore,” 
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’ STACHYTARPHETA Vauc. Enum. 1:205. 1805. 

Stachytarpheta dichotoma (R. & P.) VAHL. Enum. 1: 207. 1805. 

Verbena dichotoma R.& P. Fl. Per. 1;23. 1798. 

Two forms of this species were collected. One, No. 2091, 

which is most common in the immediate vicinity of Honolulu, 

is woody only at the base, the stout, herbaceous branches 

somewhat weak, about two feet long, almost glabrous, and 

somewhat glaucous. The other form, No. 1098, is usually 
found at higher elevations, and even extends to the lower edge 
of the forest. It is an erect, branching shrub, only the young 

branches herbaceous, On Kauai, bushes five feet high, with 

stems an inch in diameter were seen in Hanapepe valley. The 

leaves on this form are brighter green, somewhat smaller, and 

more sharply serrate. It is possible that the two are distinct 

species, but No. 2091 would seem to be a young state of the 

latter. Hillebrand describes it as an ‘erect herb,” and records 

- it from the island of Hawaii, ‘‘districts of Hilo and Kona,” only. 

VERBENA L. Sp. Pl. 18. 1753. 

Verbena bonariensis L. Sp. Pl. 20. 1753. 

A widely diffused tropical weed, introduced many years 
ago, and now found on all of the islands of the group. It can 
be found anywhere from the low, cultivated ground near the 
coast, to pasture land high up in the mountains; everywhere, 
in fact, except in the deep forest where introduced plants 
rarely find a lodging. 

March to September (2088); original locality, ‘‘in agro 
Bonariensi.” 

VTE Eh. Sp: Pl 638) .1753: 

Vitex trifolia L. Sp. Pl. 638. 17583. 

The hoary under sides of the leaves, and the blue flowérs, 
make this a showy species. It is plentiful on the “barking 
sands” of Mana, Kauai. The main stems, which are decum- 
bent and quite long, spread out over the sand, sending up 
branches at intervals of a half foot or less. Horace Mann, 
Proc. Am. Acad. 7: 194, calls this ‘‘Virtex trifolia, LINN., var.? 
unifoliolata,” and Hillebrand has it ‘‘var. wnifoliata,’ with no 
indication that he is not the author of the varietal name. 
However, it is a nomen nudum, as Mann does not describe it, 
aud if it were distinct, would probably have to be called Vitex 
ovata ‘THUNB. My specimens show leaves varying from 
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three-foliolate to entire, some of them being two-lobed. The 

original spelling in the Species Plantarum is Vitex “trifolis,” 

undoubtedly a typographical error. 

August 20 (2781); original locality, ‘‘in Indiis.” 

LABIATAE. 

PHYLLOSTEGIA Benru. DC. Prodr. 12:553. 1848. 
All authorities cite this genus as published in Lindley’s Bo- 

tanical Register 15; pl. 1292. 1830. The plant under that fig- 
ure is called Lepechinia spicata Willd., and as no reference is 
anywhere made to this name, it evident)y means that the figure 

is not really that of Lepichina spicata, but represents an unde- 
scribed genus, and is the type of Phyllostegia, which, so far as 
I can ascertain, was first characterized in the Prodromus, as 

cited above. 

Phyllostegia grandiflora (GauD.) BentH. DC. Prodr. 12:553. 
1848. 

Prasium grandiflorum GAuD. Bot. Voy. Uranie, 453, pl. 65, f. 2. 

1830. . 
Stems often six or eight feet long, woody below, the greater 

part herbaceous, and leaning for support over other bushes, 

thus giving them a vine like habit. In the older plants, the 

leaves become thick and shining above. In some respects 

these more mature forms agree with P. glabra, as described 
by Hillebrand, but the two forms are often found in the same 

clump. The flowers are large, white, pubescent, with long, 

exserted tube. 

May to November (2299). 

Phyllostegia waimeae Wawra, Flora (II) 30:531. 1872. 

A handsome species, with rather small, pink, sweet scented 

flowers. The plant is pubescent throughout, four to five feet 

high, the herbaceous branches somewhat climbing. Collected 

on Kaholuamano, above Waimea, Kauai. It grew along the 

banks of a forest stream, in a thick growth of ferns. Wawra’s 

type came from the opposite side of the Waimea river, ‘‘ Hale- 

mann (Bezirk Waimea).” 
September 25 (2860). 
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Phyllostegia 

Growing with P. waimeae, but a very different plant. The 

leaves are much larger, thicker, darker green, and have a 

coarser pubescence. The racemes are much longer, and more 
branched, the involucral bracts are shorter, the pedicels much 

longer and more slender, and the calyx lobes broader at the 

base. The flowers are about the same size, but white. It is 

probably an undescribed species, but Hillebrand’s treatment 

of this genus, is not satisfactory, hence making it unsafe to 

describe a new species without a more extensive suite of 

specimens. 

. October 12 (2875). 

PLECTRANTHUS L’HER. Stirp. Nov. 84, pl. 42. 1785. 

Plectranthus australis R. Br. Prodr. Fl. Noy. Holl. 506. 
1810. 

Plectranthus parviflorus WiLLp. Hort. Berol. pl. 65, 1816 not 

Reeser: 

Common on rocks in Hanapepe valley, Kauai. Also noticed 

growing on the ground, in an open space in the woods above 

Waimea. It is a fleshy plant, and hard to dry. The pale 

blue flowers are numerous, but small, in a long terminal 

raceme. 

June 29 (2467). 

SALVIA L. Sp. Pl. 23. 1753. 

Salvia occidentalis Sw. Nov. Gen. et. Sp. 14. 1788. 

A common weed on the slopes of Hanapepe valley, Kauai. 

Also found about Honolulu. The blue flowers are very small. 
May 9 (2291). 

Stenogyne rotundifolia A. Gray, Proc. Am. Acad. 5:347. 
1862. 

Hillebrand has taken an unwarranted liberty with this spe- 

cies. In his Flora, he re-names the type as var. montana, and 

chooses another plant for his type of the species. The plant 

which he calls S. rotundifolia, is S. macrantha, M. & B. 402, and 

S. haliakalae Wawra, according to his citation of synonyms, on 
page 360. 
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STACHYS L. Sp. Pl. 580. 1753. 

Stachys arvensis L. Sp. Pl. Ed. 2, 814. 1763. 

Very common about Honolulu, along the street, and in culti- 

vated ground, 

March 29 (2084); original locality, ‘‘in Kuropae arvis.” 

SOLANACEAE. 

CAPSICUM L. Sp. Pl. 188. 1753. 

Japsicum frutescens L. Sp. Pl. 189. 1753. 

Cultivated at Honolulu, and occasionally found as an escape. 

Several bushes were found on the slopes of Makiki. 

March 29 (2086); original locality, ‘‘in Indiis.” 

LYCIUM L. Sp. Pl. 191. 1753. 

Lycium sandwicense A. GRAy, Proc. Am. Acad. 6:44. 18683. 

Plentiful on an old lava flow beyond Diamond Head, Oahu. 

It flourishes at a distance of several hundred feet from the sea, 

but even at that distance the salt spray is brought to it by the 

wind. Itis also found at other places in low ground along the 

coast. 

April 8 (2093); from the original locality, ‘‘Sandwich Is- 

lands, on Diamond Hill, Oahu, near Honolulu.” 

LYCOPERSICUM Hitu. Veg. Syst. 9:32. 1765. 

Lycopersicum esculentum Mitu. Gard. Dict. Ed. 8, No. 2. 

1768. 

The tomato is found in the wild state on both Oahu and 

Kauai. It is plentiful about Punchbowl, and was noticed high 

up in pasture land above Waimea, Kauai. The fruit is small, 

usually not more than an inch in diameter, and never takes the 

irregular forms which it does in cultivation. 

March 25 (1998). 

NICOTIANA L. Sp. Pl. 180. 1753. 

Nicotiana glauca R. GRaw. Edinb. N. Phil. Journ. 175. 1828. 

A small, soft-wooded tree, which is not uncommon about 

Honolulu, especially along the water front. The flowers are 

numerous, pale yellow. 

March 27 (2016). 
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NOTHOCESTRUM A. Gray, Proc. Am. Acad. 6:48. 

1863. 

Nothocestrum latifolium A. Gray, Proc. Am. Acad. 6:48. 
1865. 

The original of this was a ‘‘shrub about 12 feet high,” and 

came from ‘‘Oahu, on the ridge of the Kaala mountains.” It 
is described as follows by Gray: ‘‘Leaves membranaceous, 

about 2 inches long. * * * Calyx 3 lines long. Corolla 

white? its tube half an inch long, the lobes not half the length 

of the tube, their margins strongly induplicate, and the sinuses 

plaited. Anthers two lines long.” Hillebrand records it from 
Waimea, Kauai, with ‘‘leaves emarginate at the base, coriace- 

ous, with ochraceous tomentum.” My specimens are in young 

- fruit, and do not agree with this species in some particulars. 

It may possibly be an undescribed species. The mature leaves 

are about four inches in length, and more inclined to be oblong 

than ovate, densely pubescent underneath. Collected on the 

edge of the plateau above Waimea, Kauai, at an elevation of 
3500 feet. A tree, twenty feet high, with gray bark, and zig- 

zag branches. 

October 16 (2886). 

PHYSALIS L. Sp. Pl. 182 1753. 

Physalis peruviana L. Sp. Pl. Ed. 2, 1671. 1763. 

Abundant along the lower edges of the forest on Oahu and 

Kauai, and according to Hillebrand, also on Maui and Hawaii. 

The berry is gathered and made into jelly and jam. Called 

‘‘Poha,” by the natives. 

April 2 (2060); original locality, ‘‘Limae.”’ 

SOLANUM L. Sp. Pl. 184. 1753. 

Solanum nigrum L. Sp. Pl. 186. 1753. 
Common in Hanapepe valley, Kauai, and on the edge of the 

woods above Waimea. It also occurs on Oahu. The small 

black berries are eaten by the natives. 

July to October (2509, 2867). 

Solanum sandwicense H. & A. Bot. Beechy, 92. 1852 

Collected at an elevation of 3000 feet, on the ridge west of 

the Hanapepe river, Kauai. It differs somewhat from Hille- 

brand’s description of ‘‘ Corolla puberulous outside, bluish 
white, 5-6’’ in diameter, 5 fid to the middle, plaited. Anthers 
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almost sessile, scarcely + the length of the corolla.” The 

corolla in my specimens is cream colored, with purple centre, 

and purple stripes, extending about half way up the petals, the 
lobes of which are parted almost to the base. The stamens are 

two-thirds the length of the corolla, and have distinct, smooth 

filaments. 

July 29 (2638); original locality, Oahu. 

Solanum sodomeum L. Sp. Pl. 187. 1753. 

This African species, although not recorded by Hillebrand, 

is well established about Honolulu. The flowers are pale pur- 
ple, and the fruit yellow. The stem and leaves are covered 

with stout, yellow spines. 

June 10 (2409). 

SCROPHULARIACEAE. 

MONNIERA P. Browns, Civ. & Nat. Hist. Jam. 269, pl. 

28, f. 8. 1755. 

[Herpestis GAERTN. Fr. & Sem. 3: 186, pl. 214, f. 6. 1805.] 

Monniera monniera (L.) Brirron, Mem. Torr. Bot. Club. 
§:292. 1894. 

Gratiola monniera L. Centl. Pl. 2: 1756. 
Herpestis monniera H. B. K. Nov. Gen. 2:366. 1817. 

Common in wet places near the coast, as at Waikiki, and 

Pearl City, Oahu. 

June 10 (2408). 

GESNERIACEAE. 

CYRTANDRA Forst.. Char. Gen. 5: pl. 3. 1776. 

Cyrtandra cordifolia Gaup. Bot. Voy. Uranie, 446, pl. 56. 
1830. ; 

According to Hillebrand, this species is ‘‘common on the 

main range” of Oahu. It was seen at one place on Tantalus, 

back of Honolulu. The large, broadly ovate, oblique leaves, as 

well as the inflorescence and young branches, are covered with 

tawny hair. It is a much more fleshy plant than some of the 

other species. 

April 11 (2112). 
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Cyrtandra degenerans (WAWRA) 
; Cyrtandra paludosa, var. degenerans WAWRA, Flora (II) 30: 558. 

1872. 

Cyrtandra longifolia, var. degenerans C. B. CLARKE, DC. Monog. 

Phan. 5:277. 1883. 
Cyrtandra latebrosa HILLEBR. FI. Haw. Is. 337. 1888. 

It appears that Hillebrand had also given this the manuscript 
name of C. paradoxa. He considered it sufficiently distinct for 
specific rank, and this is made more probable by the fact that 

it grows on Oahu, while C. longifolia has been found only on 
Kauai. 

Cyrtandra gayana n. sp. (Plate LIX.) 

A small tree, ten feet high; trunk usually four inches in di- 

ameter, bark gray; top rounded; secondary branches slender, 

rough, somewhat quadrangular, studded with the scars of fallen 

leaves; leaves opposite, confined to the ends of the branches, 

lanceolate, tapering at both ends, two to three inches long, one- 

half to three-fourths of an inch wide, entire, bright green above, 

with impressed midrib and veins, brown beneath, and sparingly 

pubescent on the prominent, dark midrib and veins; petioles a 

half inch in length; flowers solitary in the axils of the leaves; 

peduncles an inch or less in length, subtended by small, linear, 

deciduous bracts; calyx a half inch in length, somewhat pu- 

bescent, thin, almost cylindrical, peaked in the bud, unequally 

five-toothed, deciduous from the fruit; corolla white, little ex- 

serted, slender, moderately curved, not quite an inch in length, 

not strongly bilabiate, the lobes short; stamens two, anthers 

broad and connected at their tips, as in the genus; style short, 

two-lobed; fruit white, ovate oblong, five lines in length, tipped 

with the persistent style. 
The type is No. 2495, which was collected on the ridge west 

of the Hanapepe river, Kauai, at an elevation of 38000 feet. It 

also occurs on the plateau above Waimea, at 4000 feet eleva- 

tion. Named in honor of Mr. Francis Gay, of Makaweli, 

Kauai, to whom I am much indebted for hospitalities shown to 

me while on the island of Kauai. It belongs to the group of 

which C. paludosa is the type. From that species it differs in 
its arborescent habit, narrower, entire leaves, which are brown 

underneath, instead of pale, and by its smaller flowers and 

fruit. There is a possibility that it may be Cyrtandra palu- 
dosa, var. arborescens Wawra, Flora (Il) 30:558, which is de- 
scribed as ‘‘frutex pyramidalis densissimus, foliis ellipticis in 

petiolum longe attenuatis integris. Folia subcoriacea glabra, 
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bacca vix 4 pollicem longa; nervis secundariis confertis.” 

Wawra’s specimen’s were collected on Kauai, but no locality is 

mentioned. The name arborecens, however, is antedated by C. 

arborecens BLUME, which would make my name valid, even if 

my plants are the same as Wawra’s. 

Cyrtandra grandiflora Gaup. Bot. Voy. Uranie, 447 pl. 55. 
1830. 

A few specimens were collected at the head of Kalihi valley, 

Oahu. In ail cases noticed, the large white flowers were borne 

on the branches below the leaves. The bracts in this species 

are large and foliaceous. The leaves are large, thin, ovate- 

oblong, on long petioles. Found only on Oahu. 

May 20 (2336). 

Cyrtandra Kalichii Wawra, Flora (II) 30:564. 1872. 
Oyrtandra tristis HILLEBR. in C. B. Clarke, DC. Monog. Phan. 

5:227. 1883. 

This odd-looking species was collected at the type locality, 

“Oahu, felsschluchten des Kalichithals.” It is a shrub, several 

feet high, simple, or with a few ascending branches. The 

leaves are often fifteen inches in length, obovate or oblong, 

with broadly winged petioles which are clasping or united at 

the base. The whole plant is more or less pubescent with 

tawny hairs. Under this species Hillebrand, Fl. Haw. Is. 334, 
cites ‘‘C. tristis, Hbd. in herb.” C. B. Clarke, as cited above, 

has described it for Hillebrand, quoting ‘‘Hillebrand ms.” 

May 20 (2337). 

Cyrtanda kauaiensis Wawaga, Flora (IL) 30:566. 1872. 

Found in a gulch above Waimea, Kauai, between the forks 

of the Waimea river, at an elevation of about 2000 feet. Itisa 

shrub, with few and slender branches. foliose only at the ends, 

and somewhat quadrangular. It was rare, as only one or two 

bushes were seen. 

September 30 (2829); original locality, ‘‘ Kauai, Walder von 

Halemanu.” 

Cyrtandra kealiae Wawra, Flora (II) 30:565. 1872. 

Not uncommon on the ridges along the Wahiawa river, Kauai, 

and also found on the ridges west of the Hanapepe river, at 

elevations of 2500 to 8000 feet. A freely branching bush, about 

five feet high, the young branches, inflorescence, and under 

sides of the leaves tomentose with bright yellow hairs; fruit 

enclosed in the densely hairy calyx. 

July to August (2543); original locality, ‘‘Kauai, um Kealia.” 

. et 
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Cyrtandra lessoniana GAaup. Bot. Voy. Uranie, 447, pl. 54 
1830. 

This appears to be a variable species, and forms between it 

and C. pickeringit are found. My No. 2300a has characters 
which point toward the latter species. The leaves are broader 
and thicker than in the typical plant, but it has the calyx lobes 

parted to the base, as is ordinary. No. 2896 appears to be typ- 
ical. It was collected on Konahuanui, back of Honolulu, at 

elevations of 1500 to 2000 feet. 

Cyrtaudra lessoniana pachyphylla HitLeseR. F]. Haw. Is. 331. 
1888. 

A form which appears to belong here, was collected on the 

slopes of Konahuani, at an elevation of about 2500 feet. The 

leaves are thick and leathery with prominent veins, and are 

densely tomentose on the lower side. The peduncles are one 
flowered. 

May 23 (2351). 

Cyrtandra longifolia (WAwrA) HILLesBR. in C. B. Clarke, DC. 
Monog. Phan. 8:276, 1883. 

Cyrtandra paludosa var. longifolia WAWRA, Flora (II) 30: 558. 1872. 

The following is Wawra’s description: ‘‘ Frutex biorgyalis 

foliis anguste lanceolatis brevissime petiolatis, subtus ad ner- 

vos brunneo-hirsutis integris. Calyce extus hirsuto. Pauci- 

ramosus. Folia ad caulis apicem congesta }-1 ped. longa, 13 

poll. lata, subtus spongioso furfuracea (novella brunneo to- 

mentosa) subsessilia vel in petiolum semipollicarem hirsutum 

repentine—rarius sensim contracta. Calyx tener, cylindraceus 
subaequaliter 5 lobus, lobis lanceolatis acutis 3 lin. longis. 

Corollae tubus gracillis pollicaris. Bacca anguste oblonga, 

pollicaris. Kauai, Walder von Hanalei; 199la.” To this I must 

refer my No. 2624, which includes two forms. The leaves are the 

same shape in both forms, either lanceolate or spatulate lanceo- 

late, and always contracted at the base, on petioles of almost 

a half inch in length. The one form is almost smooth, with 

leaves inclined to be pale underneath. The flowers are on 

slender pedicels of nearly two inches in length, and are pro- 

vided with two folicaeous, ovate bracts. The other form has 

the under sides of the leaves covered with brown scales, or 

with brown hairs on the petioles, midribs, pedicels and calyx. 

There is no evidence of bracts on the pedicels, but they show 

an articulation near the base. The two forms are similar in 

habit and appearance, and grow together in wet woods along 
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the Wahiawa river, Kauai. It is a branching bush, five to six 

feet high. The largest leaves are barely six inches in length. 

I have distributed it as Cyrtandra Wahiawae n. sp., but until 
there is an opportunity for comparison with Wawra’s speci- 

mens, which are preserved at Vienna. I cannot be shure that 

they are distinct from C. longifolia. Wawra states very plainly 

that the type of his var. longifolia is No. 199la, yet Mr. Clarke 

cites both 199la and 1991b as types. The latter number is the 

type of var. arborescens, according to Wawra, who ought to 

know his own specimens, while Mr. Clarke says 1991c is the 

type of that plant. UHillebrand, although his Flora was pub- 

lished five years later than Mr. Clarke’s paper, makes no men- 

tion of C. longifolia or C. scabrella Clarke, the type of the 

latter being ‘‘ Hillebrand, n. 324 in h. Kew.” Presumably his 

manuscript was prepared previous to 1883, and not afterwards 

revised. 

Cyrtandra oenobarba Mann, Proc. Am. Acad. 7:189. 1867. 

A rare species, collected on rocks at the base of a small 

waterfall in Hanapépe valley, Kauai. The short, herbaceous 

stems are hidden in the crevices of the rocks, and send out 

numerous fibrous roots, which give the plant the appearance 

of being stemless. In my specimens, the lower leaves are on 

petioles longer than the blade. A few plants were collected at 

Hanapepe falls, growing on a rock wall, where they were con- 

tinually kept moist by the dripping water. 

July 5 (2490); original locality, ‘‘ Wahiawa falls, and in 

Waioli valley, Kauai.” 

Cyrtandra oenobarba herbacea (WaAwRa) 

Cyrtandra paludosa. var. herbacea WAWRA, Flora (II) 80:59. 

1872. 

Wawra’s specimens came from Hanapepe falls, Kauai, and if © 

they are the same as specimens which I collected there, then they 

are more nearly related to C. oenobarba than to C. paludosa. 
They were distributed as C.oenobarba. As described by Wawra, 

it is ‘‘herbacea procumbens, foliis succulentis grosse serratis, 

pedunculis brevissimis plurifloris, pedicellis brevibis.” The 

leaves are about eight inches in length, including petioles of 

three to four inches. They are three inches broad, pointed at 

both ends, coarsely serrate, the petioles, midrib and veins cov- 

ered with coarse, brown hair. 

July (2490, in part). 
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Cyrtandra paludosa Gaup. Bot. Voy. Uranie, 447. 1830. 

Common on the mountains back of Honolulu. It does not 

grow in swamps, as the name would seem to indicate, but in 

woods which acquire considerable moisture from the frequent 

rains. A low bush, usually glabrous throughout; leaves lan- 

ceolate, acute at each end, bright green above, pale beneath, 

sharply serrate. Among the specimens are some which appear 

to be Hillebrand’s var. alnifolia. He describes it as ‘‘young 

shoots and inflorescence hirsute with dark ferruginous hairs. 

Leaves rounded at the base, the strong ribs and veins pubes- 

cent.” The leaves in these specimens are not rounded at the 

base, but the other characters are the same. 

May to November (2268). 

Cyrtandra pickeringii A, Gray. Proc. Am. Acad. 5: 350. 
1862. 

A few specimens were collected on Tantalus which are refer- 
able to this species. They were growing with C. cordifolia, but 

seem to have the characters of the species mentioned above, 

provided that Wawra’s C. honolulwensis is not distinct from 

C. pickeringii. In some respects they answer better to the 
description of Wawra’s plant. The inflorescence, - young 

branches, and under sides of the leaves are clothed with yellow 

hairs. 

April 11 (2113); original locality, ‘‘mountains of Oahu.” 

_Cyrtandra wawrai C. B. CLarKkst, in DC. Monog. Phan. 5: 228. 
1883. 

Cyrtandra peltata WAWRA, Flora (II) 30:565. 1872, not Jacq. 

Cyrtandra wawrae HILLEBR. FI. Haw. Is. 328. 1888. 

Described by both Wawra and Hillebrand as a branching 

shrub. In no case have I seen it branching. It is not uncom- 

mon about Hanapepe Falls, and in wet woods along the 

Wahiawa river, Kauai. The large, peltately affixed leaves are 

crowded at the summit of the stem, which is ascending or 

erect, and rather fleshy. The inflorescence and under sides of 

the leaves are covered with a soft wool, which feels very much 

like fine wool recently taken from a sheep. 

June 24 (2487); original locality, ‘‘Kauai, wasser fall von 

Hanalei.” 
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MYOPORINACEAE. 

MYOPORUM Banks & Sou.; Forst. f. Prodr. 44. 

1786. 

Myoporum sandwicense (A. DC.) A. Gray. Proc. Am. Acad. 
6:52. 1868. 

Polycoelium Sandwicense A. DC. Prodr. 11:706. 1847. 

In this species, the general order of things is reversed, for 

it is said to be ‘‘a tree 20 to 30 feet high, in the higher, 

shrubby in the lower regions.” It is occasionally found in 

gulches on the lee side of Kauai, below the forest. The wood 

is fragrant when dry, and was used as a substitute for sandal- 

wood after that had become almost exhausted. 

PLANTAGINACEAE. 

PLANTAGO L. Sp. Pl. 112. 1752. 

Plantago lanceolata L. Sp. Pl. 118. 1753. 

Not recorded by Hillebrand, but plentiful on open slopes of 

the lee side of Kauai, and also on the edge of the forest on the 

plateau above Waimea. It was not seen at elevations lower 

than 2000 feet. 

June to September (2457); original locality, ‘tin Huropae 

campis sterilibus.” 

Plantago major L. Sp. Pl. 112. 17583. 

Small forms of this species were collected along the road in 

Pauoa and Nuuanu valleys, Oahu. On the island of Hawaiii 

the ‘“‘leaves attain large proportions, with petioles of 6-8’, 

while the spikes reach 1}-2 feet,” according to Hillebrand. 

May (2822); original locality, ‘‘in Europa ad vias.” 

Plantago princeps C. &S. Linnaea, 1:167. 1826. 

My specimens, collected at the Nuuauu Pali, Oahu, agree 

very well with the description of this species as it was origin- 

ally given, and besides, the type came from ‘‘inclosed valleys 

at the foot of the mountains, on the island of Oahu.” Wawra’s 

P. princeps var. acaulis Flora (Il) $2:564, came from the Pali, 

and is hardly anything more than the typical plant. He ap- 

pears to have based his determination not on the original de- 

scription in Linnaea, but on the descriptions of Gaudichaud 

and Hooker & Arnott, who had P. queliana in view when they 
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wrote their descriptions, and not the plant described by Cha- 

misso and Schlechtendahl. 

April 23 (2198). 

Plantago queleana Gaub. Bot. Voy. Uranie, 445 pl. 50. 1830, 
Cited by Chamisso and Schlechtendahl in Lindaea, 1: 168. 

1826, ‘‘Gaudichaud ined.’’ They say the plant was collected on 

mountain heights, and ask whether it may not be their P. prin- 

ceps. All the descriptions show that P. queliana is not pros- 
trate, but has an erect stem, but that there was uncertainty about 

its being simple. On the ridge west of the Hanapepe river, 

Kauai, at an elevation of 38000 feet, were collected specimens 
from plants with stems which were simple and almost an inch 

in diameter, up to a height of nearly four feet, at which point 
they sent out five candelabra-like branches, on the ends of 

which were borne thick clusters of linear lanceolate, long 

pointed leaves, and long, flowering spikes. It can readily be 

seen how the earlier botanists, who did not see the living 

plants, could not be certain about whether the plant branched 
or not, for only one of the five branches can be used in making 

a specimen, and even then part of it must be cut away, so as to 

make it small enough to go on an ordinary sized sheet of 

mounting paper. That this and the plant from the Pali, with 

such a great difference in habit and appearance, can belong to 

the same species, is hardly possible. 
July 23 (2610). 

. RUBIACEAE. 

BOBEA Gaupb. Bot. Voy. Uranie, 473, pl. 93. 1830. 

Robea elatior GAuD. Bot. Voy. Uranie, 473, pl. 93. 1830. 

A slender tree, twenty to thirty feet high, with spreading, 

grayish branches. The leaves are light green, glabrous, and 

drop off easily. Collected on the heights of Pauoa, back of 

Honolulu, where it is occasionally found. Bobea is a genus 

found only in the Hawaiian group. 

October (2897). 

Bobea mannii Hitueser. F 1. Haw. Is. 173. 1888. 

The type of this species is M. & B. 621, in the Gray Herbar- 
ium, Cambridge, Mass. Mann erroneously referred this num- 

ber to Bobea brevipes A. Gray, being misled perhaps by the 
pubescence which is common to both species. It is not un- 
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common on the ridge west of the Hanapepe river, Kauai, and 

also in woods near the Wahiawa river. The type was collected 
in the neighborhood of Kealia and Waimea, which indicates 

that it must be scattered over the entire island of Kauai. The 

leaves have a reddish or brownish tinge, due to the pubescence 

on them. 

July 4 (2498). 

COFFEA L. Sp. Pl. 172. 1753. 

Coffea arabica L. Sp. Pl, 172. 17583. 

The coffee tree was introduced in 1828, and for a time its 

cultivation was carried on successfully, until the inroads of a 

fungus threatened to destroy all the trees, when the attention 

of the planters was directed to the raising of sugar cane. Of 

late years its culture has been revived, and ‘‘Kona” coffee is 

obtaining quite’a reputation. A single tree was noticed in 

Hanapepe valley. 

October 21 (2890); original locality, ‘‘in Arabia felice.” 

COPROSMA Forst. Char. Gen. 137, pl. 69. 1776. 

Coprosma kauensis (A. GRAY.) 
Coprosma pubens, var. Kauensis A. GRAY. Proc. Am. Acad. 4:49. 

1860. | 
The short description of ‘‘drupis obovatis obtusissimis plur- 

imis sessilibus in pedunculo communi,” by Gray, is all right 

so far as it goes, but the plant in question is very different 

from specimens of C. pubens in the herbarium of Columbia Uni- 

versity. My specimens are from a small tree, which is loosely 

branched above, the slender branches covered with whitish 

bark. The leaves are oblanceolate, attenuate into the petiole, 

and acute at the apex, two and a half inches in length, by 

nearly an inch in width, dull green above, gray pubescent be- 

neath. Common on the plateau above Waimea, Kauai, and also 

on the ridge west of the Hanapepe river, at elevations of 3000 

to 4000 feet. The fact that it is found on the northern island 

of Kauaiis an argument in favor of its being distinct from C. 

pubens, a species which has never been found north of Molo- 

kai, according to Hillebrand, and the type came from Hawaii. 

Sometimes the leaves are almost glabrous underneath. 

August (2681, 2776). 
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‘Coprosma longifolia A. GRay, Proc. Am. Acad. 4:48. 1860. 

A small tree, ten to fifteen feet high, with slender trunk. It 

is glabrous throughout, and has ternate leaves, an unusual 

cecurrence among the Hawaiian species. Said by Hillebrand to 

occur on Oahu, Hawaii and Kauai. Specimens were collected 

in young fruit, on the slopes of Konahuanui, Oahu, at 2500 feet 

elevation. : 

April 25 (2176); original locality, ‘‘Oahu, Sandwich islands.” 

Coprosma waimeae Wawra, Flora, (Il) 32;3827. 1874. 

Under Coprosma foliosa, Hillebrand remarks as follows: ‘‘Here 
must also be placed the imperfectly described C. Waimeae 

Wawra, l. c. p. 327, from Halemanu, Kauai: ‘drupis ternis in 

pedunculo axillari, plerumque geminato, petiolo sublongiore, 

subglobosis, cerasi fere magnitudine, calicis dentibus corona- 

tis.”’ Had he quoted the description in full, instead of picking 

out a sentence here and there, we could easily see that it is not 

‘imperfectly described,” but well characterized, and as valid a 

species as thereisany on thegroup. The following is Wawra’s 

description in full: ‘‘Arbuscula ramulis gracilibus parce 
foliosis e basilate triangulari acuminatis glabris; floribus * * 

drupis ternis in pedunculo axillari plerumque geminato 

petiolo sublongiore, subglobosis pulposis pro genere majusculis. 

Biorgyalis a basi ramosa, ramulis erectis ligneis glabris 

internodiis elongatis. Folia 2-3 poll. lga ac pollice in univer- 

sum latiora, oblonga vel obovata, obtusa vel breviter et obtuse 

acuminata-rotundata, basi in petiolum 2-3 lin. longum sensim 

vel saepius abrupte contracta, glabra. Stipulae coriaceae per- 

sistentes. Drupae auriantacae, singulae bractea suffultae, 

cerasi fere magnitudine. Cal. dentibus coronatae. Semina 

orbiculari-oblonga, 2 lin. longa subsemiglobosa.” 

In addition, there is the following remark in German, which 

I have translated: ‘‘ Has of all the Hawaiian species the larg- 
- est berries. Its stipules indicate an affinity with C. foliosa. In 

habit it resembles C. rhynchocarpa. It appears to stand 

pretty far apart from all hitherto known Hawaiian species of 

Coprosma.” It is a handsome species, and, as Wawra says, 
probably has the largest berries of any Hawaiian species. Col- 

lected at elevations of 3000 to 4000 feet, on the ridge west of 

the Hanapepe river, ‘and on the plateau above Waimea, Kauai. 

August to October (2751, 2815); original locality, ‘‘ Kauai, 

gebiet von Halemanu.” 
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GOULDIA A. Gray, Proc. Am. Acad. 4:310. 1860. 

Gouldia arborescens (WAWRA) 

Gouldia sandwicensis, var. a arborescens WAWRA, Flora (II) 32: 276. 

1874. 

Gouldia macrocarpa H1LLEBR. FI. Haw. Is. 170. 1888. 

After the description of .G. macrocarpa, Hillebrand says that 

it agrees ‘‘tolerably well with G. sandwicensis, var. a, WAWRA, 

from Hanalei, Kauai.” By comparing the two descriptions, 

very little difference is found. It is altogether probable that 

Hillebrand’s specimen of G. macrocarpa, with obovate leaves 

from Mt. Kaala, Oahu, belong to G. terminalis, which also has 

very large fruit, but the Kauai specimens, collected by Knud- 

sen, are likely the same as Wawra’s var. arborescens. Speci- 

mens with both ovate and obovate leaves were collected near 

the Wahiawa river, Kauai, at an elevation of 2500 feet. A small 

tree, ten to twenty feet high. The fruitis almost again as large’ 

as in any of the other species, except that of G. terminalis, 
which, when fully developed, is about as large as that of G. 

arborescens. : 

July 15 (2566, 2568); original locality, ‘‘ Kauai, Thal von 

“Hanalei.” 

Gouldia coriacea (H. & A.) HILLEBR. FI. Haw. Is. 168. 1888. 

Petesia? coriacea H. & A. Bot. Beechy, 85. 1832. 

Gouldia sandwicensis, var. coriacea A. GRAY, Proc. Am. Acad. 

4:310. 1860. 

Kadua affinis C. & S.; A. GRAY, Proc. Am. Acad. 4:310. 1860. 

Asa Gray, as cited above, makes Chamisso and Schlechten- 

dahl the authors of a Kadua affinis. These botanists, in Lin- 
naea, 4:164, after describing five species of Kadua, mention a 
sixth plant thus: ‘‘6. Kaduae affinis.” Then follows a descrip- 

tion of a plant collected on Oahu. It is pretty evident from 

the ‘‘Kaduae affinis,” that they meant a plant related to 

Kadua, and did not intend to give it a specific name, as it was 

the custom in early days to mention plants of uncertain affini- 

ties in just this way. To cite a similar case: Walter, in Fl. 

Car. 102, under Anonymos, says ‘‘ Kuhniae aftinis,” but in ad- 

dition, gives to the plant the specific name of pinnata, or, in 

other words, Anonymos pinnata, a plant allied to Kuhnia. 
It seems that there is no type of Gray’s ‘‘ Gouldia Sand- 

wicensis.” It is merely a mythical species, intended to repre- 

sent any plantof the genus Gouldia, which may be found in 

the Hawaiian Islands. He based it upon the two species of 
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Hooker and Arnott, Petesia? coriacea and Petesia? terminalis, 

reducing them to varieties, and added a third variety—hirtella. 
G. coriacea is found in the mountains back of Honolulu, at 

elevations of 2,000 feet and more. My specimens are from 

dwarfed trees, and agree with specimens in the Bernice Pauahi 

Bishop Museum, which were collected by Mann & Brigham. 

May 23 (2347). 

Gouldia elongata n. sp. (Plate LX.) 

Shrubby, with long and slender, drooping branches, these 

subherbaceous near the ends and sharply four angled, glab- 

rous throughout; bark gray, smooth; leaves elliptical-lanceo- 

late, slightly more contracted at the apex than at the base, 

two to three inches in length, an inch and a half in width, 

entire, midvein prominent, impressed above, veins not promi- 
nent; petioles stout, almost an inch in length; panicles termi- 

nal, or occasionally axillary, pyramidal, very large and loose, 

with three or four nodes, trichotomously decompound; pedicels 

slender, angled, five lines long; berries small, one line in 

diameter, bluish. 

The type is 2606 in part, and was collected July 25, on the 

ridge between the Wahiawa and Hanapepe rivers, at an eleva- 

tion of about 2,500 feet. It grew in wet, boggy woods, a large 

number of the slender, wand-like stems springing from a 

single clump. It is evidently part of Hillebrand’s Gouldia 

terminalis, but is very different from true specimens of that 
species, which is probably confined to the island of Oahu, un- 

less it, can be proved that G. arborescens is merely a more 

arborescent form of it. 

No. 2889, collected in the bog at the head of the Wahiawa 

river, must also be referred to G. elongata. These specimens 
are from a stouter bush, divaricately branched, and bearing 

much shorter panicles, with larger berries. The leaves are 

smaller and more obovate in shape, It is perhaps distinct, but 
appears to have more characters in common with this species 

than with any other. 

Gouldia lanceolata (Wawra). 
Gouldia sandwicensis, var. c. lanceolata WAWRA, Flora (11) 32: 277. 

1874. 

This is certainly a good species, perfectly distinct from 

either G. coriacea or G. terminalis, which are the only other 

species found on the mountains back of Honolulu. My speci 

mens are from small trees about ten feet high, with slender 
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trunks, and rounded, branching tops. Wawra describes it as 

‘arbuscula a basi ramosa, ramulis abbreviatis, novellis ex- 

ceptis distortis et torulosis.” His specimens were collected on 

Waiolani, Oahu, at an elevation of 3,000 feet, which would ac- 

count for the difference in the growth of the trunk and 

branches, as everything is dwarfed and stunted at that eleva- 

tion on the mountains of Oahu. The leaves are ‘‘coriacea 

lanceolata vel oblongo-lanceolata acuta in petiolum subsemi- 

pollicarem sensim acutata,” as described. Specimens with 

both long and short corollas were collected on Konahuanui, at 

elevations of 200C to 2500 feet. 

April to May (2177, 23814, 2315). 

Gouldia sambucina n. sp. (Plate LXI.) 
A tree, fifteen to twenty feet high, glabrous throughout, 

freely branching above, the bark close, grayish; leaves large, 

elliptical-ovate, three to five inches long, two to three inches 

wide, dull green on both sides, coriaceous, entire, moderately 

pointed, rounded or somewhat narrowed at the base, midrib 
and veins prominent; petioles stout, usually an inch in length; 

stipules about three-sixteenths of an inch long, triangular or 
ovate, slender pointed; inflorescence usually terminal, pyra- 

midal in shape, shorter than the leaves, the branches numer- 

ous, trichotomous; berries small, globular, a line in diameter. 

Type number, 2879, collected at an elevation of 3500 feet, on 

the edge of the plateau above Waimea, Kauai. The fruiting 

clusters bear a marked resemblance to the common American 

elder, Sambucus canadensis, whence the specific name. ,.Owing 

to a mistake, specimens were distributed under the name of 

‘¢ Gouldia neriifolia nu. sp.” To it are referred No. 2883, which 

is almost identical, and 2859, with considerably smaller, nar- 

rower leaves, which are inclined to be contracted at the base. 

The fruit clusters are smaller, and the peduncles and pedicels 

slightly pubescent. All three numbers were collected at the 
same place, near the edge of the plateau. 

Gouldia terminalis (H. & A.) HILLEBR. Fl. Haw. Is. 169. 1888. 

Petesia? terminalis H. & A. Bot. Beechy, 85. 1832. 

Gouldia sandwicensis, var. terminalis A. GRAY, Proc. Am. Acad. 
4:310. 1860. : 

Hillebrand certainly must have confused two species under 

this name, for his characters, ‘‘ tall rambling, almost scandent 

shrub, the long virgate branches subherbaceous,” clearly point 

to Gouldia elongata. In the herbarium of Columbia University, 
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are specimens from Dr. Gray, labeled ‘‘ Gouldia sandwicensis, 
var. terminalis,” which are identical with my 23801, collected on 

the heights of Pauoa, back of Honolulu. The original of 

Hooker and Arnott was also undoubtedly collected in this 

region. It is amuch branched bush, five or six feet high, the 

young branches subherbaceous and terete, with obovate, oblong 

leaves, which are slightly pointed, narrowed but rounded at 

the base, three to four inches long, two inches or less in width; 

panicles terminal, shorter than the leaves, flowers tinged with 
purple. The fruit is large, bright blue. With the exception 

of G. arborescens, this species has the largest fruit of any spe- 
cies in the genus, at least any species which has so far been 

described. As indicated by Hillebrand, Wawra’s G. sandwicen- 

sis vars. suffruticosa and cordata probably belong here. 

KADUA C. &S. Linnaea, 4:160. 1829. 

Kadua acuminata C.& 8S. Linnaea, 4:163. 1829. 

Kadua petiolata A. GRAY, Proc. Am. Acad. 4:318, 1860. 

A shrub, several feet high, with spreading branches. Col- 

lected on the steep slope on the Konahuanui side of the Nuu- 

anu Pali, Oahu. ' 

May 24 (2360); original locality, ‘‘in nemoribus Insulae 

O-Wahu.” 

Kadua cordata C. & S. Linnaea, 4:160. 1829. 

Woody at the base, with weak, spreading, herbaceous branch 

es. The leaves are ovate-lanceolate, on short petioles, and the 

specific name is not derived from their shape, as might be sup- 
posed, but from the ovate, cordate, foliaceous bracts which 

subtend the flower clusters. Abundant on Konahuanui, Oahu, 
at an elevation of 2500 feet, and also recorded from Kauai. 

April to November (2181); original locality, ‘‘insula 

O- Wahu.” 

Kadua elatior (Mann) 
Kadua cookiana, var. ? elatior MANN, Proc. Am. Acad. 7:172. 

1867. 

Specimens of my No. 2440 have been compared with M. & B 

569, which is the type of var. elatior, and pronounced identical 
with it. Mann’s plant was collected at Hanalei, Kauai, and 

mine near Hanapepe falls. The type of K. cookiana came 
from the island of Hawaii, and allowing for geographical range 
and differences in the plants, the Kauai plant is certainly 

worthy of specific rank. 
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To this species is also referred No. 2442, collected near the ~ 

same place, but on a steep bank above the Hanapepe river, 

while the former grew near the water’s edge. This differs in 

being a branching shrub, two or three feet high, with broader 

leaves on longer petioles. The calyx lobes are also shorter 

and broader. Were it not for the fact that forms intermediate 

between this and No. 2440 were noticed wherever the two oc- 

curred, I would not hesitate to describe it as a distinct species. 

Kadua glomerata H. & A. Bot. Beechy, 85. 1882. 

Hillebrand records this species from Oahu, but on the Waianae 

mountains only. Weare not told on what part of Oahu, Lay & 

Coollie collected their specimens, but one would naturally sup- 
pose that they did the greater part of it in the neighborhood of 

Honolulu. My specimens were collected on Konahuanui, back 

of Honolulu, where it is plentiful at an elevation of 2500 feet. 

The herbaceous, hollow branches are usually four or five feet 

long and reclining. The slender tube of the corolla is almost an 

inch in length. As described by Hooker & Arnott, the calyx 

and corolla are both strongly pubescent, and ‘‘the teeth of the 

calyx are linear and very rigid ” 

November 2 (2907); probably from the original locality, 

Kadua knudsenii HILLEBR. FI). Haw. Is. 162. 1888. 

No. 2606, in part, collected July 23, at the head of the valley 

opposite Gay & Robinson's Hanapepe valley house, Kauai. 

The plants were growing alongside of a small waterfall. The 

slender, almost vine-like branches were eight or ten feet long, 

and drooped over the bank. Specimens in both flower and 

fruit were obtained. The following is Hillebrand’s descrip- 

tion: ‘‘Branches slender, bilineate, the longest internode 23’. 

Stipules triangular. Upper leaves 3x1finches, on petioles of 2 

lines, broad oblong, shortly acuminate, rounded at the base, 

chartaceous, faintly puberulous beneath. Lowest floral leaf 

cordate, sessile, 1 inch, the uppermost very small, not over one 

line long. Panicle pyramidal, ample and open, 8 inches long, 

with six nodes, the lowest branches again ramifying divari- 

cately with simple or compound cymes at their ends, the lat- 

eral flowers on pedicels of 1-13 lines; the ultimate bractlets 

linear-spatulate to dentiform, about} line long. Calyx lobes 

ovate or lanceolate, shorter than their tube. Corolla glabrous, 

its tube 8 lines, the spreading lobes more than 3 that length, 

with tips inflected in the bud. Anthers sagittate, sessile below 

the throat. Style 4 as long as the tube, with linear lobes, 

hairy at the base.” 
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This is the original No. 2606, and very much resembles 

Gouldia elongata, which was collected several days later, and 
included under this number, so much alike are they in appear- 

ance and habit when only superficially examined. Examination 

will show that it differs from the Gouldia in having terete stems, 

a capsule dehiscent at the apex, and an ovate, cordate, sessile 

floral leaf at the end of the first node. Several specimens were 

also collected at the base of the plateau above Waimea, not far 

from the original locality. The type was collected by Knud- 

sen, on the west side of the Hanapepe river. 

Kadua waimeae Wawra, Flora(II) 32: 264. 1874. 

A glabrous shrub, branching above, the slender branches 

drooping; leaves sessile, with cordate, clasping base, ovate, 

shortly acuminate, one to two inches long. The specimens are 

rather old, and the leaves have turned dark in drying. Col- 

lected at an elevation of 2500 feet, on the ridge opposite Gay & 

Robinson’s Hanapepe valley house, Kauai. Originally includ- 

ed under No. 2615. 

July 23 (2615a); original locality, ‘‘Kauai, Wilder von Hale- 

manu.” 

MORINDA L. Sp. Pl. 176. 1753. 

Morinda ecitrifolia L. Sp. Pl. 176. 1753. 

Occasional trees are found in Hanapepe valley, Kauai The 
fruit which is the size of an ordinary orange, is ‘‘insipid and 

very foetid when decaying,” according to Hillebrand. It is a 

small tree, ten or fifteen feet high, with spreading branches, 

and large, ovate, pointed leaves. 

August 14 (2716); original locality, ‘‘in India,” 

NERTERA Banks & Sou.; GAERTN. Fr &Sem 1:124, 

pl. 26. 1788. 

Nertera depressa Banks & Sou.; GAERTN. Fr. & Sem. 1: 124, 
PCO, fads ~ 1L88: 

Very common in wet woods, near the head of the Wahiawa 

river, Kauai, where it creeps over the ground and forms thick 
mats. The stems root at the nodes. Properly the flowers are 

terminal, but those of young and short branches have the ap- 

pearance of being axillary. 
August 12 (2702); original locality, ‘‘in regionibus antarc- 

ticus.” 
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PAEDERIA L. Mant. 52. 1767. 

Paederia foetida L. Mant. 52. 1767. 

Very abundant in upper Nuuanu valley, Oahu. In many 
places the interlaced and twining stems cover grass and bushes 
completely. The tomentose flowers are pale lilac in color. In- 

troduced about 1854. 
October 29 (2893); original locality, ‘‘in India.” 

PLECTRONIA L. Mant. 52. 1767. 

Plectronia odorata (Forst.) HILLEBR. Fl. Haw. Is. 175. 
1888. 

Coffea odorata Forst. f. Prodr. 16. 1786. 

Common on the lee side of Kauai, up to an elevation of 2500 

feet. Specimens were collected in Hanapepe valley, and in 

ravines above Waimea. The thick, dark green, glossy leaves, 

make it conspicuous on the hillsides and gulches. It is a tree 

ten to twenty feet high. Hillebrand cites ‘‘Benth. & Hook. 

Gen. Pl. 2:110,” as the authors of Plectronia odorata, but in 

uniting Canthium with Plectronia, those botanists do not men- 

tion species, hence to them does not belong the credit of the 

combination, unless we grant that Hillebrand published it for 

them. 

June to September (2445). 

-PSYCHOTRIA L. Syst. Ed. 10, 929. 1759. 

Psychotria hexandra Mann, Proc. Am. Acad. 7:170. 1867. 

Specimens collected at an elevation of about 3,500 feet, on 

the ridge west of the Hanapepe river, Kauai, seem to belong 

to this species, although in some points they do not agree 

with the description as given by Mann and Hillebrand. The 

leaves are acute at both ends, as described, but are not pale 

beneath. Instead, they are more or less provided with brown- 

ish hair and scales. The anthers are oblong, slightly narrowed 

at the apex, but not acute, and not contracted at the base. A 

small tree, fifteen feet high, with spreading branches. Per- 

haps-a distinct species. 

August 6 (2680); original locality, ‘‘on the mountains above 

Waimea, Kauai.” 
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Psychotria hirta (Wawra) 

Collected in flower only, at an elevation of 4,000 feet, on the 

plateau above Waimea, Kauai. A slender tree, fifteen feet 
high, with obovate, abruptly pointed leaves, which are pubes- 

cent underneath on the veins and midrib, and also brown 

scaly in the spaces between the veins. The flowers are large, 
lemon yellow, but the cymes are not specially contracted, al- 

though they are few flowered. 

October 12 (2876); original locality, ‘‘Gebirgs walder von 

Halemanu,”’ 

RICHARDIA L. Sp. Pl. 330. 1753. 

Richardia scabra L. Sp. Pl. 330. 1753. 

Common in cane fields on the lee side of Kauai, and also in 

pastures. Specimens were collected near Hanapepe, in a cane 

field, and on the plateau above Waimea, where it was growing 

on the edge of the woods. 

July to September (2564);.original locality, ‘‘in Vera Cruce.” 

STRAUSSIA A. Gray, Proc. Am, Acad. 4:42. 1860. 

It seems that Nuttall had recognized that these plants be- 

longed to an undescribed genus, and has labeled his specimens 

Apionema, with three species, obovata, penduliflora + and 

sulcata. Unfortunately he never published a description of 

them, and Dr. Gray did not take up his name, but substituted 
Straussia in its stead. 

Straussia kaduana (C. & S.) A. GRay, Proc. Am. Acad. 4:43. 
1860. 

Coffea kaduana C. & S. Linnaea, 4:33. 1829. 

A variable species, one number of which (2193) I distributed 
as ‘‘Straussia parviflora n. sp.” It is merely a small leaved 
form, collected on the steep slopes of the Nuuanu Pali, Oahu. 

On the slopes of Konahuanui, at an elevation of 2,500 feet, an- 

other form (2350) was collected. This has longer leaves and 

larger fruit. Another form from the head of Kalihi valley 

(23383), has long, erect, pubescent peduncles. The length of 

the corolla tube is variable in this species, but it is always 

supposed to be smooth in the throat. Though the leaves are 

variable, they are more or less obovate and short peticled in 

all cases, as in the original description: ‘‘Folia breviter petio- 

lata, firmia, opaca, cuneato-obovata, angulo apicali obtuso, 
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supra plana, nervo medio, quam crassus latiori.’”” The origi- 

nal locality is ‘tin nemorosis montium Insulae O-Wahu.” 

Straussia mariniana (C. & 8S.) A. Gray, Proc. Am. Acad. 
4:48. 1860. 

Coffea mariniana ©. & S. Linnaea, 4:35. 1829, 

This species seems sufficiently distinct from any of the oth- 

ers by the leaf shape alone, although Mann, in Proc. Am: Acad. 

7:170, says ‘‘the only characters upon which this speties can 

be kept distinct from the first (kaduana) are, so far as the 

specimens now show. the slightly longer tube of the corolla, 

which is bearded within.” Itis very likely that some of the 

specimens which Mann cites are not of this species, but belong 

to another. The original is clear enough, and one who has ob- 

served these plants in the field, should have no great difficulty 

in deciding to which of the two species enumerated above his 

specimens belong. The original description says: ‘‘Folia in 
apicibus conferta, elliptica, utrinque acuta, apice tamen obtusi- 

uscula * * * maxima 8} poll.-longa, 14 poll. lata, petiolo 

ad summum semipollicari, lamina decurrente marginata.” My 

No. 2267, from the slopes of Konahuanui, back of Honolulu, 

has elliptical-lanceolate leaves, acute at both ends. The flow- 

ering panicles are erect. On Kauai it is common in damp 

woods on the lee side of the island up to an elevation of 4000 

feet. Here it is larger in every way than on Oahu, and is not 

typical. The tree is larger, the leaves are broader and some- 

what longer, but preserve the same general shape that they 

have in the Oahu plant. Petioles two or three times longer 

than in S. kaduana, is also a constant character in this species. 

As the types of both species came from Oahu, it is only there 

that we may expect to find anything like the originals, and 

specimens from other islands can merely be referred to one or 

the other with more or less uncertainty, especially since it is a 

recognized fact that outside of the introduced species, there 

are very few species common to two or more of the islands. 

July to September (2267, 2565); origtnal locality, “in nemo- 

rosis montium O-Wahu.” 

Straussia psychotrioides n. sp. (Plate LXIZ.) 

A small tree, ten to fifteen feet high, branching above, the 

branches loose and spreading, with the young parts more or 

less angled; bark gray, somewhat ridged; leaves opposite, usu- 

ally divaricate, or sometimes reflexed, obovate oblong, the 
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apex rounded, but often bluntly pointed, gradually narrowed 

at the base, three and a half inches long, one and a fourth 

inches wide, coriaceous but thin, entire, the margins slightly 
inrolled, glabrous and light green on the upper side, brown 

scaly and shortly pubescent beneath between the veins, midrib 

and veins yellowish, prominent, especially the midrib; average 

length of petioles six-sixteenths of an inch; stipules broadly 

ovate or almost orbicular, not narrowed at the base; peduncles 

erect, an inch and a quarter in length; inflorescence composed 

of two or three whorls, three rays springing from: each node, 

each of the lower rays two-flowered, the flowers very shortly 

pedicelled, the upper rays one-flowered, much longer pedicelled; 

flowers white, with very short tube, and spreading lobes; fruit 

obovate, four lines high, slightly swollen at the base, crowned 

by the short calyx lobes. 

The type is No. 2885, collected at an elevation of 3500 feet, 

along the edge of the plateau above Waimea, Kauai. Trees of 

_ this species were also seen on the ridges west of the Hanapepe 

river, but specimens were not collected. Unfortunately none 

of the specimens now at hand show the flowers. It is remark- 

able as having the largest flowers of any known species in the 

genus. The corolla is about five lines long, with a tube hardly 

one-fourth the length of the spreading lobes. The stamens are 

exserted. In the living plant, the leaves, too, are peculiar. 

They are thin, and the prominent midrib and veins help to give 

them an appearance which is hardly describable. They have 

a grayish, semi-transparent aspect, which is not at all brought 
out in dried specimens. The persistent calyx lobes which 

crown the fruit, though small, are larger than is usual in 

Straussia. Althgether, there is a decided leaning toward 

Psychotria. 

Straussia pubiflora n. sp. (Plate LXIIL) 
A small tree, fifteen to twenty feet high, with slender trunk. 

branching above; bark gray, roughened; young branches slen- 

der, nodose, the growing parts somewhat quadrangular or flat- 

tened; leaves opposite, obovate oblong, two to three and a half 

inches long, one and a half inches wide, thin, glabrous, entire, 

slightly contracted at the end, light green above, darker be- 

neath, midrib and veins prominent; petioles a half inch or more 

in length; stipules ovate, rounded, two lines long; panicles 

pendulous on puberulous peduncles of two inches in length; in- 

florescence puberulous, composed of three whorls, each, except 
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the terminal one, bearing four rays, each ray three to five 

flowered; calyx a line long, with inconspicuous lobes; flowers 

white, three lines long, the tube pubescent, lobes spreading, as 

long as the tube, oblong, obtuse; stamens short, slightly ex- 

serted, inserted at the junction of the corolla lobes with the 

tube; filaments not longer than the anthers, somewhat pubes- 

cent; style not exserted, two lobed; ovary glabrous. 

The type is No. 2300, collected May 18th, on the heights of 

Pauoa, Oahu. It is possible that this may be Nuttall’s Apio- 

nema pendulifiora, published by Dr. Gray as a synonym of 

Straussia kaduana. There is apparently no way of determining 

this, except by comparing it with Nuttall’s specimen in herb. 

Hooker. It seems to be Hillebrand’s Straussia kaduana var. 
gamma from Pauoa and Makiki. ‘To this species must also be 

referred No. 2210, which differs in having broader leaves on 

shorter petioles. In texture, though,they are the same as those 

of No. 2300. It was also collected on the heights of Pauoa. 

LOBELIACEAE. 

CLERMONTIA Gaup. Bot. Voy. Uranie, 459, pl. 71-73. 
1830. 

Clermontia clermontioides (GAUD. ) 

Delissea clermontioides GAUD. in Mann, Proc. Am. Acad. 7: 178. 
1867. 

‘Clermontia gaudichaudii HILLEBR. FI. Haw. Is. 243. 1888. 

Figured by Gaudichaud, but not described, in the atlas of 

the Botany of the Voyage of the Bonite, as plate 47. The first 

description appears to have been drawn up by Mann, and cred- 

ited to Gaudichaud as cited above. It occurs at intervals in 

wet woods near the source of the Wahiawa river, Kauai. A 

much branched bush, eight or ten feet high, with thick, pale 

green, elliptical-oblong, pointed, crenulate leaves. The yellow 

fruit is almost an inch in diameter. 

August 12 (2704). 

Clermontia kakeana MEYEN, Reise, 358. 1848. 

Clermontia macrophylla Nutr. Trans. Am. Phil. Soc. (II) 8: 251. 
1843. 

Clermontia macrocarpa GAUD. Bot. Voy. Bon. pl. 49, without de- 

scription. 

Hillebrand takes up the specific name macrocarpa, and re- 

marks as follows: ‘‘Meyen’s name is older than Gaudichaud’s, 

but, as it was published without description, and the word 
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Kake is the native rendering of the English name Jack, prob- 
ably adopted by the travelers guide, I forbear from introducing 

it.” Meyen’s name was published with description, as cited 

above, and also in Walp. Rep. Bot. Syst. 2:708. 18438, where 

itis given thus: ‘CL. KAKEANA Meyen, mss. in Hb. Regio 

Berolin,” followed by a description. It is possible that C. mac- 

rophylla Nutt., may have precedence of a few months, but it 
would be a hard matter to find out definitely. At any rate, it 

was described twice in 1843 under the name kakeana, and C. 

macrocarpa Gaud., is the name without a description, Hille- 
brand's statement to the contrary. The species is plentiful on 

the heights of Pauoa and Tantalus, above Honolulu. A small 

tree, eight or ten feet high, with branching top and light green 

leaves, six to eight inches in length. They are elliptical-ob- 

long, rather thin, finely serrate, puberulous beneath. The flow- 

ere are large, nearly two inches long, and a half inch broad, 

yellow green, slightly curved. The anthers are purplish. 

April 11 (2059); original locality, Oahu. 

Clermontia oblongifolia Gaup. Bot. Voy. Uranie, 459, pl. 77. 
1830. 

A small tree, fifteen to twenty feet high, with straight trunk 

and spreading top; leaves oblong, on long petioles, thick and 

leathery, serrate; flowers dull green, tinged with purple, over 

two inches in length, strongly curved. Collected on Konahu- 

anui, Oahu, at 2500 feet elevation. 

May 2 (2289). 

Clermontia persicaefolia Gaub. Bot. Voy. Uranie, pl. 72, 
1830. 

A branching bush, five or six feet high. The leaves and 

flowers are shaped like those of C. oblongifolia, but the former 
are much narrower and shorter, on shorter petioles, with differ- 

ent serration, and are brighter green and shining above, instead 

of dull. The flowers are more numerous, smaller, less curved 

and almost white. Collected at an elevation of 2500 feet, on 

Waiolani, back of Honolulu. 

Junie 6 (2391). 

CYANEA Gaup. Bot. Voy. Uranie, 457, pl. 75. 18380. 

Cyanea coriacea (A. GRAY) HILLEBR. Fl. Haw. Is. 254. 1888, 

Delissea corvacea A. GRAY, Proc. Am. Acad. 5:147. 1862. 

This species is abundant along the banks of the Hanapepe 

and Wahiawa rivers, and probably also along the Waimea and its 
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tributaries, since Hillebrand records it from ‘‘Waimea, at ele- 

vations of about 2000 feet.”” He attributes to it the erroneous 

character of ‘‘branching shrub.” It must be remembered that 

Hillebrand personally knew nothing about the vegetation of 

Kauai. He received all of his Kauai specimens from Mr. Vlad- 

mir Knudsen, of Waimea, who owns a large tract of land west 

of the Waimea river. The plant in question is simple, with a 

trunk five to ten feet high, an inch or two in diameter, and 

topped by a dense cluster of long, obovate-oblong leaves on 

long petioles. The flowers are long-peduncled, numerous in 
the axils of the leaves. They are about an inch in length, al- 

most white, or purple tinged, somewhat curved. It is figured 

as Plate LXIV, which shows only a small portion of the top of 
a plant 

Cyanea hirtella (MANN) HILLEBR. FI. Haw. Is. 255. 1888. 

Delissea hirtella MANN, Proc. Am. Acad. 7: 179. 1867. 

In making his key for this genus, Hillebrand appears to have 
paid little attention to the original descriptions. To this spe- 
cies he attributes ‘‘calcyine lobes nearly as long as the tube.” 

Mann’s description is plainly contrary to this, for he says ‘‘lo- 

bis calycis lanceolatis ovario multo brevioribus,” The chances 

are that Hillebrand had an entirely different plant. Atan ele- 

vation of 4000 feet, on the plateau above Waimea, Kauai, I col- 

lected specimens which Mr. Fernald has kindly compared with 

Mann’s type, and pronounced them identical. It is described 

as ‘‘a large branching shrub, 20 feet high, hirsute with short 

rusty hairs.” The leaves are ‘‘oblanceolatis utrinque acuminatis 

crebre serrulatis, supra glabris petiolatis.” My specimens are 

from brarching shrubs, eight to ten feet high, which grew only 

on the banks of a forest stream. The leaves are four to six 

inches long, on petioles of an inch or more in length. The 

specimens are in fruit only. 

August 30 (2769); from the original. locality, ‘‘mountains 

above Waimea, Kauai.” 

Cyanea leptostegia A. Gray, Proc. Am. Acad. 5:149. 1862. 

The trunk of this species is usually about twenty feet high, 

although much taller ones are sometimes found. It is three 

inches or more in diameter, hollow, but here and there closed 

by a white membrane, simple, and topped by a dense, round 

crown of leaves, which are slightly drooping. The flowers are 

crowded at the bases of the lower leaves, and from the remains 
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of old ones, it would seem that both corolla and staminal 

column are somewhat pubescent. The juice is yellowish and 

thick. Collected at the type locality, ‘‘upper edge of the for- 

est, near the tabular summit of Kauai.” 

September 9 (2793). 

Cyanea longifolia n. n. 

Delissea arborea MANN, Proc. Am. Acad. 7:180. 1867, not Presl. 

1836. 

Cyanea arborea HILLEBR. FI. Haw. Is. 261. 1888. 

The earlier Delissea arborea of Pres] invalidates Mann’s later 

one, and I have assigned to it the name given above. The 

leaves are described as being two feet long. 

Cyanea spathulata (HtLLEBR.) 
Cyanea coriacea, var. spathulata HILLEBR. F). Haw. Is. 254. 1888. 

This is described as having ‘‘leaves narrowly spathulate, 
4-6 x #-1 inch, on petioles of 4—1 4 inches, coriaceous, slightly 

pubescent underneath along the prominent rib and veins.” My 

2768, collected at an elevation of 4000 feet, above Waimea, 

Kauai, seems to belong here. The specimens came from a 

shrub eight or ten feet high, branching above, the branches 

slender, and oftencurvedattheends. Itgrew along the banks 

of a forest stream on the plateau. The calyx and corolla are the 

same as those of C. coriaceu, and the leaves are of the same gen- 

eral shape, but much narrower, more acute, and on petioles very 

much shorter. In that species the racemes, although on long ped- 

uncles, are only as long as the petioles. while in this theyare half 

the length of the leaves. The habit of the two plants is also dif- 

ferent. C. coriacea never branches, except in rare cases where 

the stem has been broken or injured, while C. spathulata al- 
ways branches, and grows at much higher elevations, and in 

deep forests, instead of along river banks in open places on the 

edge of the woods. The type came from the west side of the 

Waimea river, ‘‘at heights of 4000 feet.” C. coriacea has not 

been found higher than 2000 feet, or, at most, 2500 feet, along 

the Wahiawa. Figured as Plate LXV, which shows a single 

branch. 

August 30 (2768). 

jyanea sylvestris n. sp. (Plate LXVI) 

An unbranched shrub, four to eight feet high, with a trunk 

one to two inches in diameter; leaves large, disposed at the 

summit of the erect stem, lanceolate or ovate-lanceolate, twelve 
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to fourteen inches long, three to four inches wide, thin, glab- 

rous, light green and shining above, paler beneath, serrulate, 

acute, narrowing below into a stout petiole, veins prominent 

on both sides, the midrib raised on the upper side, flat and 

broad on the lower side; petioles one to two inches long; in- 

florescence somewhat pubescent with short, brownish hairs; 

flowers mostly in the axils of the upper leaves; peduncles 

shorter than the petioles, several flowered; calyx somewhat 

campanulate, the lobes narrowly lanceolate, much shorter than 

the tube; corolla nearly two inches in length, slender, curved, 

purple; staminal column glabrous; berry yellow, obovate, 

nearly three-fourths of an inch in length, with a diameter of 

nearly a half inch, crowned by the persistent style; seeds 

brown, very glossy. 

The type is No. 2691, collected in wet woods near the 
Wahiawa river, Kauai, at elevations of 2,500 to 8,000 feet. ; It 

is always found back in the forest, never in open places, and 

is rather common. There is a possibility that it may be the 

same as Cyanea recta (Wawra) Hillebrand, but does not quite 
agree with the description of that species. Nearly all of my 

specimens were in fruit, but several had unopened flowers, 

one of which is shown in the plate, and a few were found which 

had old, withered flowers attached. The fruit is larger than 

that of any other Cyanea which I have seen. 

To this species is also referred No. 2494 of which a few 

specimens were collected on the ridge west of the Hanapepe 

river. They are in neither flower or fruit, but merely have 

undeveloped buds. 

DELISSEA Gavup. Bot. Voy. Uranie, 457, pl. 76-78. 
1830. 

Delissea rhytidosperma Mann, Proc. Am. Acad. 7:180. 1867. 

Delissea kealiae WAWRA, Flora (II) 31:10. 1873. 

It is possible that Wawra’s species is distinct from Mann’s 

and in that case my specimens are not D. rhytidosperma, but D. 

kealiae, for they were collected on the east side of the Hana- 

pepe river in wet woods near the source of the Wahiawa, not 

many miles from the place where Wawra collected his type. 

Mann’s type, on the*contrary, came from the ‘“mountains 

above Waimea, Kauai,” in what is practically a different floral 

area, neither did I see this same plant above Waimea. 

July to October (2487). 
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Delissea undulata GAuD. Bot. Voy. Uranie, 457, pl. 78. 1880. 

As stated by Dr. Gray, in Proc. Am. Acad. 5:148, D. swbcor- 

data seems to be nothing but a form of this species, for, as he 

remarks, ‘‘leaves with the base subcordate, obtuse, or acute, 

being found on the same stem.” Scattered plants may be 

found on the grassy slopes west of the Hanapepe river, Kauai, 

at elevations of about 2000 feet. On an individual plant may 
be found young leaves which answer to the description of D. 

undulata, while the old leaves agree with description of D. sub- 
cordata. The blades of the mature leaves are often seven 
inches long, with petioles six inches long. Theslender, green- 

ish corollas are curved. 

June 25 (2430). 

LOBELIA L. Sp. Pl. 929. 1753. 

Lobelia kauaensis (A. GRAY) 
Lobelia gaudichaudii var. Kauaensis A, GRAY, Proc. Am. Acad. 

5:150. 1862. 

Had Dr. Gray seen these two plants in the living state, he 

certainly would not have considered the one a mere form of the 

other, worthy of varietal rank only. My specimens were col- 

lected in the bog at the head of the Wahiawa river. ‘The trunk, 

three or four inches in diameter, is covered with leaf scars, and 

rises to a height of five or six feet, when it sends out five can- 

delabra-like branches of nearly two feet in length. The upper 

half of these branches is covered with very large, curved flow- 

ers, two inches or more in length, usually of a pale purple or 

pink, with deep purple stripes, and on pedicels of an inch in 

length. The calyx is slightly over a half inch in length, the 

lobes oblong, blunt, longer than the tube. The oblong-lance- 

olate leaves are a foot and more in length, sessile, with a broad 

base, acute. Those on the branches are of the same shape, 

but gradually decrease in size, until just below the flowers they 

are only an inch or two long. 

October 19 (2888). 
Isaw L. gaudichaudii on the summit of Konahuanui, but it 

was just out of flower. It is a species of very different growth. 

The stems are simple, as a rule, and only an inch or two in di- 

ameter. ‘he original description of it in DC. Prodr. 7: 3884, 

calls for ‘‘planta 3-pedalis medulla farcta. Folia 3-4 poll. 

longa, 6-12 lin. lata, erectiuscula.” The corolla is described as 

only three times longer than the calyx. 
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Lobelia tortuosa n. sp. (Plate LXVIJ). 

Woody; stems clustered from a thick mass of roots, the older 

ones almost an inch in diameter at the base, gnarled and twisted. 

the young flowering and leaf-bearing ends ascending and spar- 

ingly branching, closely studded with leaf scars; leaves nar- 

rowly lanceolate-oblong, slightly cyathiform, acuminate at the 

apex, tapering at the base into a short winged petidle, six 

inches in length, three-fourths of an inch wide, light green and 

somewhat pubescent above, pale and densely soft pubescent be- 

neath, with prominent midveins; flowering branch angled; ped- 

icels a half inch in length, horizontal for half their length, 

then twisted and curved upward, each subtended by a subulate 

bract, tomentose; calyx shallow cup-shaped, truncate, shortly 

pubescent, the lobes linear, almost as long as the tube; corolla 

an inch and a half in length, garnet colored, somewhat con- 

tracted near the middle, pubescent, lobes revolute; stamens 

glabrous, or occasionally with a few scattered hairs; lower an- 

thers tufted at the ends with white hairs; style with a pubes- 

cent ring at the base of the stigma. 

The type is No. 2448, collected on perpendicular cliffs along 

the Hanapepe river, Kauai. The thick, knotted mass of roots 

protrude from crevices of the rocks, and from them spring the 

at first declined and twisted, finally ascending, sparingly 

branched stems. Its nearest relative seems to be L. neriifolia 

A. Gray, from east Maui. Mr. Fernald has compared the two, 

and finds them quite distinct. 

ROLLANDIA Gaup. Bot. Voy. Uranie, 458, pl. 74. 1830. 

Rollandia lanceolata Gaup. Bot. Voy. Uranie, 458, pl. 74. 

18380. 

’ There seems to be some doubt as to whether &. lanceolata is 

the proper name since Dr. Gray says it is quoted as R. montana 

on the plate. Hillebrand has recorded a number of forms and 

varieties. To one of these belong my specimens, collected on 

the lower slopes of Konahuanui. The stems are simple, smooth, 

nearly an inch in diameter, inclined to be decumbent. The 

leaves are often two feet long, acute at each end. The flowers 

are red-purple, over two inches in length, curved. Rollandia 

is a genus which is found only on the island of Oahu. 
April 25 (2184). 
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GOODENTACEAE. 

SCAEVOLA L. Mant. 145. 1771. 

Scaevola chamissoniana Gaup. Bot. Voy. Uranie, 461, pi. 
82. 1830. 

A common and variable species. A shrub, six to ten feet 

high, freely branching, the flowers white, tinged with purple. 

No. 2052, collected at an elevation of 2,000 feet on Tantalus, 

back of Honolulu, had rather narrow, oblanceolate leaves, and 

short cymes. No. 2840, collected at the head of Kalihi 

valley, Oahu, has broader leaves, more abruptly contracted 

below, and longer cymes. No. 2569, collected at an elevation 

of 2,500 feet, near the Wahiawa river, Kauai, has broad leaves 

on longer petioles, and densely flowered cymes, which are 

much branched, and extend beyond the leaves. The leaves in 

all three forms are serrate, and more or less acuminate. 

Seaevola glabra H. & A. Bot. Beechy, 89. 18382. 

This seems to be unlike the other species, and perhaps is 

generically distinct. It was collected in fruit, on the plateau 

above Waimea, Kauai, where it grew far back in wet woods. 

The linear, persistent calyx lobes are half the length of the 

fruit. The yellow corolla is thick and leathery, and, judging 

from illustrations, is very different from the corollas of other > 

Hawaiian species. 

September 15 (2806); original locality, Oahu. 

Scaevola koenigii VAHL. Symb. Bot. 3:36. 1794. 

Collected along the seashore at Mana and Waimea, Kauai. 

Hillebrand, who calls it Scaevola lobelia L., describes it as ‘‘an 

erect shrub, 4-6 ft. high, extensively branching from the base, 

the succulent branches, leaves, and inflorescence generally 

silky pubescent, rarely glabrate.’’ Not one of the bushes seen 

at Mana or Waimea were erect, but decumbent and much 

branched, the branches somewhat ascending. The berries are 

white. 

August to October (2730). 

Scaevola mollis H. & A. Bot. Beechy, 89. 1832. 

Collected on Konahuanui, Oahu, at an elevation of 2500 feet; 

The lanceolate leaves are thick, dark green above, densely to- 

mentose beneath. The flowers are pale purple. 
May 23 (2346); original locality, Oahu. 
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Scaevola procera HILLEBR. FI. Haw. Is. 268. 1888. 

Concerning this species Hillebrand says: ‘‘As to shape of 

leaves and color of flowers, much like S. Chamissoniana, but in 

the inflorescence and hairiness it approaches S. mollis. It is 

Remy’s no. 311.” No. 2837, collected on the plateau above 

Waimea, Kauai, answers well to the description of this species, 

except the hairiness of the leaves, which are thin, and only 
slightly pubescent. The cymes are very short, usually not 

over an inch in length, and many of them scattered on the bare 

stems below the leaves. No. 2617, collected on the ridge op- 

posite Gay & Robinsons Hanapepe valley house, has narrower 

and slightly thicker leaves, which are entire, or somewhat 

obscurely serrate. On these specimens the pubescence is more 

manifest, and the cymes are more crowded, in the axils of the 

upper leaves. It was collected at an elevation of about 2,800 

feet. 
July to September (2617, 2837). 

COMPOSITAE. 

ACANTHOSPERMUM Scurank, Pl. Rar. Hort. Monac. ~ 

pl. 58. ‘1819. 

Acanthospermum brasilum ScHRANK, PI. Rar. Hort. Monac. 

2:63... 1819. 

Hillebrand records this species as occurring only on Kauai. 

It is plentiful there on pasture lands from sea level to 4,000 

feet, but is also now found along the road in Nuuanu valley, 

Oahu. 

March 29 (2030). - 

ADENOSTEMMA Forst. Char. Gen. 90. 1776. 

Adenostemma yiscosum Forst. Char. Gen. 90. 1776. 

A species which occurs in wet woods at elevations of 1,200 

to 3,000 feet. Specimens were collected in Kalibi valley, 

Oahu, and on the heights of Pauoa. An herbaceous plant, 

with reclining or ascending stems. 

May 20 (23839). 
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AGERATUM L. Sp. Pl. 839. 1753. 

Ageratum conyzoides L. Sp. Pl. 8389. 1753. 

A common weed about the streets of Honolulu, and on the 

lower slopes near the city. Said to be diffused over the whole 

group. 
March 25 (1999); original locality, ‘‘in America.” 

APHANOPAPPUS EnpDut. Gen. Pl. Suppl. 2, 48. 1842. 

[Schizophyllum Nutt, Trans. Am. Phil. Soc. (II) 7: 462. 

1841, not Fries. ] 

The following is Nutall’s original description of this genus, 

the type of which is Schizophyllum micranthum, collected on ‘ 
‘the island of Atooi (Kauai) in shady woods, near Koloa.” 

‘‘Capitulum few flowered, heterogamous. Rays feminine, two 

or three bidentate; discal florets subcampanulate, five toothed. 

Involucrum small, oblong, imbricate, about five leaved. Re- 

ceptacle paleaceous, the scales resembling the involucrum, em- 

bracing. Discal stigmas hirsute, with a slender conic apex. 
Achenia of the ray turgid, indurated, three or four sided, ob- 

tuse and turbinate, those of the disk abortive, subquadrangular. 

Pappus none, or aslight vestige of an aristate crown. Anher- 

aceous plant of the Sandwich Islands, with diffusely trailing, 

oppositely branching, quadrangular stems, and opposite pseudo 

bipinnate leaves. Flowers yellow, usually terminal in threes, 

nearly sessile.” : 

Aphanopappus micranthus (NuTT.) 

Schizophyllum micranthum Nutr. Trans. Am. Phil. Soc. (II) 7: 

452. 1841. 

Aphanopappus nuttallii WALP. Rep. 2:620. 1843. 

Lipochaeta micrantha A. GRAY, Proc. Am. Acad. 5:131, 1862. 

The leaves of this species are somewhat variable, and one 

who sees a branch with young leaves only, might be tempted 

to suppose that it is a distinct plant from one which has older 

leaves. The stems are usually five or six feet long, weak and 

somewhat climbing. The leaves are lanceolate, twice or thrice 

pinnately parted or divided. The inconspicuous, pale yellow 

flowers are easily overlooked, as they are almost sessile, and 

hidden by the numerous, crowded leaves. It is plentiful in 

Hanapepe valley, Kauai, on moist, shaded banks, and was also 
collected above Waimea, at the base of the plateau. 

June to September (2439). 
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ARTEMISIA L. Sp. Pl 845. 1753. 

Artemisia australis Less. Linnaea 6:522. 1831. 

Common at the Nuuanu Pali, Oahu, where it grows on the 

edge of the precipice, and also in crevices on the faces of per- 
pendicular rocks, at an elevation of 1400 feet. It was found in 

similar situations on the edge of the plateau above Waimea, 

Kauai. Hillebrand says that it grows ‘only on the highest 
ridges.” 

May to September (2364); original locality, ‘in O-Wahu 
Sandvicensium.” 

BIDENS L. Sp. Pl. 881. 1753. 

Bidens pilosa L. Sp. Pl. 882. 1753. 

A common weed on Oahu, from the slopes of Punchbowl to 

the heights of Tantalus. It is common also on Kauai, ranging 

from Hanapepe valley to the edge of the plateau above Wai- 

mea. 
April to September (2090); original locality, ‘‘in America.” 

CAMPYLOTHECA Cass. Dict. Sci. Nat: 51:476. 1897. 

Campylotheca cosmoides (A. GRAY) HILLEBR. FI. Haw. Is. 
213. 1888. 

Coreopsis cosmoides A. GRAY, Proc. Am. Acad. 5:126. 1862. 

Ascending, five to eight feet high, the herbaceous branches 

spreading and somewhat climbing; leaves dark green glabrous; 

flowers nodding, on peduncles two or three inches in length. 

It is plentiful in ravines on the edge of the plateau above Wai- 

mea, Kauai. Hillebrand mentions it from Kauai only, but 

Gray records the type as having been collected on ‘‘Hawaii.”’ 

September 2 (2791). 

Campylotheca mutica (NUTT.) 

Bidens mutica Nutt. Trans. Am. Phil. Soc. (II) 7: 368. 1841. 

Coreopsis (Campylotheca) macrocarpa A. GRAY, Proc. Am. Acad. 
§:126. 1862. 

Campylotheca macrocarpa HILLEBR. FI. Haw. Is. 214. 1888. 

Speaking of this species, Hillebrand says ‘‘Nuttal’s name has 
precedence, but is inappropriate on account of the strongly 

barb awned varieties. It is rather unfortunate that a name 

should be inappriate for later discovered forms, but it is more 

unfortunate that the original name should be discarded for 

what appears to be more appropriate. My No. 1988, collected 
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at the Nuuanu Pali, appears to be the same as Nuttall’s plant, 

which was probably also collected at the Pali. It is described 
as ‘‘less than a foot high.” My specimens are ten to fifteen 

inches high, branched. The leaves are three foliolate, the lat- 

eral divisions sessile and oblique, the terminal ones petioled 
and larger. No. 2894, collected atthe Pali, but some two or 

three hundred feet higher, on the steep slopes, is perhaps Nut- 

tall’s Bidgns gracilis, as it answers very well to his description. 

It is taller, and more slender, with narrower and thinner leaves, 

but does not seem to be distinct from C. mutica. 

March to October (1988, Be) probably from the original 

locality. 

Campylotheeca sandwicensis (LEss.) HILLesR. Fl. Haw. Is. 
214. 1888. 

Bidens sandwicensis Less. Linnaea,6:508. 1831. 

Gray evidently confused this with C. mutica, as the two are 

somewhat similar in appearance, especially when not seen in 

the living state. This species, however, is much taller, three 

to five feet high, with larger flowers. It is plentiful on Kona- 

huanui, Oahu, at an elevation of 2500 feet, and appears to be 

confined to the forest, while C. mutica flourishes on open, grassy 
slopes. 

November 2 (2901); original locality, ‘‘in O- Wahu.” 

CENTAUREA L. Sp. Pl. 909. 1753. 

Centaurea melitensis L. Sp. Pl. 917. 1753. 

Abundant in a grassy field at Waikiki, Oahu. An annual, 

about two feet high, with small yellow heads. 

May 9 (2287); original locality, ‘‘in Melita.” 

DUBAUTIA Gaup. Bot. Voy. Uranie, 469, pl. 84. 

1830. 

- Dubautia laevigata A. Gray, Proc. Am. Acad. 5:135. 1862. 
Originally described from a specimen out of flower, but quite 

distinct from D. plantaginea, which it resembles. A shrub, six 

to eight feet high, with branching top. The bright green, 

glossy leaves are narrowed into margined, clasping petioles. 

The panicle, however, is pubescent, and the flowers are yellow. 

Collected at an elevation of 3,000 feet, on the ridge west of the 

Hanapepe river, Kauai. It is not plentiful there, and very few 

plants were in bloom. 

July 23 (2616); original locality, ‘‘Kauai Sandwich Islands.” 
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Dubautia laxa H. & A. Bot. Beechy, 87. 1882. 

On Konahuanui, Oahu, this species is not uncommon from 

an elevation of 2,500 feet to the summit. On and near the 

summit itis very plentiful, the broad as well as the narrow 

leaved forms being found side by side. It is smaller and more 

bushy than D. plantaginea, but this is due to the greater eleva- 

tion, and the fact that it grows only within the limit of scrub 

vegetation. The inflorescence is hispid, and the flowers purple. 

November 2 (2902); original locality, Oahu. 

Dubautia knudsenii HILLEBR. FI. Haw. Is. 2238. 1888. 

A branched shrub, about six feet high. The branches are 

. slender, glabrous, brownish, and spreading. The leaves are 

obovate, thin, glabrous, cuspidate, serrate. -In my specimens 

the corymbose inflorescence is not quite as long as the leaves, 

and drooping, the latter fact not noted by Hillebrand. Col- 
lected at an elevation cf 4,000 feet, on the plateau above Wai- 

mea, Kauai, on the banks ofa forest stream. This is a rare 

species, as hitherto it has been ‘‘collected only by Knudsen,on 

the mountains of Waimea, or Halemanu.” 

September 30 (2856). 

Dubautia plautaginea Gaub. Bot. Voy. Uranie, 468, pl. 84. 
1830. 

Hillebrand says this species grows on ‘‘Oahu on both moun- 

tain ranges, at elevations of near 3,000 feet.” I have seen it 

on Konahuanui, at elevations of 1,500 to 2,500 feet, but never 

higher. Above 2,500 feet, its place is taken by D. laxa. It is 

much larger in every way than that species, and has a panicu- 

late instead of corymbose inflorescence. The flowers are either 

yellow or purple. It is a slender tree, often fifteen feet high. 

November 2 (2909); original locality, Oahu. 

ECLIPTA L. Mant. 2:157. 1771. 

Eclipta alba (L.) Hassx. Pl. Rar. Jav. 528.. 1848. 

Verbesina alba L. Sp. Pl. 902. 1753. 

Rather common about Honolulu, inold taro ponds and near 

streams, but sometimes in dry ground. 

March 21 (1979); original locality, ‘‘in Virginia, Surinamo.” 
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EMILIA Cass. Bull. Soc. Philom. 68. 1817. 

Emilia flammea Cass. Dict. Sc. Nat. 14:406. 1819. 

An introduced plant, and not recorded by Hillebrand. It is 

most abundant in Nuuanu valley on the outskirts of Honolulu, 

and a few plants were found on the edge of the woods along 

the Tantalus road. A thin leaved, glaucous plant, with scarlet 

flowers. 
May to October (2296). 

ERIGERON L. Sp. Pl. 863. 1753. 
Erigeron bonariensis L. Sp. Pl. 8638. 1753. 

Erigeron albidum A. GRAY, Proc. Am. Acad. 5:319. 1862. 

Hillebrand mentions this species as ‘‘ gregarious in parts of 

Molokai and Maui.” It is also abundant in pasture land above 

Waimea, Kauai, at elevations of 1500 to 4000 feet. A simple 

stemmed, leafy perennial, often six feet high. The leaves are 

a dull, dark green, coarsely toothed, and the stem hirsute. 

September 15 (2819); original locality, ‘‘in America aus- 
trali.” 

Erigeron canadensis L. Sp. Pl. 863. 1753. 

Growing with the preceding, but a more slender and less 

leafy plant. In dry ground near Honolulu, it is often oniy two 

or three inches high. A weed of almost world-wide distribu- 

tion, and was originally recorded from ‘‘Canada, Virginia, 

nunc in Kuropae australi.” 

September 15 (2820). 

GNAPHALIUM L. Sp. Pl. 850. 1753. 

Gnaphalium purpureum L. Sp. Pl. 854. 1753. 

Luxuriant forms, freely branching from the base, are found 

in cultivated ground near Honolulu. Ihave collected the same 

form in fields in North Carolina. 

March to June (2002); originally from ‘‘Carolina, Virginia, 

Pennsylvania.” 

Gnaphalium sandwicensium Gaup. Bot. Voy. Uranie, 464. 
1830. - 

Hillebrand refers this to G. luteo album L., and says that it oc- 

curs on ‘‘all islands, in dry or rocky localities, particularly of 

the upper region.” On Oahu it was collected only a few feet 
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above sea level, at Diamond Head. The leaves are very white 

wooly. 

March 20 (1957). 

LIPOCHAETA DC. Prodr. 5:610. 1886. 

Lipochaeta calycosa A. Gray, Proc. Am. Acad. 5:1380. 1862. 

A suffruticose plant about two feet high, with stiff, almost 

sessile lanceolate leaves, and yellow flowers almost an inch in 

diameter. Collected at the original locality, ‘‘Diamond Hill, 

Oahu,” where it grows on steep slopes. 

March 28 (2021). 

Lipochaeta connata (GauD.) DC. Prodr. 5:611. 1836. 

Verbesina connata GAUD. Bot. Voy. Uranie, 464. 1830. 

DeCandolle’s description of ‘‘suffruticosa, foliis sessilibus 

connatis rhombeo-ovatis argute et grosse duplicato-serratis 

supra scabris subtus dense hispidis,” can apply only to my No. 

2787, collected at the base of the plateau above Waimea, Kauai. 
The plants are stout, four to five feet high, with harsh, thick, 

connate leaves, which are somewhat variable in shape, some of 

them being very long and linear- lanceolate. 

August 31 (2787). 

Lipochaeta 

No. 2563, collected on Kauai near Hanapepe, is one of the 
numerous plants referred to L. connata. It seems to answer 

fairly well to Gray’s L. australis var. decurrens. The stiff, 

scabrous, ovate-lanceolate leaves are contracted into a broadly 

winged petiole, instead of being connate. The plant is woody, 

erect, about two feet high, and somewhat branched. [t grows 

along the road, on the edge of the precipitous bank of the Han- 

apepe river, just outside of the town. Apparently the same 

thing, but with thinner and sharper serrated leaves, was col- 

lected in a thicket in Hanapepe valley, some three miles above 

the first station. Here it is more protected, which would ac- 

count for the difference in growth. If not specitically distinct 

from L. connata, it is certainly a well marked form. 

July to August (2568 ). 
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Lipochaeta integrifolia (NuTT.) A. Gray, Proc. Am. Acad. 
5:130. 1862. 

Microchoeta integrifolia Nutr. Trans. Am. Phil. Soc. (II) 7: 451. 
1841. 

Hillebrand says ‘‘branches not over 1 ft. long.” They are 

really often four feet long. The base is lignescent, and from 

this spread many prostrate, herbaceous branches, Collected 

on the old lava flow back of Diamond Head. 
April 8 (2092). 

RAILLARDIA Gaup. Bot. Voy. Uranie 469, pl. 83. 1830. 

Raillardia latifolia A. GRay, Proc. Am. Acad. 5:132. 1862. 

In the original description this is said to be ‘‘a rambling 

shrub,” and Hillebrand, with his splendid opportunities for ex- 

ploration of every island of the group, quotes the same expres- 

sion. Itis really a vine. The main stem is often two inches 

in diameter, and twenty or thirty feet in length. The flower- 

ing branches are found running and twining over the branches 

of trees, one tree near Gay & Robinson’s Kaholuamano house, 

above Waimea, Kauai, having its top completely covered with 

the vine. The inflorescence is a large panicle, often two feet 

in length, and is very handsome when covered with the yellow 

flowers, which bear some resemblance to the flowers of our 

golden rods. It has been found only on the island of Kauai. 

October 15 (2887). 

SIGESBECKIA L. Sp. Pl. 900. 1753. 

Sigesbeckia orientalis L. Sp. Pl. 900. 1753. 

A common weed along Nuuanu avenue, Honolulu, and also 

in cultivated ground. The Chinese use it in some manner as a 

remedy for cuts or sores. A pubescent annual, with glands 

on the slender, club-shaped involucral bracts. 

March to October (2036); original locality, ‘in China, media 

ad pagos.” 

VERNONIA Scuores. Gen. Pl. 2:541. 1791. 

Vernonia cinerea (L.) Less. Linnaea, 4:291. 1829. 

Conyza cinerea L. Sp. Pl. Ed. 2, 1208. 1763. 

A slender annual, one to two feet high, very different in ap- 

pearance from the large, coarse American species. The leaves 
are small, about an inch in length, the lower one obovate, and 
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the upper ones lanceolate. The flower heads are small, pale 
purple. 

April to October (2175); original locality, ‘‘in India.” 

XANTHIUM L. Sp. Pl. 987. 1753. 

Xanthium strumarium L. Sp. Pl. 987. 1753. 

A common weed about Honolulu. On Kauai it has become a 

a great nuisance in pasture land near the coast, as the burs 

become entangled in the manes and tails of horses. It is found 

only at low elevations. Collected in lower Pauoa valley, 

Oahu. It is of wide distribution, originally having been re- 

corded from ‘‘Kuropa, Canada, Virginia, Jamaica, Zelona, 

Japonia.”’ 

CICHORIACEAE. 

CREPIS L. Sp. Pl. 805. 1753. 

Crepis japonica (L.) BenrH. Fl. Hongkong. 194. 1861. 
Prenanthes japonica L. Mant. £:107. 1767. 

Said to be an introduced species. It is found only in the for- 

ests, and appears to be native. On Konahuanui, Oahu, it is - 

found as high as 2500 feet. Usually a slender plant, eight or 

ten inches high, but sometimes rather stout, branched above, 

two to three feet high. The thin leaves are lyrate, and the 

heads numerous, yellow flowered. 

April to June (2074); original locality, ‘‘in Japonia.” 

HYPOCHAERIS L. Sp. Pi. 810. 1752. 

Hypochaeris radicata L. Sp. Pl. 811. 1758. 

A plant not recorded as growing in the Hawaiian group. It 

is about twenty inches high,with smooth, slender stem, branch- 

ing above, and destitute of leaves, which are all crowded to- 

gether as a bunch of prostrate lyrate root leaves. The yellow 

heads are an inch in diameter. Collected on the plateau above 

Waimea, Kauai. It grows on the edge of the forest, at 4000 

feet elevation, and must have been introduced in some way 

from Australia, as if grows in.that country. 

September 80 (2835); original locality, ‘‘in Europae cultoris 

pascuis.” 
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XLIX. THE PHENOMENA OF SYMBIOSIS. 

ALBERT SCHNEIDER. 

INTRODUCTION. 

All living organisms manifest a more or less intimate biolog- 
ical interdependence and relationship. In fact, their very ex- 
istence depends upon this condition; therefore no organism, no 

matter how simpke or how complex its structure may be, is the 

result of a wholly independent phylogenetic development. 

Upon careful study and investigation it is found that, although 
this interrelation and interdependence vary greatly as to 

quality and quantity, there may be found innumerable inter- 

mediae phenomena which make it difficult to draw the divid- 
ing lines. Such a difficulty is, for instance, encountered in 
attempting to distinguish between mere ‘‘associations” or so- 

cieties (according to Warming and others) and true symbiosis.* 

Both are evident phenomena of biological interdependence with 

the general difference that in the former the Sepia a gpa 
is remote, in the latter more close. 

Great difficulty is encountered in limiting and defining the 

biological relationships in the animal kingdom. Highly auto- 
mobile organisms do not permit the ready establishment of 

symbiotic relationships as we have come to understand them. 

Symbiosis presupposes a certain relative fixedness of the or- 

ganisms. ‘Thus itis that we may find clearly defined symbioses 

between highly automobile organisms and those which are com- 

paratively non-motile. Here it is very essential to keep dis- 
tinct the difference between auto-mobility and passive motility 

(immobility). The former tends to counteract or reduce the 
occurrence of symbiosis; the latter favors its occurrence as 

well as its modification, as will be explained later in the dis- 

cussion. The most clearly defined and most highly specialized 

forms of symbiosis occur between non-motile organisms. 

* The term is used throughout in its broader meaning, not in the senseof De Bary. 
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Motility or non-motility of organisms has little or no direct 

influence upon the more remote relationships. From the fact 

that these latter phenomena are most conveniently limited, 

geographically, it becomes evident that they are largely de- 
pendent upon the influence of the soil, the climate, moisture, 

ete. (meteorological influences ) 

The largest and, at the same time, the most remote associa- 

tion of organisms is the hemispherical. The faunal and floral 

differences between the eastern and western hemispheres are 

considerable, as every naturalist can testify. That the associa- 

tion is remote is evident from the numerous exotic plants and 

animals which have become perfectly habilitated. In each 

hemisphere we again recognize subdivisions of associations, 

which may be designated as zonal. Here the interdependence 

is more marked, and is primarily dependent upon the influence 

of temperature and light. The fauna and flora of the tropies 
are essentially different from those of the temperate zone, and 

this again is different from the arctic. Hach of the zonal areas 

is again subdivided into numerous larger or smaller geograph- 

ically limited societies, dependent upon local influences, as soil, 

elevation, moisture, etc. For example, life in the Mississippi 
valley is essentially different from that in the Rocky mountain 

system. In each area the organisms are specially adapted to 

each other and their environment. In each of these divisions 

we find numerous smaller societies. The process of subdivid- 

ing could be carried on indefinitely. These smaller subdivis- 

ions may be natural or artificial, as pond, brooklet, meadow, 

field, roadside, town, city, etc., each of which has its peculiar 

fauna and flora. 

Within each of these numerous associations, great and small, 

we find the organisms acting and reacting upon each other. 

Here there seems to be a mutualistic association of two or more 

organisms, while the next-door neighbors may be engaged ina 

struggle with each other for existence. A single example will 

suffice to illustrate this. The wood-peckers and trees evidently 

form a mutualistic association, while insects and larvae are 

diligently hunted by the wood-pecker. Weasel and wood- 

pecker again are antagonistically related. It is: not the pur- 
pose of this paper to enter into the details of biological asso- 

ciations and societies. It is hoped that these preliminary 

suggestions will indicate the close relationship existing be- 
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tween what is usually designated as mere association of living 

things and what constitutes true symbiosis. The nearness of 

these relationships will become still more evident on LED. 
ing to define symbiosis. 

Definition of symbiosis.—Etymologically the word sym- 
biosis signifies ‘‘a living together.” It is therefore pecu- 

liarly fitted for use in the broader sense, as including all 

phenomena of ‘‘living together.” Owing to the mutability and 

imperfections of a language the etymology of a word is not 

sufficient to limit its application. A careful definition or ex- 

planation is always necessary. Symbiosis may be defined as a 

contiquous association of two or more morphologically distinct 

organsms, not of the same kind, resulting in a loss or acquisition 
of assimilated food-substances. This definition is by no means 

perfect. It will, however, be left to further discussions to 
point out and explain its deficiency. 

The origin of symbiosis.—It is self-evident that before a sym- 
biotic relationship between morphologically distinct organisms 

could be established it was absolutely necessary that they be 

brought in close proximity, or in actual contact. It is also 

clear, from a priori reasoning, that there could be no inherent 
tendency within these organisms to attract or repel each other; 

nor could the first contact have been co-incident with morpho- 
logical and physiological adaptations. The very conception 

of symbiosis implies something secondary, and in a certain 

sense something abnormal. The establishment of marked 

symbioses required long periods of time; just when they began 

is impossible to determine. It is, no doubt, justifiable to as- 

sume that a number of lowly organized organisms existed in a 

natural state, manifesting no symbiotic phenomena, because 

competition (for space) had not yet resulted from over-pro- 

ductiveness. It may also be assumed that symbiotic phenom- 

ena began to manifest themselves during the earliest geologic 

ages. All the multitudinous phenomena of antagonistic sym- 

biosis, and of mutualistic symbiosis, are highly specialized 
biological conditions which were initiated by the first contact 

of morphologically distinct organisms. This contact produced 

a change in the environment. An unforseen struggle was the 

result, since it is reasonable to assume that the first relation- 

ship of contiguous organisms was antagonistic rather than 

mutualistic. As already indicated, organisms are not primar- 
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ily adapted to form symbiotic relationships; therefore the or- 

ganisms, during their first contact, had the same relation to 

each other that they had to their substrata, or more correctly 

to their entire environment. The changes in the substrata are 

destructive (disintegrative), due to the food-requiring and re- 

productive life-action of the organism. The antagonism in the 

incipient symbiosis is, however, so slight as to be incapable of 

detection. Subsequently antagonism may be increased or be 

converted into nutricism or mutualism; this depending largely 

upon the nature of the symbionts. It becomes very evident 

that the question of the origin of symbiosis is directly con- 

cerned with the questions of the ‘struggle for existence,” 

‘‘survival of the fittest,” as well as with the problems of gen- 

eral evolution. We may cite the case of parasitic fungi for the 

purpose of explaining the probable origin of antagonistic sym- 

biosis. Most fungi are, no doubt, derived from algae, as cer- 

tain morphological similarities would lead us to believe. Owing 

to lack of space, or over-productiveness, certain algae fre- 

quently came in contact with more highly organized plants and 

animals from which they absorbed (by osmotic action) various 

organic food-substances, thereby reducing the necessary activ- 

ity of chlorophyllian assimilation. Co-incident with the first 

contact and resultant change in function, there was a corre- 

sponding change in structure. As the opportunities for the 

symbiotic association continued (perhaps more or less inter- 

ruptedly ), the morpho-physiological changes progressed in the 

direction of parasitism and away from independence. Finally 

the originally independent chlorophyll-bearing and carbon 

assimilating organism became wholly dependent upon an or- 

ganic food-supply and sustained a total loss of the chlorophyl- 

lian function. There is no doubt that the host plant or host- 

plants are also more or less affected by the symbiosis. The 

relative morpho-physiological changes are approximately in 

proportion to the size (volume) and biological activity of the 

organisms. 

Above all it is desirable to keep distinct the difference be- 

tween mere associations and societies of organisms and sym- 

biosis proper. Unless this is done we shall further complicate 

a subject which is already very complicated 'The former condi- 

tions are of great importance biologically, but the latter attract 

the most attention at present because of their intimate relation- 

ship with the well-being of man himself. There is scarcely a 

problem of economic significance which is not directly con- 
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nected with some form of symbiotic relationship of organisms. 

One needs but call to mind the recent discoveries in the treat- 

ment of disease, modern surgery, agriculture, dairy industries, 

etc. A mere mention of all the experimentation and discoveries 

in connection with symbiosis would fill volumes. The object of 

. this paper is simply to define the various phenomena of sym- 
biosis according to the present status of our knowledge and to 

indicate some of the difficulties encountered in the treatment of 

the subject. Much careful research is yet necessary in order 

to clear up the uncertainties in regard to the biological signifi- 
cance of many of the symbioses. In order to impress this un- 

certainty more fully we shall mention a few symbiotic phen- 

omena which are either not recognized as such or improperly 
classified, usually as parasitism. 

UNCLASSIFIED SYMBIOTIC PHENOMENA. 

Under this heading will be briefly mentioned numerous and 

varied phenomena which are of undoubted symbiotic nature, 

but are not understood or have not been sufficiently studied to 

give them a definite position in the system of symbioses here 

proposed. Some of these phenomena are of a very compli- 

cated nature and indicate a long phylogenetic development. 

In many instances the morphological adaptation and relation- 

ship of the organisms is so remote as to awaken serious doubt 
as to its symbiotic nature. Under this category belong the 

mutual adaptation of plants (entomophilous and other flowers) 

and animals; also the various forms of mimicry, the association 

of various species of aphidae and ants upon certain plants, be- 

_ sides many other phenomena. The association of trees, such 

as the myrmocophilous Cecropias and representatives of other 
genera, with ants, is by many designated as true mutualistic 

symbiosis. In reality, however, the mutual morphological and 

functional adaptations are as remote as in some of the instances 

just cited. . 

‘The relation of the male and female reproductive cells is of 

a truly symbiotic nature. It represents a most specialized 
individualism. The relationship existing between the imma- 

ture embryo and the food-supplying parent-stock is evidently 

a form of symbiosis. There are numerous instances in both the 

animal and vegatable kingdom in which the more or less imper- 
fect but complete second generation lives in a symbiotic rela- 

tionship with the first generation. The relationship existing 
between sporophytic and gametophytic generations can not be 
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considered as of a symbiotic nature since the two generations 

are parts of the same ontogeny. There is however no doubt 

that the two generations form a highly specialized symbiosis 

(individualism). 
There are many other phenomena of a complicated nature 

which are designated as true parasitism by some authors while 

others discuss them without referring them to any symbiotic 

category. Some of these will receive mention in order to in- 

dicate more clearly the complexity of the subject. 

Several species of crab belonging to the genus Stenorhynchus 

are usually covered by a growth of algae, sponges and other 

plants and animals. This is perhaps a case of accidental 

symbiosis. The habitat of the crab combined with its slow 

movement makes the chitinous skeleton a suitable substratum 

for the attachment of various aquatic organisms. The cover— 

ing may serve some protection but this is evidently of no sig- 

nificant importance. Species of the closely related genus 

Inachus are also covered by a similar growth but here the 

plants and animals serve as food for the crab. Brehm states 

that the crab even transplants hydroids, algae and other 

organisms upor its back, thus converting itself into a traveling 

zoologic and botanic garden. Another crab is totally hidden 

by sponges growing upon it which enables it to approach 

its prey unpercieved as well as to hide it from its enemies. 

Although some of these phenomena seem very complicated, 

there is no evidence of marked symbiotism. If more than mere 

accidental symbiotism does exist, no experiments have been 

made to demonstrate whether it is antagonistic or mutualistic. 

The hermit crab is morphologically adapted to live in the 

empty shells of cerfain snails. The last pair of legs are much 

shortened and serve the special function of holding the shell. 

The coleopter Necrophilus subterraneous attacks live snails, eats 
the animal and then moves into the empty shell. The cray- 

fish Phronima sedentaria eats species of Doliolum and Pyrosoma 
and utilizes the empty skeleton as a dwelling place, paddling 

it about by means of its claws. Although these phenomena 

are in part of a symbiotic nature, yet one must hesitate to 

place them in this category, since the hunting, killing and 

eating process is not true parasitism (antagonistic symbiosis). 

According to definition, symbiosis necessitates a prolonged 

contiguous relationship. This is not the case with the carniv- 

orous animals and their prey. The apparently wonderful 

adaptations of the crab and other animals to the snail-shell and 
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the outer skeletons of animals is perhaps purely accidental 

unless it can be proven to the contrary that the structural 

conformations are the result of phylogenetic development. 
Climbing plants are interesting as they mark the beginnings 

of a highly complicated form of symbiosis. The plants form a 

close association with their supports, which in most cases are 

living plants; especially is this the case in the dense jungles 
of the tropics. Whether these plants cling to their support by 
means of twining stems, tendrils, suctorial organs or aerial 

roots, there is more or less absorption of soluble food-sub- 

stances from the living support and in so far it constitutes a 

symbiotic relationship. The morphological adaptations favor- 

ing climbing are however primarily for the purpose of bring- 

ing the assimilative tissues nearer the sunlight, and away from 

excessive moisture. The support is necessary in order to en- 

able them to enter into successful competition with other 

plants. In ‘many instances the supporting plant plays the 

part of a host as in true parasitism (Cuscuta). There is little 
doubt that the members of the Dodder family were originally 

climbing plants which took almost their entire nourishment 
from the soil and air. The contact with the supporting plants 

gradually developed a wholly parasitic habit. In many of the 

climbing plants the supporting function predominates while 

the symbiotic relationship remains practically zero. This is - 

especially true of the large thick-stemmed climbers of the 
tropics. 

Highly interesting though little understood are the fre- 

quently occurring neoformations in animals, such as tumors 

(lipoma, asteoma, sarcoma, carcinoma, etc.,) and cysts of 

various kinds. Although the origin and true nature of the 

structures is not well understood, yet they shall receive men- 

tion here since they partake of the nature of symbionts. It is 

generally believed that these growths are neoformations aris- 

ing from the development of dormant embryonic cells. They 
are foreign to the body in which they live as true parasites, 
greatly sapping vitality or even destroying life. Various 

theories have been advanced as to the nature of these growths 

but none have thus far proventenable. It is however hoped 
that the investigations of the near future will give more satis- 

factory results. . 

In conclusion we shall mention a few symbioid phenomena 

from the insect world and show how they are gradually con- 

verted into undoubted symbioses. Different species of wasps 
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narcotize or paralyze spiders, crickets or caterpillars by sting- 

ing, thus rendering them motionless. In this condition they 

are sealed into the wasp’s nest containing the egg, in order to 

serve as food for the young wasp. This condition becomes 

more complicated by the intrusion of another wasp which un- 

observed lays its egg in the nest already supplied with the 

necessary food. The foreign egg develops first and the young 

wasp not only eats the food supplied by its foster mother, but 

also the egg. From these conditions to true parasitism is only 

astep. Some wasps lay their eggs directly into the tissues 

of the caterpillar. The egg develops and the young larva 

feeds upon the less vital tissues of the host so as to prolong 
life as much as possible. Finally only the outer tegument of 

the host remains which is utilized as a protective covering 
during the resting stage. 

We may also mention the phenomena induced by grafting. 
These are usually not designated as symbioses’though they 

evidently partake of that nature. It is true graft and stock do 
not form an association of two complete individuals, yet in 

their functional relationships they form a most perfect sym- 
biosis (mutualism). 

These examples will suffice to make clear how difficult it is 

in many instances to recognize phenomena of undoubted sym- 

biosis. 

RECOGNIZED PHENOMENA OF SYMBIOSIS. 

The phenomena of symbiosis here defined have been more or 
less discussed by scientists and have received recognition. 

Authors are, however, at variance as to their exact limitations 

which makes the definitions subjectively variable. ‘The phen- 

omena of symbiosis may be classified as follows: 

I. Incipient Symbiosis (Indifferent Symbiosis). 
1. Accidental Symbiosis. 

2. Contingent Symbiosis (Raumparasitismus). 

II. Antagonistic Symbiosis. 

1. Mutual Antagonistic Symbiosis (Mutual Parasitism). 

2. Antagonistic Symbiosis (Parasitism). 
a. Obligative Antagonistic Symbiosis. 

b. Facultative Antagonistic Symbiosis. 

3. Saprophytism. 

a. Facultative Saprophytism. 

b. Obligative Saprophytism. 
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III. Mutualistic Symbiosis. 
1. Nutricism (Semi-mutualistic Symbiosis). 
2. Mutualism. 

3. Individualism. 

_ a. Semi-individualism. 
b. Complete Individualism. 

IV. Compound Symbiosis. 

These phenomena are represented by the association of 
widely different organisms. Organisms similar to those which 

enter into’an antagonistic symbiosis will occur in mutualistic 

- symbiosis. This seems to indicate that the development of 
these associations depends largely upon opportunity (environ- 

ment). To some extent, however, the organisms control or 

modify the symbiotic relationship as indicated in the introduc- 

tion. A classification of the phenomena indicating their phylo- 
genetic relationship can therefore not be based upon the organ- 
isms which enter into their formation. One can only indicate 

the physiological relationship of the phenomena and their ap- 

proximate relative evolution. 

The accompanying figure and the brief discussions of the 

phenomena will doubtless suffice to make clear their relation- 

ships and limitations. The figure is intended to indicate the 

phylogenetic relationship of the symbioses without any refer- 

ence to the phylogeny of the organisms comprising them. Ac- 

cidental symbiosis is indicated as forming the basis from which 

the other forms developed. Parasitism should, perhaps, have 
been indicated as taking its origin below nutricism. Saprophy- 

tism proper is not symbiosis. It is introduced in the figure to 
show its probable relationship to the symbiosis. The only 

compound symbiosis indicated is that of mutualism with para- 

sitism. Further investigations may reveal others. 
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I. Incipient Symbiosis (Indifferent Symbiosis ). 

Under incipient symbiosis are included the multitudinous 

phenomena of symbiotic relationships, which have not yet 

acquired evident antagonistic or mutualistic characters. In 

many instances there are marked morphological adaptations, 

but without any apparent corresponding functional activity. 

In far the greater number of cases there is simple contact re- 

sulting from over production. In view of this fact one may be 

criticised for recognizing such relationships as symbioses. 

From a priori reasoning one is, however, forced to conclude 
that the first symbiotic activities began with the first contact 

of organisms. Incipient symbiosis, therefore, forms the basis 

or common source of all symbiotic phenomena. From it grad- 
ually emerged highly complicated morphological and physi- 

logical adaptations of originally distinct organisms. There is 

also little doubt as our methods of investigation become more 

highly perfected many of the symbiotic phenomena now con- 

sidered as indifferent will be relegated to the realms of antag- 

onistic or mutualistic symbiosis. 

1. Accidental Symbiosis.—This represents the least special- 
ized form of symbiosis, but is of wider occurrence than all the 

others combined Accidental symbiosis is represented by the 

mere coming in contact of two or more morphologically dis- 

tinct organisms; such contact being, however, sufficiently pro- 

longed to give it the semblance of a symbiosis. Mere 

momentary contact is not symbiosis as here understood. 

Accidental symbioses are particularly numerous where there 

is luxuriant growth, hence where competition is great, as in 

the tropics and in green-houses. The lower parts of plants in 

green-houses are covered with bacteria, hyphal fungi, algae 

and more rarely some of the lower protozoa. The epidermal 

cells of many plants contain more or lessbacteria. Submerged 

plants are covered with mollusks, hydras, tubullarians, amoe- 

bas, vorticellas, etc. The larger land and water organisms 

furnish hiding places and protection for hosts of smaller or. 

ganisms. In fact, no organism is free from the accidental 

association with other organisms, omitting of course in all 

cases the coterie of recognized parasites. 
In all the instances mentioned there is no perceptible evi- 

dence of either antagonism or mutualism. Injurious results 

may occur, but they are due to mechanical causes. Slight 

morphological changes usually result, but such changes seem 
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to have no effect upon the life-history and development of the 
symbionts. 

There is no doubt that accidental symbioses forms the basis 

whence gradually emerged all other forms of symbiosis. Per- 

haps few symbiotic associations were from the very first mark- 

edly antagonistic, and still less rarely markedly mutualistic for 

reasons already stated. 

To the category of accidental symbiosis also belong the as- 

sociation of climbing plants and their living supports. The 

symbiotic relationship was at first merely accidental resulting 

from the contact. It is a striking example illustrating how 

marked and highly specialized morphological adaptations fav- 

oring one function may initiate widely different morpho-physio- 

logical changes. In the case of climbing plants it is impossible 

to know when the symbiotic relationship begins to overbalance 

the function of mechanical support. It is just as difficult to 

determine when marked symbiotic phenomena begin to mani- 

fest themselves. It is safe to conclude, however, that the 

morphological changes favoring climbing and support pro- 

gressed considerably before any marked symbiotic relation- 
ships occurred. 

It is also evident that accidental symbiosis is a condition 

readily subject to change, since the permanency of symbioses 

is in. direct proportion to the degree of mutualistic specializa- 

tion. Hach plant and animal may enter into accidental sym- 

biotism with other plants and animals. In a given animal this 

association changes with a change of locality, in temperature, 

or of moisture; in fact, with every change in the environment. 

The absence of all permanency in morphological and func- 

tional relationship characterizes accidental symbiosis. It re- 

sembles a form of haphazard experimentation on the part of 

nature to determine whether or not a definite symbiotic rela- 

tionship can be established. 

2. Contingent Symbiosis.—In this form of symbiosis the re- 
lationship of the organisms is already sufficiently marked to 

give the semblance of an elective affinity, although the func- 

tional interdependence is as yet not manifest. It is of wide 

occurrence among widely different organisms. Many phenom- 

ena heretofore recognized or variously classified as parasitism, 

perhaps belong to this category. Most of the phenomena rec- 

ognized by the German scientists as Raumparasitismus also 

belong here. The citation of a few examples will suffice to ex- 

plain the nature of contingent symbiosis, and to distinguish it 
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from mere accidental symbiosis as well as from the more highly 

specialized forms of symbiosis. 
There is a difference between the bacterial flora of the digest- 

ive tract of man and that of the chicken or dog. Certain bac- 

teria, which have not yet become markedly antagonistic or 

mutualistic in their symbiotic associations, show a preference 

for one digestive tract which indicates that there must be some 

elective affinity. That the elective affinity is only slight is 

evident from the fact that the bacteria referred to will very 

readily grow and multiply upon artificial culture media, and 

may readily be induced to change hosts. Some algae show an 

elective affinity for certain living substrata. Sirosiphon pulvin- 

atus occurs quite constantly upon species of Umbilicaria and 

Gyrophora. Pleuwrococcus punctiformis occurs upon the young 

thallus of Cladonia and Baeomyces, Plewrococcus vulgaris, on 

the other hand, occurs upon the most varied substrata living 
and dead; hence this association is evidently only accidental, as 

the alga shows no preference for any particular host. It has, 
perhaps, a slight preference for some of the Polyporei. 

Some of the higher crustaceans select certain corals, among 

which they live, without forming any marked symbiotic rela- 

tionship. In one locality (geographical area) Hydra viridis 

seems to prefer one vegetable substratum (Nuphar), while in 

another locality it prefers to live upon another plant, Lemna 

polyrhiza. Some Rotifera show a preference for certain plants 

to which they attach themselves. Certain algae, as species of 

Dactylococcus and Euglena, show a decided tendency to locate 

upon such animals as Cyclops, snails and clams. Some mam- 

mals (sloth, ant-eater, and others), have algae living upon 

them. The symbiosis of snails with corals is perhaps con- 

tingent. Some sponges and hydroids show a preference for 

animals, others for plants. Marine life in particular presents 

many forms of contingent symbioses. The instances cited are 

sufficient to indicate the nature of contingentsymbiosis Many 

require further careful study before anything definite can be 

stated as to their biological activity and relationship to other 

symbioses. 

Ef. Antagonistic Symbiosis. 

The phenomena included under this head are of wide occur- 

rence and were the first to receive the attention of scientists. 

The term as here used includes mutual antagonistic symbiosis 

and antagonistic symbiosis proper. The former is not gener- 
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ally recognized by authors. The latter is more commonly 

known as parasitism. There are no objections to the use of 

the term parasitism, since it has become clearly defined and 

definitely restricted in its application. It is, however, recom- 

mended that the term antagonistic symbiosis be substituted for 

the sake of uniformity in terminology. 

From the nature of things the morpho-physiological special- 

izations and adaptations of antagonistic symbiosis are limited. 

Although one of the symbionts may be highly benefitted the 

other is always injuriously affected. This injurious effect may 

finally reach the stage where it will react upon the parasite, 

thus indirectly resulting in the mutual destruction of the sym- 

bionts. In far the greater number of instances the host is not 

destroyed, nor even seriously injured, although its morpho- 

logical changes tend in that direction; a condition which will 

of necessity react upon the parasite. From this it also be- 

comes evident that it is desirable for the parasite to locate 
upon a host whose vitality and biological activities are many 

times greater than its own. This we find to be the case, the 

host is quite generally a large plant, while its parasites are 

comparatively small. 

Strictly speaking, antagonistic symbidsis is therefore a de- 

structive association. The morphological and physiological 

changes tend toward dissolution rather than evolution. Itisa 

change from the higher to the lower, hence a katabolic change. 

There is, however, no doubt that symbioses which were origin- 

ally antagonistic may be subsequently converted into mutualistic 

symbiosis. Reinke expresses the opinion that the lichen proto- 

type was the result of the parasitic association of a fungus and 

an alga (Nostoc). This transition from antagonism to mutual- 

ism, however, takes place early in the phylogeny of the sym- 

biosis. 
As has already been indicated, the majority of symbioses 

were perhaps originally more or less antagonistic, although 

actual experiments are wanting to prove this. Incipient an- 

tagonistic symbioses are, however, in existence, represented 

by some Chlorophyceae and Cyanophyceae, in and upon higher 

plants. In time these algae Will no doubt lose their chloro- 

phyllian function and depend entirely upon the organic food 

supply of the host. The yeast-plant was no doubt originally a 

green alga. Whether the majority of the bacteria are also de- 

rived from algae is still is dispute. 

r 
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1. Mutual Antagonistic Symbiosis (Mutual Parasitism).— 
Mutual parasitism as such has heretofore received little or no 

recognition. It is a phenomenon characterized by the mutual 

antagonism of the symbionts and is therefore essentially differ- 

ent from antagonistic symbiosis proper or parasitism. It is a 

relationship which can not readily occur. If, for example, two 
or more symbiants nearly equal in size and in vitality, enter 

into a relationship of mutual antagonism two things may occur. 

Owing to the antagonism a prolonged symbiosis is impossible, 
and the symbionts will adhere to the original substrata or they 

will mutually destroy each other. It is, however, highly prob- 

able that an association of organisms, which was at first more 

or less mutually antagonistic, later developed into antagon- 

istic symbiosis proper or even into mutualistic symbiosis. 

Complete and simultaneous mutual antagonism of the symbi- 
onts is certainly of rare occurrence. Further careful study 

may reveal phenomena of this nature. Various forms of 

mutual antagonism do, however, occur. It exists, for example, 

between normal celis of plants and animals and certain disease- 

producing germs (bacteria, etc.) The ability of the cells to 

resist the attacks of certain germs is spoken of as ‘‘physiolog- 

ical resistance” or ‘‘natural resistance.” In fact, the recent 

investigations and discoveries in regard to immunity, toxine 

and anti-toxine, are based upon this mutual antagonism be- 

- tween host and parasite. This antagonism varies greatly be- 

tween different organisms. Phagocytosis is another example 

of mutual antagonism. Under ordinary circumstances the 

phagocytes destroy all of the germs with which they came in 

contact, thus preventIng the occurrence of diseases or other 
disturbances. Under certain conditions the germs, however, 

gain the upper hand and destroy the phagocytes. I1t must be 

admitted that the subject is as yet not well understood. 

The above are the most typical examples of mutual antag- 

onistic symbiosis and their brief mention will suffice to indicate 

the true nature of this phenomenon. 

2. Antagonistic Symbiosis (Parasitism). — Antagonistic 
symbiosis in some of its forms is familiar to all, and for that 

reason it will not be necessary to dwell upon its nature. We 

shall, however, briefly mention some of the important relation- 

ships of host and parasite, and refer to some of the less-known 

forms of parasitism. 
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In many instances the host is destroyed without any prelim- 

inary morphological changes. The parasite simply enters the 

cells and destroys them by assimilating the plasmic contents. 

This form of symbiosis Tubeuf designates as Perniciasm. In 

other instances, also belonging to perniciasm, there are slight 

secondary changes before death takes place; resulting in rudi- 

mentary galls or mere swellings. 

In other instances death is the result of ferments and ptom- 
aines generated by the parasite, as in various diseases of ani- 

mals as well as of plants. Some parasites dissolve the cell- 

wells of the host, while others simply lie in contact with the 

cells and absorb the contents by osmotic action. In a great 

number of instances hypertrophies and abnormalities in growth 

are induced (galls, hypertrophied fruits and leaves; enlarge- 

ments in animal tissues). Again, atrophy, or a total check in 

development, may occur as the result of parasitism. 

With some parasites the host adaptation has become highly 

specialized. In the phenomena known as heteroecism the suc- 

cessive generations of the parasite develop upon different host- 

plants. For example, Puccinia graminis develops its aecidio- 

spores upon Berberis vulgaris, while its teleutospores are devel- 

oped upon some of the grasses, as wheat or oats. Most para- 

sites do, however, not have successive autogenetic genera- 

tions. Many are limited to one host-species, or even to definite 

tissues or organs. 

One organism may enter into different forms of symbiosis. 

For example, the bacillus of typhoid fever may enter into an 

accidental (perhaps contingent) symbiosis with the oyster, 

while with man it forms an antagonistic symbiosis. The bac- 

illus of Asiatic cholera, likewise, may live in and upon various 

animals without any injurious effects, but as soon as it finds its 

way to the intestinal canal of man it acts as a true parasite. 

The distinction into facultative and obligative parasitism de- 

pends upon the ability that some organisms have of living as 

parasites and saprophytes, while others are alsolutely depen- 

dent for their existence upon association with the host. 

The most common parasites are the fungi. The Schizomy- 

cetes form antagonistic symbioses, preferably with animals. 

The higher fungi predominate upon vegetable tissue. Many 

diseases of animals are also due to the higher fungi. Algae 

occur parasitically in and upon plants and animals.- Many of 

the Chlorophyceae and Cyanophyceae occur as parasites upon 

higher plants. Many of the marine algae are parasitic upon 
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each other as well as upon marine animals. Higher plants are 

often parasitic (Mistletoe, Dodder, Indian Pipe, etc.) Proto- 
zoa occur parasitically upon animals. An amoeba-like organ- 
ism is said to cause malaria. Different varieties causing 

different forms of malaria have been described. Higher ani- 

mals occur in and upon animals and plants, producing manifold 

injurious effects. The instances of parasitism are, in fact, too 

numerous to mention. 

Most interesting is the phenomenon of sex-parasitism in 
which one sex, usually the male, lives parasitically upon the 

other. In one of the parasitic crustaceans the male is entirely 

dependent upon the female for its sustenance. Among the 

Bouellias the male is represented by a mere fertilizing struct- 

ure parasitic within the reproductive organs of the female. 
In conclusion, we will mention the parasitic relationship of 

embryos and the mother-organisms. This has already been 

referred as a questionable form of symbiosis. Klebs is, how- 

ever, of the opinion that it is true parasitism. The embryo of 

a plant derives all its nourishment from its parent, and in addi- 
tion takes from it certain materials which it stores for future 

use (cotyledons, endosperm). Even after birth the young of 

many animals remain in parasitic association with the parent. 

Of the numerous eggs in the black salamander only one devel- 

ops a young animal, which eats the remaining eggs. 

3. Saprophytism.—Saprophytism is not symbiosis and will 
be dismissed with a few words. This is a condition which in 

many instances was no doubt phylogenetically derived from 

parasitism as we have all gradations between obligative para- 

sites and obligative saprophytes. In some instances sapro- 

phytism no doubt originated as such. Dead organic matter 

occurs plentifully everywhere and forms a suitable substratum 

for a number of animal as well as vegetable organisms, having 

special morpho-physiological adaptations for utilizing such a 

food supply. This preference was no doubt gradually ac- 

quired. 
Facultative parasites and saprophytes may of course occur 

as parasites and in so far belong to antagonistic symbiosis. 
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Ill. Mutualistic Symbiosis. 

This form of symbiosis differs from the preceeding in that 

the relationship of the organisms is mutually beneficial. Hach 

symbiont possesses or has developed aspecific character which 

is useful for the other symbionts. As in the preceding 

forms of symbioses widely different organisms may enter into 

its formation. The morphological changes accompanying the 

functional relationships may be very marked or scarcely 

perceptible, nor is the adaptation quantitatively and qualita- 

tively equal for all the symbionts. The adaptation is rather 

complementary, one organism supplies a deficiency (morpho- 

logical or physiological) of the others. Theoretically there is 

no limit to the degree of specialization and perfection that 

this form of symbiosis may attain. In fact mutualistic sym- 

biosis implies that there is a higher specialization and 

greater fitness to enter into the struggle for existence. This 

is most beautifully illustrated in the case of lichens. These 

plants are of wider distribution and possess greater vitality 

and physiological activity than either of the symbionts. They 

occur in the tropics as wellas in the extreme north; in the 

lowest valleys as well as on the highest mountain peaks. 

Bonnier has shown that their vitality is greater than that of 

any other plants. Likewise the mutualistic symbiosis occur- 

ring in the Leguminosae adapts these almost equally well to 

rich and poor soil thus giving them a great advantage over 

other plants. Our knowledge of the higher forms of mutual- 

istic symbiosis is as yet too problematic to permit us to make 

any authentic statements as to the benefits derived therefrom. — 

1. Nutricism.—Nutricism establishes a connecting link be- 

tween the lesser marked symbioses and mutualism. It may be 

defined as a form of symbiosis in which one symbiont nour: 

ishes the second symbiont without receiving any benefit in re- 

turn. It might therefore be designated as one-sided or incom- 

plete mutualism. Absolute nutricism, as above defined, does 

perhaps not occur, for, as already indicated, it is not reason- 

able to assume that any symbiotic relationship exists in which 

all of the symbionts are not more or less mutually affected. 

There are, however, a few instances in which one symbiont is 

very materially benefitted, while the other is not materially 

benefitted. The most marked example is met with in the 
mycorhiza of the Cupuliferae. A mycorhiza is the association 

of a hyphal fungus with the younger rootlets. The function of 
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the fungus, which forms a network about the rootlet, is to sup- 

ply the tree with food-substances and moisture taken from the 
soil. It also supplants the function of the hair-cells which are 

wanting in the mycorhiza. It has been proved, experimentally, 

that the tree is greatly benefitted, while no evidence could be 

found to indicate that the fungus is benefitted. The hyphae 
always remain on the outside of the root, and therefore form 

ectotrophic mycorhiza. The endotrophic mycorhiza of orchids 

have not yet been sufficiently studied to determine their exact 

nature. Tubeuf designates it as nutricism. 

In Cycas revoluta we find a form of symbiosis which is evi- 

dently nutricism. It is found that in the majority of cultivated 
cycads there are numerous tubercular outgrowths from the 

roots, which usually contain a species of Nostoc between the 

cells of aspecialized parenchyma. This is evidently not a form of 
parasitism as is shown by the fact that the cycads bearing the 

greater number of tubercles are in no wise injuriously affected; 

neither has it been proven that the host is benefitted. There 

is, however, no doubt that the Nostoc is dependent upon the 
host for its food-supply. It may therefore be looked upon as 

a case of nutricism, in which the host acts as the transfer 

agent. 

Klebs cites an interesting example which is, no doubt, nutri. 

cism, The crayfish Pagurus Prideauxii is constantly associated 

with one of the actinias (Adamsia palliata). The latter is said 

to be absolutely dependent upon the former for its food-sup- 

ply. The crayfish receives only a slight benefit if any. 

Many other forms of nutricism may come to light when the 

phenomena of symbiosis are more carefully investigated. 

2. Mutualism.—This form of symbiosis has been recently 
discovered. Reinke and de Bary among botanists and van Bene- 

den and Klebs among zoologists were among the first writers on 

the subject. By mutualism is meant a form of symbiosis in 

which the symbionts mutually benefit each other but are still 

capable of leading an independent existence. Itis an association 

of wide occurrence and in many instances reaches a high 

degree of morphological and physiological specialization. 

The most striking example occurs in the root-tubercles of 
the Leguminosae. The tubercles are neoformations induced 

by the rhizobia which grow and multiply in the parenchyma- 

cells. The rhizobia take their food supply direct from the 

plasmic and other cell contents of the host; in return the latter 
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receives the nitrogenous compounds formed by the bacteria in 

the process of binding the free nitrogen of the air. It has 

been proven experimentally that the symbionts may exist in- 

dependently but thrive much better when in association, 

especially in poor soil. 
To this category also belong the association of ants and 

trees in the tropics, which has already been referred to. A 

given species of ant lives upon and obtains its food supply 
from the branches of a tree ( Cecropia); in return the ants pro- 
tect the tree against the attacks of another species of ants. 

The ants live within the transversely divided hollow stem to 

which they gain access by eating away the thin lateral (outer) 

area. The thin outer membrane of which there is one to each 

hollow chamber and the chambers themselves are, however, 

perhaps not the result of the symbiotic association. The pre- 

existing morphological characters simply happen to form the 

establishment of the symbiosis. 

In the insectivorous plants (Drosera, Dionaea, Nepenthes) we 

doubtiess have another example of mutualism. Formerly it 

was generally believed that the plant itself digested the in- 

sect which it caught, by the aid of irritable glandular hairs or 

other special organs. According to recent experiments it is 

highly probable that the insect digesting ferment is secreted 

by bacteria which live upon the plant. 
A most remarkable instance of mutuamlis occurs in the 

animal kingdom. The very inactive polyp Actinia prehensa 

lives firmly attached to the inner sides of the claws of the 

crustacean Melia tessellata. The Actinia aids in killing the 

prey of the crayfish while the latter carries its guest from 

place to place thus giving it better opportunities for securing 

a sufficient food-supply. Mébius states that this association 

occurs with all the representatives of Melia tessellata both male 

and female and that it is almost impossible to separate the 

symbionts without injuring them. 

Many of the symbiotic associations of algae with animals are 

perhaps mutualistic. Many Actinias contain single-celled algae 

which manufacture food-substances for the use of the polyp. 

Brandt states that as long as this animal contains no algae, it 

feeds upon the organic substances in the immediate vicinity, 

but as soon as it becomes associated with the algae it depends 

upon these for the supply of organic food-substances. Fur- 

ther reseach is necessary to determine whether or not this is 

really mutualism. 
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3. Individualism.— This form of symbiosis differs from 
mutualism in that one or more of the symbionts is absolutely 

dependent upon the other for its existence. It therefore rep- 
resents a higher form of mutualism, from which it is no doubt 

phylogenetically derived. Individualism may be divided into 

semi-individualism and complete individualism. In the former 

at least one of the symbionts is incapable of existing indepen- 

dently; in the latter none of the symbionts can exist indepen- 
dently. The associations form an individual, a morphological 
unit, and the phenomena are frequently not recognized as sym- 

biosis. Much of our knowledge in regard to individualism is 

as yet purely hypothetical and theoretical. The subject there- 
fore requires further careful study. 

(a.) Semi-individualism.—This is perhaps of wide occurrence, 

Itis represented by the lower lichens in which the algal symbi- 

ont is capable of leading an independent existence, while the 
' funguscannot. In the lowest crustaceous lichens there is per- 
haps mere mutualism, since several investigators state that the 

symbionts may live independently as fungusand alga. Another 

instance occurs perhaps in those leguminous root-tubercles 

formed by Rhizobium mutabile. At least there are no authentic 
records to prove that this bacterium can grow and multiply in 
artificialmedia. Somealgae seem to form semi-individualism with 

animals. According to Kiihn, Plewrococcus brachypodis and Plewro- 

coccus chlopodis occur only upon the body (among the hair) of 

the two and three-toed sloths. Simple-celled, chlorophyll- 
bearing algae or chlorophyll-bodies have been found in repre- 

sentatives of the following genera of the animal kingdom: 

Amoeba, Dactylospora, Difflugia, Hyalosphaenia, Heleopera, 
Arcella, Cochliopodium, Actinosphaerium, Rhaphidiophrys, Ac- 
anthocystis, Heterophrys, Chondropus, Sphaerastrum, Cilio- 
phrys, Vorticella, Epistylis, Ophrydium, Vaginicola, Euplotes, 
Urostyla, Uroleptus, Stichotricha, Spirostomum, Blepharisma, 
Climacostomum, Stentor, Cyrtostomum, Microthorax, Paramec- 
ium, Loxodes, Coleps, Lionotus, Amphileptus, Lacrymaria, 
Phyalina, Holophrya, Euchelyodon, Euchelys, Spongilla, Hydra, 
Vortex, Mesostomum, Hypostomum, Derostomum, Cowroluta, 

Anthea, Bouellia, Idotea. In many instances the green par- 
ticles occurring within the animals are simply remnants of 

chlorophyll from the algae upon which the animal feeds. In 
other instances there is an undoubted symbiotic association of 

the alga and animal. 
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(b.) Complete Individualism.—The best known ard per- 
haps the most typical form of complete individualism 

is represented by the higher lichens. Most authors are 

agreed that the fungal symbiont has entirely lost the 

power of independent existence, while the alga may exist 

independently. Some recent experiments would, however, 

lead me to believe that the algae likewise have lost the power 
of continued independent existence. Lichens would therefore 

form complete individualism. The association of the algae 

with Hydra viridis perhaps belongs to this category. The pha- 

gocytes are as yet not sufficiently understood. They, in all 

probability, establish a complete individualism in association 
with the animal body, although no experiments have as yet 

been made to substantiate this. Nor are the phagocytes gen- 

erally considered as ‘‘organisms.”’ 

Future experiments may demonstrate that the cell, and hence 

the individual, is neither more nor less than complete individ- 

ualism. The plasmic bodies, as chlorophyll granules, leuco- 

plastids, chromoplastids, chromosomes, centrosomes, nucleoli, 

etc., are perhaps simply the symbionts comparable to those in * 

the less highly specialized symbioses. Reinke expresses the 

opinion that it is not wholly unreasonable to suppose that some 

skilled scientist of the future may succeed in cultivating chlor- 

ophyll-bodies in artificial media. 

IV. Compound Symbiosis. 

This is the occurrence of two different symbioses upon the 

same host and is by no means uncommon. It is usually the 

association of mutualism with parasitism. 'That is twoor more 

organisms form a mutualistic symbiosis and enter into an an- 

tagonistic symbiosis with a third organism. Hueppe mentions 

an instance in which two different species of bacteria unite be- 

fore they can locate as parasites upon their common host. In 

Manostomum bijugum, a parasitic worm found in birds, it is 

known that two individuals always occur together. The in- 

stance of sex-symbiosis, already mentioned, perhaps also be- 

longs here. Compound antagonistic symbiosis, which is quite 

common, is not included here. 

In conclusion, it may be stated that this communication sim- 

ply represents an attempt to systematize the phenomena of 

symbiosis, thus forming an aid to their future study. 
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APPENDIX. 

Titles of literature concerning the fixation of free nitrogen 
of plants and symbiosis in general. 

The titles here given are a continuation to those given by 

MacDougal (MINNgésoTa BOTANICAL STUDIES. Bulletin No. 9, 
part [V. 186-221. 1894). It is intended to issue further lists 
of titles from time to time. 

Ascherson, P. Verhandl. des bot. Ver. der Prov. Brandenburg. 20:54. 
1878. 

Aschmaun. Les plantes insectivores. Extrait du recuil des memoires 

et des traveaux de la Societe botanique du Grand-Duché du Luxem- 
burg. No. II-III. 1875-1876. 

Bancroft, L. Note on Bacterial Diseases of the Roots of Leguminosae. 
fann, soc. N.S. We Proc. If: Vol. VILL: 

Beueden, G. J. Die Schmarotzer des Thierreiches. Internationale 

wissensch. Bibliothek. 18:——. 1876. 

Berthelot, M. Fixation de l’Azote Atmospherique sur la Terre Vega- 

tale. Ann. de Chim. et de Phys. (VI.) 13:5-19, 14:473-491. 1888. 

Berthelot, M. Observations sur la fixation de l’Azote par certain sols 

et terres vegetales. Compt. rend. 106: 1049-1055. 1888. 

-Billwiller, J. Ueber Stickstoffassimilation einiger Papilionaceen, 

deren Bedeutung fiir die Landwirthschaft unter specieller Beriick- 

sichtigung schweizerischer Verhaltnisse. Inaug. Disst. Bern. 1895. 

Bineau, M. A. Observations sur l’absorption de l’ammoniaque et des 

Azotes par les vegetationes Crytogamiques. Ann. de Chim. et de 

Phys. (111) 46: 60-66. 1856. 

Bokorny, T. Notizen zur Kohlenstoff und Stickstoffnahrung der Pilze. 
Chem. Ztg. 20:69. 1896. 

Brandt K. Ueber die morphologische und physiologische Bedeutung 

des Chlorophylls bei Thieren. Mittheil. d. Zoolog. Stat. Neopel. 

1883. 

Brandt, K. Ueber das Zusammenleben von Thieren und Algen. 
Archiv. fiir Physiologie 570. 1881. 

Brehm, K. T.erleben. vols. 10 and 11. 

Brunchorst, P. Planterne og Koalstoffet. Bergen Museum Naturen. 

17: 1893. 

Busgen, M. Die Bedeutung des Insektenfanges fiir Drosera rotundi- 
folia. Bot. Ztg. 41: 569-577, 585-594. 1883. 

Chalmot, G. de. The availability of free nitrogen as plant-food. A 

historical sketch. Agricultural Science. 8:5-25. 1894. 

Danilewsky, B. Nouvelles recherches sur les parasites du sang des 

aiseaux. Recherches sur les Hematuzaires des tartues. La parasit- 
ologie comparée du sang I-II Kharkoff. 1889. 

Danilewsky, B. Die Hamatozoen der Kalbbliter. Archiv fiir mikro- 

scop. Anat. 24:588. 1885. 
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Deherain, P. P. Sur’ enrichissement en azote dun sol maintenu en 

prairie. Compt. rend. 101: 1273-1279. 1885. 

de Vries, H. Verhandlungen des bot. Ver. der Proy. Brandb. 20: 54-55. 

1878. 

Douliot, H. et van Tieghem. Origine, structure et nature morpho- 

logique des tubercles des Legumineuses. Bull. Soc. bot. d. France. 

35:105-109. 1888. 
Dubois, R. Sur le pretendu pouvoir digestif du liquide de l’urne des 

Nepenthes. Compt. rend. 111: 315-317. 1890. 

Emery, C. Ueber myrmokophile Insekten. Biolog. Centralbl. 9: 23-28. 

1889. 

Famintzin, A. Die Symbiose einer Chaeloceras—Art mit einer Protozoe 
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Famintzin, A. Nochmals die Zoochlorellen. Biolog. Centralbl. 12: 

51-54. 1892. 
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Grevillius, A. Y. Ueber Mykorrhizen bei der Gattung Botrychium 
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bei B. Virginianum Swartz. Flora 80:445-453. 1895. 
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Hertwig, O. Die Symbiose ungleichartiger Organismen. Biolog. Cen- 

tralbl. 1882. 

Hildebrandt. Bot. Ztg. No. 37. 1870. 
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1878. 
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zur Biologie der Pflanzen, 7: 213-224. 1895. 
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L. OBSERVATIONS ON THE DISTRIBUTION OF 
PLANTS ALONG SHORE AT LAKE 

OF THE WOODS. 

_ Conway MAcMILLAN. 

INTRODUCTION. 

During the summer of 1894 the writer in company with Mr. 

EK. P. Sheldon, visited Lake of the Woods, and made an 

extensive collection principally upon the American islands. 

This collection covered, as far as was possible, all the groups 

of plants established in the region. In 1896 with Mr. E. E. 
Nicholson a second trip was made to the same localities and to 

several new, for the purpose of securing a series of photographs 

that might best illustrate the many peculiarities of plant distri- 

bution which had attracted attention upon the previous journey. 
On this occasion, too, a considerable collection was gathered, 

particularly of mosses and lichens. Professor Bruce Fink has 

already recorded! his determinations of the lichens and Pro- 

fessor J. M. Holzinger is at present engaged upon the identifi- 

cation and distributional study of the mosses. The general 

collection of ferns and flowering plants made in 1894 will be 

listed later, either separately or, if this seems undesirable, in 
a comprehensive paper upon the distribution of plants in 

Northern Minnesota. It is the purpose of this essay to present 
without distracting detail those conclusions which have been 

reached regarding the ecological distribution of plants along 

the shores of the lake. 
To interpret scientifically the location of plant individuals 

and plant communities is by no means a simple problem. One 

must recognize, however, that there is always a sufficient 

reason for the establishment of a given plant upon a given 

spot and pari passu of special plant societies over particular 
areas of the earth’s crust rather than elsewhere. Chance in its 

1 Fink: Lichens of Lake of the Woods. Minn, Bot. Stud, 1:693, 1896. 
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crude form by no means enters into the matter and a sufficiently 
careful examination of all the manifold environmental, individ- 

ual and historical conditions should, if the data were at hand, 

suffice to lay at least the foundations for rational ideas of plant 

distribution over limited areas. It becomes possible, therefore, 

to connect directly plant distribution and the aspect.of plant 
formations on the one hand, with atmospheric, geologic, topo- 

graphic and biologic conditions of the environment on the 

other. Every landscape thus becomes a definite scientific 

proposition for analysis and explanation by enlightened obser- 

vation and judgment. 

That branch of biology which concerns itself with the 

adaptations of organisms to their surroundings is, by the 

modern school, termed ecology, this name having first been 

applied by Haeckel, Until but recently many writers especially 
in Germany, have employed, somewhat erroneously the term 

biology with a restricted significance, meaning to cover by it 

what is now included under ecology. But this need produce 

no confusion. The science of ecology is capable of extended 

sub-classification and very definite fields may be delimited 

within the general boundaries. Just as biology is broadly 

subdivided into botany and zoology, so ecology naturally pre- 

sents itself as plant-ecology and animal-ecology. Each of 

these divisions, pursuing the system followed when the field of 

botany or zoology is to be further classified, may be refined 

according to the exact range of inquiry that is proposed. Thus 

paleoecology mignt be defined as the science of adaptations of 

fossil organisms—in so far as such adaptations might be brought 

‘in evidence,—or economic ecology, treating of adaptations in 

their relation to human interests, might be defined. Four 

main divisions of the subject are not difficult to indicate. These 

are as follows: 

1. EKeological morphology.—Thisis that branch of biological 
science which has for its content the adaptational stuctures of 

organisms Environmental influences as displayed in the ar- 

chitectural reactions of the body come within its scope. 

2. Keological physiology.—This must be defined as that 
branch of biological science which treats of the adaptations of 

bodily or organic functions to outward forces. Modifications 

in function, and the laws of their origin and development, 

under stimulus from without are the field of special study. 
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3. Eeological embryology.—This is that department of 

ecology which concerns itself with adaptational phenomena in 

the development of individuals from the germ. Here the mod- 
ern methods of experimental embryology come into play, and 

the reactions of the developing egg to its surroundings furnish 

the phenomena of critical interest. 

4. Keological distribution.—This should be defined as the 
science which treats of the reciprocal relations between phys- 
iographic conditions and life requirements of organisms, in so 

far as such relations manifest themselves in choice of habitats 

and method of establishment upon them. The structural adap- 
tations that arise when organisms accommodate themselves to 

particular atmospheric, topographic, climatic, geological, soil 

chemical or cosmic (including here influences of light as modi- 
fied by latitude) conditions may properly be regarded as within 

the domain of ecological morphology or physiology; but the 

habitats with the resultant origin and development of plant- 
formations present a line of scientific inquiry distinct enough 

and worthy of special attention. The essay in hand lies quite 

Within the field of ecological distribution as thus restricted and 

the discussion of ecological morphological details will not be 

entered upon. . 

Physical features of the region. 

Geographical position.—Lake of the Woods is situated be- 
tween latitudes 49° 11’ and 49° 53’ N and longitudes 94° and 

95° 35’ W. It lies between the Canadian provinces of Ontario 
and Manitoba and the state of Minnesota. From north to south 

and from east to west it extends about sixty miles, and its total 

area is not far from 1500 square miles. The greater portion of 

this lies within Ontario, but parts of Muskeg bay and Buffalo 

bay belong to Manitoba, while considerably more than one-half 

of the Grand Traverse is within the borders of Minnesota. The 

international boundary between Canada and the United States 

runs diagonally across the Grand Traverse, entering the lake 

at the mouth of Rainy river, and trending northwesterly to the 

inlet known as Northwest Angle inlet. Here the direction of 

the line changes abruptly and it.runs due south to the 49th par- 

allel, thence due west along this parallel. The intersection of 
the north and south line with the 49th parallel lies in the 
Grand Traverse, and the eccentric course of the boundary iso- 

lates a portion of land belonging to Minnesota, known to carto- 
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graphers as the Northwest Angle. Within American waters are 

about forty islands, of which the three largest are, in their 

order, Oak, Garden and Flag island. 

Drainage.—The drainage-basin of Lake of the Woods is ap- 
proximately 36,000 square miles in extent. This is pretty 

equally divided between Minnesota and Ontario, only an insig- 

nificant fraction belonging to Manitoba. The basin comprises 

the country along the Rainy river and its tributaries, with the 

region bordering upon Rainy lake and itssources. The waters 

of Lake of the Woods empty into the Winnipeg river over two 
falls, with rapids between the towns of Rat Portage and Kee- 

watin, on the Canadian Pacific railway. These towns are situ- 

ated upon the extreme northern bay of the lake and the falls, 

divided by Tunnel island, are now being utilized to develop 

electric power for transmission to a distance. 

General topography.—The mean level above the sea of Lake 
of the Woods is 1062 feet. Considerable variation—as much as 

ten feet in some of the bays-—between high and low water has 

been recorded; but such fluctuations are not common, although 

a variation of from six to eight feet in level is altogether or- 

dinary. The remarkable shape of the lake, as may be seen by 

reference to the accompanying map, gives the wind an unusual 

opportunity to raise the level on lee shores when it has been 

blowing continuously for some hours in one direction. A very 

great variation by seasons also characterizes the volume of the 

Rainy river. 

As may be noted by further examination of the map, the 

Lake of the Woods proper separates into two regions, the 

northern and northeastern island crowded area, sometimes 

named Clearwater lake on the maps, and the southern and 

southwestern open, island free area. This latter is called the 

Traverse by local navigators. The smaller lake, tributary by a 

short series of rapids to Lake of the Woods, and indicated on 

the map as Shoal lake, has a somewhat similar massing of 

islands in the northern portion. The eastern bays of the lake 

are choked with islands, and they are not absent from the 

western bays in the northern part, but only a few islands close 

to shore can be seen in Buffalo.or in Muskeg bay to the south- 

west. The shores of the lake are, for the greater part, low, 

but some altitudes of 100 feet have been observed. Precipitous 

cliffs, such as those of some of the international boundary lakes 

between Rainy lake and Lake Superior, are unusual. Here 
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and there, however, as at Crow Rock island, such cliffs are 

conspicuous features. Other cliffs of this kind may be seen in 

Whitefish bay and in Shoal lake. The ordinary shore line is 
low and rounded. The islands 1 have previously classified * 

as 1, Bog islands; 2, Sand-dunes; 3, Drift-covered islands; 4, 

Dome-shaped rock islands; 5, Irregular or jagged rock islands. 

The fourth and fifth classes are by far the most abundant. 

An intelligent notion of the region is conveyed by Lawson 

when he terms it a flooded area of roches moutoneés. Evidences 

of profound glaciation are abundant, and the innumerable small 

islands, which are so characteristic a feature of the scenery, 

remind one of typical roches moutonec¢s. 

The lake is nowhere extraordinarily deep, soundings of 85 

feet in the northern portion and 40 feet in the Traverse being 

exceptional. Where the lake is shallower—that is in the 

southern part—there is a greater amount of drift upon the bot- 

tom. Thus sounding's off Garden island in the Grand Traverse 

always showed a bottom of blueish ‘clay, while to the north 

the plummet frequently indicated rock, or organic silt, derived 

from the planktonic flora and fauna. 

Origin of the lake.—The bed of Lake of the Woods has un- 
dergone extensive preglacial erosion, but the glacial and post- 

glacial history of the region is of particular interest in this 

connection. Lake of the Woods, together with Rainy lake, Red 

lake, Lake Winnipeg, Lake Manitoba and Lake Winnepegosis 
lie quite within the bed of a temporary glacial lake known to 

students of geology as Lake Agassiz’. This lake, for about 

1000 years, covered the Red river valley and portions of the 

valleys of the Saskatchewan and Assiniboine rivers of Canada. 

It covered, too, the drainage-basin of Lake Winnipeg, and com 

prised in all about 110,000 square miles. Rainy lake, tributary 

to Lake of the Woods, lies just within the southeastern bound- 

aries of the ancient lake. At first Lake Agazziz emptied into 

the Mississippi by way of the Minnesota river, but later, for a 

somewhat shorter time, its waters were drained towards the 

north. Apparently. as first pointed out by Winchell, the gen- 

eral northern boundary of Lake Agassiz was the retreating 

continental ice sheet, and this quite certainly extended near 

the eastern end of Rainy lake. South of Lake of the Woods 

2 MacMillan. On the distribution of plants in a fresh-water insular region, Ab- 

struct. Bot. Gaz. 22:218. 1896. 

38 Upham, W. Lake Agazziz. Mon. U.S. Geol. Surv, 25. 1897. 
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and Rainy lake the glacial body of water was bounded by mo- 

rainic shores, and Upham has traced the various beaches for 

many miles in Minnesota, Dakota and Canada. 

The somewhat abrupt disappearance of Lake Agassiz, not 

far from 7000 years ago, ieft much of its basin to the drainage 

of the Red and Rainy rivers. Clearly the water, as it aban- 

doned its ancient bed, must have early laid open the southern 

portion of the valley to plant immigration, and the immigrants 

must have followed in northward extension the receding inland 

sea. Since the ice-barrier apparently extended along the 

eastern shores of what is now Rainy lake, a very sharp distine- 

tion arose in those earlier times, and is still to some extent 

perpetuated between the region within Lake Agassiz and the 
uninundated, though strongly glaciated area outside its shore- 

line. Here, it would seem, may be in part the explanation of 

the rather remarkable dissimilarity between the plant-popula- 

tion of the north shore of Lake Superior, the Mesabi and Giant 

ranges on the one hand and that of the Rainy lake and Lake of 

the Woods region on the other. In the latter region many 

species of plants of southern range are conspicuous, although 

often dwarfed, or occupying peculiar localities. Indeed the 

flora of the Lake of the Woods is essentially sinailar to that of 

the Red river valley of the Dakotas, and may be regarded as a 

forest modification of the general north-bound group of plants 

which established themselves in the bed of the ancient lake. 

But the plant population of the north shore of Lake Superior— 

and the formation extends westward to the region south of Gun- 

flint lake and about Vermilion lake—is quite as distinctly an 

originally northern and south-bound group of plants relatively 

free from the infiltration of southern forms such as the Solidagos 

and Apocynums. ; 

Character of the country rocks and drift.—A detailed 
account of the geological formations of the Lake of the Woods 

district would be out of place in this paper as it is rather the 

physical and chemical character of the soil-components that 

are of importance, than their faultings and foldings, stratifica- 

tions and correlations. A full account of the complex geology 

of the region is given by Lawson‘ and this may be referred to 

for amplification of the facts brought forward here. The 

region is one almost entirely of Archaean rocks comprising 

diorites, augites, felsites, quartzites, granites, diabasic rocks, 

4 Lawson: Lake of the Woods. Rep. Geol. Surv. Can. 1887, 
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hornblendic and micaceous schists, clay shales, agglomerates, 

chloritic schists and gneisses. The latter are perhaps the most 

generally distributed. These rocks classified by Lawson as 

Keewatin, Laurentian and later irruptive are in certain tracts 

developed in astonishing variety and the region as a whole 

gives an opportunity for the formation of most complicated 
soils. There is, however, an absence of calcic, magnesic and 

ferric soils with a rather poor development of aluminic soils 
except in the regions of argillaceous shales or where argilla- 

ceous drift has been deposited as is the case at a few points. 
For the most part the soil, where it exists in quantity, is either 

humus accumulated in pockets owing to the favorable surface 

contour of the subtending rocks or a silicious and pebbly drift 

with but slight admixture of clays. Opportunities for the 

development of beaches and dunes are, therefore, not wanting, 

while owing to the general prevalence of rock with but thin 

drift covering or scant talus formations, bog shores or marshes 

are rather exceptional. 

Types of shores.—There seem to be at Lake of the woods 
three principal types of shores so far as the substratum is con- 

cerned. These I shall denominate. 

I. Shores of country rock. 

Il. Shores of drift. 

III. Shores of humus. 

Hach of these, it is evident, may be subjected to subdivision, 

and especially is this true of the first two. The following syn- 

opsis will give at a glance the classification which has seemed 

most desirable and convenient for the purposes of this paper. 

I. Shores of country rock. 

A. Country rock in place. 

1. Steep precipitous shores. 

a. Creviced rocks. 

b. Smooth rocks. 

2. Rounded shores. 

a. Creviced rocks. 

b. Smooth socks. 

3. Flat shores. 

a. Creviced rocks. 

b. Smooth rocks. 

Bs) Lalus: 

1. Abrupt and precipitous talus. 
2. Talus extending out over the lake bottom. 

3. Talus with bare crevices (new talus). 

4. Talus with intermixed humus or drift (old talus). 
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II. Shores of drift. 

A. Boulders and coarse gravel. 

1. With finer drift intermixed. 

2. With humus intermixed. 

B. Sand and fine pebbles. 

1. With slight intermixture of humus. 

2. With marked intermixture of humus. 

C. Clays with sand and pebbles. 

1. With slight intermixture of humus. 

2. With marked intermixture of humus. 

III. Sh-res of humus. 
A. Humus derived from aquatic and semi-aquatic vegeta- 

tion. Wet humus. 

B. Hummus derived from land vegetation. Dry humus. 

C. Mixed humus. 

Besides these main types of shore there are, of course, to be | 

considered the very numerous varieties of mixed shores derived 

from the combinations of two or more of the types givena bove, 

over the same area. For example, intermixtures of talus and 

boulders, talus, sand and humus, boulders and humus are alto- 

gether frequent, and in walking but a short distance along the 

shore it is common to encounter more than one or two types of 
Substratum. Especially difficult to classify are the transitional 

types between shores with rock in place and shores with talus. 

This is particularly true of those shores such as are seen at 

Windigo island, where the talus blocks are, many of them, sev- 

eral feet, or even yards, in diameter. In such cases it becomes 

evident that a certain sufficient size of talus blocks must afford 

practically the conditions of rock in place. 

A chemical classification should perhaps be added to the 

physiographic one which has been given, but the complexity of 

the problems, owing to the great variety of rocks, are such as 

to make only the more general classifications available or prac- 

ticable. The shore lines may accordingly be denominated 

thus: 
1. Silicious shores. 
2. Aluminous shores. 
3. Nitrogenous shores. 

The first and third are abundant, while the second is scarcely 
to be found within the area of my observations. In the first 

group are included the beaches and dunes, the talus or boul- 

der shores, where the derivaties have been from silicious 

granites, quartzites or gneisses, and the rock shores in which 

silicious rocks are the prominent components. The third group 

comprises the various types of humus soils and mixtures in 
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which humus is the important component. It need scarcely be 
said that these three groups are not named in an exclusive 

manner, and that, as a matter of course, nitrogenous compo- 

nents are found in the silicious and aluminous soils as well as 

in the so-called nitrogenous. The notion is simply to indicate 

certain preponderances and to give characteristic and appro- 
priate terms to three important soil-types as found on the shore 

areas at the Lake of the Woods. In this region, as has been 

indicated above, certain varieties of soil are conspicuous rather 

by their rarity or absence. For example, ferric, magnesic, 

calcic, saline and alkaline soils are either wholly absent from 

the region studied, or quite inconspicuous and unimportant. 

Ferric soils are abundant, however. farther east, especially 
upon the iron ranges; calcic and magnesic soils prevail in the 
southern limestone regions of Minnesota, and saline, alkaline 

or sodic and potassic soils are developed occasionally in west- 
ern Minnesota. 

By no means all of the important factors in the classification 
of shore areas have yet been recognized in the attempt in 
brand. Besides the chemical and general physiographic 

groups that have been defined there are a number of groups 

which depend for their distinctive characters upon a mixture 
of conditions rather difficult to bring together in an orderly 

analysis. Possibly a series of groups blocked out with refer- 

ence to the special conditions in each case involved may be 

noted in serial order and thus the problems may be best ap- 
preciated. 

I. Classification of shores with reference to illumination. 

A, Shores with stronger illumination. 

1. Shores facing S. E.,S.orS. W. 

2. Shores of which the slope approaches a plane perpendicular to the 
incident rays of sunlight. 

3. Shores not subjected to shadows from neighboring objects, such as 

trees or adjacent shores, 

4. Shores upon which light is reflected by adjacent objects such as 

mounds of white sand or smooth surfaces of light colored rock. 

B. Shores with weaker illumination. 

1. Shores facing N. E., N. or N. W. 

2. Shores of which the slope varies from a plane perpendicular to the 
incident rays of sunlight. ‘ 

3. Shores subjected to periodic or permanent shadows from neighbor- 
ing objects. 

4, Shores upon which light is not reflected by neighboring objects. 
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Il. Classification of shores with reference to temperature. 

A. Warmer shores. 

1. Shores facing S. E., S. or S. W. 

2. Shores of which fie slope approaches a plane perpendicular to the 

incident radiations from the sun. 

3. Shores not subjected to shadows from neighboring objects. 

4. Shores upon which heat is reflected from adjacent objects. 

5. Shores composed of dark colored materials which absorb and retain 

the heat rays of the sun. 

6. Shores of a texture unfavorable to rapid evaporation of moisture. 

7. Shores sheltered from abundant air-currents which would promote 

evaporation of moisture. 

8. Shores of which the contour or situation produces unfavorable op- 
portunity for the cooling action of rain, dew, surf, spray or running water. 

9. Shores bordering sheltered and limited areas of water in passing 

over which the air currents are not appreciably cooled. 

B. Colder shores. 

1. Shores facing N. E., N. or N. W. 

2. Shores of which the slope varies from a plane perpendicular to the 

incident radiations of the sun. 
3. Shores subjected to shadows from neighboring objects. 

4, Shores upon which heat is not reflected by adjacent objects. 

5. Shores composed of light colored materials which reflect and radiate 

rapidly the heat rays of the sun. 

6. Shores of a texture favorable to rapid evaporation of moisture. 

7. Shores exposed to abundant air-currents, promoting evaporation of 

moisture. 

8. Shores of which the contour or situation produces favorable oppor- 

tunity for the cooling action of rain, dew, surf, spray or running water. 

9. . Shores not bordering sheltered and limited areas of water, but fac- 

ing broad expanses over which air currents, in passing, become cooled. 

IIIf. Classification of shores with reference to moisture. 

A, Moister shores. 

1. Shores crossed by gullies or streams, debouching upon them and 

conveying moisture or retaining it in pools. 

2. Shores favorably exposed to rains, dews or drifting snows. 

3. Shores situated where surf or spray is thrown landward, either ow- 

ing to the direct impingement of prevailing winds, or by reason of the 

broad expanse of water off-shore. 

4, Shores upon which ice-floes are deposited in early spring, owing to 

their outline, slope, or exposure to the prevailing winds. 

5. Shores from which the evaporation of moisture is retarded by shad- 

ing, or by seclusion from atmospheric currents. 

6. Shores, the texture of which favors the retention of rain, dew, surf, 

spray, snow, ice or running water. 
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B. Drier shores. 

Shores not easily wet by water or capable of rapid drainage. 

Shores unfavorably exposed to dews, rains and drifting snow. 

Shores protected against the deposition of surf and spray. 

Shores of which the outline, slope or exposure is unfavorable to the 

deposit of ice fioes in early spring. 

5. Shores from which the evaporation of moisture is promoted by ex- 
posure to sunshine and atmospheric currents. 

6. Shores of which the texture favors the evaporation of rain, dew, 

surf, spray, snow, ice or running water. 

iP go po 

[V. Classification of shores with reference to nutritive value. 

A, Nutritive shores. 

1. Shores, the components of which are rich in nutritive substances. 

2. Shores upon which waters, rich in nutritive substances, debouch 

from streams or collect from waves. 

B. Sterile shores. 

1. Shores, the components of which are poor in nutritive substances. 

2. Shores upon which waters debouch or waves collect which are poor 
in nutritive substances. 

V. Classification of shores with reference to atmospheric 

currents. 

A. Wind-swept shores. 

1. Shores exposed toward the quarter from which come the prevailing 

winds. 

2. High or promontory-like shores. 

3. Shores facing wide expanses of water over which the wind has 
greater sweep. 

4. Shores devoid of surface irregularities or growths of vegetation 
sufficient to break the force of the wind. 

B. Sheltered shores. 

1. Shores exposed toward quarters from which prevailing winds do not 
blow. : 

2. Low or protected shores. 

3. Shores facing narrow expanses of water over which the wind has 

not free sweep. 

4. Shores provided with irregularities of surface or growths of vegeta- 
tion by which the force of the wind is broken. 

VI. Classification of shores with reference to mechanical 

effect of surf, 

A. Surf-beaten shores. 

1. Shores exposed to wide expanses of water resulting in more contin- 
uous surf. 

2. Shores of which the slope affords greater impact-force to the surf. 

3. Shores exposed toward the quarter from which prevailing winds are 
accustomed to blow. 
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4. Shores, the contour of which permits the surf to affect a broader area. 

5. Shores facing water of which the depth and character of the bottom 

favors surf formation. Such shores are subjected to heavy surf. 

6. Shores provided with moveable bodies which, carried in the surf, 

increase its impact- “force. Among such bodies are flat pebbles and drift- 

wood. 
7. Shores devoid of surf-barriers such as outlying bars or formations of 

surf-plants. 

B. Shores protected against surf. 

1. Shores exposed to narrow expanses of water upon which the surf 

is intermittent. 

2. Shores of which the slope diminishes the impact-force of the surf. 

3. Shores exposed toward quarters from which the prevailing winds are 

unaccustomed to blow. 
4, Shores of which the contour limits surf action to a narrow area. 

5. Shores facing water of which the depth and character of the bottom 

tends to inhibit surf-formation. Such shores are exposed to light surf. 

6. Shores destitute of moveable bodies which carried in the surf would 

increase its impact-force. 

7. Shores provided with surf-barriers. 

Vif. Classification of shores with reference to mechanical 

effect of ice. 

A. Ice-modified shores. 

1. Shores of which the exposure, slope, shadiness, coldness and seclusion 

from winds permit long continued ice-pressure extending into the late 

spring. 

2. Shores of which the contour and slope favor ice-pressure. 

3. Shores of a texture readily modified by ice-action. 

B. Ice un-modified shores. 

1. Shores of which the exposure, slope, sunniness, warmth and accessi- 

bility to winds prevents long-continued ice-pressure extending into the 

late spring. 

2. Shores of which the contour and slope minimize the ice-pressure. 

3. Shores of a texture not easily modified by ice-action. 

VIII, Classification of shores with reference to currents of 

water. 

A. COurrent-modified shores. 

1. Shores bordering upon strong currents. 

2. Shores of a texture easily modified by currents. 

B. Current-unmodified shores. 

Shores bordering upon weak currents. 

2. Shores of a texture not easily modified by currents. 

irs 
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IX. Classification of shores with reference to soil currents. 

A. Crumbling shores. 

1. Precipitous shores upon which the force of gravity acts strongly. 

2. Shores of a texture readily broken. 

’ 3. Shores exposed to strong weathering influences. 

B. Firm shores. 

1. Low or rounded shores upon which the components are disposed in 

stable equilibrium. 

2. Shores of a firm and resistant texture. 

3. Shores protected from strong weathering infiuences. 

X. Movable shores. 

A. Shores moved by the wind: e. g. Sand dunes. 
B. Shores moved by wind and water: e.g. Floating bogs. 

C. Shores moved by water: e.g. Beaches facing currents or eddies. 

The ten groups of shore-types given above scarcely exhaust 

the possibilities of instructive classification but the more im- 
portant groups have been included in the scheme. It becomes 
evident that the consideration of a given shore must include a 

wide variety of judgments and observations and in any given 

example of shore a large number of factors must be taken into 

account before a reasonably complete comprehension of it as a 

station for plant individuals or plant formations can be formed 

in the mind. Its exposure, contour, slope, texture, color, chem- 

ical composition, physical structure, temperature, moisture, 
nutriment content, illumination must all be given due consider- 

ation. The influence upon it of rains, dew, snow, ice, surf, 

spray, wind, currents of water or of soil and the force of grav- 

ity must be regarded, and since not one condition alone but 

permutations of all of the conditions in varying degree are in 

every case to be distinguished, it would seem that a reasonable 

explanation of the endless diversity of landscape might very 

well lie in the diverse qualities of the substratum upon which 

vegetation disposes itself. But when to all this is added the 
endless complexity of biological factors—the symbioses, the 

struggles between individuals and formations, the ecological 

adaptations and distribution devices, the hybridizings and all 

the historical, developmental and evolutional phenomena—the 

student may well hesitate, so interminable is the coil. Yetif 

the theoretical possibility of complete explanation under con- 

ditions of complete comprehension of the data be taken into 
the mind much has beenaccomplished. The position of agiven 
plant or of a particular formation at some spot on the crust of 
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the earth, no longer seems a matter of chance but rather the 

definite result of definite, although endlessly complicated 
causes. 

Advantages offered by a fresh-water archipelago in the 
study of ecologic distribution.—It has long impressed the 
writer that a lake with numerous islands offered one of the best 

fields for research in ecologic distribution and with this belief 

in mind, Lake of the Woods was selected as a peculiarly excel- 

lent body of water for study. The advantages are many. 

Portions of land of convenient size for careful and exhaustive 

examination are, in such an archipelago, isolated one from 

another by areas of water. Lake of the Woods offers a wide 

variety of shore-lines varying from the mud-flats of the mouth 

of Rainy river and Muskeg bay to the sand-dunes of the Isle 

aux Sables, the extended beaches of Oak point and the North- 

west Angle, the drift mantled shores of Garden island, the 

rounded rocks and talus heaps of the smaller American islands 

and the cliffs and crags of the Crow rock and Shoal lake 

islands. Almost every kind of shore-line from floating bog to 

precipice may be observed, and, from the exceptional shape of 

the lake, exposures to narrow, secluded channels, through 

which the frail canoe of the Indian or the voyageur creeps with 

difficulty, may be considered at one point, while at another one 

may stand before a roaring surf without even a distant haze of 

land visible at the horizon’s edge. But for the monotony of 

its silicious soils such a lake with its thousands of islands, its 

cliffs and morasses its winding bays and its Grand Traverse 

would be an ideal spot for the solution of most of the intimate 

problems of ecologic distribution. 

DERIVATION OF THE PLANT POPULATION. 

General considerations.—It may be laid down as a law of 
plant distribution that the kinds of plants in a region depend 
upon general causes originating at a distance and of long dura- 

tion, while the position, number and strength of plants depend 

upon local causes of shorter duration. Thus the presence of 
the white pine, P. strobus, in the Lake of the Woods region 

rather than P. taeda of more southern and eastern range results 

from a long evolutional history, to comprehend which thor- 

oughly would require an extended survey of vegetation condi- 

tions both of to day and of the past, over a great portion of the 

continent of North America. But the position of plants of P. 
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strobus on the richer soil of crevices or on clayey loams rather 

than upon barren rocks or sand or in marshes or swamps is 

largely a matter of topography. Before proceeding, then, to 

an analysis of the different plant formations established along 

shore at Lake of the Woods, it will be well to observe in a gen- 

eral way what species of plants have taken possession of the 

region. It is not by any means my intention to furnish here a 

long list of species and varieties; all that will be necessary to 

exhibit is a list of dominant plants on a few selected shores. 

Four such shores have been chosen. Of these Oak point is 
near the mouth of the Rainy river and faces the surf of the 

Grand Traverse towards the N. W. while toward the S. E. it is 

washed by the waters of a quiet bay. Sandy beach is opposite 

Garden Island,on the Northwest Angle and the backcountry is 

almost entirely composed of impassable spruce and tamarack 

swamps or muskeg. Isle aux Sables is the name given to what 

is really a chain of sand dunes lying near the S. E. shore of 

the lake and north of the mouth of the Rainy river. Big island 
point is the N. W. point of this island about due E. of Garden 

Island. It is a high rocky promontory clothed with mosses 
and lichens but with many crevice plants of higher types. 
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List of dominant plants established on four selected shores. 
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The above list by no means includes all of the important 

littoral plants of the Lake of the Woods region and longer 

exploration especially on the Isles aux Sables would bring to 

light numerous other species. Yet since equal areas were 

covered at the different localities and the collections made with 

equal care in all cases, it may be fairly maintained that the 

list represents properly the varieties of dominant plants es- 

tablished upon the four kinds of shore in question. Such a 

list, however, gives no exact idea of the vegetation of the 

shores it purports to cover, for the relative abundance of in- 

dividuals is not taken into account, nor the groupings in for- 

mations, nor robustness of growth. For example, Populus 

tremuloides listed for Sandy beach and Isle aux Sables consti- 

tutes an entirely different formation at the one shore as com- 

pared with the other. Upon the dunes it appears as a loose, 

open, scattered formation of low shrubs while at the beach it 
forms a zone of tall trees at the back strand where the wind, 

the waves and the ice have thrown up aridge of sand and 

gravel. Such a list is of interest principally because it gives 

the student of distribution an idea what general influences have 

acted in the population of the territory in question, and because 

it may serve as a foundation for some of the special ecological 

lists yet to be offered. 

Relationships of the group.—In the above list of 156 
species, 78 or 50 per cent. are of distinctively northern range, 

36 or 22 per cent. are of distinctively southern range, while 42 

or 28 per cent. are of continental range and might properly be 

counted with either group. Evidently this list of dominant 

species indicates a generally northern character in the Lake 

of the Woods population. But it must be remembered that 
but very few of the plants are distinctive of high northern 

latitudes. Excluding such forms as Juniperus sabina, Betula 

glandulosa, Salix myrtilloides, Ribes oxycanthoides, Sorbus sam- 
bucifolia and Arctostaphylos uva-ursi, the remainder are in 
large part characteristic plants of the prairies and woods of 

Minnesota, Iowa and the Dakotas. Indeed when such a list is 

compared with those which have been made by Arthur, Bailey 

and Holway® for the Vermilion lake and Hunter’s island 

region of Lake Superior drainage, and by the writer for the 

valley of the Minnesota® it is at once recognized that the 

nee Arthur. Bailey and Holway. Bull. Geol. & Nat. Hist. Sur. Minn. No. 3. 
te 

6. MacMillan. Metaspermae of the Minnesota valley. Rep. Bot, Sur. Minn. I. 1892. 
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affinities of the Lake of the Woods population are rather with 

the general group of plants distributed throughout the Red 

river valley and in southern Minnesota than with the series 

lying in the same latitude but to the eastward of the Rainy 

lake region. Bailey’s list of plants collected on Hunter’s 

island is especially instructive in this comparison. In this 

list of 80 species such varieties as Carex lenticularis, Aster 
macrophyllus, Spiranthes gracilis, Alnus viridis, Geum nivale, 

Habenaria orbiculata, Alnus incana, Gaultheria procumbens, 
Myrica gale, Corylus rostrata, Anaphalis margaritacea, Thuya 
occidentalis and others serve to indicate the strong northern 

character of the plant population of this district. And upon 

the shores of Lake Superior where such genera as Pinguwicula, 

Ribes, Drosera, Diervilla, Antennaria and Pyrola are strongly 
developed in number cf individuals a quite different cast is 

given to the general flora. This is to be explained without 

doubt as in part a result, as has been indicated above, of the 

recession of the waters of the glacial lake Agassiz from south 

to north, thus opening up the ancient bed to infiltration of 

southern forms. Thus there may be observed the very inter- 

esting occurrence of Celtis occidentalis for example on the 

dunes at Lake of the Woods where it grows in company with 

Sorbus sambucifolia and Juniperus sabina. Similarly inter- 
esting is the appearance of Ambrosia pstlostachya as a dwarfed 
but characteristic denizen of talus and boulder-drift shores on 

Big island point, and the abundance of southern species of 

Sagittaria in strand pools, surrounded by Iris, Polygonatum 
and Allionia. 

DESCRIPTION OF PLANT FORMATIONS. 

Classification of formations .—In entering upon a discussion 
of the variety of formations that may be observed upon shore 

areas at Lake of the Woods, I shall make use of the division 

proposed in a recent paper upon the distribution of tamarack 

and spruce in bogs’. Formations may be broadly grouped as 

ZONAL, where the topographic feature presents a well-marked 
radial symmetry, and AzONAL, where the topographic fea- 

ture presents no well-marked radial symmetry. A further 

7. MacMillan. On the formation of circular muskeg in tamarack swamps. Bull 

Torr. Bot. Club. 23: 500, Pl. 279-281, 1896. 
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classification of shore formations under this plan is forthwith 

presented: 

J. Zonal formations. 

A. Beach or strand. 

1. Front strand. 

2. Mid-strand. 

3. Back strand. 

4. Strand pools. 

B. Dunes. 

1. Dune slopes. 

2. Dune summits. 

3. Dune pools. 

C. Morasses. . 

1, Attached morass. 

a. Wet morass. 

b. Dry morass. 

2. Detached morass. 

a. Floating bog. 

b. Anchored bog. 

D. Surf-barriers. 
1. Barriers in strong surf. 

2. Barriers in light surf. 

E. Rock shores. 

1. Flat rocks. 

2. Rounded rocks. 

F. Soil shores. 

1. Flat shores. 

2. Rounded shores. 

II. Azonal formations. 

A. Talus shores. 

1. Coarse talus shores. 

2. Fine talus shores. 

B. Boulder shores. 

1. Coarse boulder shores. 

2. Fine boulder shores. 

C. Rock shores. 

1. Irregular surfaced rock shores. 

2. Creviced shores. 

3. Precipitous shores. 

D. Humus shores. 

A discussion of the particular plant formations, which char- 
acterize these different ecologic areas will now be presented. 
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: STRAND. 

Front strand.—The zone of vegetation denominated front 

strand, is that group of plants established nearest the water’s 

edge. Between the mid-strand group and the water of the lake 
is a narrower or wider strip upon which vegetation is unable 

to establish itself, except in the case of the lower plants such 
as Aphanizomenon flos-aquae,for example. The width ofthe barren 

strip depends upon the force of the surf. In this area small 
strand pools, tenanted by algae in some cases, will form be- 

tween successive seasons cf surf-impact. The transitory pools 
can furnish an area for the development only of very simple 

and short-lived organisms. Various species of algae may com- 

' plete their reproductive processes in such pools of the front 
strand and the region of the beach closest to the water’s edge 

must be regarded as occupied by an interrupted zone of algal 

forms. In some cases after a heavy wind such pools will be 

crowded with Cyanophyceae to such an extent as to make the 

zone exceedingly conspicuous, but after a few days of sunshine 

and surflessness the pools will evaporate, and the spores alone 

of the algae will retain their vitality. Some of these spores 

will be washed out into the lake with the next season of surf, 

while the majority will be buried in the sand. The pools of 

the front strand are therefore characterized by a special vege- 
table formation, transitory as is its habitat and of lowly types. 
In high surf these algae contribute to the nitrogenous content 

of the mid-strand. 

Mid-strand.—Extending from the front strand near the wat- 
er’s edge back to the higher beach upon which the surf never 

dashes, is commonly a shelving area bearing a very character- 

istic group of plants. Its breadth varies with its inclination, 
its texture, the strength of the surf and the character of the 

bottom off-shore. This areais at long intervals subjected to 

strong spray or even light surf and to occasional inundation. 

Such an exposure may not arise for several seasons and, when 

it comes, depends upon unusual height of water and continuous 

winds. Hence a group of plants, very many of which are an- 

nual, although some are perennial, establish themselves upon 

the strip. This band of occasionally inundated beach may be 

known as mid-strand. It is characterized by relatively scanty 

and dwarfed development of trees or shrubs except in the case 

of such as bear with ease submersion for a season—as for ex- 

ample, Salix, Cornus, Prunus pumila, Populus tremuloides. 
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Shrubs like Sorbus, Rosa, Vitis, and others that do not endure 

well an occasional submersion are altogether absent from the 

mid-strand. A list of mid-strand vegetation at Oak point is 
presented here. 

Mid-strand group at Oak Point. 

Equisetum arvense, Chenopodium leptophyllum. 

Equisetum hiemale. Arenaria stricta. 

Agropyron tenerum, Capnoides micranthum. 

Agrostis alba. Arabis hirsuta. 

Elymus canadensis. Bursa bursa-pastoris. 

Hordeum jubatum. Lepidium apetalum, 

Panicum dichotomum. Prunus pumila. 

Carex filiformis. Potentilla arguta. 

Juncus articulatus. Spiraea sa icifolia. 

Juncus balticus. Lathyrus maritimus, 

Populus tremuloides,. Epilobiam adenocaulon, 

Salix fluviatilis. Artemisia canadensis. 

Salix lucida. Artemisia caudata. 

Salix petiolaris var. gracilis. Erigerca canadensis, 

Chenopodium album. Solidago juncea, 

For comparison there is also given the mid-strand population 

observed across the lake at Sandy beach on the Northwest 

Angle. 

Mid-strand group at Sandy Beach. 

Agropyron tenerum, Prunus pumila, 

Agrostis alba. Spiraea salicifolia. 

Agrostis hiemalis. Hypericam ellipticum. 

Elymus canadeasis. Chamaenirion angustifolium, 

Carex filiformis, Epilobium lineare. 

Carex scoparia, Onagra biennis, 

Carex siccata, Cornus baileyi. 

Juncus balticus. Cornus sericea. 

Populus trémuloides, Convolvulus sepium, 

Betula glandulosa. Campanula aparinoides 

Polygonum hartwrightii. var. grandiflora. 

Corispermum hyssopifolium, Artemisia canadensis. 

Cerastium arvense, Artemisia caudata. 

Potentilla arguta, Solidago juncea, 

These two lists do not give a proper idea of the difference 
between the two beaches, for it lies less in kinds of plants than 

in the types which are abundantly developed. It will be ob- 

served that such characteristic sand plants as Agropyrum tene- 
rum, Elymus canadensis, Artemisia caudata and Artemisia cana- 

densis, are present in each case. Asa matter of fact, the Oak 

point mid-strand is characterized by the strong development of 

Prunus pumila, Lathyrus maritimus and Populus scrub with 
Juncus and Salix abundant as secondary plants. But the Sandy 
beach mid-strand is characterized by the prevalence of Cornus 

baileyi and Cornus sericea with Convolvulus, Onagra and Cha- 
maenirion. These larger leaved plants indicate‘a reaction in 

the plant population to the quieter, less wind-swept character 
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of the Northwest Angle shore. Without question Oak point is 
one of the most wind-swept points on the whole lake, and the 

dwarfed types of plants which are established upon the mid- 

strand would seem to be a reaction to such an exposed situa- 

tion. Two types of mid-strand may therefore be defined, with 
reference to adaptation to prevailing winds. 

I. Prunus mid-strand. Prunus pumila, the dominant and 

characteristic plant. Example, the Oak point midstrand. 
(Plate LX XI.) 

II. Cornus mid-strand. Cornus sericea and Cornus baileyi, 
the dominant and characteristic plants. Larger Salix shrubs 

and special twining and shade-loving plants are also estab- 
lished upon such ‘a mid-strand. Example, the Sandy beach 
midstrand. Plate LX XII, in the background, shows this 

type of mid-strand as developed on the sheltered side of Isle aux 
Sables. ) 

A third type should be added, according to my observations 

on mid-strand in quieter bays. For example, on the north side 

of Garden island, shielded from the winds and waves of the 

Grand Traverse, and enclosed from most of the surf and white 

caps of the Little Traverse, is a bay with finely developed mid- 

strand upon which Salix fluviatilis is the dominant plant. This 
is a very level and gently sloping beach, and at the back other 

species of Salix, S. discolor, S. nigra and S. amygdaloides, form 

an abundant growth. The beach is exposed to rather frequent 

inundations, but to slight wind action or surf-impact. The 

peculiar prevalence of the Salix fluviatilis formation may be 

regarded as a response to this group of conditions. 

Ill. Salix mid-strand. Salix fluviatilis, the dominant and 
characteristic plant; but few other species, e. g. Capnoides 
micranthum, Chenopodium album, Polygonum ramosissimum, es- 
tablished. Hxample, the northeast bay of Garden island (Plate 

aX. ) 
The three types of mid-strand appear to be practically the 

only types that can be isolated over all the beach area that I 

have studied at Lake of the Woods. That there should be three 

types, 1, a group of numerous, low, small leaved forms, the 

Prunus wmid-strand; 2, a group of numerous, higher, many of 

them large leaved forms, the Cornus mid-strand; and, 3, a group 

of homogeneous low plants, long leaved, deep rooted, the Salix 

mid-strand, is connected, I believe, with three different groups 

of conditions. Thus it would appear that strong wird, occa- 
sional light surf and almost continuous spray favors the devel- 
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opment of Type I, the Prunus mid-strand. Generally light 
winds, light surf, and less continuous spray favor the devel- 

opment of Type II, the Cornus mid-strand. Light winds, light 

surf, and frequent inundation favor the development of Type 
III, the Salix mid-strand. 

It is interesting to notice that when strand formations of 

this character are developed on both sides of a narrow spit as 
at several different localities at Lake of the Woods, the side 
exposed to the strong prevailing winds is more abundantly 
provided with plants of Prunus pumila while it is upon the 
less exposed side that one must look for the Cornus bushes in 

greater number. And this difference between the two sides of 
a sand spit will vary about with the inclination of the spit 
towards a direction perpendicular to the prevailing winds. 

A number of conditions may modify the mid-strand forma- 

tions; the important ones are exertion of ice pressure and 

formation of surf barriers off shore. By the former it not 

infrequently happens that a ridge is piled up at the water’s 

edge in early spring and surf then forms mid-strand pools 
which may be permanent for a series of years. The establish- 

ment of such pools brings about a rearrangement of vegetation 

which will be discussed more particularly under the head of 

strand pools. And from this original exertion of ice pressure 
various secondary changes in the mid strand may be initiated, 

so that the whole aspect of the plant population is changed. 

For example, if the mid-strandis wide, such a formation of 

strand pools may eventually result in the appearance of dunes, 

sand-fixing plants gaining a particularly favorable opportunity 

for work at the borders of the pool. And if surf barriers, 

which continue in place for a number of years, are developed, 
the mid-strand may take much the aspect of back strand, plants 

creeping down upon it which are unable to maintain them- 
selves through seasons of surf or inundations to which the 

mid-strand was generally exposed before the barrier had ap- 

peared. Such surf barriers may be in the nature of sterile 

impermanent bars or they may become the habitation of surf 

plants and they may eventually, as in the case of the Isle aux 

Sables, develop into a conspicuous and permanent dune: 

The light color of the mid-strand, owing to the slight develop- 

ment of humus, contributes to the dwarfed habit of the plants 

growing upon it by reducing the temperature of the sub- 

stratum. Such areas become cold soon after sundown while 

the back strand still remainswarm. By midnight the tempera 
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ture of the mid-strand will have fallen several degrees below 

that of the back strand, as observations made in 1894 very 

clearly indicated. The occasional inundations, surf, winds 

and spray all combine both directly and indirectly to lower 

the temperature of the mid-strand substratum so that plants 
requiring a somewhat higher root temperature like Polygona- 
tum, Viola, Anemone, Vagnera, do not in this region venture 
down upon the light cold sands, but remain where intermixture 
of humus, shelter from winds and evaporation, and darker 

color of the soil, all cooperate in preserving more nearly an 

optimum temperature. 

In general the mid-strand area studied at different points on 
Lake of the Woods appears to afford an excellent example of 

the sensitiveness of plant formations to varying environmental 

conditions. The character and aspect, the abundance or pau- 
city of certain forms, the arrangement of the different forms 

with reference to one another all seem definitely conditioned 

upon the variations in exposure, slope, temperature, moisture, 

wind-currents and surf-impact, or upon combinations or modi- 

fications of these. So the constant variety of the beach as one 

walks along it is connected with the multitude of variations in 

the soil below, the air above and the water off shore... The mid- 

strand, too, is modified by the back strand which abuts upon it. 

By the population of the back strand its own is changed, and 

by the struggle that goes on in the back strand the mid-strand 

may in time be affected, as when rows of trees grow to a great 

height on the back strand thus shading a portion of the mid- 

strand. And by the physical texture and contour of the back 

strand, the mid-strand may be affected very sharply—as when 

the rain is carried through gullies in the back strand down up, 

on or across the area nearer the water’s edge. Curious inter- 

rupted patches of Carices and Epilobiums that occur in the mid- 
strand are often to be referred to declivities or gullies of the 

back strand, directing the moisture to some spots rather than 

to others. Thus both the physical and biological conditions of 
the zone farther inland affect the beach flora quite as dis- 

tinctly as do the conditions shoreward. 

Back strand.—The back strand is commonly marked by a 
considerable rise in elevation and must generally be regarded 

as developed principally by the activity of the wind rather 

than by the surf or ice. Such ridges behind the mid-strand are 

usual, and in some cases no doubt are of more ancient develop- 



974 MINNESOTA BOTANICAL STUDIES. 

ment and indicate a former higher level of the lake. Back 

strand may be defined as elevated beach formation rising at the 

rear of the mid-strand. It is always characterized by a much 

higher per cent. of humus in the soil, consequently by soil of a 

darker color, although in many cases the difference is slight. 

Yet even back strand composed apparently of pure sand will 

upon comparison with the mid-strand or front strand appear dis- 

tinctly darker in color. Consequently it becomes the abode of 

those plants which have more of a thermophytic or nitrophytic 

character. Yet if the sand be still the principal constituent of 

the soil as is ordinarily the case a peculiar grouping of plants, 

sometimes reminding one directly of the sand-dune formations, 

arises. A list of plants of the back strand is here appended, 
taken from observations on Oak point. é 

Back strand Group at Oak Point. 

Dryopteris spinulosa, 

Equisetum arvense. 

Juniperus communis, 

Picea mariana, 

Pinus divaricata. 

strobus. 

resinosa. e 

Taxus minor. 

Agrostis alba, 

Alopecurus geniculatus, 

Calamagrostis canadensis, 

Polygonatum commutatum, 

Smilax herbacea, 

Vagnera stellata. 

Populus balsamifera, 

Populus deltoidea. 

Populus tremuloides. 

Comandra umbellata. 

Polygonum erectum, 

Silene antirhina. 

Ranunculus pennsylvanicus, 

Arabis brachycarpa. 

Cerasus virginiana, 

Rosa woodsii. 

Rubus strigosus, 

Rhus glabra, 

Rhus radicans, 

Celastrus scandens, 

Parthenocissus quinquefolia, 

Vitis vulpina, 

Cornus baileyi. 

Arctostapbylos uva-ursi, 

Fraxinus americana. 

Apocynum cannabinum, 

Lycopus sinuatus, 

Mentha canadensis. 

Scutellaria galericlata, 

lateriflora, 

Stachys palustris, 

Galium trifidum, 

Campanula rotundifolia, 

Erigeron ramosus, 

Hieracium scabrum, 

Solidago juncea, 

Another example of back strand, quite clearly distinguished - 

from the country behind it, was examined at Sandy beach, and 
the list of its dominant plants is appended. 
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Back strand group at Sandy beach. 

Taxus minor. Rosa blanda, 

Agrostis alba. Rosa woodsii. 

Calamagrostis canadensis, Rubus strigosus, 

Graphephorum melicoideum, Sorbus sambucifolia, 

Carex riparia, Rhus radicans, 

Carex siccata, Acer negundo, 

Cyperus inflexus Impatiens aurea, 

schweinitzii, Parthenocissus quinquefolia, 

Unifolium canadensis. Hypericum ellipticum, 

Vagnera stellata, majus. 

; Habenaria psycodes, Epilobium lineare, 

Populus tremuloides, Lysimachia terrestris, 

Salix discolor. Naumburg)hia thyrsiflora, 

Beluta glandulosa, Fraxinus americana, 
Quercus maacrocarpa. Convolvulus sepium, 
Polygonum eilinode, Scutellaria galericulata, 

Cerastium arvense, Stachys aspera. 

Ranunculus pennsylvanicus, ——— palustris, 

Arabis brachycarpa. Galium trifidum, 

Ribes oxycanthoides, Erigeron ramosus, 

Amelanchier canadensis, Eupatorium perfoliatum, 
Cerasus pennsylvanica, Solidago juncea, 

Fragaria vesca, 

Back strand formations at Lake of the Woods may be in- 

structively classified into three general groups: 

I. Herbaceous back strand. 

II. Shrubby back strand. 

Iil. Arboreal back strand. 

Each of these main types may be subdivided as one or another 

variety of plant gives the characteristic appearance to the 

formation as a whole. Yet there are not so many principal 
types as one would suppose. The following synopsis brings 

out what I think are the principal and most important sub- 
groups. 

I. Herbaceous back strand. 

a. Gramineous back strand. 

b. Mixed herbaceous back strand. 

II. Shrubby back strand. 

a. Coniferous back strand. 

b. Populus back strand. 

c. Salix back strand. 

d. Cerasus and Rosa back strand. 

e. Mixed shrubby back strand. 

1lJ. Arboreal back strand. 

Coniferous back strand. 

Populus back strand, 

Salix back strand. 

Quercus back strand. 

Mixed arboreal back strand. Sees 
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The conditions which determine the character of the back 

strand group of vegetation are more complex than those which 

determine the mid strand character, but for clearness they may 

be considered under three heads. 1. Conditions which orig- 

inate in the back strand itself. 2. Conditions which arise lake- 

ward. 38. Conditions which arise landward. Of the first group 
of conditions, those that originate in the back strand itself, a 

division into chemical, physical and biological, may be made - 

with value, and these may be reviewed in order. The most 

important chemical difference between back strand and mid- 

strand lies in the greater percentage of nitrogenous material 

which is mingled with the sand. This serves to make back 

strand more nutritive, as a substratum, than the areas nearer 

the water’s edge. Hence plants of more nitrophytic habit can 

become established upon it, as, for example, Vagnera and Smi- 

lax. In typical back strand I do not find that this increment of 
soil nitrates and nitrites becomes so considerable that true 

humus plants may gain a foot-hold, and therefore Corallorhiza 

or Pyrola are absent from this formation, but the freedom 
from surf activity tending to wash out organic substances 

formed in the interstices of the sand and the less rapid drain- 

age off of soil water derived from rains, both contribute to 

a degree of nitrogen-content that is favorable to special spe- 

cies and groups of species. The larger leaved and more ro- 

bust habit of the back strand vegetation by diminishing wind 

activity has also an effect favorable to the retaining of dead 

leaves upon the surface, which, in course of their decay, add to 

the nitrogen-content. 

Of physical differences the rise in soil temperature, owing 

to the changes in its texture and color, are doubtless of con- 

siderable importance, while the decrease in illumination, owing 

to the shade-affording bodies which are developed, and the re- 

ducing of the general refiection-value of mounds and hummocks 

must not be ignored. Thus the retention of moisture is pro- 

moted, and this is still further accentuated by the withdrawal 

of the whole area from surf-activity, and the substitution of 

wind-activity, which tends to develop a more irregular surface 

with consequent greater tendency toaccumulate soil-water. As 

a whole, the back strand is of higher temperature, less illu- 

mination and greater superficial saturation than the mid-strand, 

and this in a broad way is true, notwithstanding the periodic 

inundations of the mid-strand. Ata considerable depth below 

the surface, however, the saturation of the mid strand is greater 

than that of the back strand. 
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Of biological conditions, which seem to modify the back 
strand when compared with the mid-strand, the more important 
are those which originate Jandward, but there are some which 

originate in the back strand formation. The influence of 
shade increases most rapidly in proximity to the areas of great- 

est moisture, and a competition for light which is somewhat 

more vigorous than over the drier areas arises among plants 
established in the favorable areas for robust growth. Hence a 

segregation of plants into groups may take place, and the 

struggle between these groups becomes an important factor in 

the final distribution over the whole formation. Therefore in 

the back strand, rather than in the mid-strand, one finds such 

partially dependent plants as Celastrus, Parthenocissus, Poly- 
gonum cilinode and Convolvulus sepium supporting their weak 
stems upon the stronger shoots of other plants. 

Considering next the second group of general conditions un. 

der which the back strand is modified, one may note those con- 

ditions which arise lakeward. Of this group the chemical 

modifications are not so important as the physical and biolog- 

ical. The physical conditions are of two sorts, those physical 

modifying conditions originating in the mid-strand, and those 

originating outside the mid-strand zone. The biological condi- 
tions, however, originate primarily in the mid-strand. 

An important physical modification arising primarily in the 

mid-strand but affecting the back strand is deposition of sand 

blown landward by the winds or moved landward by the surf 

or ice until it becomes a portion of the back strand area. Such 

encroachment of sand has a tendency to reduce the back-strand 

- group of plants to a level with the mid-strand group. And 

since this sand is more readily carried along certain paths than 

others, owing to less resistance of established vegetation or 

because of favorable surface contour of the back strand, there 

is a clearly marked isolation of back strand masses of vegeta- 

tion between successive mid strand strips which have pushed 
landward. Evidently the breadth of the mid-strand area will 

be an important factor in this process. If the mid-strand is 

narrow the process will not be undertaken upon a large scale 

but with a wide mid-strand belt these infiltrating arms or rib- 

bons, perpendicular to the general mid. strand formation are by 
no means unusual or inconspicuous. The edge of the back 

strand next the mid-strand is affected also in other ways by the 

lake formation; for example the reflected glare of the 

sunshine and the impact-force of fine sand- particles upon plants 
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which are exposed to their flight, must have a certain influence 

in determining the character of the line between mid-strand and 

back strand. And, again, the chilling of the air at night by 

the rapid mid-strand cooling has doubtless its effect, slight 

though it may be. 

Other physical conditions affecting the back strand, and 
arising lakeward may scarcely be regarded as having their 

origin in the mid-strand. An example of such conditions would 

be the cold wind striking the higher back strand formation 

owing to its exposure to a large area of water, while in another 

part of the lake such a wind would be less cold, having passed 

over asmaller portion of thelake. As the back strand increases 

in height this influence will become more important. A portion 

at least of the differences which have arisen between back strand 

at Oak point, with its stunted Populus and Pinus divaricata 

trees, its Rosa, Fraxinus and Cerasus shrubs and back strand at 

Sandy beach with its tall Populus trees and abundant shrub of 

Taxus, Amelanchier and Rhus may be attributed to the exposure 

of the Oak point back strand to continuous colder winds than 

those that strike against Sandy beach. The height above the 

lake level of the two back strand formations is approximately 

the same, in the regions studied. Yet the difference in the 

temperature of the winds received by the two areas during a 

season must be considerable, amounting without doubt to sev- 

eral degrees. And even a few degrees more or less in annual 

temperature is of great importance in the effect upon plant 

development and plant distribution, as may be learned from 

the numerous phaenological observations. Among other con- 

ditions tending to modify the back strand, and falling within. 

this category may be noted spray-action. This affects the 

back strand especially whenever there is a heavy surf formed - 

under ordinary stress of wind. So at Oak point, where the 

surf is unusually strong, even upon the back strand during a 

storm or soon after the storm has passed one may feel the fine 

spray drifting inland. If this surf-spray is frequently carried 

across the mid-strand—the region of its greatest influence— 

alterations in the vegetable formations of the back strand will 

result. The lowering of the temperature, the increase of the 

moisture in the air and in the soil, and the slight diminution of 

the sunlight must all have their effect. 

Passing in due course, to the biological conditions originat- 

ing lakeward and capable of modifying the back strand, certain 

general suggestions may be worth bringing forward. The line 
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between back strand and mid-strand is what has previously been 

termed by the writer a tension line—that is, a line between two 

general groups of plants striving to move in opposite direc- 

tions. At such a tension line a reciprocal stress is developed, 

and the plants of the mid-strand strive to enter the back strand 
while those of the later area in turn attempt to work out upon 
the former. Wherever a mid-strand bar is sent up into the 
back strand, there particularly the mid-strand plants insinuate 

themselves, but even where no favorable physical conditions 

have arisen to assist, there is a tendency on the part of the 

lakeward established group to creep in between the meshes of 
the landward formation. Thus, from this reciprocal biological 

strain of one formation against the other an irregular boundary 

zone is developed, and nowhere is the exact line of demarca- 

tion altogether clear and distinct. Thus characteristic back 

strand plants such as Convolvulus sepium frequently work out 

into the extreme mid-strand and with equal adroitness such 

plants as Elymus canadensis, Artemisia caudata and Prunus pu- 

mila creep up upon even the most shaded heights of the back 

strand. 
A peculiar biological influence that modifies back strand, at 

certain isolated points on Lake of the Woods not connected with 
the mainland, is the nesting of the gulls and terns with which 

the lake abounds. By their deposition of guano, and probably 

too, by their carrying in of seeds, these birds have at various 

points on island back strand established conditions favorable 
to the development of vegetation islands that may mark the 

approximate spot of the rookery long after the birds have de- 

serted it. The contribution of nitrogen to the soil makes it 

more suitable as a substration for nitrophytes and at such spots 

an overplus of plants demanding considerable nitrogenous food 

may be found. 

While by no means all the conditions arising lakeward and 

tending to modify the back strand have been touched upon, 

enough have been mentioned to show the character of the 

problems and the discussion may pass on to the conditions 

arising landward, by which back strand formations may be 

modified. As in the case of the conditions arising lakeward 

these may be grouped as physical and biological. The physi- 

cal conditions are somewhat numerous and depend upon the 
exposure, contour, and general character of the back country. 

Back strand upon which there isa drainage from the inland 

regions behind, differs markedly from that limiting the border 
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of a uniformly lower area towards which whatever drainage 

currents there may be will flow. At Sandy beach, although 

the back strand is a relatively low ridge, yet as one stands up- 

on it he sees landward an apparently interminable low swamp 

with spruce and larch and intervening reed-bogs and sphag- 

hum bogs. Nowhere near does a continuous rise take place 

from the back strand to the general country-level. Conse- 

quently at the Northwest Angle the back strand forms a levee 

like ridge, and frequently this ridge is less than fifty yards in 

diameter. On the one side is the lake and on the other swamps 

and low lands extending for miles. Such a condition does not 

favor the constant diversion of moisture to the back strand by 

higher land behind, and under such conditions the back strand 

does not form strand pools so abundantly as on such an area as 

Oak point. Here higher land lies behind the strand, except 

at the end of the point, and thus a drainage current sets to- 

wards the edge of the lake and in the back strand this accu- 

mulates in the strand-pools. Again, the greater breadth of 

the back strand at Oak point as compared with Sandy beach, 

permits the wind to execute more of an irregular dune-like con- 

tour of the surface and this contributes to the formation of pools. 

The character of the back-country has further effect in pro- 

ducing physical conditions tending to modify the back strand 

by its alteration of the direction, intensity or humidity of 

atmospheric currents and by the nature of substances washed 

down from it in drainage-water—if such exists A dank, 

illimitable swamp affects the back strand atmosphere differ- 

ently by its proximity from a succession of pine-clad hills or 

ridges of rock covered by crevice plants and mosses and 

lichens. -The first named condition actually prevails at Sandy 

beach while the second is observed at Oak point. 

In general, modifications of the substratum and of the atmos- 

pheric conditions, as well, may originate in the region behind 

the back strand and the temperature, illumination, humidity of 

the affected region may be correspondingly changed. 

Of biological conditions originating landward and tending to 

modify the back strand, a great deal might be written, for the 

group is a complex one. In the first place it must be observed 

that another minor tension line runs at the rear of the back 

strand similar to¢he one which runs along its outer edge next 

to the mid-strand. And just as in the former case, reciprocal 

influences are set in motion between the adjacent formations so 

that one falls back or advances while the other moves in the 
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opposite direction. When the back strand is not cut off from 
the general back country population by ditches and marshes, 

there is a marked development of back country types of plants 
along ridges in the back strand so that just as mid-strand bars 

are inserted into the back strand from the lakeward side these 

masses of back country plants are thrust in from the landward 

side. Hence, a back strand bordered landward by coniferous 

formations will itself partake of the coniferous character while 

one bordered by dicotyledonous trees will have rather the 

deciduous plants as its characteristic inhabitants. Yet even to 
this apparently universal generalization there are notable ex- 

ceptions as when a Quercus or Populus formation maintains 
itself orf the back strand without admixture of Pinus divaricata 

although the general back country formation is consistently 

Pinus, Picea and Abies forest. 

Upon larger islands and upon the main land this back- 
country influence is especially strong. Upon smaller islands 

—omitting naturally those which are too small for the full 

development of strand zones—there is less to be made out, in 

its study. A constant and vigorous struggle for supremacy is 

maintained by the various plants of the general population and 

many of these will fight their way down to the back strand, 

accepting there unusual and unfavorable conditions. Upon the 
back strand, then, itis common to find stray plants maintaining 

themselves feebly upon the dark sand and evidently wanderers 

from the region behind. ‘Thus upon the Oak point back strand 

one finds small, dwarfed trees of Pinus strobus and Pinus 

resinosa and even of the swamp-loving Picea mariana, estab- 
lished upon the sand. With these come Arctostaphylos and. 

Comandra. It follows, too, as a matter of course that back 

strand, limiting a region of monotonous plant population, will 

itself receive influences less complex than where it faces a 

region of diversified population. 

Since the influence of aquatic birds was grouped among con- 
ditions arising lakeward, it would be appropriate to consider 

under this topic the influence of land animals. At Lake of the 

Woods this can hardly be a very important biological influ- 

ence, but the advent of bears, deer, moose or caribou and 

especially their habitual visit to certain pools of the back 
strand must have ifs influence upon the vegetation. Thus at 

one pool on the Oak point back strand, frequented, I was told, 

by deer, stray plants of Ledum, Eriophorum and Beckmannia 

were noted, probably brought in by the roving animals from 

some distant swamp. 
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In concluding this discussion of influences tending to modi- 

fy the back strand population, it may be said that the suc- 

cessive zones of beach formation—front strand, mid-strand and 

back strand, show an interesting progression in complexity. 

The first named is by far the simplest, the last by far the most 

complex. In the case of front strand, impact of surf places a 

rigid limit on the types of plants that can develop. For the 

mid-strand the spray, wind, surf and occasional inundations 

place a limit, but not so definite a one as for the front strand. 

For the back strand a limit is placed by the texture and chem- 

ical nature of the soil and by the mid-strand border. Otherwise 

it is free to be tenanted by whatever back country plants may 

attempt to push in. Thus back strand, of the three zones, is 

the most complex in its plant population. Since more, and 

more complex, modifying conditions affect it than affect the 

mid-strand, or the front strand, it is correspondingly a more ~ 

diversified area and a larger number of types of back strand 

need to be examined. The ecological reasons for such a gen- 

eralization have already been given; it remains to note in order 

the principal types of back strand formations that have been 

studied at Lake of the Woods. 

I. Gramineous back strand may appear in two principal 

forms—as meadow-like slopes with strong development of 

Agrostis and Alopecurus or as dune-like slopes with Hlymus 
and Calamagrostis as the characteristic plants, with often a 
considerable mixture of Hordeum and even of Agropyron. The 

representative of the latter genus—A. fenerwm—according to 

my observations, less commonly exists upon back strand than 

do the others. The first variety of the formation indicates a 

greater percentage of nitrogenous matter mixed with the 

sandy substratum than does the second. Therefore under the 

general conditions that form gramineous back strand, the one 

variety or the other may be regarded as an indication of the 

humus-content and the differences between two areas of grassy 

back strand, in this respect, are controlled by the conditions 

regulating different percentages of nitrogenous material—for 

example, slow drainage, low elevation giving less sweep to 

the wind, shade from neighboring objects or contour of surface 

making accumulation of organic debris more _ probable. 

Gramineous back strand often develops just lakeward of a 

dense tree growth classified as belonging to the back country, 

but in some cases at Lake of the Woods the grass covered 

slopes are bare and open. In such cases the ridge is low, 



MacMillan: SHORES AT LAKE OF THE WOODS. 983 

broad, rounded and with slight depressions. Broadly stated 

gramineous back strand indicates a particular exposure, 

contour and texture of the substratum, favorable to slow drain- 

age and protected by its gentle elevation and by sheltering 

vegetation, in some cases, from the strong action of the wind. 

II. Mixed herbaceous back strand, is a name which may be 

applied to the growth of Artemisia, Potentilla, Elymus, Epilo- 

bium, Onagra, Polygonum, Ranunculus and other herbaceous 
genera that often characterizes openings in the shrub and 

sometimes is developed in characteristic form over considera- 

~ble areas to the exclusion of other kinds of plants. As in the 

case of gramineous back strand two varieties may be distin- 

guished, an Artemisia-EHlymus type in which humus-content of 
the soil is relatively less and a Ranunculus—Onagra type in 

which the humus-content is relatively greater. In general, 

when extended over more than very limited areas this type of 

back strand indicates a considerable degree of moisture in the 

soil and the more varied the species of herbaceous plants that 

inhabit it, the more certainly will the soil.be found of such 

texture, contour and exposure that a higher degree of moisture 

can be maintained near the surface than in the case of many of 

the wooded back strand tracts. 

III. Coniferous, shrubby back strand. Of the five types of 
shrubby back strand to be described, this one in particular is 

characterized by the predominance of either Juniperus com- 
munis or Taxus minor in the formation. Both back strands 

commonly indicates a response to biological influences from the 

inland vegetation. Thus upon back strand with heavy rock 
ledges rising shoreward a development of Juniperus may be 

expected, while upon back strand bounded shoreward by dense 

Pinus or Betula woods with strong development of humus it is 
often to be observed that Taxus will creep out upon the sand 
formation. Such coniferous shrubby back strands are generally 

sheltered from strong wind currents and indicate sterility of 

soil and infrequent inundations of surf. ~* 

IV. Populus shrubby back strand. This very common type 

indicates the prevalence of strong wind currents and charac- 

terizes some of the most exposed points and bars on the lake. 

It is developed usually on low lying sand spits and indicates 

also a sterility of the soil with often, I am inclined to believe, 

relatively strong spray saturation of the atmosphere. All the 

common northern species of Populus, P. deltoidea. P. tremuloides 
and P. balsamifera,contribute to the formation, but the two lat- 
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ter are the more abundant. Yet dwarfed #. deltoidea shrubs 

are characteristicof much of the back strand along the southern 

shore of the Grand Traverse. It is not often inundated. 

V. Salix shrubby back strand. This type characterizes 

low, commonly inundated, rather strongly nitrogenous back 

strand, and is found in conjunction with Salix mid-strand. It 

does not indicate strong wind-currents and is commoner in 

sheltered bays or behind islands than upon the shores that face 
wide expanses of water. Various species of Salix are repre- 

sented of which doubtless Salix lucida and Salix discolor are the 

most abundant. 

VI. Rosaceous shrubby back strand. For miles on the Grand 

Traverse shore this type of back strand is abundantly developed. 

The characteristic plants are Rosa blanda and Rosa woodsii with 

Cerasus pennsylvanica, Cerasus virginiana and Amelanchier cana- 

densis. In no case do the plants attain a considerable size and 

ofter a shrubby formation no higher than one’s head is main- 

tained for hundreds of yards. The favorable conditions for 

this type seem to be high banks, exposure to strong winds, ab- 

sence of occasional inundations and a fairly high percentage of 

nitrogenous substances in the soil. Yet sometimes a rosace- 

ous formation is found growing upon what appears to be al- 

most pure sand, and similar formations are found upon the 

dunes. In general the establishment is more characteristic of 

slopes than of summits or hollows and indicates a sensitive- 

ness ‘to drainage conditions and the movement of soil waters. 

At the season of blooming for the genus Rosa, such a back 

strand makes a bank of pink color behind the yellow Elymus 

and Artemisia dotted mid-strand that is noticeable from the 

decks of steamers far from shore. 

VII. Mixed shrubby back strand. This type is in point of 

fact probably separable into minor varieties such as Vitis back 

strand, Rhus back strand and others, but nowhere on Lake of 

the Woods were characteristic groups developed strongly 

enough, except from the shrubs before mentioned, to justify 

such a nomenclature. The mixed shrubby back strand indi- 

cates either light or fertile soil, strong wind-currents and an 

irregularity of surface contour with corresponding differences 

in percentage of soil water between adjacent very limited areas. 

In such a mixed shrubby back strand Quercuss crub and Frax- 

gnus With small, dwarfed individuals of Ulmus are not uncom- 

mon. The complexity in number of species is directly con- 

nected with the surface contour. 
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VIII. Coniferous arboreal back strand. The principal plant 

of this formation is Pinus divaricata, the ‘‘Jack pine” of the 
Minnesota loggers. Yet it is only under certain favorable con- 

ditions that formations of this plant arise upon the sandy 

ridges of the Lake of the Woods back strand. It appears from 

my observations that these conditions are relatively deep ster- 

ility of the soil, slight exposure to winds, and a low, irregular 

surface on which, however, pools are not abundantly formed. 

The clear sand, which is so constantly seen about the roots of 

the pines, does not appear to become much richer in nitrogen- 

ous content even when one digs below the surface. A slight 

contrast therefore arises between this type and the Rosaceous, 

‘shrubby back strand, for, in the case of the latter, usually the 

superficial layers of soil are more sterile than those deeper 

down. ‘ 
IX. Populus arboreal back strand. Favorable areas for the 

development of this formation appear to be: low, fairly nitro- 

genous soil, with regular surface-contour and infrequent inun- 

dations. Such back strands are sheltered from strong winds 

if they are to be perfectly developed, otherwise Populus shrub 

is formedinstead. From the more sheltered localities occupied 

by such back strand formations, and from the wind-breaking 

force of the trees it becomes possible for the sand to le quietly 

and for dead leaves and other plant products to build up humus. 

Hence the greater fertility of the soil than where a Populus 
shrub is established. In the differences which arise between 

Populus shrub and Populus tree formations I presume the rela.- 
tive exposure to wind currents is of no slight importance. It 

will be observed that, once established, a tree formation acts 

as a wind-break, and thus accentuates the conditions under 

which it is supposed to develop most readily in the first place. 

-X. Salix arboreal back strand. In this formation, which is 
developed upon certain special] areas, there is an evident adap- 

tation to the following conditions: a low-lying, moist, some- 

times inundated, shore, considerable nitrogenous material, 

absence of surf or heavy winds, and the absence of coniferous 

formations in the back country reaching the back strand. A 

Salix back strand formation does not flourish at Lake of the 
Woods when backed by coniferous vegetation, for in such a case 

the tree-types of its locality are more probably tamarack or 

spruce. But when backed by meadows, or by hardwood tim- 

ber such as Betula or Populus, the Salix arboreal back strand 
may maintain itself in great perfection. A fine example of it 
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is shown (Plate L.X_X), where the back country is shrub and 
meadow. In such Salix back strand S. nigra is a conspicuous 
species together with S. amygdaloides, but the former is more 
abundant. 

XI. Quercus arboreal back strand. The prevalence of small 
trees of Quercus macrocarpa is sometimes so considerable upon 

certain shores that one is justified in discussing the group as 

a distinct back strand formation. I find it at Lake of the 
Woods characteristic of rather low, rounded and fertile shores. 

Wind exposure if not too great seems not an unfavorable con- 

dition. Sometimes an irregular contour of the shore may be 

maintained without prejudice to the Quercus formation, but in ~ 

such cases the mixed arboreal type is more likely to be de- 

veloped. 

XII. Mixed arboreal back strand. When the surface con- 

tour is irregular, the soil fairly fertile, the shore not too low, 

and the wind activity not too pronounced a mixed forest may 

develop. In all such cases it is difficult to delimit the back 

strand from the general back country vegetation and such 

mixed arboreal back strand indicates slight topographic 

specialization of the back strand ridge. Upon low shores, 

sterile shores, regular shores, inundated shores, shores ex- 

posed to occasional surf and spray, this type to of formation 
seems not to develop readily. 

This brief discussion of the different back strand formations 

which are on the whole most easily distinguished as such, for 

purposes of description, at Lake of the Woods, may be ter- 

minated-at this point with a recapitulation of the conditions 

under which development seems ordinarily to progress. 

1. Gramineous back strand: Slopes, low elevation, rounded 

contour, slight exposure to wind. 

2. Mixed herbaceous back strand: Soil with power of re- 

taining moisture near the surface. Considerable humus-con- 

tent. 

3. Coniferous shrubby back strand: Absence of inunda- 

tions, shelter from winds, sterile soil and coniferous back 

country neighboring formations. 

4. Populus shrubby back strand: Low sterile soils, strong 
wind currents; spray, infrequent inundations. 

). Salix shrubby back strand: Low, inundated, nitrogen- 

ous soil, slight wind currents. 

6. Rosaceous shrubby back strand: Higher shores, stronger 

winds, absence of inundations, fairly high humus-content of 

the soil. 

a 
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7. Mixed shrubby back strand: MIrregularity of surface 

. contour, strong wind currents, differences in soil fertility be- 

tween adjacent limited areas. 

8. Coniferous arboreal back strand: Low, dry, irregular 

surface, deep sterility of soil, slight wind currents. 

9. Populus arboreal back strand: Low, nitrogenous, not 
inundated, regular contoured, sheltered areas. 

10. Salix arboreal back strand: Low, moist, nitrogenous, 

inundated, sheltered shores without coniferous formations im- 

mediately behind. 

11. Quercus arboreal back strand: Low, rounded, nitro- 
genous, wind swept shores of regular contour. 

12. Mixed arboreal back strand: Irregular fertile shores 

not sharply distinguished from the back country by definite 

topcgraphical outlines. 

While the discussion of the back strand formations has been 

suggestive rather than exhaustive enough has been brought 

forward to indicate the strong dependence of the vegetation- 

groups upon the environmental conditions. Indeed acatalogue 
of the individual plants of a given area of definite size, with in- 

formation of the habit of the plant individuals, whether they 

were shrubs or trees, would almost enable one to plat the 

topography of the area, provided it was selected within some 

such field of previous observation as in this instance, Lake of 
the Woods. 

Strand-pools. There are three types of strand- pools at Lake 
of the Woods. They are: 

1. Pools of the front strand. 

2. Pools of the mid-strand. 

38. Pools of the back strand. 

These are of different methods of formation, of different dur- 

ation and characterized by plant populations which are to some 

extent distinctive. 

I. Pools of the front strand have already been discussed 

under the general caption of Front strand. They are formed 

solely by the action of surf and are of short duration. 

Their plant population consists therefore, only of lowly algae 

that are brought into them by the accession of water from the 

lake and eventually each of these pools will evaporate and 

during the next heavy surf, new ones will be formed, to dis- 

appear in their turn. In such pools the principai inhabitants 

at Lake of the Woods are Cyanophyceae of the genera 

Aphanizomenon, Anabaena, Nostoc, Oscillatoria and Lyngbya. 
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II. Pools of the mid-strand. These are formed by the 

waters of the lake thrown back in the heavy surf, or produced in 

the mid-strand area by the construction of bars off shore. Such 

pools may remain for several years, as long, indeed, as the 

bars which bouvd them are permitted to exist. By the slope 

of the beach such pools also receive accessions of water from 
the rains and drainage channels are formed which bring water 

to them from portions of the strand some distance away. 

Water falling upon the lakeward slope of the back strand is 

also brought into such pools. They are therefore formed by 

surf and by rains. Owing to their real impermanence they do 

not usually become tenanted by many species nor by those of 

most robust growth. A list of the main plants in a mid- 

strand pool at Oak point is appended. 

Mid-strand pool formation at Oak point. 

Sagittaria graminea, Eleocharis tenuis, 

—— latifolia, Juncus articulatus. 

— rigida. Lemna minor, 

Eleocharis palustris, 

These plants were distributed about the shallow pool, and 

towards the center the water was open. None of them were of 

great age, as was determined by an examination of the rhiz- 

omes, and the scanty development of species was clearly con- 

nected with the shallowness of the water and the short duration 

of the pool, as a feature in the topography. 
Ill. Pools of the back strand. These being for the most 

part outside the region of surf influence are rather rain-water 

sink-holes in the back strand, than surf-fed or surf-formed 

pools, like the two first mentioned. They are dependent upon 
the contour of the back strand for their depth and size, and are 

commonly permanent features of the topography. Conse- 

quently they are populated by a greater variety of species and 

by plants of more robust growth. A list of varieties found in 

a back strand pool at Oak point is furnished. 

Back strand pool formation at Oak point. 

Typha Jatifolia, Scirpus cyperinus, 

Potamogeton foliosus, — lacustris, 

Potamogeton heterophyllus, Lemna minor, 

—— perfoliatus var. richardsonii, Juneus articulatus, 

Sagittaria graminea, Tris versicolor, 

—— latifolia, Roripa palustris. 

— rigida. Spiraea salicifolia, 

Eleocharis palustris. Utricularia vulgaris. 

—— tenuis, 4 

Such pools of the back strand are commonly surrounded by. 

plants of hydrophytic aptitudes, such as Cyperus, Betula, Im- 
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patiens, Lysimachia, Naumburghia, Lycopus, Mentha, Scutellaria, 
Stachys, Vleckia, Plantago, and others, so that both by their 

aquatic population, and by the forms lining their shores they 

become a distinct feature. The limnetic formations may, upon 

a small scale, reproduce the zonal formations of the larger lake, 

but depend rather upon variety of humus than upon other con- 
ditions. 

In general the population of a strand pool depends upon its 

depth, its size, and its duration. In large strand pools Scirpus 
and Phragmites formations with Castalia, and even Chara, may 
appear. Such pools occupy centers of drainage, are of 
complex population within, and are surrounded by several 

zones of limnetic plants. 

DUNES. 

Dunes are not abundantly developed at Lake of the Woods, 

but one very characteristic series has been formed near the 

mouth of the Rainy river.. In low water these dunes are joined 

by spits and necks of sand, but in ordinary stages of the lake 

they are separated as a chain of sand-hill islands. Beach 

formations are abundantly developed, but more especially on 

the shoreward side, while the side exposed to the winds and 

surf of the Traverse shows narrower and scanty strand-areas. 

This chain of islands is known as the Jsle aux Sables, or the 

Sand Hills. In this connection it will not be necessary to con- 

sider the strand plants but rather those peculiar distributions 
and groupings which characterize the dune as distinguished 

from the beach. A list of species observed on a limited area 

of the Isle aux Sables is here presented. 

Dune formation on Isle aux Sables. 

Juniperus communis, Castalia odorata. 

Juoiperus sabina, Cerasus pennsylvanica. 

Pinus divaricata, Potentilla arguta, 

— resinosa, Prunus pumila, 

Agrostis hiemalis, Rubus strigosus, 

Calamagrostis canadensis, Sorbus sambucifolia, 

Elymus canadensis, 

Carex filiformis, 

—- scoparia, 

Eleocharis palustris, 

—— tenuis, 

Juncus canadensis. 

—— tenuis. 

Populus tremuloides, 

Salix discolor, 

Betula glandulosa, 

Quercus macroeéarpa, 

Celtis occidentalis. 

Allionia nyctaginea, 

Spiraea salicifolia, 

Lathyrus maritimus, 

Rhus radicans, 

Bypericum ellipticum, 

Hudsonia tomentosa, 

Onagra biennis. 

Cornus sericea, 

Fraxinus americana, 

Sambucus pubens, 

Campanula rotundifolia. 

Artemisia canadensis, 

— caudata, 

Solidago juncea, 
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In many respects this is a remarkable group of plants. The 

presence of Juniperus sabina, Hudsonia tomentosa, Campanula 

rotundifolia and the distribution also of some of the grasses sug- 

gest the aspect of rocky shores where, on high barren ledges, 

these plants are characteristic. The most important generali- 

zation that is to be derived from a study of these dunes asa 

whole, is that their population resembles that of rock shores 

rather than of beaches. The meaning of this appears to be 

that texture of the soil is less important here in determining 

the types of vegetation that shall become established, than are 

the other factors—e. g. sterility, elevation, exposure to wind, 

withdrawal from spray and diminution of moisture. Indeed, 

except for its texture, the dune is chemically and topograph- 

ically similar to the rounded quartzyte and gneissic masses 

with which the whole region abounds. I take it that the pre- 

valence upon dunes of Juniperus sabina, Hudsonia tomentosa, 

Campanula rotundifolia and the rest indicates an essential eco- 

logic similarity between dunes and rock masses; and the vege- 

tation of the dune which at first sight would naturally be con- 

nected with beach vegetation must really be regarded as of 

lithophytic rather than as of ordinary psammophytic, limnetic 

types. 

It is possible instructively to classify the dune formations as 

developed upon dune slopes, dune summits and in dune pools. 

These three areas may be noted briefly in their sequence. 

Dune slopes. Owing to the shifting, loose, sterile condition 

of the substratum, only a small group of plants characterizes 

this area. Plate [XXIII gives a view of an altogether typical 

slope on Isle aux Sables. The vegetation of the foreground 

shows Prunus pumila, Populus tremuloides and Juniperus commu- 

nis aS the dominant species, while farther back Artemisia and 

Elymus may be discerned and to the right a dune summit bear- 

ing dwarfed trees of Celtis and Cerasus. Prunus pumila a pro- 

nounced psammophyte tinds such slopes a congenial home, and 

the species is developed in such areas quite as abundantly as 

upon the strand. Juniperus communis, rather rare upon beach 

areas except where it enters the back strand from a coniferous 

formation inland, is abundant, upon the dune slopes, but not 

more so than its congener J. sabina, an omnipresent crevice 

plant over all the rocky islands of the region. It must be noted 

that the station of a shrub like Juniperus upon a dune produces 
around its roots somewhat of the conditions of a crevice. The 

prostrate habit ehables it to hold organic substances, and the 
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sand around its base will contain more nitrogenous material 

than is ordinary on the general dune slope. 
By the shifting of the sand, propagation is rendered difficult, 

the number of species is cut down so that dune slopes come to 

be monotonous beds of Prunus, Juniperus, Hlymus and Arte- 
misia, with occasional dwarfed shrubs of Populus, or even of 

Sambucus. By the constant shifting about of the sand, the soil 

is turned over and oxidized, and this process is unfavorable 

both for the storage of moisture near the surface, and for the 

development of a general nitrogenous richness that would favor 
the growthof herbs. Itis only on the dune summits, and there 

sparingly, that such plants as need humus-content in more 
marked quantities, can very well establish themselves. 

The characters of the dune slope, then, are these: sterility, 

exposure to wind, low moisture-content, low temperature, con- 
stant oxidation of organic waste—in short much the same 

characters that one would discover in the study of a ledge of 

light colored quartzyte. The vegetation, by its types, its mon- 

otony, its dwarfed and prostrate habit, and its extreme loose- 

ness of aggregation responds to these conditions in much the 

same way that it does when establishing itself upon a rock 
surface. 

Dune summits. The surface of the dunes is generally alto- 
gether irregular, a succession of slopes, hummocks and hol- 

lows. The tops of the hummocks are commonly tenanted by a 
distinctive group of small trees or shrubs with a limited inter- 

stitial vegetation somewhat like that of back strand areas 

along shore. Such a dune summit is shown in Plate LX XIV, 

and a somewhat zonal arrangement of plants may be observed: 

Surrounding the clump of shrubs that occupies the summit is a 

growth of Elymus, Artemisia and Agrostis with Jnniperus seen 
on the right. The common trees of these dune summits on Isle 

aux Sables are Quercus, Fraxinis, Celtis, Cerasus and Populus, 
together with numerous individuals of Sorbus sambucifolia. 
Mingled with the dwarfed trees are shrubs of Rubus, Rhus, 

Spiraea—a plant with great catholicity of habitat—and Betula. 
Depending somewhat upon the size and age of the summit 

formation, there are added low herbs including Vagnera, Hy- 
pericum, Potentilla, Onagra, and others, but the variety is 

always small, and dune summits, like dune slopes, showa great 

monotony of specific types. 

The conditions at the dune summit differ from those of the 

slopes in one or twoimportant ways. The formation is much 
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more closely aggregated, and hence gives shade, raising the 

temperature of the soil at night and assisting in the harboring 

of soil water. Thus the surface becomes moist enough, espe- 

cially near the base of the largest trees of the area, which act 

as drains for the rain drops, for the establishment of such 

plants as Vagnera and Onagra ‘The soil is less oxidized, not 
being exposed to such frequent shiftings by the wind, and the 

humus-content rises. Directly or indirectly, all of these condi- 

tions co-operate for the development of a more stable sub- 

stratum, and one upon which a greater variety of plants can 

dispose themselves. Therefore, in number of species, the 

dune summits quite surpass the dune slopes or even the dune 

hollows. These latter, unless they become sinks for rain- 

water, do not show any characters particularly different from 

those of the dune slopes. 

Dune pools. While the dune pool resembles the pools of the 
back strand previously described in being formed from rain 

water drained in from the slopes which surround it, itis rather 

more nearly related to the pools of the mid-strand in its scanty 

vegetation and in its failure, in almost every case, to be sur- 

rounded by zones of plants developed upon moist or mixed 

humus, suchas the Vleckia and Scutellaria formations described 
for the pools on the back strand of Oak point. The dune pools, 

too, from the shifting of the sand that continually takes place are 

never deep and hence their vegetation is limited by this condi- 

tion. In Plate LX XV a characteristic dune pool is shown on 

Isle aux Sables surrounded vy Juniperus sabina, Hudsonia 
tomentosa, Prunus pumila and Artemisia caudata. In the back 
ground is seen alow dune summit with Celtis trees and one or 

two taller plants of Qwercus macrocarpa. The vegetation of 

this dune pool consisted exclusively of Eleocharis and Juncus— 
a very common grouping-in such shallow sink holes on these 

dunes. In one deeper hole a plant of Castalia, doubtless sown 

by birds, was found growing but such a plant is exceptional in 

these pools, and even Sagittaria so abundant in the region is 
more often absent from the pools of the dunes. 

The shifting of the sand is probably the principal occasion 

for ‘such limited pool formations, because the pools when 

formed under natural conditions of the drainage are quickly 

blown full of sand and can not maintain the depth necessary 
for the establishment of a more varied aquatic population. Thus 

the exposure to wind of the dune as a whole indirectly limits 

the flora of the dune pool. 
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The influence of vegetation in fixing the sand and gradually 

building up the dune need not receive particular treatment 

here. Itis well known that by the establishment of a few 

grasses or Artemisias at some spot a hill may be gradually 

formed around them, their roots uniting the particles of sand 

and eventually binding the whole mass together in a mound. 

Over this the grasses continue to grow, the mound growing 

with them. When large dunes are formed every thing may be 

upon a large scale. For example, in the well known region 

about Lake Michigan, in northern Indiana, more extensive 

slopes, summits and pools are formed and here an entirely differ- 
ent series of problems in ecologic distribution must be consid- 

ered in so far as the sand encroaches upon areas previously 

covered with vegetation of another physiognomic group. The 

types of the large dune pools of Indiana with their character- 

istic limnetic zones of Solidago were not observed at Lake of the 

Woods. Such zones depend upon a greater general moisture 

less exposure to the wind, owing to surrounding trees of pre- 

dunal development, anda generalhigher temperature. Solidago 
juncea found sparingly on the Isle aux Sables seemed rather a 
plant of the summits than of the pool borders. At Lake of the 
Woods there is no evidence that the Isle aux Sables is tenanted 

by both dunal and pre dunal types of plants. On the contrary . 
the shoreward side of the dunes seems rather to have become 

modified from its original type, permitting at present strand 

formations to develop. A very clear, sharp delimitation of 

back strand and mid-strand may be seen in a view of this shore- 

ward aspect of the Isle aux Sables in Plate LX XIJ. The mid- 

strand is of a mixed Salix and Cornus variety and the back 

strand is of the shrubby Populus type. 

MORASSES. 

This form of shore vegetation has been classified as attached 

and detached, but really some of the apparently fixed morass 

should be placed in the second group rather than in the first. 

This is true of what is here termed anchored bog. For in this 

formation a juxtaposition of plants may arise quite the reverse 

. of that in the ordinary attached morass. Such is the case 

when a bog floating from one shore to another becomes at- 

tached to the bottom with its originally lakeward aspect now 

turned shoreward. Since the peculiarity of plant distribution 

in such cases is conditioned upon the formation having moved 
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from its original place of development, it seems more reason- 

able to include the anchored bogs under the second category. 

Morasses are generally either peaty in structure or formed 

of grasses and sedges. The peat morass, so far as my obser- 

vations go, is not developed at Lake of the Woods as an. along 

shore formation though it occurs thus situated in some of the 

smaller ponds of the back-country. I therefore judge that in 

all probability such peat marginal formations will be found in 

some of the secluded bays of the main lake. The peat shore 

population as I first showed in a paper published in 1894° may 

under certain special conditions give rise to the singular for- 

mations named ‘‘Sphagnum atolls.” Noneof these have been 

seen in the Lake of the Woods region, although they may pos- 

sibly occur, and have readily escaped observation. Where 

morass is found as ashore formation on this lake it is gener- 

ally of the gramineous or cyperaceous variety. 

Morass does not face exposed sheets of water, but is con- 

fined to the narrowex bays and coves where surf can not easily 

be formed, for there is little wind, and upon shelving banks 

rather than upon precipitous. As a consequence | have not 

found the formation facing either the Grand Traverse or the 

Little Traverse, but in such regions of the lake as the west 

shore of Flag island, the east shore of Oak point and the sinuo- 

‘ sities of MacPherson’s bay it is a conspicuous shore-type, and 

may be classified generally into the two main groups of attached 

morass and detached morass as indicated above. Of attached 

morass two types are recognized, wet and dry. The former is 

loose and spongy and will not bear one’s weight upon it, the 

second is firm and in its different varieties will always support 

one walking upon it. The different types may be examined 

seriatim. 

Wet morass. An example of this in Echo bay, near Rat 

Portage, is shown in Plate LXXVJ. Here it consists of two 

well marked zones, an outer one of Scirpus and an inner one of 

Salix. But these are by no means always the characteristic 

types. As varieties of wet morass the following may be named. 

I. Gramineous morass. The characteristic plants are 
grasses and the basis of the formation originates from the 

interlocked, tangled rhizomes and roots of these plants. In 

some cases Phragmites is the principal plant, in others Zizania, 

in still others Panicularia, Of the three kinds that formed by 

8. WacMillanm. On the occurrence of Sphagnum Atolls in Minnesota. Minn. Bot 

Stud. 1: 2-13. 1894. 
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Phragmites is commonly the firmest, and that formed by 
Panicularia the loosest in texture. 

II. Cyperaceous morass. Usually the dominant plants are 
members of the genus Scirpus and with these as basis a little 

group of plants is aggregated which may eventually give foot- 

hold to shrubby and even to arboreal species of other families. 

Ill. Sagittariamorass. Beds of Sagittaria are sometimes 
formed very abundantly and produce a kind of wet morass 

especially when such plants as Sagittaria cuneata, found in 
some of the bays are the dominant species. Sagittaria, though 

is perhaps as commonly a component of the dry morass form- 

ations. 

IV. Polygonum morass. Of this the dominant species is 
Polygonum emersum and off some rather deeper, rocky shores, 

such a type of attached bog is formed that one can attribute 
it altogether to the activity of growth of this plant. 

V. Salix morass. Here the dominant species is Salix 
myrtilloides usually developed not as an independent but as a 
subsidiary bog plant associated with Sphagnwm formations. 

Yet at Lake of the Woods upon some shores, masses of this 
willow are developed to such an extent that finally a sufficient 

amount of humus is collected around their roots to afford a 

foothold for the little group of sedges and grasses that accom- 

pany the formation. 

VI. Menyanthes morass. At one or two points the morass 
is evidently built up and perpetuated largely through the 

growth of Menyanthes trifoliata. 
VII. Utricularia morass. This isa loose type and is not 

often developed. At a shore near Northwest Angle inlet, 
however, the plants of Utricularia vulgaris were so abundant 

that they had built up a morassic shore some seven feet in 

width near a ledge of rock, and in water six feet in depth. 

While there are other types besides these, in all probability, 
the ones named are the characteristic forms at this lake. 

There should be added, perhaps, an eighth group—mixed 

morass—to include those morassic shore formations in which 

the dominant plant would not be clearly distinguished in 

the group established. However, usually a little care will 

enable one to decide upon the plant most responsible for the 
formation. 

All of these morassic formations characterize quiet shores 

_ Most of them indicate a shelving gradually deepening lake- 
margin, but one or two may be developed off abrupt edges, as for 
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example the Polygonum and Utricularia types. When any one 

of the types has become established the constant addition of 

decaying organic substance builds up what has been termed wet 

humus and gradually a spongy coherent substratum is elabor- 

ated and upon this numbers of plants of hydrophytic tendencies 

will find a home. , Numerous small Carices and Ranunculi, 

Caryophyllaceae and Labiatae establish themselves, together 

with grasses, and the bog shows a transition to the dry type. 

It should be noted that the rhizomes and roots of the plants are 

the active agents in binding together the humus in some cases, 

while in others the floating areas of the plants, as in the 

Panicularia and Utricularia varieties, play an important part. 

Dry morass. This name may be applied to those morassic 

shores on which the accumulation of humus has reached a point 

where every year it remains for the most of the time fairly 

above the average lake level. In the piling up of the humus 

in this fashion a number of causes co-operate. Among the 

interesting influences under which wet morassic areas may 

become dry should be mentioned the following: 

1. The influence of ice-floes. These, crowding against a 

wet morassic shore in the spring sometimes pile up the humus 

in such fashion that it is condensed and elevated into a perma- 

nent ridge. In this condition its plant population changes. 

2. The influence of outgrowing roots of shoreward estab- 

lished plants. By the pushing in of heavy roots from trees, 

usually willows, birches or tamaracks, and in some cases 

spruces, the wet morassic soil is lifted and gradually brought 

up where it is for the most part out of reach of inundation. 

3. The lifting force of gases of decomposition developed in 

the humus itself. By this means a general elevation of the 

humus mass is brought about in some instances and the whole 

substratum is, as it were, Jeavened and by the growth of root- 

lets and further deposition of humus the spaces thus formed 
become filled first with water, then with soil components. 

These are in addition to, and an accentuation of the steadily 

progressing increase in bulk of the wet morass due to the 

formation of generation after generation of leaves, roots and 

stems by its plant population. Thus, beginning in a variety of 

ways,—as a bed of Utricularia, a growth of reeds, a mat of 

sedges or a tangle of willows—the wet humus may be gradu- 

ally changed to dry and in this process its plant- pepulaue 
slowly but definitely vac 
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Dry morassic shores may be divided into herb bearing, shrub- 

bearing and treesbearing morass as the process of drying is 

continued. 
I. Herb-bearing dry mosses. Of this a number of types 

should be defined if one wishes to cover the whole ground. 

At Lake of the Woods the following have been particularly 

observed: 
a. Cyperus dry morass. The dominant plants are various 

members of the genus Cyperus, Dulichium or Eleo- 
charis and sometimes of Carew. 

b. Veronica dry morass. The dominant plants are mem- 
bers of the genus Veronica. 

ce. Labiate dry morass. The dominant plants are mints 
such as Sculellaria, Mentha, Vleckia and Lycopus. 

d. Plantago dry morass. The dominant plant is Plantago 
major or Plantago rugelit. 

e. Caltha dry worass. The dominant plant is Caltha 
palustris. 

Besides these a number of other sub-types might be de- 

scribed, but those given are certainly the most prominent and 

may serve as examples. 

‘II. Shrub-bearing dry morass. Of this there are really but 
three clearly defined sub-types in the region, so far as my ob- 

servations have gone: 

a. Salix dry morass. The dominant plants are members 
of the genus Salix. Among them Salix lucida and 

Salix myrtilloides are conspicuous. 
b. Cornus dry morass. The dominant species are Cornus 

baileyi and Cornus sericea. 
ce. Spiraea dry morass. The dominant plant is Spiraea 

salicifolia. 
III. Tree-bearing dry morass. Here again three sharply 

marked sub-types may be observed. 

a. Larix dry morass. The dominant species is Larix 

laricina, the tamarack. 

b. Picea dry morass. The dominant species is Picea 

mariana, the spruce. 
c. Betula dry morass. The dominant species is Betula 

papyrifera, the birch. 
As a matter of course none of these dry morass formations 

always exists in a pure state, but very often mixtures and 

transitions between one type and another or between dry mo- 

rass and wet morass types will be established over a given 
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shore area. Very beautiful exhibits of zonal distribution are 

often afforded upon shelving shores provided with morassic 

formations. Ten or twelve distinct zones of plants will be de- 

veloped as the moisture content of the soil diminishes from the 

edge of the water, inland. Plate LX XVI shows four of these 
zones; a Scirpus zone nearest the water edge, a Salix zone 

farther inland,a Betula zone behind this and finally a Larix zone 

backed by trees of Pinus strobus, the latter not belonging, how- 
ever. in this case, to the true shore group. 

Floating bog. Coming next to the consideration of detached 
morass it should be observed that such does not develop under 
quite the same conditions as does the permanently attached 

morass. The following are favorable conditions for the forma- 

tion of detached morass. 

1. A smooth surfaced bottom without the numerous crevices 

or irregularities that would assist roots to hold fast and thus 

keep the morass in place. 

2. More exposed situations, at the heads of broad or ex- 

tended bays, where higher winds can arise and hence more surf 

energy would be developed, tending to separate the morass 

from the shore behind. ; 

38. <A higher percentage of floating plants in the original 

morassic composition, as for example, Panicularias, Utricularias, 
Potamogetons, Lemnas and others in which a considerable por- 
tion of the plant body, if not the whole, is natant. 

4.. More precipitous shores where the detachment is shar- 

per and easier than if the bottom shelves gradually. 

5. Weak places in the morassic texture where, owing to 

some zone of detachable plants, the whole lakeward mass can 

be removed from the shoreward portion. Such a line may be 
be called the scission line of the formation. 

Under a variety of conditions, especially when they co-oper- 

ate, morassic areas may be detached and carried into deeper 

waters. In some of the lakes of Minnesota these floating bogs 

are very prominent features and constitute the so-called ‘‘float- 

ing islands.” At Lake of the Woods they do not seem to be 

abundant. The best specimens observed are in Northwest 

Angle bay, Moose bay and Four Mile bay behind Oak point. 

As developed, the floating bog comes to have some characters 

peculiarly its own, due to the moving about in the water and 

the removal from the particular point of attachment. The 
peculiarities of the floating bog are these: 
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1. A floating bog comes to have a redistribution of its com- 

ponent plants so that if it has been long separated from the 
shore where it was formed it no longer shows the longitudinal 

vegetation-striae of the old zonal morassic shore but develops 
a zonal grouping of itsown. The peripheral areas are there- 

fore specialized from the central and a group of plants estab- 
lished at the water’s edge, able to bear the lapping of the 

Waves and enjoying the higher illumination, may be distin- 

guished. At the center of the island shrubs or even small 
trees may become established and the whole bog, if it were 

not for the next condition to be observed would be character- 

ized by a series of zones very plainly marked, but not the old 

zones of the original shore. 

2, A floating bog drifting about in a bay from one shore to 

the other, touching at different points and frequently exposed 

to the strong winds in the middle of the bay, while in transit 

from bank to bank, becomes a resting place for numerous 

varieties of light seeds. Furthermore, while temporarily situ- 

ated at one spot or another on the shore, it is, to some extent, 

- colonized by the plants of that region and thus from both con- 
ditions its number of species of established plants tends to rise. 

Hence, floating bogs of long standing are scenes of very sharp 

struggle for existence among a considerable number of alien 

plants. This has a tendency to obscure both the original and 

the secondary zonal distribution and to a marked degree the 

floating bog will partake of an azonal character in consequence. 

3. The undulating movement communicated to the bog 

when exposed to wave action Joosens somewhat its*tangled 
network of roots and decayed organic substance so that the 

texture of the soil is modified from that of the general type 

of attached morass to which it originally belonged. This 

change in texture brings about a slight change in plant popu 

lation. Hence floating bogs are usually rich in Sparganiaceae, 

Typhaceae and Carices which develop under such conditions 

with considerable vigor, 

4, The presence of the lake water underneath every part of 

the formation keeps it cool and moist beyond what is possible 

for attached morass. This again has its. modifying influence 

* upon the plant population. 
These mechanical, biological and other conditions are quite 

sufficient to give to the floating bog a population distinctively 

its own. While belonging to the main subdivision of shores to 

which the name morass is given, it does not, especially if its 
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floating habit has extended over several seasons, conform 

either in kinds of plants or in grouping altogether to the at- 

tached types. 

Anchored bog. It often happens that after floating for a 
season or two or even for a number of years, a bog is finally 

carried into some angle or cove from which it does not readily 

escape and after a time, if the bottom and shore are favorable, 

it may become anchored. This anchoring arises from the 

growth into the bottom soil, or into the shore, of roots and 

rhizomes from the bog group or by the growth into the bog 

of organs from the shore group or, more commonly, by both 

processes going on together. When thus anchored, the bog is 

now subjected to the influences of the new environment and 

its population becomes modified in consequence. The influ- 

ences which affect it are both physical and biological. If 

anchored in some area of strong illumination it develops dif- 

ferently from what it might if the resting place had been one 

of deep shadow. If anchored off a shore populated with 
Coniferae the bog population will change along different lines 

from those that might have been established had the shore . 

vegetation been of deciduous trees or of herbs. If the shore 

upon which it has been carried is similar to that upon which 

the anchored bog originally developed, the line of changes 

will not be similar to those which would have taken place if 

the landing had been made upon a totally different type of 
shore. 

The combination and redistribution of plants which arises in 
an anchored bog may tend either to accentuate a zonal distribu- 

tion already established in the bog or to obliterate it. More 

commonly the latter happens and the floating bog, unless it 

has come to anchor in its original position upon a shore similar 

to its shore of origin, will very soon lose all traces of its old 

zonal aspect. It may happen that the shore is similar, but the 

lakeward side of the bog is now turned landward, while the 

originally landward side is turned lakeward. In such a case 

the original zonal distribution is rapidly converted into azonal 
and only much iater will a new zonal distribution arise. 

Again, if the bog comes to rest in a state that can be de- 

scribed only as azonal the influence of the anchorage may be 

favorable to the continuance of this azonal condition—and this 

is usually the case—or it may tend to convert it into zonal. 

Even here, however, the question whether the new position of 

the bog restores or reverses its original position must come 
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into the enquiry. [ have seen zonal anchored bogs caught in 

coves surrounded with Populus trees and by the juxtaposition 

the bog was quickly coyered with Populus seedlings to the 

obliteration of its zonal character. Again other bogs, quite 

azonal from their long separation from the shore of origin, 

coming into a small bay with morassic shore within a couple 

of seasons showed the distribution in zonal lines already well 

begun. 
In general, concerning floating or anchored bogs, it might be 

supposed that they could belong to any one of the types of wet 
morass described above. But practically, so far as has been 

observed, they are always either gramineous or cyperaceous. 

Except in rare instances, the Panicularia type alone can not 
develop into floating bog for it is too loosely woven, and the 

waves soon break itup. The same is true of Utricularia mor- 

ass alone. Nor do the Polygonum, nor the Salix, nor the 
Spiraea morasses have the separability, the texture, the coher- 

ency and the pliability necessary for floating bog construction. 

In a word, then, these interesting formations begin as morasses 

of sedges or grasses, but contain also numerous other species 

of plants. On the whole, Sparganiwm seems to be one of the 

most characteristic genera of the floating bogs, although Hip- 

puris and Equisetum, with Typha, Carex, and Hpilobium, are 
very constant components. In no case at Lake of the Woods 

have any LEHricaceae been observed on these formations, 
although Ledwm and Andromeda are not infrequent denizens of 

floating islands in central Minnesota. 

SURF-BARRIERS. 

The surf-barrier formations are such as can maintain them- 

selves off shore where the surf has play, therefore they must 

be able to withstand the occasional or perhaps frequent shock 

of ‘‘white-caps” breaking over or against them. Naturally 

some shores are exposed to so strong surf that no cumaphyte 

can’ live under the impact. This is the case at Oak point, 
where the breakers from the Grand Traverse strike the shore 

fairly and come up over the shelving bottom with great vigor. 

But near less exposed beaches, and off many rocky shores, the 
waves are not so heavy, and many of the surf-dwelling plants 

can find a foot- hold. 

The general character of cumaphyteo are necessarily such 
that impact of the waves does not injure or displace them. 

They are all, therefore, rooted strongly at the bottom, in 
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humus or drift, but frequently also in crevices submerged be- 

low the surface. Floating vegetation, such as Lemna or Riccia, 

does not form part of the surf-barriers, nor do plants with 

large leaves offering resistance to the waves, such as Castalia, 

Nymphaea or Potamogeton natans, although even these can 
maintain themselves in pretty rough water. Again vegetation 

with large floating areas and slender attachments to the soil, 

which may even ordinarily become disconnected, as in the 

Lentibulariaceae, do not form surf-barriers, for they are too 

easily uprooted and carried on the shore. The conditions of 

vegetation, then, result in the seiection of a few species of pe- 
culiar type for this special habitat. 

At Lake of the Woods, five genera of plants seem able to 

maintain themselves in regions exposed to long continued or 

intermittent surf. These are Scirpus, Phragmites, Polygonum, 
Spiraea, and Salix. Surf-barriers, also of EHquisetum limosum 

doubtless exist in the region, having been observed in the 

Rainy lake country and in central northern Minnesota. None 

were seen at Lake of the Woods. Of these surf-barrier plants 

some seem able to withstand strong and long continued surf 

while others select less exposed shores and are to be looked 

for rather on the windward side of islands or points and in 

coves and bays. Hence the classification that has been pro- 

posed seem justifiable and the five types may be discussed 

briefly in their order. 

Barriers in strong surf. Of these I find only two types as 
follows: 

I. Scirpus barrier. The formation is composed of plants of 

Scirpus lacustris rooted in drift or humus soil and may exist in 

regions as exposed to surf as any that can afford a foothold for 

higher plants. Parenthetically, it may be noticed that lichen- 

formations on surf-washed ledges cannot be regarded as surf- 

barriers, although certainly they are a type of cumaphytic 

vegetation. The peculiar structure of Scirpus makes it a surf- 

plant par excellence, and it is of cosmopolitan distribution in its 

favorite habitat. Yet at Lake of the Woods it is by no means 

so abundant as another plant of quite different appearance, by 

no means so perfectly adapted, yet occupying many exposed 

shores together with or to the exclusion of the bulrushes. This 

is the type of a second form of barrier in strong surf. 

II. Polygonum barrier. The species thus established is 

Polygonum emersum, and especially off rocky points or islands 

it seems to flourish. Unlike Scirpus which appears to need 
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a bed of humus soil or at least highly nitrogenous sand for most 

favorable growth, Polygonwm grows vigorously in crevices 

and may be described indeed as a crevice-plant, rooting under 

water. The stout stem, long pennant-like leaves, suggesting by 

their position in time of wind the well-known aspect of Phrag- 

mites, and strong attachment to the bottom make this plant an 

able cumaphyte although, it is true, it cannot structurally be 
regarded as the equalof Scirpus lacustris. 

Barriers in light surf. Of these three types are repre- 
sented at Lake of the Woods. 

I. Phragmites barrier. This, with Phragmites phragmites 
as the dominant plant,which is of cosmopolitan distribution in 

regions of light surf, is well developed on the shoreward face 

of Scirpus barriers, and very often exists without the Scirpus 
fringe,°in coves and protected bays. It cannot, however, 

exist off a shore where the surf is heavy unless protected by a 

Scirpus zone. The formation is well developed near the mouth 
of Rainy river and in the Northwest Angle bays. 

II. Spiraea barrier. The plant is Spiraea salicifolia, a 
species as noted above, with wide range of habitat, and 

characteristic throughout the Lake of the Woods region as a 

crevice-plant on rocky shores. It commonly grows submerged 

a few inches and occupies a zone inside of the Polygonum zone, 

thus bearing often the same relation to Polygonum that Phrag- 
mites does to Scirpus. With its stiff stems, slender long leaves 

and firm roots, it withstands a considerable washing of the 

waves and seems to flourish well although submerged for a 

considerable portion of the summer. In autumn or in mid- 

summer the water falls below its spring level and the foothold 
of the Spiraea becomes dry. The peculiarity of structure in 

the plant which enables it to grow partly submerged or in dry 

rock crevices fits it particularly for the extreme shores of rocky 

islands, and here, as for example on the southern points of 

Oak island it grows abundantly. : 
III. Salix barriers. Like the Spiraea barrier this is connec - 

ted with fluctuations in the lake level. The components are 

members of the genus Salix, but one species in particular, Sa- 
lix flaviauis is most prevalent asa surf barrier. The habitat 

chosenis off drift-shores, the plant seeming to prefer a region of 

sand to one of rock-crevices or submerged humus. Consequently 

since rocky islands with drift dropped upon one shore and not 
upon the shore opposite are common in Lalce of the Woods, it 
often happens that a zone of Salix will be established at the 
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water’s edge in the former case and a zone of Spiraea in the 

latter, upon the same island. Thus a distribution today of 
plants upon the island shows the line of advance of the ancient. 
glacier quite as clearly as striae would. Such a fact indicates 
well the long-standing nature of some of the causes regulating 

plant-populations. 

In general the Scirpus barriers backed with Phragmites or 

either of the two developed separately, will indicate a rather 

flat nitrogenous type of bottom with the country rock well sil- 

ted over. The Polygonum or Spiraea barriers indicate a bare 

irregular rock bottom with humus laden crevices. Salix barri- 

ers are indicative of drift collection. When one of these barri- 

ers is fully established the area often becomes tenanted by 
Potamogetons, upon which the force of the waves is modulated. 

But large leaved plants do not collect in the barrier zone unless 

it is broad enough completely to calm the ‘‘ white caps” that 

come in from the open water. Nor do small floating plants like 

Lemma find it easy to remain in the interstices of the barrier, 

so the subsidery vegetation is sometimes reduced to the vari- 

ous algae, Cladophoras, Gloeocapsas, Scytonemas, etc., that cling 

to the stems of the dominant bulrushes or reed- grasses. 

ROCK SHORES. 

Shores of this type are almost invariably creviced, and when 

crevices are formed they interfere with the regular zonal dis- 

tribution of the plant population to such an extent that almost 

all rocky shores will be better considered under the general 

head of azonal formations. This is particularly true of talus 

shores, for in the case of smooth rock in place there is usually 

a well marked zonal distribution with reference to the water 

line. Below high water mark on such shores the lichen flora 

differs from that established above high water mark if the 

shore be steep, rounded or shelving, but if it be flat and a trifle 

above the water line, as sometimes, there is not only zonal dis- 

tribution of the ordinary type to be observed, but very often 

too that biological distribution from a common center that is 

perhaps best indicated in the ‘‘fairy-ring” mushrooms of mead- 

ows and fields. On such flat rocks circles are marked out by 

the growth of rock-lichens, and these overlap and interlock 

in an interesting fashion. A general view of lithophytic vege- 
tation may be postponed until the azonal shores are considered 

and here only a few points regarding the ordinary zonal distri- 

bution need be remarked upon. 
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Flat shores of rock. If crevices are absent the population 
consists of lichens and mosses. The action of surf regulates 

somewhat the distribution, and upon such shores algal pools 
like those previously described for front strand are common. 
The wet area nearest the lake may be termed the Endocarpon 

zone, from the prevalence of lichens of this genus; the zone 

next inland as the Biatora zone, and the one farther yet toward 
the country-line as the Cladonia zone. 

Rounded shores of rock. Thesame zones are established here 
except that they are notsobroad. Generally a growth of Endo- 

carpon just at the water’s edge is succeeded within a few inches 

by the other two, so that Cladonias, which, with Stereocaulon 

paschale, grow in great profusion on all such shores, occur 

within a couple of feet of the high water mark. Yet the ex- 
posure of the shore, as regulating possible surf-activity, has 

much to do with the breadth of the zones and the interesting 

observation may be made that on sheltered islands with smooth 

rock shores the Cladonias grow much nearer the water’s edge 

than on exposed shores. Where the rock is particularly 
smooth there is greater difficulty in the establishment of the 

Cladonia zone, and its place is in many cases occupied by a zone 

of Umbilicarias Such an Umbilicaria formation is beautifully 

developed on the western end of the Isle de Massacre. In addi- 

tion to the lichen flora some small lithophytic mosses are és- 

tablished upon smooth rock surfaces, but since the mosses are 

almost always crevice plants they may be better considered 
later. In the background of Plate LX XVIII a rather precipit- 

ous rocky shore is shown with few crevices near the lake, and 

here the zonal distribution of the lichens was apparent. 

In general, since the lower plants are not particularly a mat- 

ter of study in this paper, it may be said that flat or rounded 
smooth rocks offer so little foothold to plants that, although 

the conditions are favorable to zonal distribution, yet only 

lowly plants partake of it and the account need not be pro- 

longed. It is sufficiently apparent that differences of expos-— 

ure, of contour, of color, degree of hardness, chemical com- 

position, illumination and irrigation must produce differences 

in the lichen population, but that a fundamental tendency to 

appear in zones is nevertheless discernible underneath the va- 

riety induced by the differences mentioned. 
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SOIL SHORES. 

Of zonal shores of this character, not already discussed, 

really the only examples are the mud flats and mud banks, 

which are so rarely developed on Lake of the Woods. All 

other soil shores are largely azonal. For a soil shore can 

hardly be maintained, except as morass which has been con- 

sidered by itself, or as humus or drift, quite outside the sphere 

of wave-influence. 

Mud flats. Upon these shores the algal pools are promi- 
nent, and in them commonly Lemnais developed in small quan- 

tities, so they may properly be denominated Lemna pools. If 

the mud flat be not inundated too frequently, as is almost uni- 

formly the case, a few Carices may be established, but in Lake 

of the Woods, with its considerable variations of water stage, 

such areas are commonly barren, if they appear at all. Barren 

mud-fiats differ from morasses principally because they are 

thus barren. Yet on such shores an outward zone of Lemna 

pools is often backed by an area of Curices, and the whole con- 
stitutes a temporary formation easily destroyed whenever the 

mud is rearranged by the action of the waves. Upon such 

shores, if they be in proximity to a bed of Nymphaea the pond 

lilies often creep, and during the summer the edge of the flat 

may be tenanted by these almost amphibious plants. 

Mud banks. These are always small in extent, and often ap- 

pear.as the most temporary of formations. Sometimes deltas 

of mud and silt are deposited upon strand or upon flat rock 

shores by small temporary streams, and thus a peculiar 

group of nitrophytic plants will be established upon the strand. 

In other cases the mud bank is developed from a mud flat, 

when the ridge is tenanted by Carices, small Ranunculi, Veron- 

ica, sometimes Scutellaria, and in brief is like the zones estab- 

lished around pools in the back strand, as previously described. 

Although nitrogenous, these mud shores are so impermanent 

. that no opportunity for plants of high rank to develop is of- 

fered. 
Coming to a consideration of azonal shores, and the methods 

of distribution upon them, it is worth noting that very often 

little complexity of distribution, at first sight, characterizes 

these areas. The solid Populus or Betula formation extending 

to the water’s edge seems homogeneous, and unless it is studied 

in detail might be mistaken for a true zone. Yet, often such 

shore floras are quite azonal, and should be regarded rather as 
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very complex than as very simple formations. Thus it hap- 

pens that in the case of shore formations one is not always 
able to speak with exactness unless an examination of the 

formation, and of its development as well, is made in great 

detail. 

Azonal distribution has been destined as characteristic of 

topographic features devoid of radial symmetry. Hence talus 

heaps, boulder ledges and irregular rock masses are favorable 

regions for the development of an azonal formation. Often, 

too, the azonal formation appears as a preliminary stage in 

zonal distribution. This is particularly well exhibited on burnt 

shores. When the vegetation has been removed by fire, the 
new vegetation springs up quite in the azonal manner. So 

that a burnt shore which might have had well mar#ed zonal 

population will perhaps be covered with a solid formation of 
light seeded plants such as Populus and Epilobium, these hay- 

ing easily reached the shore by the agency of the wind. And 

if the soil itself was destroyed by the fire, then an azonal 

formation of lichens and mosses will gradually establish itself 

and only after the lapse of years will the delicate influences 

that regulate the zonal grouping of plants make themselves 

felt over this area. In addition to the more permanent azonal 

formations, there should, then, be noted these temporary 
azonal groups on burnt areas. In such cases the azonal dis- 
tribution may be established and may maintain itself for some 

time upon tracts which are not devoid of radial symmetry. 

But this need not be confusing, for commonly such a new 

formation can easily be distinguished. For example, a uni- 

form Populus growth along some shore with all the trees of an 

age may be classified as azonal, perhaps, while another growth 

with a regular increase in age of the trees from one side of the 

strip toward the other, may be classified as zonal. 

The various areas of azonal distribution may receive brief 

consideration in their order. 

TALUS. 

Naturally the character of the talus depends upon the ledge 

from which it fell. The chemical composition of the rock, its 

cleavage, bedding and tilt, its mass, slope and height, the 

slant of the lake bottom and numerous other considerations 

regulate the coarseness, the extent, the inclination and the 

habitability of the talus. In most cases, however, talus compo- 
sed of large blocks with slight admixture of humus may be re- 
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garded as relatively new, while that in which the blocks are 

smaller and the humus content greater, may be considered as 

of greater age. This is not always the case. It happens 

sometimes that talus falling from granite or other ledges of re- 

sistant rock, lies along the shore in such a position that the 

water laps among the fragments, carrying away much of the 

‘organic material which might temporarily accumulate, and 

thus for a very long time the blocks remain with the look of 

new talus except for the development of lichens in luxuriance 

on the fragmented faces of the rock. The different types of 

talus that have been observed may be noted in their order. 

Coarse talus. This isof twoclasses, new talus, and old talus. 

The coarse new talus is known by the scanty development of. 
lichens on the rock surfaces of fragmentation, the coarse old 

talus by the disappearance of distinction between block-surfa- 

ces originally exposed and surfaces exposed by the fracture. 

A number of types of plant societies may be observed upon 

such areas. If the blocks are very large and creviced the dis- 

tribution is the same as that yet to be described under the head 

of rock shores. Disregarding such a condition one may indi- 

cate the following special formations. 
I. Thallophytic talus formations. The blocks are not strongly 

creviced and the only plants able to gain a foothold are the 

lichens and algae. Such formations are the first to appear on 

new talus blocks, unless conditions of drainage and silt-deposi- 

tion complicate the matter. They may also characterize old 

talus-block ‘surfaces when the shape of the fragment is unfay- 

orable for soil accumulation. The character of the plants and 

their relative abundance vary with the exposure of the surface, 

one being lighter, warmer, more sheltered from the wind than 

another. 

II. Archegoniate talus formations. The characteristic plants 
are mosses and ferns. The blocks that show this type of plant 
population are generally along quieter shores where high 

winds and surf are not troublesome. If the block be not too 

large it may become covered down to high water mark with 

luxuriant;growths of Hypnaceae and Polypodium, to the almost 

complete exclusion of other plants. If, however, the block’ be 

of sufficient size and proper inclination and surface contour to 

permit the;accumulation of a soil, it may harbor many small 
lithophytic flowering plants, and as the block grows older per- 
haps even shrubby or arboreal vegetation may be established 

upon its slowly gathered superficial coating of soil. , 
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Ill. Herbaceous talus formations. The characteristic plants 
are various grasses, Campanula, Heuchera and Houstonia. Such 
grouping arises even on small talus blocks of relatively new 
formation if the surface condition is such as to retain the soil 
that is formed, or to hold soil or silt of drainage. 

IV. Shrubby talus formations. These may be coniferous, 
with the Junipers as the dominant plants, or metaspermic, with 
such plants as Populus. Much depends upon the vegetation 
of the back country in the establishment of shrubby talus 
groups, yet light seeded plants like Populus have an evident 
advantage. On large talus blocks it is not uncommon to see 
small shrubs of Populus tremuloides rooting themselves, to- 
gether with diminutive plants of Pinus divaricata or the 
Junipers. 

V. Arboreal talus formations. On talus blocks it is not com- 
mon to find large trees established, unless the block itself is 
so large that it might well be considered under the general 
class of rock-shore. Yet sometimes a talus block with a 
pocket-like depression may collect soil in this depression and 
give foothold for a tree. The tree in such a case is almost al- 

ways coniferous, the hardwoods preferring crevices. 
All of these types are pure talus types and no consideration 

to the intermixture of sand or soil that begins as soon as a 
talus slope is established, has been given. In each of the five 
groups a trace of zonal distribution is to be discovered, occas- 
ioned by the difference in exposure of the perpendicular sur-. 

faces, those toward the lake being differently affected from the 

ones facing in other directions. Yet, since the blocks may be 
close together, they shade each other to such an extent that 

the whole slope can hardly be regarded as a symmetrical area 

of plant establishment, and the distribution is characteristic- 

ally azonal. 

Of the pure talus-block type of distribution there are a great 

many varieties owing to differences in exposure, slope, temper- 
ature, illumination, moisture and biological conditions. On the 

whole, such formations are less abundant than the mixed talus. 

Coarse talus may be filled in either by sand from the lake or by 

soil derived from one of three sources—from the off-shore vege- 
tation, from the talus-block vegetation or from inland areas 

whence it drains down upon the talus slope. However, it may 

happen, very commonly the spaces between talus-blocks come 
to be filled with soil or with sand. In the first instance there 

develops in a coarse talus-bed about the same conditions that 
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characterize creviced rock and a distribution of plants like that 
of creviced rock comes to exist where originally there was a 

pure talus type of distribution. 
VI. Talus and soil formations. Upon the humus masses of 

the interstices a group of plants become established such as 

habitually occupy rock crevices. The characteristic species 

are Spiraea salicifolia, Houstonia purpurea, Heuchera americana, 
Campanula rotundifolia and Ambrosia artemisiaefolia. But if 

the accumulation of soil has progressed to such an extent that 

larger plants can gain a foothold, one finds upon the talus slope 

abundant forests of pine and hardwood timber. One of the 

favorite habitats of Pinus divaricata throughout the Lake of 

the Woods region seems to be the talus slopes with soil admix- 

ture, and they grow almost as vigorously when established as 

crevice plants on the rock shore, where Pinus strobus is also 

abundant. 

VII. Talus and sand formations. Where they occur these are 

most clearly a mixed type of distribution. I have seen on 

Shoal lake masses of talus-blocks, three or four feet cube 

covered with Hypnum and Polypodium, lying imbedded, as it 

were, inasandy beach tract bearing Hlymus and Prunus pumila. 
No doubt the only proper explanation of such a remarkable 

juxtaposition of plants is the assumption that the low talus slope 
was first established and that afterwards the sand was washed 

in by the waves. Thus a composite formation was developed. 

Extremely old talus with small, weathered blocks and sand 

infiltration can not ecologically be distinguished from boulder 

drift shore. 
A view of talus with formation of Populus tremuloides, com- 

ing under Group V of the classification is shown in Plate 
LXXVITI, to the right in the background. This is a charac- 

teristic azonal talus population on an area with considerable 

soil substances infiltrated by drainage from the higher back 

country. 

A variety of mixed talus types with coarse talus as the foun- 

dation might be discussed with protit—for example, the buried 

talus-blocks of some of the northern islands, where a general 

coating of soil covers the talus masses but lies deeper over the 
interstices than over the rock fragments, or the talus-blocks 

imbedded in morassic shores and the influence of their pres- 
ence upon the formation of Scirpus or Salix belts—but the 
problems aae of such endless complexity that they can hardly 

be entered upon in this preliminary sketch. 
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Fine talus. This name is applied to those talus slopes upon 
which the process of weathering has progressed to such an 

extent that the talus-blocks are all broken up into small frag- 
ments. Together with this process thereis always a deposition 

of soil in the interstices, part of this soil being derived from 

original talus vegetation, and part of it from drainage of silt 

upon the slope. Suchslopes do not become established rapidly 

in the Lake of the Woods region and a slope covered with fine 

talus and soil is evidence of a long history and many rearrange- 

ments among the plants which tenant it. A number of forma- 
tions might be described upon such slopes, but it should first 

be noted that as the slope becomes’ more even and regular, 

owing to the weathering and infiltrating processes, a tendency 

towards zonal distributions arises and. many fine-talus slopes 
have well marked zones of plants established upon them. One 
or two formations on fine-talus are, however, of special inter- 

est. The following have been observed at Lake of the Woods: 

I. Fine-talus lichen formation. The species are mostly Cla- 
donias and Slereocaulons. The soil-dwelling Cladonias e. g. 

Cladonia pyxidata are abundant, mixed with crevice-dwelling 
and lithophytic forms, such as Cladonia rangiferina and Stereo- 
caulon paschale. Upon such a talus slope there are abundant 
mosses, Barbulas, Bryums and Polytrichums, and an admixture 

of small grasses and herbs. The lichens, however, give the 

character to the formation. 
II. Fine-talus fern formation. Upon slopes of fine talus itis 

not uncommon to find a formation consisting almost exclusively 

of Dryopteris and Polypodium. Such slopes are generally in- 
clined at an angle of about 45° to the plane of the lake level. 
They seem to develop well in rather open, unsheltered places. 
Such a slope is well developed on Trim-tree island in the Little 
Traverse. 

Ill. Gramineous talus turf. Here the dominant plants are 
members of the genus Agrostis, and over the slope a pretty 

even turf of Agrostis hiemalis is often formed. The loosening 

of the soil by the small stones imbedded in it seems to favor 

the growth of this grass, and such slopes have been observed 
at several different points on the islands of the lake. 

IV. Sambucus talus slopes. The characteristic plaut is Sam- 
bucus pubens, the elder-bush. This, with bushes of the red 
raspberry (fubus) forms a rather characteristic shrub on cer- 

tain talus slopes, especially toward the periphery of small 

islands, not too elevated nor with strongly precipitous shores. 
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It is also found at Lake of the Woods as the typical ‘‘inner 

shrub” on dome-shaped islands, as described by me elsewhere, 9 

and can not be regarded as a pure talus-type of plant forma- 

tion. 

V. Betula talus-slopes. Growths of Betula papyrifera 
sometimes occur on fine-talus, although usually the soil- 

‘content is so considerable that the shores are better described 

as humus shores. Yet Betula woods upon some of the islands 

mark the fine-talus as sharply as Populus or Pinus divaricata 
woods mark the coarse talus. 

VI. Pinus resinosa talus slopes. This species of Pine, the 

‘Norway pine” of Minnesota loggers, does not commonly grow 

upon shores at Lake of the Woods, but is rather a back country 

plant. Isolated individuals occur in various localities, in 

crevices, on the strand, on dunes and on coarse talus. Special 

colonies have been noted in three instances on fine talus slopes, | 

The exposure was slight, the slope gentle and the admixture 

of soil considerable. 

Without extending the examination of coarse and fine talus 

farther it may be observed that while coarse talus gives slight 

opportunity for zonal distribution, fine talus, after the sufficient 

lapse of time offers an area suitable for zonal distribution. 

This is especially the case if the slant of the bed is gradual 

and the admixture of soil such as to bury the talus-fragments 

in a homogeneous massof humus. A large number of transi- 

tion types, mixed types, compound and irregular groupings, 

may develop upon talus areas. The age, coarseness, slope, 

extent, exposure, drainage, off-shore conditions of the bottom, 

chemical composition of the talus blocks, juxtaposition of the 

blocks, percentage of interstitial deposits and their character, 

and back country biological conditions ali influence and deter- 

mine the nature of the talus population. | 

BOULDER SHORES. 

Ecologically coarse boulder shores do not differ strongly in 

themselves from coarse talus, nor fine boulder shores from fine 

talus. But the conditions of their development are sufficiently 

different to expose them, when formed, to a different set of 

influences. While talus shores may occur in quiet secluded 

regions of the lake, the boulder drift is found principally on 

very open shores where there is strong wind and surf activity. 

(9) MacMillan, Distrib. of Plants, ete. Bot. Gaz. 22 :218. 1896. 
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Thus the boulder shore is developed excellently on the side of 

Big island facing Garden island, quite open to the winds and 
waves of the Grand Traverse. This difference in exposure 
gives to a boulder shore more the character of strand, but, 

because of the irregular surface, strand zonal distribution does 

not readily arise. although there is commonly formed a group 

of plants back on the shore somewhat analogous to back-strand. 

According to contour two types of boulder shore may be dis- 

tinguished, the flat or boulder strand, and the rounded or boulder 

slope. If the boulders are large the conditions are not the 
same as if they were small. 

Coarse boulder shores. Such a name may be applied to 
those shores where boulders a foot or more in diameter are 

bedded in sand or soil. That they should be bedded in soil is 

possible only in sheltered coves or behind surf barriers. Ord- 
inarily they are bedded in sand. 

I. Boulder strand. This name may be applied to low-lying 
beaches which are covered with half-buried boulders of large 

size. The boulders themselves support a lichen population 

with occasional growths of moss or evenof ferns, but the latter 

condition is rare. The intermixed sand bears ordinary psam- 

mophytic plants and the combination presents much the 

aspect of talus and sand as described above. A difference, 

however, lies in the greater exposure of such a shore, so that 

the lichens are scanty, dwarfed and not of the Cladonia types, 

but rather Hndocarpons. Amid these lichen-groups an algal 

flora may flourish in boulder-strand-pools, the boulders them- 

selves, by their interference with the regular wash of surf, 

favoring the development of strand pools. And neighboring 

closely upon the po@l-fiora and the lichens willbe the Ambrosia, 
Epilobium, Onagra and Elymus vegetation of typical beach. 
The boulders offer shade and shelter, to some extent, so the 

strand herbs become distributed with reference to them rather 

than to the general shore line, as in ordinary strand. Coarse 

boulder strand is, then, to be regarded as an azonal modifica- 

tion of ordinary strand. 

II. Boulder slopes. Like talus slopes, these may have a 
greater or a less percentage of enclosed humus and the char- 
acter of the vegetation varies with the percentage. Usually, 

however, unless recent denudation has been in progress, the 

shores are strongly nitrogenous and separate into two areas, 

upon analysis. The region nearer the water’s edge differs 

from that farther back and maintains a plant population of a 
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distinct type. Thus, to this extent, there is zonal distribution 

but the irregularity of surface is so considerable that the pre- 

ponderance of characters are azonal. Where the water in its 

fluctuations of level exerts an influence it is commonly to wash 

out the organic debris from among the boulders and thus to 

decrease the nitrogenous per cent. This is not entirely a one- 

sided interchange, for where aquatic algae, as for example, 

Aphanizomenon are developed in enormous quantities they are 

often delivered by the waves among such boulder-shore inter- 

stices to an extent that can only be appreciated when one has 

seen the great drifts of decaying algae that sometimes occur 

in mid-summer, upon such banks as are able to retain them 

through irregularity of surface. The region next the water’s 

edge does not usually maintain large trees, although occasion- 

ally willows or poplars may stand on the extreme outer border 

of the shore, while behind are shrubs and herbs. More 

ordinarily the edge of such boulder slopes is occupied by 

plants of Spiraea, Amelanchier, Salix, Campanula, Alnus, 
Heuchera and a general mixture of psammophytes, lithopLytes, 

nitrophytes and hydrophytes that indicate by their irregular 

juxtaposition the complexity of the substratum as an ecologic 

area. Farther back forest growths of Populus, Betula, Pinus, 

Quercus, Fraxinus or Acer may be met with and the general 

slope maintains a greater variety of plants than is often found 

on areas of similar size, in the region of description. In Plate 

LXXVII, a typical boulder-slope is shown with a front-slope 
group of azonally distributed shrubs and herbs, and a back- 

slope formation of mingled Betula and Populus. This view is 

taken in MacPherson’s bay and shows also an Indian village 

with the birch-bark canoes of the aborigines drawn up upon 

the shore. . 

Boulder slopes having been established in the Glacial period 

are not at all comparable to new talus, but only to the oldest, 

Upon the boulders themselves, lithophytic lichens and mosses 

are commonly abundant and shores consisting of boulders 

buried in humus or the sand have their distinctive characters 

of plant population as was described for the shores of buried 

talus. 

Fine boulder shores. As in the case of talus shores a dis- 
tinction arises when the rock fragments are small. In such 

instances they are easily buried by humus or by sand and the 

characteristic lithophytic vegetation does not appear. This 

type of shore occurs either as strand or as slope. The fine 
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boulder strand may be termed gravel-beach for this is the 

form it usually takes. 
I. Gravel-beach. Upon beaches that are composed alto- 

gether of a coarse gravel the pebbles are so readily moved 

about by the surf that vegetation finds great difficulty in estab- 

lishing itself. Consequently the area of a gravelly beach 

nearest the water’s edge is commonly quite sterile. Not even 

do pools of algae find it easy to become established. Farther 

back, however, scattered herbs and shrubs can gain a foot- 

hold. The segregation of pebbles that goes on under the lap- 

ping of the waves, or under surf impact, is such that the 
smaller are often thrown well inland while the larger are left 

upon the extreme front of the shore. Consequently a strip of 

small grasses and herbs usually occupies the shoreward por- 

tion of the strand, and these plants, that are thus established, 

are strongly lithophytic in character. Hence upon such 

gravelly beaches one finds Campanula and Heuchera in great 

profusion, together with Agrostis, Ambrosia and Onagra, a very 

different population in its appearance from that of sandy 

beach. Still farther back a group of psammophytes often 
comes in so that there is strong semblance of zonal distribution. 

Indeed so far as the plant distribution is affected by the action 

of the waves in segregating the pebbles, it is truly zonal. It 

is classed under the general azonal type because of its 

habitat and strongly azonal method of development. Upon a 
new gravelly shore the distribution is quite azonal. The gravel 

beach may properly be regarded as an intermediate type of 

formation. 

II. Gravel slopes. Such rounded slopes, covered with Hpilo- 
bium, Onagra and Rhus, are seen on Garden Island. The sub- 
soil seems to be of sand and clay, and the humus sheet is thin. 

Yet a group of shrubs, developed in quite irregular and azonal 

fashion, are able to establish themselves and persist. Muchof 
_ the organic matter is drained out of the soil through the sub- 

soil, and the slopes are, as a whole, where studied, not highly 

nitrogenous. The number of plant species is therefore limited 
and consists chiefly of low shrubs. I have seen no lichen or 

moss-covered gravel slopes, such as are developed from talus. 
Probably the rounded shape of the pebbles favors more . 
ready drainage-off of organic substances than the irregular, 

angular shape of the talus fragments. If this be true it is an | 

interesting fact to notice. Evidently the paucity of species, 

determined by rapid drainage and consequent low nitrogen- 
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content of the soil, must be referred eventually, as one studies 

the phenomenon, to the rounding, polishing action of ice in the 

Glacial period. Perhaps no better illustration than the differ- 
ence in plant population between fine talus slopes and gravel- 

slopes could be given to illustrate the antiquity and multiplicity 

of causes that determine the plant-physiognomy of any given 

region. 

ROCK SHORES. 

While many rocky shores show true zonal distribution of 

their plant population, this is not usually the case. When the 
surface of the rock is irregular, the whole split by a network 

of crevices, and covered here and there with little pieces of 
talus, a lack of symmetry arises which finds response in azonal 

distribution of the plants which tenant the area. 

Irregular surfaced rock shore, Very often the idrepenia 
of the surface arises from wave action, very often from weath- 

ering, recentor preglacial, and in some cases it is the direct 

result of glacial abrasion, as may be seen at the Northwest 

Angle. However developed, the result is much the same so far 

as concerns the distribution of plants. In the hollows and 

crannies soil will collect, either by drainage-in or by adjacent 

formation through the activity of lichens, mosses and ferns, 

and these soil pockets, irregularly distributed, of varying 

depth and extent, give rise to a considerable variety of plants. 

A list of rock plants on the extreme northwestern point of Big 
Island is given here to indicate what are the dominant species: 

Rock group on Big Island point. 

Dryopteris thelypteris. Potentilla arguta. 

Polypodium vulgare, Rosa blanda, 

Juniperus sabina. Spiraea salicifolia, 

commupis, Oxalis stricta, 

Taxus minor, Hypericum ellipticum, 

Agropyron tenerum, Chameenirion augustifolium, 

Agrostis alba, Onagra biennis, © 

hiemalis. Aralia racemosa. 

Elymus canadensis. 

Muhlenbergia mexicana, 

Panicom dichotomum. 

Carex canescens, 

Cyperus strigosus, 

Juncus tenuis, 

Unifolium canadense. 

Quercus macrocarpa, 

Actaea alba, 

Anemone canadensis, 

Rapuneculus maccunii, 

Capnoides micranthum, 

Arabis hirsuta, 

Hieuchera americana, 

Cerasus virginiana, 

Verbena hastata, 

Mentha sativa, 

Stachys aspera, 

Vieckia anethiodora, 

Plantago major, 

Galium boreale, 

Lonicera dioica. 

Campanula rotundifolia, 

Ambrosia artemisiaefolia. 

psilostachya, 

Eupatorium perfoliatum, 

Euthramia graminifolia, 

Hieracium canadense. 

Lactuca canadensis, 
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Apparently the character of plants established upon an 
irregular rock surface is conditioned upon a great variety of 

causes. The size of the soil pockets, their depth, their oppor- 

tunity of accumulating moisture, their temperature and illumin- 

ation, their proximity to or remoteness from the waves, their 

exposure to winds, and, in short, all the ecologic factors enter 

into the problem and the prediction of definite species in soil 

pockets of known size and depth would be impossible, so much 

influence would the surrounding and secondary causes exert. 

Yet one could name a number of plants not to be found in such 

pockets and could limit the prediction within bounds. Even 
this would sometimes expose a novice to difficulties for very 

unexpected plants occupy these little pockets on an irregular 

rock shore. For example on Windigo island, near Flag island, 

the pockets, two or three square feet in extent and two anda 

half inches in depth, in granitic rock were occupied over a con- 
siderable area almost exclusively by Sphagnun cymbifolium, a 

most unexpected locality. The plants apparently drew upon 

adjacent trees of Pinus divaricata established in crevices, for 

shade and for sluicing the rain water into their little hollows. 

‘These miniature peat bogs upon high, wind swept rocks, I have 
not happened to encounter elsewhere. In one of them several 

individuals of Moneses and in another a plant of Kalmia had 

become established. 
Whether the pocket vegetation shall be lichens, mosses, 

herbs, shrubs ‘or trees, depends much upon the depth of the 

pocket, its drainage supply and the environmental factors. In 
these soil pockets the incalculable factors of distribution, such 

as the dropping of seeds by birds, or by the wind or by roam- 

ing animals, are so important that the vegetation aspect of the 

region is quite unpredictable in its details. In the foreground 

of Plate LXXX, the Sacred Rock of the Lake of the Woods 

Indians is shown. One observes the irregular surface. The 

depressions are very shallow; thus small amounts of soil 

develop and only small plants—grasses, mosses and lichens— 

are shown. In the background a coarse talus slope, with 
Populus vegetation, appears. In Plate LX XIX, on the other hand, 

deep pockets have been formed over the rock surface and on 

them a forest of Pinus strobus is established. Mingled with 

this species are crevice trees of Pinus divaricata. The two 

plates give a good idea of the influence of surface-contour of 

the rock substratum upon the plant physiognomy of the region. 
The difference between the two shores is essentially one of 

surface contour. Other factors are slight as compared with it. 
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Creviced rocks. Crevice-formation is indeed only a variety of 
irregular surface contour, but from the cleavage of the rock in 

straight lines intersecting each other, vegetation rows are 

often established. The crevices, if of long standing, have com- 

monly been filled with soil and are occupied by their character- 

istic plants. <A large list of crevice dwelling plants might be 

prepared from the general catalogue of Lake of the Woods 
vegetation, Scarcely a plant of the region, except the true 

aquatics, like Utricularia or Potamogeton is altogether unable to 

maintain itself in a crevice. Yet, notwithstanding this fact, 

there is a limited group of omnipresent crevice plants which ap- 

pears on almostevery shore. These may be divided as follows: 

I. Crevice thallophytes. Here are included a number of lich- 
ens, especially Cladonias, with which the region abounds, 

mosses and ferns. Polypodium and Dryopteris are the most 

abundant crevice-fern genera. Often acreviced shore is marked 

off with intersecting lines of green and white, the green be- 

‘ing crevices filled with Polypodium, the white, crevices tenanted 

by Cladonia. 

II. Crevice herbs. The dominant crevice-herbs are doubtless 

Campanula rotundifolia, Houstonia purpurea, Heuchera ameri- 

cana, Agrostis hiemalis, Arenaria stricta, Achillea millefolium, Am- 

brosia psilostachya, Apocynum androsaemifolium and Vleckia ane- 

thiodora. As has been indicated above, many others may be 

encountered, but these are universal. 

III. Crevice-shrubs. The dominant crevice-shrubs are Juni- 

perus sabina, Juniperus communis, Spiraea salicifolia, Rosa wood- 

sii, Symphoricarpos, Rhus, Corylus, Diervilla and Cornus. Cre- 

vice shrubs need no wider crevices than do the herbs, but what 

is lost in width must be made up in length or depth. 

IV. Crevice trees. An interesting feature of the plant popu- 

lation is the ready adaptability of certain trees to live in nar- 

row crevices. The forms most commonly found in such re- 

stricted quarters are Pinus sirobus, Pinus divaricata, Quercus 

macrocarpa, Fraxinus americana and Populus tremuloides. It is 

remarkable to observe the ease with which pine trees six or 

eight inches in diameter maintain themselves in a crevice less 

than a foot wide, where the entire root system must dispose 

itself in the cramped space afforded it, and yet the pines espe- 

cially thrive wonderfully under such conditions. Some islands, 

creviced sparingly, maintain what at a distance seems to be a 
fairly solid and homogenous forest of pine, yet upon close ex- 

amination this forest will be discovered to consist entirely of 
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crevice plants, while between the crevices the rock is bare or 

maintains at best a few lichens and mosses. Upon high wind- 

swept rock shores at Lake of the Woods an occasional odd eco- 
- logic adaptation of the white pine is to be observed. Instead 

of growing in the ordinary way the plants lie flat like a Juni- 

per and cover sometimes circles thirty yards in circumference 

with a dense low network of prostrate branches. One would 

scarcely recognize the plant as being Pinus strobus at all, ex- 

cept upon close investigation. 

The crevice-tree formations are shown prettily in Plate 

LXXVIII in the background, on the left, where a steep smooth 
rock shore bears a vigorous crevice flora of Pinus strobus of the 

ordinary form and Pinus divaricata. Among the innumerable 

islands of the lower lake this type of shore is exceedingly 

common. It is well developed also in Shoal lake and in White- 

fish bay. Of the shores of the upper lake fewer are of this 
type, but some of the Northwest Angle inlet and Moose bay 
shores are perfect examples. 

When a crevice-tree formation arises in a crevice running 

parallel with the shore-line the drainage often brings about 
the building of a concentric soil ridge, the trees serving as 

barriers to the general downward drainage from the back 

country, and thus a considerable zonal distribution may come 

into existence. When, however, the crevices run perpendicu- 
lar to the shore-line such a condition does not arise. This 

origin of forest zones by drainage on dome-shaped islands, I 

have considered fully elsewhere!°. 

Perpendicular rock shores. The distribution of plants upon 
precipitous cliffs such as those of Crow Rock island is not 
necessarily azonal. It has already been shown how an Endo- 

carpon lichen zone may originate within the space of wave 
activity while above, other lichens, Biatoras and Cladonias, may 

become established. Yet upon the bold smooth face of a cliff 

for the greater portion of its surface only azonal or biologically 

zonal distribution of lichens, mosses, ferns and small crevice 

plants is ordinarily to be observed. In some cases large crev- 

ice-trees may establish themselves upon these precipitous 

faces. The most abundant plants, however, upon the precipi- 

tous cliffs, in all this region, are lichens of the genus Thelo- 

schistes. One may with propriety consider this as a typical 
formation. 

10 MacMillan: Distribution of plants, etc. l. ¢. 
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I. Theloschistes formation. Enormous patches of these 

bright orange or red lichens may be seen upon the cliffs of the 

Lake of the Woods district. They are best developed on Shoal 

lake, on Crow Rock island, in Whitefish bay and upon the high 

rocks of Yellow-girl bay. Such cliffs acquire a highly colored 

appearance and seem to offer conditions more favorable for the 

development of Theloschistes lychneus and the others than do 
rocks lying at a smaller angle with the horizon. 

II. Umbilicaria formation. Upon some precipitous cliffs 

vast numbers of Umbilicaria lichen-thalli are prominent. Such 

seem more copiously developed upon the irruptive rocks than 

upon the quartzytes and gneisses of the region. 

III. Polypodium formation. Precipitous cliffs green with 

Polypodium are not uncommon. In this case there are small 
crevices, or at least an irregular surface to the rock. 

IV. Campanula formation. When the surface of the cliff is 

seamed with small crevices Campanula gains a foot-hold, and 

often develops almost to the exclusion of other plants. 

V. Juniperus formation. Upon some vertical cliffs with 

numerous larger crevices an almost solid formation of Juni- 

perus communis has been observed. 

In general it is apparently a characteristic of the precipitous 
cliff that its plant population is homogeneous. Where upon a 

flat rock surface of the same area a dozen or more species 

would be established, upon the precipitous cliff only half as 

many may be found. ‘This fact illustrates the influence of rapid 

drainage, constant unilateral illumination, or general shade, 

and reflection or radiation of heat upon the plant inhabitants. 

A smaller number are able to endure the conditions of the per- 

pendicular rock than can flourish upon the fiat rock. 

HUMUS SHORES. 

Certain types of humus shores. have already been considered. 

Morasses are regarded as a special type of such shores upon 

which a distinct zonal distribution is readily established. Mud 

flats may also be regarded as humus. Both of these, however, 

have been redistributed, to some extent, by the action of the 

water. It remains to note the occurrence of ordinary humus 

in place, along some sheltered shores. Conditions favorable 

for its development are as follows: the bank must be gently 

sloping, secluded from the wind, heavily wooded and thus 

shaded from the direct rays of the sun, undisturbed by running 

water, and of such general even contour that the soil-water 
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collects in no special sink-holes. Under such topographic con- 
ditions and adjustments of the environment, humus-banks, in 

some cases, develop almost down to the water’s edge. Any 
violent wave action would destroy them, but they may bear a 

gradual rise and fall of level in the lake without becoming dis- 

integrated. Upon such areas the true humus plants develop 

abundantly. Certain special formations have been observed. 

I. Onoclea formation. Upon low humus banks the ostrich 

fern is sometimes established as the dominant plant. This 
happens on the shore of some small irregular islands in Moose 

bay. As a back country formation, Onoclea beds are conspic- 

uous on Garden island and elsewhere. The Onoclea beds on 

humus shores have been observed covering areas of about 1500 

square meters to the exclusion of other species. 
Il. Pyrola formation. The little pipsewissa plants are the 

dominant species but with them occur commonly Unifoliwm, 

Gaultheria, Corallorhiza, Moneses, Goodyera, Gyrostachys and 

many other small nitrophytes. 
III. Alnus formation. The alder sometimes occurs as a 

dominant plant upon such humus banks. When thus established 

its root-tubercles are very copiously developed. 
IV. Taxus formation. Upon humus shores of Garden 

island, this conifer is a dominant plant upon certain stretches. 

It occurs when the general back-country formation is coniier- 

ous. 
V. Abies formation. The balsam marks a low humus shore 

and by its prevalence indicates rather the drier typical humus 

than the redistributed morassic humus such as Picea and Laria: 

seems to favor as a habitat. 
VI. Betula formation. Birch woods develop upon humus 

stretches and in such cases maintain a vigorous growth with 

an under-vegetation quite different from that formed when the 

Betula establishes itself upon talus. In the latter case Epilob- 

ium, Apocynums, Asters and other herbs not strongly nitro- 

phytic are the subsidiary plants. In the humus formation 
Lycopodium, Botrychium, Monotropa, Pyrola, Circaea and nitro- 

phytic lichens, fungi, and grasses of the genus Poa or Homalo- 

cenchrus are abundant. 
Other formations no doubt arise in the Lake of the Woods 

district, characterized by the dominance of other plants, but 

those that have been defined will serve as indices of the eco- 

logic conditions of humus shores. Such shores are quite azonal 

in their distribution of plants, but the question of illumination 
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becomes important as the lake is approached. A grouping of 

the humus plants into those which can endure the strong illu- 

mination near the edge of the Betula wood, forexample, and those 

which must have the deeper shade is effected, giving rise toa 

rudimentary zonal arrangementeven here. Moneses is so essenti- 

ally a shade-loving plant (ombrophile) that it does not approach 

the edge of the wood, but remains in the deep shadows. Cor- 

allorhiza, on the other hand, prefers a station nearer the edge. 

Comparative tests of the different humus plants with reference 
to their degree of ombrophilic instinct w ould be useful, and 

could be made in such a region. 

CONCLUSION. 

The principal formations as studied at Lake of the Woods, 

have now been passed in review and their characters noted and 
commented upon. No extended summing up is necessary for 

it must be apparent that the purpose of the paper has been but 

a single one—to point out the dependence over such an area as 
the shores of the lake, of plant formations upon topographic 

and environmental conditions. It has been shown how each 

formation may be explained briefly as connected with a certain 

melange of outward conditions, and an effort has been made to 

analyze these conditions both by themselves and as connected 

with the growth of vegetation. Such an account, the first of 

its kind published in America, may be of service in stimulat- 
ing ecologic study of plants, and if it be so fortunate its author 

will be well satisfied and repaid for some months of arduous 

work in the field. There is no question that the study of plant 

distribution over limited areas must be pursued more labori- 

ously than ever, if the large problems of distribution are to re- 

ceive accurate and authentic solution. Hcological distribution 

as a field of botanical research needs many students. 
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DESCRIPTION OF PLATES. 

PLATE LXX. 
Strand vegetation on Garden island. Salix front strand forma-: 

tion, with Salix mid-strand in background. 

PLATE LXXI. . 
Strand vegetation on Oak point. Prunus and Elymus mid-strand in 

foreground, Prunus and Rosa back strand to the left. 

PLATE LXXII. 

Strand vegetation on Isle aux Sables. Cornus and Salix mid-strand 
in background. Populus and Quercus back strand in foreground. 

PLATE LXXIII. 

Dune vegetation on Isle aux Sables. Populus, Prunus, Juniperus 

and Elymus. 

PLATE LXXIV. 
Dune vegetation, Isle aux Sables. Populus, Artemisia and Elymus 

in foreground. Cerasus and Celtis in background. 

PLATE LXXV. 

Dune pool, Isle aux Sables. WHleocharis formation surrounded by 

Prunus pumila, Juniperus sabina and Houstonia.  Cerasus and 

Celtis formation in background. 

PLATE LXXVI. 
Morassic shore, Echo bay. Zones of Scirpus, Salix, Cornus, Populus 
and Pinus. 

PLATE LXXVII. 
Azonal boulder slope on MacPherson’s bay. Showing Betula forma- 

tion in background, with LEpilobium, Spiraea and Calamuagrostis 

formation at water’s edge. 

PLATE LXXVIII. , 
Creviced rock and talus formations, near Rat Portage. Campanula, 

FHeuchera and Juniperus formation at water's edge. Pinus and Pop- 

ulus formations in background. 

PLATE LXXIX. 
Irregular surfaced rock formation, near Keewatin.. Showing Pinus 

formation. 

PLATE LXXX. 
Rock and talus formations on Flag Island point. Showing Populus 
formation on drift and trees. Aristida and moss formations in 

crevices of rocks in the foreground. 

PLATE LXXXI. 
Map of Lake of the Woods. After the map of the Canadian Geolog- 

ical Survey, with some modifications, especially in American 

waters. 
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LI. THE ALKALOIDS’ OF VERATRUM. I. 

GEORGE B. FRANKFORTER. 

HISTORICAL. 

The genus Veratrum is represented in Minnesota by Veratrum 

viride Ait., a plant reported from Stearns county by Garrison, 

and probably distributed over the northern portion of the 

state. While not apparently abundant, it could doubtless be 

made to grow under cultivation throughout Minnesota, for its 

general range in North America is a broad one. The popular 

name of the plant is Hellebore. 

The substance commonly known in pharmacy as veratrine, 

varies widely in its composition, chemical, physical and phys- 

iological properties. Until recently it has been exceedingly 

difficult to obtain different samples with the same general 

properties. The introduction of the so-called ‘‘ Merck verat- 
rine” has changed matters somewhat, although samples of the 

Merck alkaloid have been found to vary considerably in their 

general properties. 
One of the chief causes of this exceptional variation is the 

extreme difficulty with which the alkaloid crystallizes, thus 

almost excluding one of the most important means of purifica- 

tion. Another, and perhaps the most important reason for 

this wide variation, lies in the fact that almost every one of the 

early investigators of the ‘‘veratria” has given the name to a 

different alkaloid or to a mixture of alkaloids. 

In 1819 Pelletier and Caventou! obtained from Veratrum 

sabadilla an amorphous base, which was afterwards shown to 

be a mixture of several alkaloids. For some time this was sold 

as a medicine under the name ‘‘veratria.” 

Later Couerbe? in an examination of the sabadilia, obtained 

three distinct alkaloidal substances. One of these, the most 

abundant, was amorphous but formed acrystallizable sulphate 

(1) Annal. de Chim. et de Physigue [11] 14: 69. 

(2) Annal. de Chim et de Physique [IJ] 52:352. 
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and chloride. Hecalled the substance veratrine. The method 

which he used for the extraction is briefly as follows: The 

triturated seed was treated with 90 per cent alcohol allowed to 

stand for some hours and filtered. The alcohol was evaporated 

off when a dark colored varnish-like substance remained. The 

brown substance was then purified by treating the aqueous 

solution with dilute nitric acid, and the alkaloids reprecipita- 
ted by potassium hydroxide. The precipitate formed was 

filtered off, washed with cold water and taken up in 95 per cent 

alcohol. On evaporating off the alcohol, a yellow waxy mass 

remained which contained, besides veratrine, all the alkaloids 

present in the plant. Toseparate the sabadilleine, the second 
substance, from the veratrine, the whole mass was digested 

with hot water. Sabadilleine and the waxy substance dissolved. 

The residue was then treated with ether and that which 

remained on evaporating the ether was veratrine. This white 

varnish-like substance was repurified and analyzed. Two 

analyses gave the following: (1) C=70.78.. H—7.63; (2) C= 
70.48. H— 7.67, which corresponds to the formula 

C4 Haz No Os . 
The aqueous solution upon examination was found to contain 

besides the crystallized sabadilleine, an amorphous substance 

which was like sabadilleine soluble in both water and alcohol. 

It contained similar properties to sabadilleine wax called saba- 

dilleine hydrate. 

Castner? in a repetition of Couerbe’s work concluded that the 

crystals obtained by him were directly or indirectly due to the 

presence of calcium phosphate in small quantities. 

Ed. Simon‘ in an examination of Veratrum album, isolated two 

new alkaloids. One he called barytine and the other he named 

veratrine. The former after carefully examining, he changed 

to jervine (from jerva, a Spanish name for the deadly poison 
of the Helleb. alb.). The latter he identified as the veratrine 

of Couerbe. He obtained the alkaloids by treating the material 

- with dilute hydrochloric acid, precipitating with sodium car- 

bonate, extracting with alcohol and evaporating off the alcohol. 

They were purified by redissolving in alcohol, treating with 

animal charcoal, filtering and evaporating off the alcohol. The 
separation was made by dissolving in alcohol and adding dilute 
sulphuric acid. The sulphate of jervine is insoluble and can 
readily be removed by filtration. 

(3) Arch. 88 

(4) Pogg. Ann, 41:569, 
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Wiegand® used a similar method for the extraction of the 

different alkaloids, but used a different method of separat- 

ing them. He treated the whole of the crystalline mass with 

very dilute acetic acid, purified by animal charcoal and separ- 

ated by dilute sulphuric acid and ammonia. 

Merck,® in an examination of the base, described and ana- 

lyzed by Pelletier, Couerbe and Dumas, found that when the 

amorphous substance was dissolved in exceedingly dilute alcohol 

and allowed to evaporate spontaneously, a fine white efflores- 

cent crystalline mass was obtained which was insoluble in wa- 

ter. Analyses gave numbers for the formula 

Cos Hse No Ore. 
The sulphate, the chloride and the gold double salt were pre- 

pared and analyzed, analyses corresponding well with the 

above formula. 

Weigelin,” in an examination of Veratrum album, isolated 

three alkaloids, veratrine, sabadilleine, to which he gave the 

formula 
Car Hog Neo Ors, 

and sabatrine of the formula 

C57 Hee Ne Oi. 
The method of extraction was similar to that employed by 

Couerbe. The pounded seed was boiled with very dilute sul- 

phuric acid and the extract treated with 80 per cent alcohol to 
remove the resinous matter. The alcohol was removed by 

evaporation and the boiling solution treated with ammonia. A ~ 
resinous precipitate was formed which contained the veratrine. 

The latter was purified by dissolving in ether, evaporating, 
redissolving in alcohol and precipitating with water. The 

ammoniacal filtrate was agitated with amyl alcohol and allowed 

to evaporate spontaneously. The residue was then redissolved 
in common alcohol purified by animal charcoal. Finally, the 
concentrated solution of the veratrine was precipitated by am- 

monia. This residue was then extracted with ether. That 

which remained, upon evaporating the ether extract, was a. 

bright red substance which was called sabatrine. An analysis 
gave numbers for the formula 

C57 Hee Nz O17. é 
The sabadilleine was insoluble in ether and was repurified by 
reprecipitating from hot water. 

(5) Jahrs.f. prak. Pharm. 1841: 330. 

(6) Ann. d. Chem. and Pharm. 9%: 200. 

(7) Chem. Centralbl. 1872:229. 

Be 
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The veratrine itself was obtained in two isomeric forms, one 

soluble in water, and the other insoluble. Analysis gave num- 

bers which correspond best for the formula 

C52 Hyg No O45. 

Mitchell’ in an analysis of both Veratrum viride and Veratrum 

album found that the amount of alkaloids and resin varied in 

different lots of the root, due probably to different time of 

gathering. His quantitative determination of the alkaloids is 

interesting as compared.with similar determinations made by 

Bullock? , Peugnet and Salzberger. 

Veratrum viride grains per lb. Mitchell. Bullock. Peugnet. 

Samples iV Li Ee I. i 
Veratroidine, 18.32 24.35) 28:6 46.0 43.0 
Veridine, 14.3 
Jervine, 16,0) 18:2 42025 1.5 
Resin, 115.0 110.0 192.0 
Oily matter, 1OJO< 25t01. 50.0 

Veratroidine is described as a white powder, uncrystallizable, 

of a bitter taste, producing a tingling sensation, and occasion- 

ing a violent irritation of the mucous membrane. It melts at 

265° C. and forms salts with acids which are uncrystallizable. 

Alkalies reprecipitate the free base as a semi-crystallizable 

substance. The remarkable similarity of this base to cevadine 

' makes it appear necessary that the viride should be re-ex- 

amined. 

Of equal interest is the quantitative determination of the 

alkaloids by Mitchell” and Salzberger" in Veratrum album. 

Veratrum album, grains per lb. Mitchell. Salzberger. 
Jervine, 10.0 aD 
Alkaloids soluble in ether, 85.0 
Resin, 220.0 
Oily matter, 124.5 
Protoveritridine, , 0.25 
Protoveratrine, 0.3 
Rubijervine, Quantity undetermined. 
Pseudojervine, 2 rf 

Schmidt and Kiéppen! obtained from the crude substance by 
dissolving in alcohol and allowing to evaporate spontaneously, 

well crystallized veratrine which corresponds well with the 

(8) Pharm. J. Trans. [III]. 5: 768, 785, 847, 886. 

(9) Am. Jour Pharm. 47: 449. 

(10) Pharm. J. Trans. [III]. 5: 768, 785. 

(11) Inaug. Dis. Erlangen. 1890. 

(12) Ann. 185: 224, 
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crystals obtained by Merck. Seven analyses of the pure crys- 

tals gave numbers for the formula 

C3z Hs9 NOg 
Although this formula seems to differ widely from that given 

by Merck and also by Weigelin, nevertheless when analyses are 

compared the difference in carbon and hydrogen is only small. 

Merck*. Weigelin'’. Schmidt and Kiéppen. 
Analyses is Lae eae Te AIS. RS CS 
©. 64.73 64.51 64.99 65.00 64.42 64.85 64.89 64.27 64.59 
H. 8.84 8.55 8.76 8.7 8.70 8.56 8.81 8.58 8.68 
N. 5.5 2,92, °2,05'19'89, 2) Gi tan 

It seems evident from the nitrogen determinations that the 

substance which Merck had in hand was not identical with 

that of both Schmidt and Képpen and Weigelin. This is also 

verified by the salts formed, the salts obtained by Merck being 

the only ones which were obtained in crystalline form. Schmidt 

and Képpen stated that when their veratrine was dissolved in 

acetic acid and treated with ammonia a part was precipitated 

while a part remained in solution. From this, they concluded 
with Weigelin that the alkaloid was capable of existing in two 

isomeric forms. They showed that the soiuble form, was 

capable of being changed back to the insoluble form by treating 

again with acetic acid and carefully neutralizing with dilute 

ammonia. Finally the identity of the two forms was estab- 

ished by comparison and analysis of the chlorides and the 

platinum double salts. The amorphous form melts at 150° to 

155° C., while the crystallized form melts at 205° C. Couerbe 

gave the melting point at 115° C., while Pelletier and Caventou 

found a melting point of 50° C. 
Wright and Luff in a series of brilliant experiments on the 

alkaloids of the Veratra have thrown much light on what 

was hitherto regarded as a mass of contradictions. A sharp 
distinction was made between the several different bases which 

were up to this time known as veratrine. They showed that 

the substance described by Merck as veratrine is not identical 

with the veratrine of Couerbe, and that with a single nitrogen 

determination the analyses correspond, as has already been 

shown, with the base which Schmidt and Képpen had in hand 

and to which they ascribed the formula 

C32 Hyg NOg 
(43) Ann. 95: 200, 

(14) Chem. Centralbl. 1872: 229. 

(15) Jour. Chem, Soc. London. 38: 338. 
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Of the three bases which have already been referred to, each 

has been known as veratrine. That of Couerbe was amorphous, 

but gave crystalline salts. That of Merck was crystallizable, 

but the salts noncrystalline save the gold double salt. The 
third is perhaps an isomeric form of the second. 

These bases were given the following names for the logical 

reason which follows: 

(a) Veratrine, because the prior right to the name rests 
with this base and because it forms veratric acid by saponi- 
fication. 

(b) Cevadine, because it forms cevadic acid and because it 
is not identical with the true veratrine. 

(c) Cevadalline, because it appears to form cevadic acid and 
because in insolubility in ether it corresponds with the 

‘“‘sabadilleine” of Weigelin and Dragendorff, which was not ob- 

served by them. The fact that other experimenters found that 

the greater part of the alkaloid was crystallizable, was satisfac- 

torily explained by the fact that a trace of a noncrystalline 

substance interfered with the crystallizing powers of the base. 

The method of extraction as given by Wright and Luff, 

differed widely from those which had hitherto been used. 

The omission of alkalies owing to the great danger of saponi- 

fication was of the most importance as partial saponification 

and therefore considerable loss must have occurred in all of 

the previous methods, even in the use of ammonia. The 

method was briefly as follows: Thecoarsely powdered material 

was extracted with alcohol acidulated with tartaric acid (1 part 

of acid to 100 parts of the material) evaporated to a small 

bulk and the resin removed'by the addition of water. The 

alkaloids were then extracted by repeatedly shaking with ether, 

the ether being treated with tartaric acid. The tartaric acid 

was then neutralized with sodium carbonate and shaken with a 

large quantity of ether. On evaporating the ethereal solution, a 

substance remained which refused to crystallize. By treating 

with benzoline a viscid, honey-like mass remained. A part, how- 

ever, dissolved and appeared as imperfect crystals on evapora- 

tion. The crystals were removed and purified by redissolving 

in hotalcohol. The purecrystals melted at 205° C. and were un- 

doubtedly identical with Merck’s, and Schmidt and Képpen’s 
veratrine. On account of its properties it was called cevadine. 

It forms cevadic acid by saponification. 

In order to isolate the second base present as much as possi- 
ble of the cevadine was removed and the insoluble portion 
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purified by treating with tartaric acid and sodium carbonate, 

extracting with ether and finally treating with benzoline. A 

substance was thus obtained which corresponded with 

Couerbe’s veratrine. Analyses gave numbers for the formula, 

C37 Hs3 N Oi1. 
On a saponification with alcoholic sodium hydroxide the base 

breaks up into veratric acid (dimethylprotocatechuic acid) 

Cy Hyp Ox, and a base resembling closely cevine, Cos Hy; N Og. 

C3; Hs3 N Oi + He O = Cy Hyp Oy + Cog Hus N Og. 
In their examination of crystallized veratrine Wright & Luff 

showed that it was a distinct alkaloid, that it probably did not 

exist in an isomeric form; that it yielded cevadic acid and a new 

base which they named cevine, by treating with alcoholic pot- 

assium hydroxide or heating in a closed tube at 200°C. By a 

series of analyses they arrived at the formula 

C32 Hyg N Oo 
and represented the saponification by the following reaction: 

C32 Hyg N Oo + He O = Cs Hg Og + Co, Hy3 N Og. 

Although the base cevine was not studied, yet the derivatives. 

of cevadine itself were made and analyzed, which leaves no 

chance for doubt as to the correct conclusion. 

It therefore appears that the veratrine of Merck and Schmidt 

and Képpen was not veratrine at all but cevadine which upon 

saponification yields cevine and cevadic acid. A comparison 

of analyses will serve to show their identity. 

Calculated for Merck. Schmidt& Képpen. Wright & Luff. 

C32 Hay N Og 
C—64.97 64.81 64.63 64.72 
S528) 8.71 : 8.62 8.57 
N= 2.37 5.90 2.66 2.31 

Gold in goldsalt 21.08 21.01 21.09 21.04 

The above numbers are the mean of several analyses with 

the exception of the nitrogen determination by Merck which 
is undoubtedly the result of an error. 

The structure of cevadine is still a mystery. It is known, 

however, that there is one hydroxyl group present, and from 

the succeeding experiments one methoxyl group. 

Later Wright!® made a careful estimation of all the alkaloids 

present in both Veratrum album and Veratrum viride. The re- 

sults showed that the total amount of alkaloidal matter in V. 

viride was only about one-fifth of that present in V. album. 

(16) Journ. Chem. Soe. 35: 421, 
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The following gives the number of grams per kilogram of 

roots: 

Alkaloid. Veratrum album Veratrum viride. 

Jervine, 1.3 gr. 0.2 
Pseudojervine, 0.4 0.15 
Rubijervine, 0.25 0.2 
Veratralbine, 22 trace 
Veratrine, 0.05 trace 
Cevadine —: 43 

Bossetti!’, in a discussion of veratrine, found that it existed 

in two isomeric forms—a crystalline and anon-crystalline. The 

crystalline he showed to be identical with cevadine, while the 

soluble form was regarded as veratridine. By treating these 

two forms with alcoholic barium hydroxide, the crystallized 

form broke down into angelic acid and cevidine, 

Cs2 Hyg NOy + 2H O = Cs Hs O2 + Co7 His NOg 

while the amorphous broke down into veratric acid and vera- 

troine, 

2 Ce Hyg NOg + 2H,0 = Co HyO4 + Css Hoo No Ojg. 

Ahrens’, in an examination of cevadine or crystallized vera- 

trine, obtained both cevadic or tiglic acid and angelic acid by 

treating the alkaloid with alkalies. With alcoholic potassium 

hydroxide tiglic acid was formed, but with alcoholic barium 

hydroxide angelic acid was liberated. Tiglic acid was also ob- 

tained by treaticrg with concentrated hydrochloric acid. Both 

cevine and cevidine were examined as well as the isomeric 

forms" of the base itself. 
Two bromine compounds were prepared. The tetra-com- 

pound was made by treating with excess of bromine water. 

Analysis gave numbers for the formula 

Cz2 Hyg NOy Bry, 

while the second, the dibromide, was obtained by treating the 

tetrabromide with very dilute potassium hydroxide. Analysis 

gave the formula 

C32HygN Oo Bro 7 

Various oxidizing reagents were tried upon the base without 

satisfactory results. Acetaldehyde and carbon monoxide were 

obtained with chromic acid and acetic acid with potassium per- 

manganate. . 

(17) Arch. Pharm. 1883: 82. 
(18) Ber. 23: 2700. 

(19) Ann. 185: 224, 
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Of special interest is the result of a dry distillation of the 

alkaloid. At 197-200° C. a colorless acid was obtained which was - 

identified as tiglic acid. At the same time a base was obtained 

which was identified as B picoline by comparing with the same 

base obtained from strychnine. 

The formation of a pyridine derivative by destructive distil- 

lation undoubtedly indicates the presence of that base in the 

natural alkaloid, and helps materially toward the determina- 

tion of the structural formula. 

Salzberger,*? in an exhaustive examination of Veratrum 

album, made use of two methods of extraction, one he called 

the ‘‘barium method,” and the other the ‘‘metaphosphoric 

method.” The phosphoric acid method proved best, the use of 

barium hydroxide undoubtedly producing a partial saponifica- 

tion of the alkaloid. From the crude material he isolated the 

following bases: 

Protoveratrine, C32, Hs; NOy 
Protoveratridine, Cog Hy; NOs 
Pseudojervine, Cs9 Hy; NO; 
Jervine, Cog H3, NOs 
Rubijervine, Cog Hy3 NO: + He O. 

There is a remarkable resemblance between protoveratrine 

and cevadine and protoveratridine and cevidine. A brief com- 

parison will show that these might easily be taken for one 

another: 
Cevadine, C9 H4o NOs» 

Protoveratrine, O3. Hs; NO;; 
Cevidine, Cog Hy; NOs 

Protoveratridine, Coy Hy; NO», : 

From the above formulas, and from a remarkable resemblance 

in general properties, it seems necessary that these bases 

should be again studied and compared. 

A careful comparison of cevadine with the veratrine of 
Merck and Schmidt and Képpen has shown that they are the 

same substance. While historically, and for reasons already 

given, cevadine should take precedence, nevertheless, from the 

fact that the cevadine is the common veratrine alkaloid used at 

present in pharmacy, it seems best to retain the name which 

associates the alkaloid with the genus of plants from which it 

is obtained. The name veratrine has therefore been retained 

in the following experiments. 

(20) Inaug. Dis. Erlangen 1890: Arch. Pharm. 238: 230. 
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EXPERIMENTAL PART. 

The veratine on which the following experiments have been 

made is of a light gray color and appears, when highly 

magnified, as imperfect granular crystals. It is slightly sol- 

uble in water, very soluble in methyl, ethyl and amyl alcohols, in 

ether, acetone, chloroform and carbon disulphide. It appears, © 

upon the evaporation of any of these solutions, as a light-brown 

varnish. On stirring this varnish like mass with water, it 

changes to a granular semi-crystalline mass. It refused to 

crystallize from alcohol. The powdered form has a peculiar 

bitter, rasping taste, producing a certain numbness of the 

tongue if taken in very small quantities. This peculiarity 

readily distinguishes it from any of the other alkaloids. It is 

a violent sternutatory, producing intense irritation of the nasal 

mucousmembrane. It retards the action of the heart even when 

taken in small quantities. It gives a slightly alkaline reaction, 

which is intensified when the alkaloid is dissolved in alcohol. 

It gives with dilute nitric acid a pale yellow solution; with con- 

‘centrated nitric acid a brown color and a strong odor of acetic 

acid. With concentrated sulphuric acid it produces an orange 

red color, which, on standing for some time, becomes fluores- 

cent; with a great excess of acid, it becomes intensely red in 

transmitted light. With concentrated hydrochloric acid, it 

produces a blood red color immediately which seems to be per- 

manent. It changes, however, to a dark brown color on heat- 

ing. If the red solution from the hydrochloric acid is rendered 

slightly alkaline with ammonia, the color changes to a dirty 

green even when the alkaloid is present in very small quanti- 

ties. The melting point after repurifying was 146-148° C. 

In order to determine, whether or not the substance in hand 

was identical with that described by Merck and Ahrens anal- 

yses of the free base were made together with the gold double- 

salt. 

No reference was made by the above named investigators 

to the water of crystallization. Three determinations were 

made, the mean of which corresponded for one molecule of 

water. 
I, .2401 grm. of alkaicid dried at 100°—102 lost....0.0081 H;O 

ee a8 bh ay : Wy Ce ORO LOR ee. 

OA? nC SME Sb ks Cy ak ome AN Ce Ma 
Calculated for Found 

Cz2 Hy NOo He O. if 1, ERY, 

H, O— 3.00. Sag, Bolt Toe 
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Combustions of the dried substance gave the following: 
I. 0.1933 grms. dried sub. gave.....0.4572 CO, and 0.1441 H, O. 

ET, :Oc2060.— ** oe hae PES E ys otukcre 0.4874 ‘“* and 0.1513 ay 

Calculated for Found 

C32 Hyg NOg. lis II. 

C= 62907"! 64.8 64.53 
= 6529 8.4 8.16 

The purity of the substances was further proved by the 

properties and the melting point «+ ‘he gold double-salt which 

melts according to Merck and Alirens at 178°—180°. The re- 

crystallized double-salt was found to have a melting point 

(uncorr.) of 178°—182°. The melting point of the base itself is 

not given by the above mentioned investigators. A gold de- 

termination gave the following results: 

.2462 gr. dried salt gave 0.05171 Au. 

Calculated for Found 

Oz9 Hy 49 NO, HCl: Au Cl; . 

Au= 21.08 21.00 

METHOXYL DETERMINATION. 

Wright and Luff*!in their work on the alkaloids of the 

sabadilla stated that cevadine (which is undoubtedly iden- 

tical with the Merck veratrine) contained one hydroxyl group. 

They verified the assumption by the introduction of a benzoyl 

group, forming a monobenzoy! veratrine 

C32 Hyg (C7 Hs O) NOg. 
The presence of tigic acid, B methylpropionic acid, was 

also indicated by its formation when the base was heated with 

water at 200°. They therefore ascribed to the base the fol- 

lowing crude formula 

OH 
Cer His NOs O90_c (CH; )—CH—CHs. 

It would appear from this formula that the alkaloid contains 

no methoxyl group, although no record of such a determination 

has been given. In order to determine definitely the presence 

or absence of the methoxyl group, several analyses were mdde. 

by the Zeizel method with the following results: 

I. .2461 grams of dried sub. gave 0.0698 AgI. 

II. .2021 grams of dried sub. gave 0.0636 Agl. 

Calculated for Found 

C31 Hy, NOg (OCHS ), i 101 
OCH; =4.19 AMG “4:72 

(21) Journal of the Chem. Society. 33: 338. 
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THE IODIDES OF VERATRINE. 

As stated by Ahrens” veratrine absorbs bromine readily, 

forming a tetrabromide 

Cs2 Hyg NO» Bry 

It was prepared by triturating veratrine with strong bromine 
water, when a yellow powder was formed which was purified 

by filtering and washing with warm water. It proved to be 
insoluble in water but readily soluble in alcohol, ether, chloro- 

form and acetone. 
_ On treating the tetrabromide with dilute potassium hydroxide, 

two bromine atoms were readily removed forming a light 

yellow dibromide 
C32 Hy49 NO» Bro. 

Reference is also made to an iodide of veratrine*? which was 

prepared by the action of iodine on asalt of veratrine. The 

formula given was 

C2 Hs N2 Os H1s, 
Veratrine tetraiodide, O32 H1y NOs I; + 3H2 O. 

A careful examination showed that iodine also combined 

readily with veratrine forming a series of compounds which in 

many respects resembled the bromides. By triturating vera- 

trine with a strong alcoholic solution of iodine, a reddish brown 

substance was formed which upon examination appeared to be 

a mixture of several substances. This was also indicated by 
the varying melting point. A great excess of iodine was then 

added and the substance allowed to stand for several days 

when a beautiful light red crystalline substance was formed 

with a melting point of 129°-130°. It is very soluble in 
methyl and ethyl alcohol forming upon evaporation a dark 
brown waxy mass. It is soluble in acetone, forming a wax 

which upon standing becomes a dark red powder. It is insol- 

uble in ether, benzole and water. By treating with sulphurous 

_ acid, the red color disappeared and a light yellow powder is 

formed which was afterward identified as the monoiodide. 

With dilute ammonia the same substance is formed but, with 

concentrated ammonia, a white, gelatinous substance is formed 

with some of the properties of the free base. An examination 
showed it to be different from the free alkaloid, although all of 

the iodine had been removed. 

Great difficulty was experienced in the determination of water 

of crystallization. It was found after several determinations, 

(23) Ber. 23: 2700. 

(22) Arch. Pharm [III], 5: 289. 
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that four hours drying at 100°-102° was necessary to remove 

the three molecules of water present. It was also found that 

by drying at 104°-106° some of the iodine was driven off. This 

explained the difficulty in obtaining satisfactory results in the 

early analysis. A careful determination of moisture was made 

raising the temperature para to 114°, with the following 

results: 

2. 362 grm. substance dried at 100° for 2 hours, lost....0.082 
es Aa Soin 300 BS YO ag for 2 hours lost 0.118 

Sean i “ “© «© 100-102 «0.408 
BED thas “ e466 100-1040 6 ee 
a es 986/100-1044 <0) ae 
Gia) ets “ 0466 100-105 9 oe 
bly ot “ 66400-1085 9 1 os sega 
Be cua “ 100-105 tt oe 
6s “ec 6s oe 6s 102-106 a6 ee “ce 0.240 

BD z cet 109-106 77) 6 See 2 GS 
a “ <6 1044407' | 8) 
ee dat “ OA I07 | ke ee 

“ “ 46 905-108. 9 68 0 +8 Cen 
sé sc 6s 5 oe 3 105-109 6s sé “c 0.341 

Lutes vs BY TIOHATTO. ET 
si e " *« — *© 105-110 constant ‘ “« 0.382 
Moa “e 61040 1105119) ey 
dane Ue “ 9 118 ak tO 
“6 es ‘ ee oe ee 119 =i 14: +e ee sé 0.414 

The substance showed decided indications of decomposition ~ 
at 112-114°, and at 120° began to frit, changing to an almost 

black waxy mass. As will be seen from the above numbers, 

the substance dried to constant weight at 100° loses three mole- 

cules of water. 

2.362 dried at 100° lost 0.118 water 

Calculated for 

C39 Hypo NOpg I, a5 3H, O Found 

3 Hy O—4.68 4.99 

It was found, on examination, that the loss which occurred 

by heating above 102° was due to iodine, and that by drying at 

110° to constant weight one-fourth of the iodine could be driven 

off. ; 
2.3862 grm. substance dried to constant weight at 110° lost 

0.882 I+ H20. 

Calculated for 

C32 Hyg NOg Iz + 1+ 8He O Found 

T+ 3H O =15.7 16.17 

An attempt to remove another atom of iodine was unsuccess- 

ful, as is indicated by the above experiment, although the loss 
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which occurred between 110-114° was due to the liberation of 

iodine. 
An analysis of the substance dried at 100° to constant weight 

was made with the following results: 

.2231 grms. of dried iodide gave .2854 grms. CO: and .0912 H, O 

Calculated for 
Cys HygN Og I; Found 

C=34.94 34.64 
H= 4.45 4.9 

Veratrine triiodide Cx, Hy NOg I;. The red iodide dried 

at 110° to constant weight became a dark brown amorphous 
powder which showed no signs of crystallization on treating 

with water, It is insoluble in ether and much less soluble in 

methyl and ethyl alcohol than the tetraiodide. It melts at 

136°--138°. 
Analyses gave the following results: 

I. .2034 grams of sub. gave .29388 grms. CO, and .1152 H, O. 

II. .1945 grams of sub. gave .1405 grms. Ag I. 

Calculated for Found 

C32 Hyg NOg I3 i IL. 

C=39.5 39.37 
H=6.36 6.28 
[=39.2 38.6 

While it was evident that more than one-fourth of the iodine 

could be driven off by drying, repeated attempts to obtain the 

diiodide were unsuccessful. 

Veratrine monoiodide C3, Hy NOy I. By treating the tetra- 

iodide with dilute ammonia and allowing to stand for several 

hours in a warm place, the bright red color disappeared and a 

light yellow granular substance was formed. It proved to be 
insoluble in water, ether and chloroform, but very soluble in 

methyl and ethyl alcohols. <A bright yellow powder is formed 

on evaporating off the alcohol. It does not form the waxy 

mass which characterizes the tetraiodide. It was obtained 

from a dilute alcoholic solution as a fine crystalline powder 

with a melting point of 212°-214°. It contains two molecules 
of water which were removed by drying at 100°. 

.8782 grm. of substance dried at 100° lost 0.018. Hz, O. 

Calculated for Found 

C32 Hy NOy I1+2H, O. 

2H, O=4.77 4.76 
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An analysis gave the following: 

0.1763 grms of the dried sub. gave 0.0583 Ag 1. 

Calculated for Found 

C39 Hyg NOg I. 

I=17.68 ihre 

On digesting with strong ammonia for a short time the iodide 

was completely removed, and a white insoluble gelatinous sub- 

stance was formed which at first was regarded as the free alka- 

loid. An examination showed that it differed from veratrine 

in general appearance and solubility. It melted at 189°. 

OTHER COMPOUNDS. 

O (C32 Hig NOs 
O Onn Has noe As stated by 

Wright and Luff veratrine heated at 100° with twice its weight 

of benzoic anhydride, is converted into a monobenzoylveratrine 

Cs2 Hyg (C7 Hs O) NOg. 

The formation of this compound proved the presence of one 

hydroxyl group. The writer repeated the experiment in order 

to determine whether or not more than one hydroxyl group ex- — 

isted inthe alkaloid. Theimpossibility of making more than the 

mono derivative was sufficient evidence that but one group ex- 

isted. It was found, however, that this group was so loosely 

held that it could be replaced by treating with almost any anhy- 

dride. Chloral was found to react vigorously on the alkaloid, 

producing a sort of effervescence. With excess of chloral the al- 

kaloid dissolves. With a smaller quantity a waxy mass is formed 

which readily changes to a creamy white granular powder. 

This powder was washed thoroughly with ether to remove the 

free chloral. The substance in the pure state was almost white 

and crystalline. A determination showed the reaction to be 

quantitative. Five grams of the veratrine gave 6.1 grams of the 

pure chloral compound. It is insoluble in ether and chloro- 

form, but very soluble in water and alcohol. It melts at 220°. 

In its physiological properties it resembles veratrine. Itisa 

most powerful sternutatory, producing the most violent irrita- 

tion of the nasal mucous membrane. In the most minute quan- 

tities it effects the eyes, causing intense pain and contracting 

the pupil. It is a remarkable local irritant. Applied to the 

moistened skin and rubbed it produces blisters. It is readily 

decomposed by alkalies. Ammonia decomposes it forming 

chloral hydrate and veratrine. Itis hygroscopic, taking on two 

Chloralhydroveratrine C Cl; CH 

(24) Journ. Chem. Soc. 32: 351. 
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molecules of water if exposed to the air for some time. The 

water can readily be removed by drying at 100°. 

Analysis gave the following numbers: 

I. .2394 grms. of dried substance gave .5280 CO, and .1530 Hy O. 
ip 1692. ** ae os és | 30502 Ao Cl. 

Calculated for Found 
C Cl, CH (OC Hyg NOs )2 I. it 

C= 60.38 60.2 

H= 7.38 ra 
Cl= re Lao 

The alkaloid formed by the action of ammonia upon the sub- 

stance was carefully examined in the hope of finding the 

isomeric base of Schmidt and Képpen. Although the base 
seemed to have a few different properties from the original 

veratrine, the gold double salt had exactly the same properties 

and melting point of the original gold salt. 

Veratrine methyliodide, C32 Hy NOg' CH3I. From the re- 

semblance of veratrine to the alkaloids narcotine and narceine, 

it was believed that it would form a compound with methyl 

iodide. It was found, on treating the base with excess of | 

methyl iodide, that the substance readily dissolved with the” 

exception of a very small quantity of gelatinous substance, 

which was found to be an impurity. In allowing the filtered 

solution to stand for some hours, or by heating on a water bath 

with a reflux condenser, the whole of the base precipitated 

out as a solid, yellow, crystalline mass. The reaction was com- 

plete at the end of an hour on the water bath, but it required 
several days at the ordinary temperature to completely con- 

vert it into the iodide. Excess of the methyl iodide was then 

evaporated off and the veratrine compound treated with ether 

to remove any trace of the unchanged alkaloid. The iodide 

thus obtained was a light yellow crystalline powder, insoluble 

in ether and chloroform, and soluble in methyl and ethyl] alco- 

hols. It is soluble in hot water, from which it can be obtained 

as an almost white crystalline powder. It melts at 210°-212° 

with apparent decomposition. 
It contains 1.5 molecules of water of crystallization which can 

be removed by drying at 100°. 
I. 0.8547 grms. dried to constant weight at 100° lost .0182 

(VCO Ge tol ae al os Tm gr st Grea 3 § 

Calculated for Found 

C39 Hyp NO 9° CH; I+ 5 Ho O. bi LE 

14 Hy, O= 3.55 3.72 3.85 
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Analysis gave the following numbers: 

1, .2181 grms. of dried substance gave .4243 CO, and .1440 Hp O. 

CE BS Fee 0S i i ee ae He <4 20638 Avert: 

Calculated for Found 

C32 Hyg NOg CH3 I. it pee 

C= 54.08 54.28 

He 7 4%, (als) 

I—17.82 16.94 

Veratrine methylhydroxide, C32 Hy NOs'CH; OH. ‘It was 
found that the iodine in the veratrine methyliodide could be 

removed by treating with sodium or potassium hydroxide. The 

iodide was dissolved in water and dilute sodium hydroxide 

cautiously added. The solution soon began to turn brown and 

after several hours a complete decomposition had taken place. 

Examination showed that two distinct substances had been 

formed, one, a waxy. substance which refused to crystallize 

and acrystalline substance which was sparingly soluble in water. 

The reaction seemed deep seated but is probably closely asso- 

ciated with that given by Wright in the preparation of cevine 

by saponification. 

A solution of the methyliodide was again treated with 

freshly precipitated silver oxide and warmed. It was found 
that above 45° the solution again turned brown, indicating de- 

composition. The experiment was repeated without warming 

the solution. Five grams of the methyliodide were placed in 

a shaking flask with 200 cc of water, an excess of silver oxide 

added and shaken for 12 hours at the ordinary temperature. 

At the end of that time a reaction seemed to be complete. The 

silver iodide and excess of silver oxide were removed by filtra- 

tion. An attempt to concentrate a part of the clear solution by 
evaporating on a water bath proved unsuccessful, for between 

40° and 65° decomposition began and in a half hour the whole 

solution became almost black. 

A second portion of the clear solution was evaporated at the 

ordinary temperature. At the end of three days, aresidue was 

obtained as a white granular powder. The substance proved 
to be exceedingly unstable, turning gray and finally brown on 

gently warming. It is soluble in water, methyl and ethyl alco- 

hols and in acetone; slightly soluble in ether and chloroform. 

It differs materially from veratrine. It is a non-sternutatory 

and appears to be physiologically inactive. It changes to a 

brown mass between 80° and 90° but does not finally melt until 

the temperature is raised to 188-190°. It contains water of 
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crystallization which was removed by heating in an air bath at 

60° for two hours. More satisfactory results however were 

obtained by drying over sulphuric acid in vacuo. 

.8958 grms. dried to constant weight lost 0.0320. 

Calculated for Found 

C39 Hy NO g‘CH3 OH+ 2H, @; 

3H, O=8.2 - 8.09 

.2022 grms. of the dried substance gave .4828 CO, and 

.1557 He, O. 
Calculated for Found 

C32 Hyg NOyg : CH; . 

C=65.45 65.13 

H=8.43 . 8.01 

The apparent change which took place in the substance on 
drying is evidently deepseated. The white granular substance 

on drying, became a fine light gray amorphous powder which 

is only slightly soluble in water. These changes, together 

with the comparative ease with which the substance decom- 

poses would indicate that a part of the water exists as water 

of constitution. This supposition is admirably borne out by 

the analyses. , 

Veratrine methylhydroxyhydrochloride, C32 Hf NO>: CH; OH 

H Cl. Veratrine methylhydroxide is very soluble in acids and 
readily decomposed by strong acids. Sulphuric acid decom- 

poses it changing first to a bright red color, and finally, with 

- decomposition to a black, tar-like mass. Hydrochloric acid 

gives a red color if the acid is strong. Very dilute acid dis- 

solves it, leaving a perfectly clear solution. If this clear solu- 

tion is allowed to evaporate spontaneously, a light gray gran- 

ular powder is formed. It is soluble in water, and can be 

obtained by spontaneous evaporation. It is soluble in methyl 

and ethyl alcohols. It forms a light, amber-colored varnish on 

evaporating off the alcohol. Itis very unstable, decomposing 

below 100°. It seemed to change upon standing over sulphuric 
acid for some time. 

_ .2065 grams of substance dried over sulphuric acid gave .4444 

COs and .1311 H», O 

Calculated for 

C32 Hy NOo' CH; OH H Cl Found 
C—60.00 58.67 © 
H=—8. 24 6.6 

It is evident that the water of constitution is held more firm- 

ly here than in the free base. e 
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Gold double salt (C32 Hig NOs * CH; OH: HCl) Au Clz. Anat- 

tempt to make the gold double salt from the hydrochloride did 

not prove successful. A decomposition took place on adding 

the gold chloride, apparently caused by excess of acid. A 

better method was found by treating the methyl hydroxide 

with gold chloride which had been rendered slightly acid with 

hydrochloric acid. A beautiful lemon yellow crystalline pow- 
der was formed. It was filtered off, washed with hot water and 

dried.on an unglazed porcelain plate. The substance thus 

purified melted at 149°. It is soluble in alcohol but sparingly 

soluble in water, ether and chloroform. It is comparatively 

stable, remaining unchanged at 110°. A determination of 

water of crystallization was not made. A gold determination 

gave the following: | 
.1716 grams of the dried salt gave 0.0362. Au. 

Calculated for 

( Cs2 Hy NOo: CH; OH’ H Cl) Au Cls Found 

Au=21.41 21.09 

Veratrine ethylbromide C32 Hy NOg'C, H; Br. Veratrine dis- 

solves readily in ethyl bromide, and combines slowly to form 

the veratine bromide. It was found that heating on a water 

bath with refid& condenser for six hours was necessary to con- 

vert it all into the ethyl compound. At the end of the reaction 

the excess of ethyl bromide was evaporated off, leaving the 

veratrine ethyliodide as a light yellow amorphous mass. By 

treating with water and stirring for some time, the substance . 

was obtained in crystalline form. It is sparingly soluble in 

water, but readily soluble in methyl and ethyl alcohols. It de- 

composes readily. It shows signs of decomposition at 60°, and 

at 100° it seems completely changed. It does not finally melt, 

however, until a temperature of 160° is reached. The sub- 

stance purified by boiling water was dried and analyzed. The 

result showed that a decomposition had taken place and that a 

tetrabromide of veratrine was formed. The ethylene odor was 

noticed in the boiling. Analysis of the substance thus treated. 

with water gave the following numbers: | 

I. .2270 grms. of dried substance gave .4591 CO, and .1603 H, O 
ET. .2228 “4 .0200 Ag Br. 

Calculated for Found 
C32 Hyg NO», Br, lg i: 

C— 42.15 49.55 
H— . 5.38 7.84 
Br— 35.06 inset ain es 
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Veratrine allyliodide C32 Hyg NOs: C; H3 I. By digesting vera- 

trine with allyliodide on a water bath for several hours, a solid 

but slightly waxy looking substance was formed. ‘The excess 

of allyliodide was removed and the veratrine compound washed 

thoroughly with ether. The substance thus purified appeared 
partially crystalline but changed on standing in the air toa 

semi-waxy mass. Hxposed for some time to the air or by 

treating with a small quantity of water and stirring, the sub, 

stance again becomes granular. The substance was finally 

purified by dissolving in a small quantity of alcohol and pre- 

cipitating with ether. The pure iodide is an almost white 
crystalline powder. It is soluble in ethyl and methyl alcohols 

and acetone. It melts at 235°-236°. It contains one molecule 

of water which can be removed by drying at 100°. 

I. .1990 grms of the dried sub. gave 0.4000 CO, and .1202 H, O 
ewsoss:. vE ere are, veto oO DOGS WAS. T, 

Calculated for Found 

C39 Hyg NOg x Cs H; I f II 

C—5b.29 54.81 

An 7.1 6.71 

I~16.73 hz Ot 

An attempt to obtain the free base by shaking with silver 
oxide was unsuccessful. The solution turned brown at the 

ordinary temperature giving off the order of allylalcohol. 

The structural formula for veratrine is still a mystery. From 

the odor of picoline by a destructive distillation and isolation 

of B picoline by Ahrens” it is evident that veratrine is a pyri- 
dine derivative,resembling in many respects nicotine. Whether 

both cevadic and tiglic acids are present remains for future 
experiments to determine. The work of Schmidt and Kiéppen 

indicates the presence of both acids while the careful researches 

of Wright and Luff would indicate that these isomeric acids 

were converted into each other by special reagents. Assuming 

that but one acid is present the following formula may be as- 

signed to veratrine: 

_ (0 Ch 
Ca Hs) Os 2 OC CH (CH;) CH; 

7 U6 
Experiments are being conducted at present along this line 

with the hope of throwing more light on the structure of this 

important compound. 

(25) Ber. 23: 2700. 
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LYSIMACHIOPSIS DAPHNOIDES (A. GRAY) HELLER. 
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LYSIMACHIOPSIS HILLEBRANDII (HOOK.) HELLER. 
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GOULDIA ELONGATA HELLER. 





Bulletin No.9. MINNESOTA BOTANICAL STUDIES. May, 1897. 

PLATE LXI. 

GOULDIA SAMBUCINA HELLER. 



a, 



Bulletin No. 9. MINNESOTA BOTANICAL STUDIES. May, 1897. 

PLATE LXIl. 

STRAUSSIA PUBIFLORA HELLER. 
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PLATE LXIll. 

STRAUSSIA PSYCHOTRIOIDES HELLER. 
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CYANEA CORIACEA (A. GRAY) HILLEBR. 
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CYANEA SPATHULATA (HILLEBR.) HELLER. 
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Map of the Hawaiian Islands, showing the relative position of the 

different inhabited islands. 
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PLATE LXIX. 

Map of the islands of Oahu and Kauai. The dotted lines show 

the places explored. 
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INDEX 

QF PLANT NAMES. 

Accepted names are in Roman. 

A 

Abies . ee rE 3) bs 
-—balsamea (L) Mite.. 

Absidia VAN TIEGHEM.. "91, “97, 98, 
DUO RCIRVACDANS: ose ricec nee dscns sincvcee 
—farnesiana BLD, « . 766, 830, 
—glauca WILLD.. 
—koa A. Gray. 165, te 785, 

Acalypha virginica “Ears af 
Acanthospermum SCHRANK.. Soe ehetaatpe 
—brasilum SCHRANK... ......... 

URINE re Re ow iia ie oie aieiasirinse dlatie 
—negundo L....... 3 y 
—rubrum L........ 
—saccharinum L.. 
—spicatum LAM........ 

Aceraceae 
Acerates viridiflora (RAF. y EAton.. 
Achillea millefolium L ... ..572, 
Achroanthes monophylla. Cs ) 

GREENE ORES ML cit toes aes Mee we 

Acladium Lk. Samay Re erat 
Acmena.... ... 

 Acnida tamariscina (Norr,) Ma ceaaty 
Acolium.. ngdeaactewaacs 
—tigillare (ACH.) DOs ck catie ce 

Acorus calamus L.........+..- 
ACTEMONIEUM SACG. ..<000 csc0ccercces 669, 
PREP TSICRNLUIYG LABS o.oo, cass ovina sisicinc 00 
Acrobla=te REINSCH................ 603, 
Acrosporium NEBS.............c.s.ce0- 
—fasciculatum CREW cdcelesinacia pea 

Acrostalagmus CORDA,.... .. .......- 
Acrostichum L.. Sfcstanisnid’slcaia ee sree 
—conforme Bp ae Aes ose scl ae 
—-gorgoneum KAULE.. Bee Sate stee 
—helleri UNDERW.. See oth oversiein 
—micradenium FER.........-...- ‘ 
—reticulatum cabal > Snnoh opnoor 
—squamosum Swz.. aM tere seia(ouas 

ACTOLNECTUM PREUSS......00sececcsesees 
Actzea alba (L.) MILu.. 
—rubra (AIT.) WERE cette 
—spicata alba (LINN.) MILL....... 

Actiniceps B. & Br 
Adenophorus tripinnatifidus GAuD.. 
Adenostemma FORST............ see 
—viscosum FORST............. Sc eeate 

PUR ARRVUNULEN  Lsiiv, 6 nse os vb cee swe etic ee tenes 
—capillus-veneris L.. Veena 

PUM MNAESEOMES ATU 5 a5! cman 9, sina dates woie vipia-s ate ticle 
—peploides (GAuD.) KUNTZE...... 
—pumila (L.) RAF 

Adopogon virginicum (L. 5) KUNTZE.. 
Adoxa moschatellina au Poles cen meme 
Adoxaceae .. Per aes te shiseme eeibioeateeers 
PE ARTND ss ctee Ss fe gc se) wan peeves 
Aegerita (Pe NE 3 5 Saat 8 
Aegilops hystrix NUTT.......ccncc00 vere 
Aethatium candidwm SCHLECHT.......-. 
—ferrincola SCHWEIN...........+06+ 
eeaUUIEIE, LIENS, «tin ci ip ew ce scve'sdwened 
—TufUm WALLR........cecscccereecs 
—seplicwm PRIKS.. .... 0... .eeeeeee 
—wvaporareum BERK ..........00-++: 
—violaceum SPRENG..........eeeeeee 

Agalma kavaiense SHEM....... ......... 

Synonyms are in italics. 

A:gera tim’ Bays: ces ha won ence hoaamine 915 
—conyzoides L.. ‘OLS 

Agoseris glauca ( PURSH) GREENE . 574 
Agrimonia eupatoria AUCT.. Leathe Woes 
—mollis(T. & G.) BRITT............ 587 
—striata MICHX ............... 548, 588 

A'gropyron JJGABRT \.0:..:s-e<eess 106, 982 
—caninum (LtNn.) BEAUV .... .106, 108 
—caninum (UINN,) Beauv forma 

violacescens RAM. . 107 
—ceaninum (L) Roem & “ScuHuLT 

var. unilaterale MASE. 5... 005 526 
—caninum (LINN., R. & S. var. 

unilaterale VAS.. 107 
—dasystachyum (Hook) Scrip... 109 
—dasystachyum VASEY ..... 109 
—glaucum (VesF.) R. and S. var 3 

occidentale VAS and Scorrse.105, 109 
——repens AUCT. PLUR... ....... 109 
—-repens(L.) BEAUV............ 109, 526 
—repens (L.) BEAUV. ZOE nS aris— 

tulata, VASEY........ 526 
——repens (L.) BEAUvV. var. “glau- 

cum (DESE, ) SORDB.. 2 .\../.00.20 526 
—tenerum VASEY..105, 108, 109, 964, 

tees 0, 982, 1016 
—unilaterale BEAUV. ............... 107 
—umnilaterale CASSIDY. .............- 107 
—violaceum (HORNEM.) LANGE... 107 
—violaceum (HORNEM.) LANGE, 

forma caninoides RAM...... 1/7, 108 
—violaceum (HORNEM.) LANGE. 

TOTS, VIOLACESCENA’. .... 02) .ccccvee 108 
Agropyrum caninum ASvOHERe nia atee 106 
—caninum R. and 8.. Cech CUO 
—-pseudo-caninum t SCHUR. . 106 

Agrostis ........ “991, 1015 
—alba L * 964, 970, oT t 975, 1016 
—forsteri FSi ig: RC 794 
—hiemalis (L.) B.S. P.. 964 
—hiemalis (WALT.) B.S. P., 523, 970, 

a a es nel 489, 1011, 1016, 1018 
—-perennans (Wane Fuce: - 523 
-——radiata L...... Scatae ein hae 

ANZORGORE Leiria. esate. s wost cole sweane . 639 
Alectoria.. 704 
—jubata (aay ) TUCK. var. « chalybei- 

formis AGH. <2... acer Qheee wake 
ANOUPICES WORATOGs so bscicec stannous 842 
—moluceana (L.) WILLD...... 765, 842 

Alisma BESEAeO paperee Ties oeeee 521 
Alismaceae . ds cava ee atktaltenee 
ANTON ste elo! (uk seein eh wee ee 967 
—hirsuta Purs# .. secant aucomhl kDa: 
-——nyctaginea MICHX. peace Bane 964, 989 

Allium reticulum DON...............- 585 
—stellatum KER........ccccsccccces 533 
———tricoccum ATT vc... scaccescoccece 633 
—tricoccum SOLAND............... 69 

Alnus... nie htote ORs LOE 
—incana Ch. ‘) Wrenpetss ee 547, 967 
—rugosa (EHR#.) KOCH............ 557 
— viridis (OHATX.) DO? ec ase 537, 967 

ALOPCCURUR: Aas Hus soo ek ektca se seman’ 982 
——geniculatus L..... 2... cece sees 974 
—-geniculatus L. var. fulvus (J. E. 

SMITH)! SORUBN ..ccncass aac ea 523 
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Alphitonia REISSEK...........-.002--.. 849 
— excelsa MANN..... sece--0++-000e. 849 
— ponderosa HILLEBR.............. 849 

Alsine borealis (B1GEL.) BRI1T....... 539 
— crassifolia (EBRH.) BRITT....... 540 
—longifolia (MusL.) Britt....... 540 
—  longipes Scheraca COVILLE. 540 

ATsinigendrons. ec cc csc acess ceuee 824 
Alternaria NFES....... 649 
Alysidium KUnzZE.. 647. ‘649, ‘650, * 652, 653 
—  albipes (Px.) P. and C.. eevenenn 6000 
—candidulum (SaAcc) P. GO ase: 650 
—compactum (C.& E,) P.& C©..... 650 
—cuboideum (Sacc. & Et.) P. a3 650 
— cucumeris (PK.) P. & C.. ... 650 
—  fasciculatum (GREY) P. « Gx 650 
—fulvum KuUwzZE.. .. 649, 650 
—hyalinulum (SAcc) P.& C....... 650 
——insulare (Ta Nii EAQP Se 0 Se ey ye 650 
—lactis (FRES.) EB. & C.............. 650 
— ovalisporum (BERK. ) ee aco OF el tt) 
—pallidum (B. & Rav) P. &C..... 650 
—  pulvinatum (B. & C.) P.& C..... 650 
—tulipiferae (E.& M.)P.&C..... 650 

AIG BANKS Fe BR. . cco 2. ceecces sence 877 
— olivaeformis eee Sarat ice te Weis 

ATA ATOMTACEAD wociesss vsoclc chunsedecemceys oan 
ATH ATAUTHAGERE «0 cos: 0 ckeciccce severe vec 820 
Amaranthus L.. : Aosseleclag eseinee eaBeD 
Amarantus spinosus Miss ok ee eae 70 
Aimar yiliGAaCGaG secs c cc lce cas ce/cneceene 234 
Amblyodon dealbatus P. B. var amer- 

icanus R. and C..... 287 
Amblystegium adnatum LEsq. & 

SAMIR Paeeicoe <- ce orc vob ascoen 292, 595 
—fluviatile Scn.. 292, 293 
—irriguum (Hook. & ‘Wit1s,) 

Lesa. & JAMES.............0..-. 595 
—irriguum var. spinifolium.. . 293 
SF ochliSuntoses ule, leben. ane 595 
—minutissimum LEsq. & JAMES... 595 
—noterophilum Sunn, & LEsqQ..293, 595 
—orthocladon L.and J......... # 
—riparium Sca. Soin ase) OD 
—serpens SCH... 293, 582, 595 
pe ev arhant LANDES ct cee ae oes 293 

Ambrosia......- sens -- 1013, 1015 
—artemisiaefolia L...571. 965, 1010, 1016 
— psilostachya DC. 571, 965, 967, 1016, 1018 

AIMOELENGHIET i o.j.0 cmuveceaetenecenes 978, 1014 
— canadensis (L.)MEp1c.546, 965,975, 984 

AMMETOSDOTINM:. «ces sane octeeey Geek 730 
Ammania coccinea ROTTB.............. 74 
Amorpha canescens PURSH............ 549 
PU PICOSD Miia samecccatecasise colonies 549 
—fruticosa L. forma albiflora 

SHEED ate wat, ate nic Caan Beek anactne 2 
Amphisporium ver: sicolor FRIES......... 477 
Anabaena... seecie ewe nicacew mua 
— circinalis RABENH................ 236 
—oscillarioides BORY ............. 236 

AMAGCHTOIRCEEOS «cc ccatecs she cuce cence nes 552 
AMAGHD ARTIS 1205 sis avicsc sve aeeanebecless nics 691 
PAA AULIS Eas sewatn cot acaiieessanteee ae es. SE 
aT ATU CNSIS | Nn s.. aeinsivevecie we acte eae oe 874 

Anaphalis margaritacea.............. 967 
Andreaea petrophila WARE. ose a4 739, 740 
MG TOWMG DS. (ava shoe ows cece ceeespores 5, 100 
—polifolia L.. sPricesey 0; OOS 

Andropogon aciculatus RETZ........... 795 
a COMLOTTUS SLI.L setae s castane utcsemes 796 
— nutans var. avenaceus (MICHX.) 

TURCK. tas ae ccaktiose vos Casehoes 521 
—provincialis LAM. Badass 521 
=——SCOpariuS MICHK:..2. co.cc .ccees 521 

AMNSIBONO | a-0 joe ce ccws ew atee tees. 973 
—canadensis L.... .... 541, 965, 1016 
— cylindrica A. Gikws seen 541 
—hirsutissima (PuRSH.) MacM.. 33 
—quinquefolia L................. 33, 541 
———— VITP MIAN lide coaihiccsss «cee mean 541 

AMOMONELUE.® -c oo ergs sae cu eae wheelies 41 
AMONES DALIMATA coat eects tees wecleaene | 44 
IAN CIGNTGLISZ: 1.5 ccesech a ceeseeease-ise sees 51 
Angioridium sinuosum GREV..........- 481 
Anoectochilus BLUME.................. 807 

Anoectochilus sandwicensis LInpL... 807 
Anogra pallida (LINDL.) Britton. 

A Scralhalserstew totes «-._.. «680. 682, 683, 685 
Anomodon attenuatus HARTM. ..5oe8 290 
— obtusifolius SCH...............-2- 291 
——rostratus SCH............. 594 

Anonymos pinnata.. £96 
Antenuaria....... 967 
—margaritacea MES. Hook...2222) 511 
— plantaginifolia (L.) Ricw....... 571 

Anthoceros...... Sonne cones sno: 44,48, 53 
— grandis... o) Sateee os onesies ones eee 
2 aevie: Ten a sero 3 

Anthosachne STEUD......-.--.++-..e2 dee 0G 
Amntidesma, div. 2s acres ecetenceee cent ae eee 
—platyphyllum MANN............ 842 

Aphanizomenon: =. <5). 24-233255.ee 987, 1014 
— flos aquae RALFS.......... 598. 599 969 

Aphanochaete pioboet (Norp.) b 
WOLLE.. os slo cc paeee 

— repens BERTH. ...... 2... cccksnee 
Aphanopappus ENDL.. ox cee ae 
— micranthus (Nurr.) HELLER.... 915 
——nutiallit, WALP. ..:-.25.\sdeweceseene 915 

Apiocystis brauniana Nate; wenn eo DD 
ApioneMa ODOVALA. ...0...02.ceeececee--s 903 
— -PenduliflOra. 2... ccceevcnecenes 903, 906 
— sulcata.. ... wcveee'coss Soeee nau 

Apics apios (L ) MacM.. Salisseeceene ..-. 550 
Apium petroselinum L.. anon ssp epee 
APOCY NACCHOS 2.0 «a2 eeeeeees 560, 877 
Apocynum.,. Bates 1021 
—androsaemifolium L.... .-... 560, 1018 

cannabinum Wy... 2. sseedene 965, 974 
Apostasiae.. Mo 
Aquilegia canadensis L.-..-.+--.+-.+s. - B41 
Arabis brachycarpa (TORR. & GRAY) 

BRIO... sccosee dene 544, 965, 974, 975 
—-glabra (L.) BERNH.. 544 
— hirsuta (L. ) mons wae 1544, 056, 970. 1016 
——lyrata i. inc2 sce soe scsees eee 544 

APSCOAC so iiciwe's: & osveeaweelet aoe t eee 
Arachnoidiscus ehrenbergii 

and} HARV... eo ce eee 
Aralia hispida VENT 
——nudicaulis L..3..: 5... .ceieseeeeee 
-—racemosa L.. 
—trigyna GAUD.. 

Araliaceae. Seiee TTT 555. 763, 
Araneocarpus Sia cass pevaenie ees eee ane 
Arctostaphylos...) . 2.2. - cos eeeeneee 
—uva-ursi (lk )Spreng. .558, 965, 966, 

APTCYTIC TDG. oo 22 dene dec be dee eee 
——<albida PERS.......1:-+ o0cseseseeeen 
——uafinis. ROST...05...0deests cneeeeeeee 
——alutaced SCHUM......-.-..s---ne0s= 
—auranitica RAUNK....... ---sesees 
—bonariensis SPEG........... sees 
— CATNEA WALL. 20% oo 0s ease aepeaten 
— Cincia: SCHUM....\..s:sccasecueuee enn 
—-cinera MASS. wie sic sive sie sla settee 
— cinnamomea Hazs Jac aad oes 
— clavata MASs.. oie Sate one's eee 
—conjugata SCHUM ..:2-cck:ee 
— cookei MASS............ oad eee 
— cylindrica SCHUM.....- +..+s-eeeeee 
— decipiens BERK..........2.2eee eee 
— dictyonema ROST..........00eeeeee 
— digitata ROST.. 
—ferruginea SAUTER.. Woes aeaee 
——flavd PERS.«... 0000.00 +2sancee pene 
——— fF USCO WR. oon cis 0cs0c ccisessne oneepeee 
— hariotit: MASS? ... <<<. se.0snetenenee 
—incarnata PERS.............- dane 
—inermis RACIB.. 
— insignis KALCHB. & CEE. 
— intricata Rostv.. Ae 
—irregularis RACIB.. ae ete : 
—lateritia DEBARY. ... 
— nutans {>REV........ 
—oerstedtii ROST......-.....-4-- : 
— pallida B. & ©...... .....-cecccees 
——punlicea, PERS. <.:..<- s««. s=asessene 
——puniced ROST..2. .Jsscassneseeneaae 
—raciborskti RERLESE.. ...........- 
—rubiformis MASS .........00eeeeeee 

Deel Siete Pte «Me 



see. CO 

—_——~ > 

oe "ec 

Arcyria rubiformis Rost. var. sessilis 
NEASRicanixeca oot 

—rufa SCHUM.. Beks se antoeiioteae ria'e 
— similis [2k AGS 2 LR Se ee 
——stramined WALLR.......--++00- 
— stricta ROST... . z 
——trichioides RUDOLPH... 
—umbrina SCHUM...... 
— vermicularis SCHUM........ a 
PEF MICOEE ROOST... 2 ccccccscccescces 
MEME OLOY EIEMts cc a'cevnc'r's vesccsce 
—vitellina PAILL. 

Arenuaria Jaterifiora L................- 
—patula Micax...... . 
— stricta MICHX........ 540, 904, 970, 

Arethusa bulbosa L......,...........-. 
Argemone mexicana. .........--.0eeees 
Argyroxiphium..............6 esscecsss 
MEET ADs oa foe tra (cP ala nial ole do i> -oe a ace 433, 
Arietinum americanum BECK. ....... 
APISHOMS.. . <0 - sc-cdecvmces 744, 749, 750, 
—tripbyllum (L.) Torr........ 531, 

Aristida basiramea ENGELM.......... 
Aristolochiaceae........ 
Artemisia L 
S——ADSinthium Lis. .c. cc cseceescies 
—australis LrEss.. Paledits detcarts 
— canadensis MIcHx... 80, 965, 970, 
—caudata MICcHX. 573, 063, 970. in 

wees 

ee 

—dracunculoides Pursu. 
—frigida WILLD.. 
—glauca PALu 
—gnaphalodes NUTT..............- 
—vulgaris L 

Arthonia.. ee De ae dees 
Peeiahiderliia N¥Li..2....-<c2+ +0000 +- 
—punctiformis ACH 
—radiata (PEeRS.) TH. FR.......... 

Arthrobotrys CORDA............--.0.0. 
Arthrobotrytae CORDA...... Sais 
Arthrobotryteae. ................. beeen 
Arthrobotryum CES............. 
—compositum (Eutu.) P. nnd a: 
—didymum (COOKE) P. “and O..... 
—pubescens (O. and E.) P. and C.. 

Arthrodesmus incus (BIEB.) HAss.. 
Arthrosporium SAcc. 
—compositum Ett. . Dae natewers 

Asarum canadeénse L.. Setatc clas acts 
ANCIBDIAGACOAC., 632 ..ccesccccescess 560, 
Asclepiadodes . 
PREMIO IAT Lidice shen yccccaes cess 45 
Re MINERAG VIC (ld. cowicsecleccd Gols «eee 
—exaltata (L,) MUHAL.. scabs 
—-incarnata L......... Rtas aatia's sie 
—ovalifolia DECSNE................ 
—tuberosa L 
PRETEEN oo ore aul ods oloucis'e gen dele .asieit « 
Ascophora TOVE.............5 91, 95, 97, 
—amend PREUSS..........02 0. sees 
—fusca B, and nie Mise a Shits martes 
—mucedo a a ge SBS O4> 98, 

Aspergillus..............-...0-.. 646, 
Aspidium le eee Ni 
—acutum 3cHK Bier Ore 
—caryotidewum WALL..... SPte 
—cicutarium SWARTZ............. é 
—comifolium WALL. 
—cyatheoides KAULF.. 
—jilix-mas var. parailelogramma 

14 ae EP 
—scandicinum WILLD. 
—truncatum GAUD ........... 

EITERTORL EY 2 ss cn gt facncreciviene 
2 AC EE ea a ee 
—arnotti BAKER...... 
—aspidioides SPRENG. ae 775, Siar 
—cicutarium... od 
—contiguum WORDED, oo 2.52550 
Peerentum TiAM..1-. ..i-...05 052. 
—deparioides BkACK.. d 
—deparioides BRACK n? Ae Re 
—diplazioides H. &A.............. 
—erectum BORY...........00-ee0--: 

se eeee 

ee ee ee 

eee eee eee ee ee 

See ee eee ee eee 
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Asplenium erectum var. sub-bipin- 
natum HILLEBR.............. 764 

—filix-foemina (L.) BERNE... eee 518 
—furcatum THUNB. ..... erie | 
—horridum KAvLF. aac ane 
—-horridum KAvLF. var. . 74 
—lucidum FORST............. .... 774 
—monanthemum Swz...... Saaepide 774 
——— NONAMMNEB La, scot eedo sn encunecdes 774 
NIU: Tio aut ota ease oe iedmed . 74 
—normale Don........... Ai eee 775 
—obliquum FORST..... ....ccc00000 775 
—obtusatum FORST..... ...... 774, 775 
—resectum SmM.. Se het tf (5 
—trhizophyllum KUNzE.. 775 
—scandicinum (WILLD.) PRESL. 775, 776 
— -serrulatum SWARTZ.........se.00. 786 
—sphenotomum HILueRR.........- 776 
=——Vvexans: UNDERW.. /3iss..25 scene 410 

Asperella hystrix HUMB.............-+. 115 
‘Aener cus TWMB! 2h 5.54.3 eles eeneeoee 115 
Asprella HOSUI).C. :o.ccecus necaee cee een 
Asprella SCHREB..... av sudsdes set eee 115 
Asprella WiEnpse. oori2s So aes 
— augustifolia NUTT... .c:cicctivan 115 
——— SEP I PILING) wie sic oo anna we egies Aeon: 
— hystrix WUE viccce lee 115 
——— MOAJOT WR BB.) vchaa cna tvle ewe sce cen 115 

Astelia BANKS & SOL....... 2.1.2... 804 
*——argyrocoma HELUER.............. 805 
—mieuziesiana SMITH........... 804, 805 
— veratroides GAUD................. 805 
——— Wet MICALOD os cdee sccucine weed er aces 805 

Aster. itch iwcles 1021 
—azureus L'NDL .. .. E 568 
—commutatus A.GRAY ............. 227 
—<diffusus AIT. var. wusipeowtene (8 A. 

RAN: io a4 soe 227 
—-ericoides. var. pringlei GrRay.. 570 
—incanopilosus ene) SEED. 227 
—junceus AIT.. .. 568, 570 
—laevis L.. 568 
—lateriflorus Ge vi BRITT... este SA DOS 
—lateriflorus (L.) Britt. var. 

PEANGIS; LOR TER ss: losiet scenes 589 
—lateriflorus (L.) Britt. var. 

thyrsoideus (A. GRAY) SHELD. 227 
—Jaxifolius NEES, var. longifolius 

PRAMS ED yas tanta dele a artes cera 570 
—lindleyanus TorR. and GRAY... 569 
—longifolius LAM..................- 18 
—longulus SHBBD Pt cee. soc rca e's 18 
—macrophyllus eee es 669, 570, 967 
—majus (HOOK.) PORTER........ 569 
= MOMGSUUS es wiicas vanwe coe a cealeuch 570 
—nmultifiorus AIT.... ..............- 569 
—multiforus AIT. var. a fea 

7S and. Ge a cet Sea See 
—novae- -angliae | 5 RAT eS -569, 570 
—novi-belgiiL..... Serer aint 570 
—oblongifo' IOTOANE ip yi bya iee Saat ren 79 
sr ouieneoins) Nutt. var. rigidu- 

lus GRAY. BF patti coteast Meas 569 
—puniceus Gi novelacie's) 18; O00," OU 
—prenanthoides MUL: sos 589 
—ptarmicoides (NEEs.) TORR and 

RAW arta tatey sn'aeleci acca clue ele seeee 569 
—radulinus.. 570 
—ramulosus LINDL. Var. “ineanopil- 

OSUE LINDT ns Ue Sy ao eee 227 
——sagittifolius WEDEM 569 
— salicifolius Alor asa bc BAG 
— salicifolius LAM..........c.cccee- 569 
—salicifolius var. subasper........ 570 
—sericeus, VENT........ ..... seeee 569 
—tardiflorus LINN................-. 18 
—tradescanti LINN............ 2... 589 
—turbinellus LINDL................ 18 
—umbellatus MILL................. 569 

Asterella hemispherica BEAUY........ 460 
Bptrachlyiss.ce < vesesce eee eee 54,116, 156 
—aboriginorum RICHARDs......... 156 
—accidens WATS............ccc0eeee 166 
— accumbens SHELD....... ... .20, 157 
——acerbus SHEED sss. ties cece 123 
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Astragalus acutirostris WAT......... 
—adsurgens PALL................-56, 
—adsurgens PALL.. 
—adsurgens PALL. var. laxmanni 

TRAUTV.. 
—adsurgens PALL. var. prostratus 

ISCHIA AS isitnn cc ee etic nel See cee 
—adsurgens TORR.. 4 
— agrestis DOUGL.....- 
——albatus SHELD.. 
—albens GREENE...........-sccceee 
—algerianus SHELD.........-....00 
—allanaris SHELD..........000.+-6 
=———allochrous A.GRAY.:... ...0...- 
—amoenus FENZL.. 5 Seder ry 
—amphioxys A. GRAY..........147, 
—ampullarius WamTs.. pA ates 
———— AY ENMUS Las Meaeistest. sniciss ce cele os 65, 
—alpinus L. var. giganteus PALL.65, 
—alpinus (L.) SHELD........ Bs 132, 
— alpinus (L.) SHELD. var. ameri- 

canus (HOOK.) SHELD...... 133, 
—alpinus (L.) SHELD. var. lit- 

toralis (HOOK.) SHELD.. aae 
ANUS EAD. oes discs ceiec ne eeme .. 65, 
—anacardius BUNGE.. sibecess 
— andersonii A. GRAY.........---.- 
—anemophilus GREENE.. be 
—angustatus BOITSS.. ........... “19, 
—angustifolius pee Cease deanna 2%, 
—anisus JONES.. eet ie 
— annuus DC. Sale esate ete 
— antiselli A. Garay Fea on ees 
—antoninus WATS............ 2.006. 
—apertus SHELD ................- 
—apilosus SHELD................ 22, 
—araneosus SHELD..........2c0e0.-- 
——@Tenagrius PADD. ....6 .<c%.. es: 
—argillosus JONES 
—argophyllus Nutt.. 
—aridus A. GRAY.. oeenaac ees 
—arizonicus A Grae ie w 
—arrectus A, GRAY................ 

——artipes A. ee Diets sth uteceneee 
— asclepiadoides JONES.......... 
—ast nus (DC.) SHELD....65, 
——asymmetricus SHELD......... 23, 
—atratusWATS....... i 
—atratus WATS. var. arctus 

—atratus WATS var. stenophyllus 
JONES> 2. wen Sis mn 

— atropubescens Couurer and 
FISHER.. Bidet cniselactaetats 

—austine TaN shryG en De ae 
—bajuensis SHELD................-- 
—beckwithiiTORR..... ............ 
——beckwithii TORR. var. purpureus 

JONES Ste bo akaciss slamoeeaes 
—beckwithii T. and G.. vosaee 
— belangerianus FISCH............... 
—bicristatus A. GRAY.............. 
—hbigelovii A. GRAY................. 
— bisulcatus A. GRAY............... 
—bisulcatus (HOOK) A. ares BF bars 
—bodini SHELD............. bees 
——bolanderi A. GRAY..... 
—bourgovii GRAY... .. re 
—  brachycarpus BIEB.. 225 
—-brachy pus SCHRENK 
——bracteosus Bolss.. 
— brandegei PORTER and (Courter 
—brazoensis BUCKLEY.. 
—breweriA. Gray...... *ehoc oad 153, 
—caespitosus A. GRAY............ 22, 
—caespitosus PALL........ 21, 22, 118, 
—californicus (GRAY) GREENE. 
—calycosus TORR. Var. 8scaposus 

WONESS. coin stinl cree ccctece senor 
— calycosusS WATS.......0.cccccss 00s 
— campestris A. = ep rd phe a 
—— CHINESE Lice eee clas waases os wacele 
— canadensis Li. ... occ. .ccescsvece. 55, 
— canadensis L. var. mortoni Wats. 

Lae hoe eee 

MINNESOTA BOTANICAL STUDIES. 

Astragalus candicans GREENE.......... 
—rcandicans PALL... <0). Psa 
—candidissimus LEDEB ........... 
—candidissimus WATS........ ....-- 
—candelarius SHELD............... 
—candelarius SHELD. var, exiguus 

SHEED. .)2:cauesnswerencae ce Cueeee 
—-candollianus Boiss... . 
—candollianus (B. B. K.) SHELD.. 
—candollianus ROYLE... ........... 
——canescens DC.............. 22, 119, 
— canescens SOLAND..... SRocionb:- 22, 
—carnosus PURSH.............64- 54, 
—carolinianus L..... .55, 166, 
—caryocarpus KER.... . 54, 55, 171, 
—caryocarpus TORR.............- 55, 
—casei A GRAY.. ‘ ee ve) 
—castanaeformis WATS............ 
—catalinensis NUTT................ 
—centralis SHELD................-. 
—ceramicus SHELD.......... 19, 137, 
—ceramicus SHELD. var. imperfectus 

SHELD....32. 50.0505 ede eee 19. 
—ceramicus SHELD. var. jonesii 

SHELDS; 93.5252 cedaslsee eee 19, 
—cerussatus SHELD.............c0e- 
—chaetodon BUNGE........-....0+- 
—chaetodon TORR....... ...2.. see 
-—chamaeluce A GRAY............- 
— chilensis SHELD................0-- 
—-cibarius SHELD..........-....cce8 
—-cicadae JONES... ... BPE 
—circumnudatus GREENE ......-. ; 
—clevelandi GREENBE............ ée 
—-cobrensis A. GRAY.............--. 
—coccineus Eeeey) BRANDEGHE: 

. atecueeg 
——collinus BOIS... 5. 2.50 /eceee 
——collinus BOISS:...200 0. cscs aseenenre 
—collinus DOUGL................ 124, 
— collinus DOUGL. var. - ealifornicus 

A. GRAY Re vie cers eee 
—-coltoni JONES 
—conduplicatus BERTOL.. 
——confertiflorus A GRAY. b 
—congdoni WATs... Poe 
—conjunctus WATS. 
—consectus SHELD.. PE ie 
—convallarius GREENE... ... 16, 61, 
—couperi A. GRAY .........:...6- 59, 
—coriaceus HEMSL............. «--. 
—coulteri BENTH. 
——crassicarpus Nott .......54, 172, 
—-crescenticarpus SHELD........... 
—cretaceus BOISS........ ....-.+--- 
—  crotalariae (BENTH) SHELD...135, 
—crotalariae A, GRAY.. 
—crotalariae A. GRAY var. ’ virgatus 

At. GRAY 20. 50.5 ene ce eee 3 
—crotalariae TORR.........-... 
—curtipes A. GRAY..........6. - os 
——cusickii A. GRAY. .2.4-.c.c.lceceen 
—cuspidocarpus SHELD............ 
—cyaneus A. GRAY............s000 
— cyrtoides A. GRAY ......... scsccee 
—daleae GREENE..... 
—debilis (NuTT.) GRAY. . ........ 
—decumbens A. GRAY..........--.- 
—-decumbens (NutTtT.) GRAY....... 
—demissus Rotss. & HELDR...... 22, 
—demissus GREENE .............. 22, 
—densifolia LAM. .. ..............- 
—densifolius LAM.................- 
—densifolius TORR ........ «... 
—desperatus JONES.. 
—diaphanus Doua.t.. 
—didymocarpus Hoo. & ‘ARN. 21, 
—diphacus Warts.. 

te eee 

—diphysus A. Grayvee "170, 171, : 
ee A. GRAY. var. iatus 

ONES S a FE oe 
—dispermus "A. ‘Gray.. a 
—distortus T.and G.... 
—diurnus WATS.... . ss.sc.ssceees 
— diversifolius A. GRAY............ 
—dodgianus JONES...............+- 



oe ee, 

——eustwoodi JONES... .. 
—edmondi (OK.) SHELD.. 
—elatiocarpus SHELD 
—elatus Boiss. & BAL.. 
——elegans BUNGE. .... ......-. 
— elegans (HOCK.) SHELD.,. 

clegantulus GREB®NE.. race gaus 
Sere TIEN Cg slanay sso as oe 22 so! LOe 
——engelmanni SHELD.. ee Seer 152 
—episcopus WaArms.. PEA pore sly 
—eremicus SHELD.. shaveenaee S240 
—eremiticus BuMEDS Gis. ocsicta 161 
—-eriocarpus DC.. Rees eee 144 
——eriocarpur WAGs. .usscs.tie.s<-28, 144 
—ervoides H. and aS oe 166, 172 
———-@FVOIdES TURCZ. ......2-..00- 166, 172 
—falciformis Praia ib Se chee oaentee 125 
—fallax FISCHER.. Sop unen cuaraAl des 
—fallax WaTs.. a Sa atadiee oc By, ee, 
—famelicus A Sepa ae 23, 127 
—fastidiosus (KeLtoae) GREENE. 134 
—fendleri A. GRAY.. Ae Se 128 
—filifolius CLOs... ae Sepeiaae (OR 54 
——filifolius A. 3 a al .19, 137 
—filipes TORREY.. Eo gail Nace eaas ek 
— flagellaris MEINE + Soh 152, 153 
—flaviflorus (OK.) ici ska pe 158 
— flavus (H. and A.) SHELD.. o- 158 
—flavus NuT?r .. 158 
—flavus NUTT. ‘Var. candicans A 

EAE has betes tes coes masirwe. aa 157 
—flexuosus DOUGL........ ....60, 122, 126 
—foliolosus BUNGE . Stigelas 1) LOS 
— foliolosus (GRAY) SHELD.. Se tte 138 
—forwoodi WATS. ....... 124 
—fragrans WILLD.. poem Man 
—franciscanus SHELD.. 135 

franciscanus BEELE var. longu- 
lus SHELD.... . ee neeenc hae) aoe 

——fremontii T. and (eRe ESS 169, 170 
—friyidus A. GRAY............... 65, 133 
—frividus A. GRAY var. americanus 

WATS.... 133 
— frigidus A, “Gray var. littoralis 

OL ee ee eae 133 
—galegioides NUTT.. ee Ae are | 
—gambellianus Breehahits. osc: 21, 164 
—geyeri A. GRAY.............s0000- 138 
—sgibbsii KELLOGG.................. 125 
—giganteus (PALL. PBEELD, .65, 141, 154 
—yiganteus WATS. . -% Jogi A 141 
—~—gilensis GREENE ........ Sac cntete 148 
Pee eras (S30 1 eens ene VA WER i Lp 
—-glaber DO . Pesci ates cle anukeeyn AOS 
—glaber SS ea ae a ert aoe 
——"Guiner MICHX. 5. ..0.. sew cays ces 22, 152 
—-glabriusculus (HOOK)A.GRAY. 156 
—glabriusculus A. GRAY. var, ma- 

So wy RE Ly Ae eee 24, 131 
—glabriusculus (HooK.) A. GRAY 

var. major A. GRAY...:.... «... 156 
—-glabriusculus (HooK.) A. GRAY 

var. spatiosus SHELD........... 156 
——glareosus DOUGL.......... 21, 118, 146 
——QlIGU® PALL.... 2.22. .-ccesscveccDl, 165 
—globosus VANES) See i as At 
——goniatus NUTT............-s000: 57, 165 
—-gracilentus A. GRAY............. 128 
——gracilis JAMES......-.....cccceeers 156 
—gracilis NUTT............... 58,156, 157 
— grallator Vt: he a 173 
— grandiflorus PALL.. 144 
—grandiflorus WATS 144 
—grayi PARRY...... 130 
— greenei A. GRAY.... 127 
—greggii WATS.............. 173 
—-griseopubescens SHELD 126 
—halli A. GRay....... ares by ¢ 
—hartwegi BENTH.. 163 
—hasseanus SHELD........... eRe ee Pe 
——haydenianus A. GRAY........24, 131 

a eee ere As rr Ture a ; 
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Astragalus dorycnioides DOUGL.. 145 Astragalus haydenianus A, GRAY. 
—douglasii (T. and G.) A. GRAY. 136 var. major JONES............. 24, 131 
—drepanolobus A. GRAY or auhOL —haydenianus A. GRAY var. neva- 
—drummondii DOUGL. 159 ALTIMA ONE Gi ce scosis0ic vacciet as 

—helleri FENZL....... 
—hendersoni BAKER : 
—hendersoni WATS.........--+00+- ‘ 
—hoodianus HOWELL............... 172 
—hookerianus Dierr.........137, ar 172 
—hookerianus (T. and G) 

GRAY. 20h. eal cee iaes 137, 160, 172 
—hornii A. GRAY................... 135 
—hosackiae GREENE.,.............. 172 
—howelli A. GRAY... 20. cesccencace 158 
—humb>ldtii A. GRAY. ....... ... 167 
—humilis GEYER . Se dea sen'seure ae 
—humilimus A. GRAY...........00 131 
——humistratus A. GRAY ........... 157 
—hypoglottis LINN..... 57, 146, 165, 166 
Fa OES LINN. var. robustus 

WOE fb 2 ae lar eee 5 2 e 5e. sate 
—hypoglottis LINN. var. ig ae 

KELLOGG.. ay alsaia wae maa OU 
—hy poleucus Scuav.. Seek seen eeemee 173 
—hypoxylus Warms.. Secaupleren aaaD 
—ibapensis JONES.............-+00 155 
—ineptus A. GRAY.........22-sc0eee 169 
—inflexus DoUGL.. 5 Sia ah a0 00 ee 
—insnlaris KELLOGG........-- .... 173 
—intonsus SHELD.............. seat, 10L 
—inversus JONES...........2- sscee 123 
—-inyoensis SHELD.................. 139 
-—jodanthus WATS............00ce06 147 
——jJejunus WATS...) 0... scctecs wens 132 
— —Jepsoni SHEED... ......cs.scers 22, 131 
——junceus A.GRAY. ............200- 120 
—junceus LEDEB ................+. 120 
—hkentrophyta A. GRAY.. 118 
—kentrophyta A. siete var. elatus 

WATS 0ee oeeiscks es 118 
—“bontecl SHEED...) co son daccscete 123 
—lancelarius A. GRAY............. 124 
—lanocarpus GHEEO. Lats cs uccnce ee 
—latus JONUS...........ccecee 130, 169 
—laxiflorus BOISS..................- 130 
——laxmannir TACO 22 s-0e cee tee 56, 165 
—laxmanni NUTT.........-.......56, 165 
—layneae GREENE.............--+-- 167 
—lectulus WATS ............... 141, 143 
—leioclados BOISS...........--.000- 123 
—lemmoni A. GRAY................ 153 
—lentiformis A. GRAY............. 153, 
—lentiginosus DOUGL.............. 170 
——lentiginosus DOUGL. var. floribun- 

dus A.GRAY. .. 170 
—lentiginosus DOUGL. ‘Var. fremontit 

ATS; 253° os Snctar Ae 
—leptaleus A. Gram oo. on Tae Lae 
—-leptaphyllus DesF............... 123 
—leptaphyllus Nort. . aS aheaes ty ees 
—-leptocarpus T. re ee ae 162 
— leucolobus JONES,..............-- 144 
—leucolobus WATS...........-.....-. 144 
—leucophyllus HOOK..............-- 161 
——leucophyllus T. and G.......... 23, 133 
—leucophylius WILup.. a .23, 133 
—leucopsis T. and G. var. ‘brachypus 

CORRE NUNES. 5. 3 cutee ates awabaeee 134 
—leucopsis (T.and G.) ToRR ..... 134 
— leucopsis (T. and G.) TORR. var. 

Curtus SHEDLD)...0cs0c ccd ceene on’ 134 
MAINES SELIEID: 325 os lame ewenciecee 126 
—lindheimeri ENGLM .............. 153 
——'indheimeri A.GRAY......... ... 174 
—lindleyanus SHELD..............- 
—-lingulatus SHELD...... 
—lonchocarpus TORR. 
—longifolius LAM.... . 
—lutiflorus HooK........ 
Pike Hook. forma brachypus 

MIRA Wo nd eo iain eens 20,59, 151 
Ma 5 to Ho kK. forma peduncu- 

LHGUAS GRAS eos ce es: arms 58 
—lyallii A. GRAY 
—  macdougali SHELD.............. . 169 
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Astragalus macrocarpus DO.. 132 
—macrodon (H. and A ) A.GRAY. 136 
— magdalenae SEEEBE:S bet ee ctoeetas 134 
——malacus A. GRAY.. dhe aivela Matroet nal OF 
ATENEO WS11 WATS a ecn ris secrriscinses 167 
—megacarpus (Nutt) A. GRAY.. 136 
—megacarpus (NuTT.) A. GRAY var. 

MUN tA GRAN once) ceonieenaeis «= 136 
—megacarpus (NuTtT.) A. GRAY 

* var. prodigus eee athe Slavs ole 136 
—melanocarpus NUTT.. Be icistces 148 
———menziesil A> GRAY <1. 2 ths eecosee 135 
—mesoleios Botss. & HOHEN....23, 127 
———— THOXIGANUS Ay LO: sans ccs ccs dct 171 
—wmexicanus A. GRAY ............ 55, 171 
—michauxianus BOIss............. 152 

i“ MiCrAnthussDESV.cecsccasccrles 162 
ICT ONUIUSUN DEL se ine icine ee oe 162 
—microcystis BUNGE........-..-.---+ 132 
—nicrocystis A. GRAY............. 132 
—nmicrolobus A. GRAY...........--- 156 
—rmicrophy!lus GEORGI........... 56, 165 
—miguelensis GREENE. Jose cien, lb 
TEMS US|) Se en a ce aneitin 158 
—miser DOUGL.._.... ..-..----+0:- 121 
——missouriensis NUTT.............- 148 
—mioencoppensis JONES....... ..-. 173 
—~-mogollonicus GREENE........ .- 167 
——mohavensis WATS......... ss... 157 
—mokiacensis A, GRAY..... ....-.. 147 
TOMS LEB sties os ncise kc eelasiaee seins 
—mollissimus TORR.. Ae 
IRONS ACO ween ae sneueo sees 
—montanus LINN.........-. 
a SOTALIDULS AEE ata nie ©) mia ones 65 
MORTON NUTT 2 odie ap s-\onc cleorte she 
—multicaulis LEDEB........... ... 149 
— FLACORLLIS NID. < Jian ceieces nee. = 149 
——multiflorus A. eae Pee 21,124, 164 
—multiflorus A. GRAY.. Bo ABT aise 
—neyiectus FISCH.. 59. 141 
—neglectus (TORR ‘and. “GRay) 

SOGUD ii wetecinteieeeessc 59, 141, 550 
—nevudensis BOISS........ 131 
———=REVANL. WAL sccciscatersieisaictccemnes 173 
——newberryi A. GRAV Se eect tiece 129 
— nigrescens A, GRAY..... 21, 61,122, 164 
——mNigrescens INET Mee iaewieaciees aisle 21, 164 
— nigrescens PALL.... peeeeel, 164 
—nitens Boiss and TIRLDR 222.0 118 
———Vitens BUHSE.. jasc. os cceciene! cone 118 
—nivalis Kar, and KIrR......... 22, 146 

eo nNOTHOX YS An GRAV endcceke ech, DLA 
———MNGUS OOS. <.ecccscesunscc. sahe 130 
ILEUS) COL ORncs aes Ciocm ver sole sivin of ais 21 
—nudus WATS.......... .--.-- 2215 130 
nw bon llianus: DO oo. <ccnsemeee “135. 162 
—nuttallianus DO. var. canescens 

4 UC eye bf Cees ee Mirae Mere 162 
—nuttallianus DC. var. trichocar- 

PS TY ANA A Gig ahs aces oid s'a) aivlel inl mei 
—obcordatus Botss 
—obcordatus ELL gk 
—oblatus SHELD................- 
—obscurus WATS.......-. .--.-e+- 
-—onobrychis LINN...... .......--. 120 
—oocarpus A. GRAY..............-.- 141 
—oophorus WATS............. ..--. 137 
—orcuttianus WATS.. Se we be 
—oreganus NUTT............. .-.-- 157 
—orizabae S®WATON..............--- 167 
—orobvides HORNEM. var. dmeri- 

CLOTS A Ty VANS) ote ota ah ala stato eet 154 
—orthanthus A. GRAY.... ........ 167 
——orthocarpus BOISS.... .......-.. 120 
—oxyphysus A. GRAY ............. 133 
—oxyrhynchus HEMSL............. 173 
—pachycarpus T. and G 
—pachypus GREENE.... ae 
—pacificus SHELD .. ....... -..... 
———palaus JONES. 6220) ecetece-- cscs 
—palliseri A. GRAY ............... 122 
—palmeri A. GRAY. .............. 120 
—panamintensis SHELD......... .. 160 
—parishii A. GRAY...............-.. 141 
—-parryit ANDERSON........... ..... 162 

MINNESOTA BOTANICAL STUDIES. 

Astragalus parryi A. GRAY: ---+0136, 147 
—parviflora LAM.. 
— parviflorus Ly a geen cep 
—vparviflorus MACM.............-.- 
——— parvus) HEMSDs)hscs. se eaeeoeeeel 
—pattersoni A. GRAY............... 
—paucifiorus A. GRAY............068 
—pauciforus Hook.... 
—paucifiorus PALL............ 
—— peabodianus JONES.............-. 
—-pectinatus BOIss................. 
—pectinatus BOISS..........2..2 sees 
—pectinatus DOUGL ............... 
—pentaglottis LINN.............. 
— pephragmenus JONES...... 
—petropolitanus SHELD 
—-pictus BOI 8.............. 1s 
—picius A.GRAY.....222. Se.ccses 
—pictus A. GRAY var. angustatus 

JONES. . 19, 138 
— pictus A. ‘GRAY Var. , filifolius ‘A. 

GRAY.. -19, 137 
-—pictus A. GRAY var. Foliotosus A. 

GERAIY oi. aches latntols ecaetemoeaene 138 
— pictus STWOD..' ccs se ee 19, 137 
—plattensis Nurr.. 2 «ae ote Sota O Dagens 
—-plattensis Nurr. var. tennesseensis 

GRAY. ooh, sae sofia ieee 171 
—-platytropis A. GRAY........... -. 168 
— podocarpns MBYER............... 125, 
— polaris BENTH...............00200 173 
—pondii GREENE......... ...-se.00- 140 
—porrectus WATS.... ........2---0+ 121 
—praelongus SHELD.. ..23,-118, 127 
—preussii A. GRAY.. 130 
—-preussii, A. GRAY. var. aretus 

SHELD. 130 
—preussti A. GRAY var. latus JONES 130 
—preussiti A. GRAY var. laxiflorus 

A. GRAY. 130 
—preussiiA. Gray var. laxispica- 

tus SHELD.... 130 
—-preussii A. Gray var. sulcatus 

JONES) cc, cen aessiteae comes 129 
—pringlei WATS... 2k eee 163 
—procerus Boiss. & HAUSSK .. 23, 127 
—procerus A. GRAY......--.--cee- 23, 127 
—procumbens Hook. and ARN, 20, 157 
— procumbens Miuu..... Beret} 
— procumbens WATS... ..cccees 0c Son 
—proriferos JONES............--..-- 135 
—pterocarpus WATS.... ......---. 150 
—pubentissimus T. and G.....149, 150 
—pubiflorus DC.............. 23, 151, 9167 
—pulsiferae A. GRAY....... ...... 139 
—-—purpureus LAM..........00-2+- eae 146 
——purshii DoUGL.. ........--.. -..- 145 
—purshii DouGL. var. coccineus 

PARRY . ..24, 144 
— purshii DouGt. var. ‘Tongilobus 

JONRS) 20 0. os \oale ane eee eee 145 
—purshii DouGL var. tinctus. 

JONES. aisie's-c ok ph gis ie hee eee 145 
—pycnostachyus A. GRAY......... 129 
—pygmaeus PALL. ...... ceeeereeee 129 
—quinqueflorus WATS.. Sp deriep le 
—racemosus PURSH.. ere LS: 
—— Tass) SHELD 'i).sincce a cceenaee 158 
—rattani A GRAY.............c000 174 
—recurvus GREENE..............-+ 160 
—-reflexus T. andG........... .. . 164 
—-reptans WILLD.................-- 174 
——reventus. A. GRAY |.... istsss sess 
—reverchoni A. GRAY. .........-.. 148 
—richardsoni SHELD..... 5 S64 ee 
—robbinsii (OAKES) A. Guay nee 155 
—robbinsii (Oakes) A. GRAY, var, 

jesupi Eaa.eSToN and SHEL- 
DONG 25s ots cates eieetlcace te sare ae 155 

—robbinsii (OAKES) A. Guay var. 
occidentalis WATS...... 155 

—rothrockii SHELD.. 
—royleanus BUNGE::.-. sacle 
——roleanus DIBTR........-.-+- sees ee 
—rusbyi GREENE.. sabes ae 
—sabulonum A. GRAY. .02.7 oe 139 

» Saag 
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Astragalus sabulosus JonEs. waar SARS 126 Astragalus trichocalyx NUTT..........-. 171 

—safranbolicus SHELD............. 138 —trichocalyx TRAUTV.......-..-+ 171 

—salinus HOWELL............-.0.0- 169 —-trichocarpus YOUNG.. esis 

—scalaris WATS............ Pee Se «- 126 —trichopodus (Nurv.) A. GRAY... 133 

—scaposus A. GRAY..............-- 168 —tridactylicus A. GRAY........... 117 

—sclerocarpus A. GRAY..........-. 125 —trifl rus (DC.) SHELD............- 140 

—scobinatulus SHELD.... ...... 24, 131 —triflorus A. GRAY.. pine afee ce AD 

ip ecopuloram PoRTER and OouL- —triquetrus A. GRAN daccateaaes 146 

Dee ran eink sabia gti co wea 159 —triphyllus PALL.......-...00-e<ses 117 

LS nbtocularis DOr ieee: —triphyllus PURSH.....-.--.-++++- pals 117 

——serenoi (OK.) SHELD —tristis Nutr. in T.andG.. a 

—sericeus DC.. Sos sclg Sas —troglodytus WATS..........--c+0+ 129 
—sericoleucus A. Gray.. ero Ee 117 ——tweedyi CANBY.. Er 
——serotinus A. GRAY.. Scntatdad oO —umbraticus SHELD. 
—sesquiflorus WATS... ......-.+++. 121 —ursinus A. GRAY...... 
——shortianus NUTT. . 148 —utahensis (TORR, y TanaG.. 
— shortianus Nutt. var. (2) minor —vaccarum A. GRAY.........-- 

LGR OETAS QR Baer ee Sere aes 148 ——vyaginatus, PAUL --. 2202 csdepeoere 
—shortianus WATS..........-0e200+ 148 —vaginatus RICHARDSON. .......... 
—sileranus JONES.. 153 —vaseyi WATS .........06 eee 
—-simplicifolius (NUTT.} “A. Gray. ——Verntoriia A. GRAY sco<css dae antiee 

MN 1 o'siaie 92 < ale a « S-oicnincls aio 0'v'so's o0'e-'s 118, 119 —vespertinus SHELD........--..+++ 
+—solandri LOWE. ...... .......- 22, 119 ——VOStibUS, BOISS:. 6 c0-0seccccceissve 

—sonorae A. GRAY........020-2220. 128 == Estes WATS (icces tdvedetecsepoces 

RI TEOT OR LORI: «'c eadlec'as tpisiitcenaa’ 162 —-vexilliflexus SHELD....... 21, 121, 132 

—sophoroides JONES............... 172 — vexillilongus SHELD.. ae Be 140 | 
‘ —spaldingii A. GRAY............+.- 168 —villosus GUELDENST......-. “28. 151, 167 

— sparsiflorus A. GRAY...... 154 ——PiLLOSUS MICH. .v.cc.csccs es acee 23, 151 

—sparsiflorus var. major A. GRAY.. . 154 —virgatusS PALL.........--.-sescees 135 

—-sparsiflorus A. GRAY, var. ma- —virgineusS SHELD..........-.++-0+« 129 

SVINEOULUIS A. GRAY J 2 csc e8' awe cm 154 —virgultulus SHELDI04 Sstiee we doen Lee 

——spatulatus SHELD..... caveme, 219 Se tilts | BUNGE io. seen Bote eee 118 

—Speirocarpus A.GRAY......... 125 —viridis (NUTT.) SHELD..... .. prem: 
—speirocarpus A. GRAY var. eur- — viridis (NUTT.) SHELD. var. 1m- 

vicarpus SHELD...............-+ 125 pensus SHELD.......-.+---++++-+ 118 
—-speirocarpus A. GRAY var. SI Ons = Wwatsont SHELD.. sccs\cs- ose sent wen hae 

: formis A. GRAY. ..... 125 —watsoni SHELD .. 174 

4 —spicatus NUTT . steeds” 106 ——watsonianus (OK.) )\SHELD. 143, 144, 174 

—stenophyllus T. ‘& G.. stow strlce meee PEPER Acs CEB ACY o> bisa ore ce sicieiaou= pinta 136 

—streptopus GREENE.. eee te AOe — webberi A. GRAY..... 2000+ sse0ee 146 

—strialus Nu@r. . ae ge,” 165 — = WEtHOrillt JONEAM.d5<a5denersdee 139 

— strigosus CouLT. & FISH........24, 126 ee whitnéyicA. GRAY.-.0.-->.020s-e~) tol 

—strigosus pomcag SHELD. .24, —wingatanus WATS . Spree ee 0-2, 

aoe -. 126, 160 = WwHOTON Is SHEL Dees oe tsece si 6s. ote 138 

—strigulosus 5 Of 2 ek: UR Pe aY 174 —vwrightil A. GRAY............-.--- 163 

—strobiliferus LUNDL ....... . ..-.. 140 —yaquinus Wars. Seo ean W tect eine 167 

—strobiliferus ROYLE.............. 140 —zonarius SHELD.......-e20- sss 125 

* —-subcinereus A. GRAY............. 136 Attractignn LINK. dincscccsccs cnesnns ens 727 

—subcomprexsus A, GRAY ........... 158 IMErichwms 2. cae eo letokis tase cuisines 280 
—subulatus BIgB. var. Grand DO. —angustatum B. &S............ -- 289 

ea . 154, 156 ——aindulatam BRAUY:....s0-----s5~- 289 
—-succulentus RICH........- sees: 54, 172 Aulacomnium nalnerre. Sea are 
—succumbens DOUGL............. 159 . 287. 531, 592 

—-suksdorfii HOWELL... "7, 139 =Avenastriata MICHX...... .. 524 
—Ssuleatus LINN...........00 e008 aoe 129 
——supervacaneus GREENE.......... 174 B 
—supervisus (OK) SHELD.......... 140 
—Ssuturalis SHELD.................- 23 Bacillarieae NITZSCH..........----+- 31, 236 

—suturalis SHELD ..........-..-.+.. 144 Bactridium KUNZE.. woken ae 

—sylvaticus WATS.............+-+-23, 160 Bactrodesrvtiw clavulatium “Oxe. & 
—sylvaticus WILLD .........00--05 23, 160 HARKN.. Braye th WS ok tee COE 

=——Syriacus LINN... ...... .56, 165 Ba@eCOMyCes.... ....ecees cece cece cscccvecs 935 

——S8yTidcus PALL......... seceee---06. 165 Balsaminaceae .... 2 .s.c.cccesecccees 552 

—syrticolus SHELD. ............- 22, 145 Balsamona pinto VAND 862 
—tabrisianus SHELD................ 15t Baptisia ipucantha Tore. ¢ & GRAY... 549 
—tegetarius WATS........ 121 Barbula....... z ~ 280, 1011 

—tegetarius WAS var. r. implexus = falas UMW do sey .ce eben tlds ae 284 
CANBY. ... Z 5 121 —tfragilis BkucH & SCHIMP. ...591, 740 

—tenellus BUNGE.. Sindee cdinet Soa kee —mucronifolia £ ae ae: & erro 
—tenellus PURSH ........... 61. 122, 123 284, 592. 740 
—-tener A. GRAY. ..... ona 169 —iilleri RB. 3. ore c 740 
—tennesseensis A. GRAY.. bo, WLLE —ruralis Ty, eee ee SER 285, 581 

—ltenuifolius DESF,....-.......... 120, 121 —tortuosa W.& M.var. dicranoides 
—tenuifolius LINN ............. Poe 120 FERG.. ee pase uy ieee 
—tenuifolius LINN....... 121 —unguiculata enw: .ia.0% 2S, 592 
——tephrodes A. GRaY...........,- 120 Bartonia virginica (LINN. 2 Bs S.P.... 227 
—tepicus SHELD.................137, 172 | Bartramia oederi Scaw. 287 
—teminalis WATS............s6e06. 164 -—pomiformis HEDW....... 287, 581, 592 
—tetrapterus A. GRAY...... .... 151 Basidiomycetes, ........0- sceceeseceeees 6 
——texanus SHELD....:........65, 141. 175 Batidacsae:.3¢.. ts sess 
—thompsonae WATS.......-.2.0+- 22, 145 Batis P. BROWNE.. 
—thomsonianus BENTH........... 22, 146 —maritima L.. 

° ———thurberl A. GRAY......c.c. seccee 132 Senate oe divaricatam ‘(SCHRANK. ) 
——toanus JONES...........cc0.eee eee 130 Wim 542 
——tolucanus Ros. and SEAT ....... 174 = teenepeelian (Cnarx.) Bosscu 542 
——tricarinatus A. GRAY ........... 1160 Batrachospermeae SIROD......--.----- 25 
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Batrachospermum vagum gels Aq 25 
Batschia decumbens Nurt.. » 75 
— longiflura NUTT.. SES Eman e ao ee aL 
— longiflora PURSH.. Scie tian Sosa tote Lee 

Baumea GAUD.. SERRE GRRE Aaacee clas eeloo 
—meyenii FCUINTH. os Sd etead 79 

Bazzania pectinata.................6.-- 45 
Beckmanniases: +. seek e den seeaceeeeses OSL 
BeEnOEHiGACOAC ih qi\ccswes decloe seeeerceees 543 
Berberis vulgaris... .. Latent 988 
Berteroa incana (LINN. )DC.. 587 
Betula..85, 725, 983, 985, 988, 991, "998, 1006, 

1012, 1014, 1021, 1022 
— glandulosa Micux.. ats 964 966, 

Ae Sat 975, 989 
—lenta LINN. eee ..69, 537 
—nigraL. aes 537 
—papyrifera MARSH.......- 71537, 997, 1013 
— pumila earns te ANA aa 537 

BETWS CERO) caccicececsiecesses 537 
Biatora. . aMiaeree “704, 1005, 1019 
—— atropurpurea ((Mass.) Hepp .... 701 
—fusco-rubella (Horrm ) TUCK.... 723 
—grunuiosa (EHRH.) POETSCH.. 710 
—hypnophila (TURN.) TUCK...... 723 
AMIN GL tet MR Coase. Lil vier tente tenes 723 
—muscorum (Sw.) TUCK.......... 723 
—rubella (EHRH.) RABENH.... 
—umbrina (ACH.) TUCK............ 723 

Bidens L 
—heckii TORR. ......... 572 
—beckii Torr. forma scissa 

SHED is os cic sce cloa cs site: 79 
CORN | haya nasivcn a nleciaessinacises ebie 
*——connata MUHL.. e deaete 572 
—connata MUBL. var. pinnata 

WATSON.. Eeiisaee eateeles 572 
a frontloss MUANN. J... 5652000 < 2.33, 572 
— gracilis NUTT............... somes 917 
—laevis (L.) B.S. P.. Oe 
—— mutica NUTT.......00.020-0ee cece. 916 
—-pilosa L. .... Lcinieislemiainer celeriac: LOLS 
——sandwicensis LEss. 917 
pan choeperins) (icHx,) Britt.. 572 

Bispora Sonne: wae siteote (eevee: :. 648 
Bisuleatus . Joa diseases teas cete has CIE 
STR Usa noe ctons ainiciasers shania De etlceie bine cales 855 
= =OTOUMANG Was ces mem eecsie chet etcens 855 

RIMACR BO oe oe cc cicisis sot se Seclacieeyee ois Sere 855 
(SRA STORS & ney Seah soc owe mate eaeist sa latee . 46 

pusilla BENIN Sate, oes 45, 460 
Flcchentm souleytiana GAUD.. sseeq, "BIB 
Blechnum polystichoides RACK. i..2228 788 
——squarrosum GAUD.... .......-+..- 788 

en nOride sss. Soecswaes bean eeaienececse 731 
Hiindiavacuta BAS. coe.) ee 284 
Biodgeettia,, WRIGHT. op 00062 .2secc sees 658 
EGA. eye rice nine wae ateviee se attssiesisc sch tA 
Bobea GAUD.. sigdleeie-ctats 
— brevipes "A. GRAY. 
—mannii HILLEBR........... 

Boehmeria JACQ.............-- 
—albida H. and A...... 
—-grandis (H. and A. 
— grandis (H.and A.) HELLER. var. 

gamma HILLEBRAND........... 812 
— stipularis WEDD.... .............. 812 

IBOBra wwilan Wie ee shite s cence  Sueklceee 822 
SG TIPUR A Lui adel sees divissoats esas concen 822 

BS OVGUUS ee a te cise Gee eatcieelemree dere citelnce toe 
Boraginaceae .. a Rechte he Ulta st COOL OBO 
OSGI A. Giles eins Samtok cious twats 5, 46 
Bostrichonema CES ......-..c....-.... . 654 
Bothriospermum BUNGH. cos. 880 
—tenellum F.and M............... &80 

BomryiGhwim o2cches. Ness aesea wee eens ces 1021 
—lunaria ca ) SwaRTz.......-..... 518 
——ternatum(THUNB.) SWARTZ. var. 

BUSLNALOUG RAY 5 one scnleeeeres asine 518 
— -virginianum (L.) SWARTZ... ... 518 

Botrydium... sat Bee AND 
—granulatum. (LINN. ) "GREV....2. 232 

Botryosporium GORDA erste recs 668, 672 
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—rangiferina (TE ) Boren. var. syl- —vitellinum (PaAILt.) SHELD...... 467 

: vatica y eee 710 Clathroptychium Rost oe Tae 

—uncialis hee ) Fr... bar? -.700, 710 —plumbeum (F Rigs.) SHELD...... 465 

= verticillata Puk..........-.0<sce. 81 —rugulosum ROST.........0065 seeee 465 

EMME IGUIN VTi elas ok ccc eecleoee gi] Clathrus adnatus BATSCH.........-+++++ 466 

MUM PNONA jee re. skysbc cesine wens cope nee: 1004 ——denudatus LINN..........0.-++++-+. 466 
ICONS: A Gio bas ot lene 231, 598 ——pertusus IBATSCHs: orc pte dae > aoe 473 

- —eanicularis (ROTA) KG........... 939 == AALS EX OMIT aca oisi0,s)5x) dois sais sie o ole awie 474 

— crispata (RoTs#) Kea.. 26 —-pedatus SCHM.. nisin otea tee 

—erispata (RorH) Ka. var. brach- — pedunculatus BAmscH.. 466 

SORIA © a Nee a 231 ~—recutitus LINN. ......cecceee2+ ees 468 
—crispata (ROTH) Ka. var. vitrea -—turbinatus Houps.. a's} cee Ree 

(Ka.) RaBenu. aan 231 CLAD OTIG NIOTITONE RS crccis seis) emceneanee 494 

—-declinata Ka...... 931 BL ation bene eg Win poecto ca Soper ane ee 

—declinata Ka. var. fluitans (Ka. ) HALOS ES WEL wteee eee sire ele tocae 497 

IRN osteo tes cas cog hae tae 232 Olavarliaccae’. ict scp cees: oes hd acide een 484 

- —declinata Ka. var, pumila Olaviceps.. sees 733 

(BATIOKITROHN! 0). ..222022, 05 231 Clavocarpus.. patetaes Be 
—tfracta (DILLW.) KG.............-. 930) Claytonia caroliniana MICHX......... 539 

- ——fracta (Diuiw.) Ka. var. gen- —caroliniana MICHX .....  ... «-- 15 

uina KIRCHN.. 930 —latifolia (SOLANDER.) SHELD.... 15 

—tfracta (DILLW.) Ka. var. patens sa IPTG AN ECs cae unite cake, Seay ae se 539 

LACE CE ee eee 231 —virginica LINN. var. latifolia So- 

—fracta (Diuuw.) Ka. var. ‘rigi- GANDER 505. ccs ccc ce cence: coves 15 

dula (K@ ) RABENH. 231 GTCOTNG Te. ioc. See pian ene ae cleeole akin take 828 

—fracta (Dituw.) Ka. vur. seti- —— pentaph yl) a Ua;; ect sese cies ancee= 828 

formis (KG.) TILD ............ 931 —  serrulata PUORSH.........-..-+---> 544 

—glomerata ( LINN.) KG............ 26 Clermontia GAUD....... 764, 906 

_ ——glomerata (Linn.) KG. var. cla- —clermontioides (GAUD, ) HELLER. 906 

Tei), MYLOT OI 0) Ee ee ge a 231 —gaudichaudit HILLEBR........---- 906 

—glomerata (LINN.) Ka. var. fas- kakeanad MBYEN:. ... de sesee se. 906, 907 

Ciculata RABENH....... ....... 231 ——macrocarpa GAUD.......----- 906, 907 
—glomerata (LINN.) KGa. var. riv- —macrophylla NUTT.........---++ 906, 907 

Mids ABS Los 26, 231 — oblongifolia GAUD...........-...- 907 

ee atipoclona KG... ....<....c.. sce 934 —persicaefolia GAUD.. ..:..-...... 907 

eo oclona Ka, var. flotowiana Clerodendron L. Gy Ty eee at 

Cue ANRGY.feet os: 231 ——fraprans, VENT. ss. wee. © +) beens 880 

Micabhorscede N Sune i WITTR. —fragrans VENT. var. pleniflora 

em. DE TONI.. 26. 230 HtEGEBRAND:, (s50 ct ene. &80 

Sriiesporiam Ries Piel oe erg Climactim americanum BRID....291, 582 

Cladotrichwm CorDA.. heh ee) SO ——dendroides W. and M............. 291 

Olaoxylon A. Juss.. g43.- Clintonia borealis (A1z,) BUA cece 533 

—sandwicense var.tomentosum HIL- Closteriam acerosum Made ites we 
LEBR. . 843 BER Soc F05 sco eshte x SO uO 

—tomentosum (EicLEpR. ) “HEL- —ensis DELP...... ee eo Atte! 

LER CR Sade CURA. —kuetzingii BREB...........------. 29 
Clasterosporium ScHw.. 7.660, 662 —macilentum BREB .. . 29 

PUNLINA CGH 32 ets wanes 661 ——parvulum NAKG....... — ..+..--- 29 

 ——caespitulosum E. and B........... 661 yo strigosum BRED \...csi0cpuaennedans 29 

—capsularum Sacc.. a ee 661 Clusia sessidis H. and A.......-...+. +... 838 
_ —elavulatum Sacc.. Tare a SSN rN Cocconeis pediculus EBRB ........- 31, 237 

—elaeodes.. atte Oe Coelastrum sabres atten INANE oe ase 233 

—larvatum SACC.. .....+.+re2s+s 000s 661 Coffea L ... soneeee ees wssaceces S94 
-—maclurae POUND.. ha Ae 681 —-arabica | ia ba telcos) tamed cislelclane cvs ne &94 

—obelawatum SACC.... 0... eee 662 —kaduana O. and §.,...............- 903 

+—olivaceum FE. and B.......... .. 661 —mariniana O. and §$........ ..-.+- 904 
——olivaceum (WALLR.) SACC......... 661 — odorata FORBT .........0c.scee wee 902 

—-pedunculatum PECK............... 656 Coix L.. siaiy owto'e abraeceitea st UPD 
—populi BE. and E.......,..... .+.... 662 = idseymin-lobl Ws. 2. - share ae 795 

——stleticwm SACC .......... ..0ee0e 662 Coleochaetaceae (NAEG.) PRINGSH.... 25 
: PoleGenHats. (02 oc. sAdicnes weawlen sees 628 
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Coleochaete aoe ASC Rises 
Collema. ...... Hotete 
—crispum Boner or ae =: 
—flaccidum AGH............ ..22.06- 
——pulposum (BERNH.) Nyt......... 
——tenax (Sw.) ACH.... ........--..: 

Colletotrichum....... 
COVA AME MA cecice< pce eetaes 
—umbellata (L.) NutTtT.. 

Comarm palustre L................ 
Comatricha PREUSS...... .......... 
—aequalis Peck oe 
——pulchella (BAB ) Rost. . 
——stemonitis (SCope.) SHELD. ....- 
—stemonitis (SCOP.) var. pumila 

(CORDA) SHELD.,........ AE 
——lyphind ROST.......0..20-s20+-s000 

Gommelinaceae .... 2... 222 ese ce wo seee 
Com positae. . 567, 676, 763, 764, 
Comptonia peregrina (L.) COULTER.. 
Conanthus 8. WATS 
—aretivides... 

—sand wicensis (A: Gray) HELLER... 
Conferva... . 
—bombycina (Aa. i) LAGERH. var. 

i ee 

elongata RABENH.............. 
Woniferaey,, coc scscee ss neeee se 103, 519, 
OGNLOGWDELE A. cee cies sesh ane a bee 704, 
Goniosporim UK. . eke) leew awe slec 
—fulvum (B. peer C.) P. and C. 
—lateritium (CKE. and HAREN. ) 

P. and O. 
—-pactolinum (CKE. ‘and. HAREN.) 

PHANG O sor, ee ate kacciseecs 
= Sadler tie CB ane: a HEn,) 

Coniothecium CORDA .. 
—-sarcosporioides (ELL. ‘& ANDER. i 

P. and C. P 
Conocephalum conicum DUM 
Conocephalus stiscaes 
—conicus DUMORT .... ae 

Conomitrium julianum Mont......... 
WOnVaaATia COHC Ls fester sce a\be\csen neat 
VonvolvnlaGese. o. cs accs siecle vs wena ice 
Oonvolvulus arvensis LINN.. x 
—pes-capraelL. ........ 
—sepium L.....560, 965, ed 975. 977, 
—spithamaeus 1 ie 

Gonyzacinerba lis cccscc. ccs) acaceucecs 
Coprosma FORST.. Raat saleuiccl amp itniciss 
—foliosa.. - ashe 
—kauensis (A: GRAY) HELLER.. Rae 
— longifolia A.GRAY .. 
—pubens var. kauensis A. GRAY.. 
—— EY NONOCATP Assen tvs v's elaaitenecens ss 
—Waimeae WAWRA.........00eeeeee 

Coptis trifolia (L.) SaLISB ..... ...... 
Gorawlornizar tess cscs ek esis 976, 1021, 
—corallorhiza (L.) KARST.......... 

WOTARNA PIREUSSs ccscies isis saviviaisalse e sic ats 
OOrduld; RAKING. co sees cs ce atic ssc 
WONG EEDE cee ees teceue acd cee nese wel es 
CWoOremiege es. sicGs coe lhs we nclecte. OZ, 
Coremium LK .. 2 yee 
—berkeleyi (Mont. i Pieters: 
—bicolor (WseB.)P.&C. ae 

monilioides (A. & S.) P. £0: 
Coreopsis cosmoides A. GRAY.. as 
— (Campylotheca) macrocarpa A. 

GRAY.. shee ciate 
—pualmata By sp ee een 

trichosperma MICHX.. 
Corixanthes STEUD.............-.- Bie 
Corispermum hyssopifolium L.. ..964, 
Oornaceae..< i. ../05 5 
OOornnus? 25s. 2soee 475, 969, 971, 972, 993, 
—-pbaileyi eee & ay Ane .965, 970, 

[= ..971, 974, 
-—canadensis L.. sae A 
SoReal Marsu. Suaches ea won oe 
——Circinata LL’ HER... 25.....--- 25 
— sericea LINN. ae 085, 970, 971, 989, 
—stolonifera MICHxX 

Coronopus GAERTN.. Seearsee 
—didymus (L.) JE. Smire :...... 

MINNESOTA BOTANICAL STUDIES. 

Corsinia..... 46 
Corticium pactolinum™ CKE. & HARKN.. 660 
Corylus. ... Lane Petites |) 
——americana WALT .............-.. 537 
—rostrava AIT 

Coscinodon.. 4 
—pulvinatus. F 
—raui AUSTIN 285, 753, 754, 755, 

° 756, 757, 758, 759 
—renauldi.. .286, 753, 754 
—-wrightii. 285, 286. 753, 754, 7S, 756, 

Pee ee eed inepsgase acac 757, 158 
—Wrightii var. brevis n. var HOLZ. 

757. 758, '759 
Cosmarium ansatum (ounens. ) Ke 29 
—brebissoni MENEGH.. o so.a alee ee ae 
—laeve RABENH..........---se0- cece 599 
—subcrenatum HANTZSCH......... 234 
—tumidum LUND. ............... ieee 

Costiad: WAG. «2.25.03 ce2 vchesiseis see 106 
Gracea ty) oS ocbaceuaced cactdeleaetsineeie 
—purpurea Tie eet LS Gaal ote oe §33 

Orassulaceae:. © 5.2: 2.3... 22 ence ree 545 
Crataegus coccinea L..........6.-. -.. 546 
—punctata JACQ..............- 226, 587 
—tomentosa L.... 6.5. ..ccccccce nes 546 

Cremopyrum SCHOUR.. os ea.cw set <a aes 
Crepis L.. <a's ote ata 
ahtpontca. (L. y Bena. . «ec cweeaeees 

Cressa L.. os aicie epee 
=——Orelica: ..J..54. ec. ee 878 
—truxillensis H. B. K.............. 878 

Cribraria SCHRAD. 4.2 .s-.ciseeebioee 463. 466 
—argillaceae PERS.............02-0 466 
——CETNUG “PERS... |. s00 605 sactese ee 465 
—-sphaerocarpa (SCHR.)SHELD..... 466 

Criosanthes RAFIN.......¢2 coesccece 423, 431 
Critesion RAR; :.2ascatueceeicnnees Staaten 
Critesium geniculatum RAF............- 110 
Critho! Be MBY:= 5 oi. sais cicececeleaeclse mena 110 
Crithopyrum HORT. fi shccne a ee 106 
OrotalariaiU fess . 833 
—assamica BENTH...........-e--00+ 83F 
—fulva ROXB......... Pi 833 
—ineanaL . .....833, 8d4 
—longirostrata. H, and Asche 834 
——saltiana ANDB\....../02 cece . 834 
—sericea RETZ.. coc cccensle code aee 
—spectabilis Roru. esis sins oe eee 834 

Oruciferae......-.. ccoenssapeeeeeg 
Cryosanthes borealis Rar. sibs Lees eee 
Cryptocarya R. Br.. Pepe se See 
-—mannii HILLEBR.. Seen 06 cau eee 826 

Cucurbita.. Ase sual, caus 675, 744 
—— PEPOseuicesisa ca sselicca sects aleeeeeenen 239 

OucurbitacOae <2 +... csec ceecases eee 
Gudonia Weise. 5. oe oend eae eee 484, 499 
eircinans (PEers.) WR. 22.02 «<0 499 

=) lutea (PK )\SACC 2020s eater 499, 500 
Gudoniella SACs. 22.62, <cee cetera 484, 499 
—fructigena ROSTR................ 499 
—marcida (MULL.) SACC.........-- 499 

Cunninghamia .. ..2.. 2s. 2s. no eee 103 
—infundibulifera GuESz.: Pomerat 

Cuphea P. BR seate coeur eee 
—balsamona ©. and 8.....0. +000 sees 862 
— hyssopifolia.. oot’ see hasbeen 

Oupuliferae......2.... sc sosseee eee 940 
Ourcuma Gi .5 2038. ks. cdec ne eee 807 
-—longaL...... wis cecteacocotegeeeEaen ea 

Ouscuta.. 
—coryli ENGLM.. 
—-gronovii WitnnD cee 
—indecora CHOISY.. 

Cuviera KOEL. .......- 
Oyvyanea(GAuD:.. 3. a 
——arborea HILLEBR... 
—coriacea (A. GRAY) HILLEBR. 907, 909 
—coriacea (A. GRAY) HODES var. 

spathulata HILLEBR.. Jaoteepeee 
—hirtella (MANN) HILLEBR........ 908 
—leptostegia A.GRAY ......... 769, 908 
—longifolia HELLER .. .......... 909 
—recta (WAWRA) HILLEBR .... 910 
——Spathulata (HILLEBR. ) HELLER. 909 



Cyanea sylvestris n. sp. HELLER..... 
Cyanophyceae.............. 936, 938, 969, 
Oyathodes LABILL............ .....++-- 
— imbricata STSCHEGLEW........... 
——imbricata StscuH. var. struthio- 

loides.. Mo saias 
—tameiameiae ot 0 a eens 

ROM ELEN OMINOUS ae ep sve Sui veiestesna.w'e o1 40s 
Cycas revoluta........... Betas a Storrs’ sia 
Sey Tm It FON. 25, inns cc cod vc 0. secee's 
—septatum BON .... = er 

Cylindrocephalum BON.. 
Cylindrocladium aoe 
Gylindrocolla Bon.. 
Cylindrocolleae. . : 
Cylindrospermum limnicola Ka...... 
a ypihaoetaan cladorhizans Bye 

Ree haste hit 2g wie vee nies alg 9 

Oymatopleura solea (BREB.) W. SmM.. 
Cymbella cymbi formis (KG.) BREB.. 
—gastroides Ka 

Cystopleura gibba (Eur. ) De- Tont.. 
Cynodon RIcH..... .......-- 
Pe EMLCUILOTE EH As0 ecco. occc s0leceeaee 2 

GPMIGHONTUM LS .6i6 0 ccs sean enccen ees 
—polycarpum B. S. var. strumi- 

ferum B.S ee ee ee ee 

—-virens var. wahlenbergii B. S.. 
—wahlenbergii(B.S.) R. and OC... 

Oynoglossum virginianum LINN...... 
—vvirginicum L. . 

Cyperella camprestris “(LaNN.) “MAcM. 
var. peeeieora, (TERE. ) MaAcM.. 

Cyperaceie.. 526, 
Oyperus L . soa BODE SOT; 
—aristatus ROTTB.............-...- 
—diandrus Torr . 
—d‘fformis L.. 
—engelmannii SrEeup. 
—filiculmis VAHL. .. 
—hawaiiensis MANN.. 
mea pocmlorus HILLEBR. 
—inflexus MUHL................ 
Pa IROVITAtUS) ED . oc ccevcccentttnsetOl, 
—pennatus AA aT RECS AE Ni 
—polystachys ROTTB............... 
PO PMNOUS Ty. cs. cace cess tacwcens 
— sch weinitzii TORE. SA Re oe 964, 
—speciosus VAHL.. ae 
— strigosus L.. 5 
—umbellatus (Eh. i BENTH.. ....... 

MPMRIED IT ies 2 cece oo eas ae veins « letecr ects 
OCypri edilum ASCHERSON.. at 
PUMIIETI OC LTGOs 5.55% 5 vee o eros wine eves ae 429, 
Cypripedium LInN..33, 34, 35, 423, 426, 

Us Siisise sa 5 2%: 428, "429, 430, 431, 
—acaule AIT..427, 432, 433, 435, 436, 

etiticlas clic cisecd Mane ~. 445, 446, 447, 
Be REMLI EPA eo e ataa'e.s sa die oe'ouie's ce ae 
Pa LOUIE ATT... ci nce vcles onc sace cass 
—arietinum R. Br.424, 430, 433, 435, 

36, 437, 438, 

—-calceolus L......... . 433. 
—calceolus L.. ........ 425, 427, 428, 
—cealceolus var. g. head a 
—calceolus MICHX............20.005- 
CMM CEOLUS WALT». o:00 55 vein cosccesccs 
—californicum DOUGL...... .-. 433, 
—canadense MICHX.. 
—candidum MuaHL. 432, "433, “438, 

(RE a eee 436, 440, 
——candidum MUHI..... ......2.2e00e 
—caudatum LINDL........ 
—fasciculatum WATs....... ete 434, 
—fasciculatum KELL. var. pusillum 

PRERONC iilaie's- 0 ve:ciece wits eaibps zits 
—guttatum Sw. 433, 
-—hirsutum Micv..424. 425. 426, 427. 

Aa a 433, 435, 436, 442, 443, 
—humile SALISB.. 
—irapeanum LA LAVE.. 3 ae 434, 
BTOUE MEN DI . «12,0 c\suiev wack domenonk 
—montanum DOUGL............ 433, 

Sige th A ei 8 Tiare: Wyner se oi, 

INDEX. 10 

909 Cypripedium parviflorum SALIsB.. 
987 424, 431, 433. 435, 436, 443, 444, 450, 
872 —parvifiorum SALISB.. : 
872 ——passerinum RICH.. ", 433, 

——pubescens WILLD.......... 34, 36, 
872 —pubescens WILLD.............. 425, 
872 —reginae WALT ..425. 429, 433, 434, 
48 435. 436. 437, 438, 439, 440, 441, 443, 

941 —reginae WALT.. 
650 —rothschildianum REICHB ...... 
651 —-spectabile .. 33, 34, 35, 36, 
672 —spectabile Sw..... .. 2.2.2.2. 5, 
667 ——pusilum ROLFE.... . ......... 433, 
736 —villosum LINDL. ................. 
735 Cyrtandra Forst. .... r 
31 —arborescens BLUME......-. -..... 

—cordifolia GAUD...... . 886, 
594 —degenerans (WAWwRA) "HELLER.. 
291 gayanan.sp. HELLER........... 
600 —-grandiflora GAUD............ 
600 ——honoluluensis WAWRA.......-. 
600 —kalichii WAWRA... .............. 
600 ——kauaiensis WAWRA............... 
794 ——— ORNIAG WAWRA. <0 cu cecslsiteentae 
794 ——latebrosa HILLEBR................. 
280 ——lessonianaGAUD .... 

—lessoniana pachyph yllaHiLLEBR 
282 —longifolia (WAWRA) HILLEBR.. 
740 . 887, 889, 
282 —longifolia (WAwRA) HILLEBR. var. 
76 arborescens WAWRA.. 

561 —longifolia, var. deyenerans C.B. 
DI ARICR ie iat ac uee ose es aioe 

65 —oenobarba MANN.. F 
799 —oenobarba herbacea (WaAwRA) 
988 ABOUTS oh oss nie wan nret cae. oe 
526 ——paludosa GAUD. ........ .. 887, 
526 ——paludosa GAUD. var. alnifolia 
800 PETE GMBH So ot ate ai. ke os 

—-paludosa var. arborescens WAWRA 
——paludosa var. deyenerans WAWRA. 
——paludosa var. herbacea WAWRA.. 
—-paludosa var. longifolia Wawra 

oases lacone 
——paradoxa ‘HICLEBR ...... ‘ 
—peltata WAWRA. PIN coor 
—pickeringii A. GBAVE cb foc: 889, 
—svabrella CLARKE.. 
—tristis HILLEBR...... .ccccccccseoee 
—wuahiawae HELLER.. 
—wawrae HILLEBR.. 
—wawrai C, B. CLARKE.. 

UeTorsrnene eymbalaria (Pursn) 

D 

Dactylaria SAcc..... 
Dactyiella GROVE ic... ve cases. eee 
——ellipsospora (PREUSS.) GROVE.. 

Dactylium NESES 
Dactylococcus.. 
Dalea dalea (LINN. ) “MacM. sister 
—-parviflora PURSH........ ...... "58, 

ID ANROR eh Sete ee Poe ao ns ata ree es 
Danthonia spicata (L.) BEAuv 
Datura stramonium 
Da valiia iS MVUw, 320 ceca tetsu cde eee 
—-speluncae (L.) BAKER........ 777, 
—strigosa SWARTZ........ 
—strigosa SWARTZ. var... . 
—-tenuifolia SWARTZ............. 

Delssea Gawuw .. 3) iss Misicce wee eee 764, 
—arborea MANN ........ 
— arborea PRESL . = ctalene aed 
—clermontioides Gavp.. ees ee 
—coriacea A. GRAY.. 
-—hirtella MANN 

—rhytidosperma MANN 
—-subcordata 

sete meee eens 

i ee er ed 

—crucigerae SCHW.......... 
Dematiaceae 

07 
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Dematieae (FR.) Pounp and CLEM- Diderma geasteroides PHIb............. 479 : 
ma ENTS. . ..645, 646, 647, 666 ——FIOUOSAs . 52) cee a1 v'as nlamis wacrenees tenes - 463 it 
Dematieae Helicosporeae ‘Sacc.. Sobaabong 658 —globosum PERB..............--+---. 476 “sf 
Dematiet FR.. ete Se Senet aiaete cle, OOO. ——laciniatum PHIL.............-6 005 479 yf 
Dendrodochium .. saidebene Se ae OS —lepidotum FRIES............2-00006 479 P 
Dendryphium Pounp.. Saaroccom (8 —libertianum FRIBS................. 478 \ 
— WALLR.. shaccueeeunen Hee —licenides FRIES. ......--- cee cee cece 478 
——comosum “WALLR.. ae Si aiseeeee hee —liceoides PERS ............ . ..-. 4%8 % 
SE nodulastim SACL. 25. s22+-s.ae6 ces.) 220 —lucidumB. and BB ower so ees ane 479 ; 

Deparia H. and G.. Lees —mulleri (Rost.) SHELD........... 478 } 
-—prolifera (KAULF. ) HOOK ei (2, 778 —muscicola LINK.... . recta naa 4 
—triangularis UNDERW ........... 778 —mutabile (SCHROET.) SHELD..... 477 % 

Deringa canadensis (L.) KUNTZE..... 556 —neesti CORDA.. Sect soon eae 
Dermodium inquinans LINK............ 474 —niveum (Rost. ‘e SHELD, 02 scccat 477 ; 
Deschampsia caespitosa (L.) BEAUY. 523 —ochraceum ceavey) SHELD... 478° ’ 
Deseurainia piunata(WALT.) BRITT.. 544 —-pallidum B. and C............. FP (2.1: 4 
Desmatodon nervosus BRUCH and —pezizoideum (BERK.) SHELD..... 478 ; 

SOHLMP. cas oscstice! sce ctesie sicles 591 —physaroides (DC.) SHELD. ...... 478 f 
—obtusifolius ScH.. ey weed —ramosum PERS............. VA ; 

Desmidiaceae (KG.) DE BY......... 28, 234 —ramosum (SCHUM.) FRIEs.. 478 § 
Desmidium baileyi (RALFs.) DE By.. 28 —reticulatum (Rost,) SHELD 478 f. 
ee GWATEZIL AG Ausaceeses «acs <ceceve 598 —saundersii (MAss.) SHELD. + ave, 

DesmodtumMaDRSVariasewes cs. cs demace sees 835 —sauteri (Rost.) SHELD...... 478 q 
—triflorum DC.. Bo NO, SSD — simplex (SCHROET ) SHELD.. 478 A 
—unceinatum DOS ae 836 —simulans (ROST ) SHELD.. ....... 477 : 

Deyeuria forsteri.. ........--ceeeee veces 794 —sphaeroidalis (BULL.) SHELD.. 476 f 
TD Oye) tye eee SBE a See pa ee posed a 475 —spumariaerorme WALLR.. are (5) 4 
— elegans FRIES.. sceieasjesp aio — spurium SCHUM:|.--+ ../csesussasece 479 i 
——Jeucopoda (BULL. i Rost 475 —stahiii (Rost.) SHELD.. Meee: i-) ; 

Diandrae-Cypripedinae............ 423, 433 —stellare PERS..... asc sean 7 
TPE LI LTAM os ceo rinw cece s eSaste siete 805 —stipitatum (BULL. ) “PRIES.....--2 478 : 
Dianella nemorosa LAMARE.......... . 805 —subdictyospermum (RosvT. ) : 
—sandwicensis H. and A.. 805 SHEED. ces shies ces eae eee 477 

Dichothrix orsiniana (KG.) Borner —sublateritium B.and BrR........ 477 
ANAM TAH ADI <s. te vecsee ae 1/009 —testaceum (SCHRAD.) PERS...... 477 4 

Dicksonia prolifera KAULF............- 778 —umbilicatum PERS......... 2.0006 479 4 
PicoccuuMmOORDA wacere seo sks scteeus <6 660 —vaccinum Dur. and Mont...... - 478 7 
Dicranella heteromalla aoe e282 —valvatum FRIES.. Bae) | 7 
—varia SCH.. Sean yay ees OSS. 591 —virgineum (MAss. ) ‘SHELD....... 477 

Dieranidion TEUMaET a RAL Eee ee 735 Didymaria OCORDAS, i dsccthes- ames , 654 
Dicranophora Soe ene ite 100 —didyma (UNGER.) POUND......... 654 
—fulva SCHROET.. bares 100 —umgyert CORDA .. - cccascccccccecce, GDA 

Dicranum albicans Bisa leave 740. Didymium:SCHRAD. .2). 22.5... deseeeeee 475 
—pbergeri BLAND............ 283, va 591 —candidum Sees sicis's 5 2 ats oles ea 
—eongestum BRID.. as 282 —-capitatum UINK.. Sols node Seae ene 
——drummondii C. MUBLL........... 282 —cinereum KRIES.. coca vec ce een aeaOD 

—flagellare HEDW...........---- 282, 580 —complanatum FUCKEL. . ro att, 
ee HISCASCONS LURN.. ses serlesn ee —difforme DURY.. ............e0ceee 478 
==montanum HEDW:.:....5.-.. = —farinaceum SCHRAD............-.. 405 
—palustre, DELA Pes: heraeis —filamentosum WALLR.......- -.++- 476 
—rugosum KINDB....... eis —loriforme SCHRAD..........2-0+00% 479 
—schraderi W. and M.. 
—scopariforme KINDB. 
—scoparium HEpDW. 
——strictum SCHLEICH......... atta 
—undulatum EHR#........ 
PIA O | Eee seen keks st 4 os eieceielele |s etm 3 

Dictydiaethalium applanatum Rost.. 465 

Dictydium SCHRAD 463, 465 

—cancellatum (GMELIN) SHELD.. 465 

—cernuum NEES.. Warts Lic . 466 

—trichioides CHEV.. 466 

Rigby caphaertun ehrenbergianum ‘ 

NAG eels cee nnraicte arfere ls 233 

Dictyospor GAS LCE Ee oboe eee 645 

Dictyosporium CORDA.. Schieai oa) OSS 

Diderma PERS..........-.--seee sees sees 476 

——affine (ROST.) SHELD............- 477 

BP aIbeSCOnsS PHiLe.c. sss: se ele 477 

—angulatum ( Pers.) SHELD....... 477 

——calcareum (LINK) SHELD......... 478 

—rearmichaelianum BREK........... 479 

—chalybeum WEINM. 2...---.0+ oe 478 

—coneinnum B. and aes Ray Seen Re 479 

——contortum FUCKEL....... ........ 481 

—contortum TLOBEM: Ssiteciectones eer Vit 

——crassipes SCHUM . .....--....+.-- 479 

-=—erustaceum PECK... 0.2.0... -<.- 478 

—cyanescens FRIES ........-...--+- 477 

—deplanatum FRIES, ...+.+-++ sees 478 

~—deplanatum RUGKML Agar. .occssls 478 

——depressum_ FRIES......----+0++-+5+ 478 

—difforme PERS..... mA od 
—difforme SOMMF..... 
—fallax (ROST ) SHELD. a et 
——friesianum ( Rost.) SHELD....... 477 

— _geaster LINK. ......cccccccssccccsce 499 
—globosum CHEV .........ceeeeeeeee 476 
—hemisphericum BERK.. 
—hemisphericum FRIES.... 476 
—hemisphericum eaces 480 
—iridis FRIES.. oe 476 
-—libertianum DEBARY........ 478 
—lobatum NEES... ..........3------- 476 
—marginatum FRIES.. sence 476 480 
——meyalosporum B. and O. ..sdentgee 476 
—melanopus FRIES...... 2. ....eeee 476 
—melanopus WALLR.. ......-....--- 476 
—michelii LrB.. 2 cus Soe occ 
—wmicrocarpon Rost.. oot oe eee 
—microcephalum CHEV... at casteee ee 
—nigripes FRIES.... .....e.seeee esos 476 
—porphyropus D. R. Perron, ii 
—sinuosum D.R. and M...........- 481 
—sphaerocephalum (BATSCH.) 

SHEED oe Te ee oo eee an eeeee 475 
—spumarioides FRIES. . oa sieel re 
—stellare SCHRAD.. oan eee 
——stipitatum (Retz. ) SHELD....... 476 
—testaceum SCHRAD.......sececceeee 477 
—wallrothii RABH..........-+--.26. - 476 
— wanthopus FRIES.....-....0.+-2000. 476 

Didymobotryum SACC...............- 728 
—cookei SACC.. 728 

Didymobotryum pubescens (CG. and ED) 
SACC.. 728 

Didymodon eylindricus ‘Bruce and 
SCHIMP........ wos occnes SOA RODE 

——lmridus») 3. (satteas te sce ceelowe ..e. 284 
Didyacanorim Se atte Seen Minas 739, ‘734 
Diervilla.. Seddee seae eset “987, 1018 

ae eS Se fn eee ees 0 27. Se ee a 

ee eee 



Diervilla diervilla th ) MAGMS 
Dinemasporium...... 
NSTC rs dott deh soda secs vcledee 
Dioscorea L. ........ 
—sativa L.. a 
—villosa L.. Practeremtocce ns tote 

Dioscoreaceae .- Eee ais erate te etal s'sare! 534, 
TID ANAK DWE, #5 5 )cnc=\0 ness’ asioseas 763, 
—dipyrena (MANN) HELLER..... ws 
eee ee tps (HALLER: .) HELLER. 

avaiensis (MANN) HELLER...... 
——- MANN SEEM. cos cccc ccc cece cceece 
OV Arr cccle ns cadesicc'es 433, 436 
Diplazium arnotti BRACK............... 
Diplocladium Bon.. easly ote 
Diplomorpha MBISSNER................ 
—pbicornuta (HILLEBR.) HELLER.. 
—pbuxifolia (A. GRAY) HELLER.. 
—elongata (A. GRAY) HBELLER..859, 
—elongata var. recurva HILLEBR. 
—elongata recurva as aa ) 

HELLER. .... 
— hanalei (WAWRA) ‘HELLER....... 
—oahuensis(A.GRAY) HELLER 860, 
—phillyraefolia (A. GRAY) HEL- 

—sandwicensis(MEISNER.) HELLER 
—uva-ursi (A. GRAY) HELLER..... 
— villosa (HILLEBR.) HELLER...... 

DMiplosporieae:.........ce.seces 647 
feo ortamn E BON: J; <<2: nee 

eee eee eee ee 

MAN PR. fe onc Sc Jacek caw ees 

Disphinctium notabile (BREB.?) 
HANSG... reas Loca neiaa 

COUR LATELEL TTC OS ae 
—capillaceum B.S... .......... 283, 
—capillaceum (Sw.) BrY........... 
—capillaceum (Sw.) Bry. var. 

Brovitolium BRY.......,0..0.2s 
Distichlis spicata (LINN.) GREENE.. 
Dodonaea L 
—eriocarpa SMITH............eeee00 
— viscosa L ee ee) 

Sema STUB lttis ED Eee x atc aolciac; seb ciseiecee oa 
MEI ArECTIT Sa fot oe Serax Er cre Aosta 

e——— ON SITOM a: LINN. 0... cccccc se cceteos 
Dracocephalum parviflorum Nurt.. 
Draparnaldia glomerata (VAUcH.) 

G.. 
—plumosa (Vaven. ) ee. eS eS as 26, 

Draparnaudia... NRA a ee 
—opposita Mee cie eee Shh 
RUE ME aye 2) ia cla scaax Ses p'sidn' 942, 

—rotundifolia L. 
Droseraceae . eee ek ce 
Drymaria WILLD.. rc Eahects 
—cordata (L.) WERT. shee: 

Dryopteris ADANS.. .778, 1011, 
—caryotidea (WALL.) UNDERW.. 
—cicutuaria (SWARTZ) KUNTZE..... 
—coniifolia (WALL.) UNDERW ..... 

. —cyatheoides (KAULF.) KUNTZE... 
—decora BRACK...... Rel Sn! cinte wahomhens 
—-filix-mas (L.) Scuorr. ... 
—- filix-mus var. parallelogramma 

(Kzg.) UNDERW. 
—fragrans (L.) ScHorT. 
—-latifrons (BRACK.) lela: 
—nuda UNDERW.. G eacae 
— parasitica (L.) KUNTZE. cde 
—-spinulosa (RETz.) KUNTZE ..518, 

-780, 964, 
—squamigera (A. and A. ) KUNTZE. 
—thelypteris (L.) A. GRAY..... ee 
——truncata (GAUD.) KUNTZE... 
—unita (L.) KUNTZE............. .. 

MUPISELEIANGATID. |... .55. .oc00cceucec 764, 
—knudsenii HILUEBR............ ae 
—laevigata A. GRAY............ .. 
—laxa H.andA 

ae eo iy 
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566 Dubautia plantaginea GAuD......917, 918 
730 Dubrueilia peploides GAUD............. 8il 
942 Dulichium . . oe ae mete ee 
Bd ——arundinaceum (L. ry BRITT...... - 526 

534 
806 E 
870 Eatonia pennsylvanica(DC.) A.GRAyY. 524 
870 Echinops s cc dah at PASNy- coments) ene, 
870 Echium vulgare LINN.. 3 ‘ 
871 Eclipta L.. Leen Tee 
870 —alba (Gy HASSK. .. 
446  FElaeocarpaceae........ 
773 Elaeocarpus L 
665 —hbifidus H. and A. 
859 Elaphoglossum.. 7 
861 Elatine americana. (PURSH) ARN.. 226 
861 —triandra SCHKUHR....... 16 
561 Eleocharis R. Br.. ‘801. 992, 997 
860 — acicularis (L. :) R. and § SEN G26 

—obtusa SCHULTES............cs0. 00 801 
859 —ovata (RoTH) R. and§........ 801 
861 — palustris (L ) R. and 8.527, 964, aB8, 989 
861 —tenuis Brdee meek SCHULTES. .964, 

861 
861 
861 
861 — inflata SCHEFF.. Ficdipais x Seaigel Sein 
726 ——lUDried SCOP. .... 5.5. esse ccs- scene 498 
664 Elymus LInn..111, 982. 983, 984, 990, 991, 
659 .1010, 1013 
664 —americanus VAS. and ScriB...... 112 
469 —arenarius MERT.. 112 
163 —canadensis LINN. 105, 113. 526, 964, 

. 970, 979, 989, 1016 
29 —-canadensis LINN. forma cres- 

741 cendus RAM.. 114 
290 —canadensis LINN. var. “glaucifolius 
740 A. GRAY.. 113 

Rapin: eg LINN. var. glaucifolius 
740 Pranic Gicet hscese eee ereke cabs 113 
68 —caninus LINN.. suisentebsesicn ae 106 

849 ——— QU US) FLED Wie sc ciaseiss ocedecmasusan 114 
849 —elymoides (RAF. ) SWEEZEY.. lll 
&49 —-glaucifolius MUHL................. 113 
778 —glaucus BUCKL............2.e0000- 112 
778 ——hystrix LINN... cece decks cewcees lll 
806 — hystrix LINN,..... auidig piace tins aveled 115 
806 ———— FUDALUS: INK oben cab vais awstadacce 110 
805 ——(lechlert STRUD! hese nes eecch cece 110 
562 —— mollis "TREN S22 Snes. te ieee ce 112 

—-philadelphicus LInn............... 113 
230 —— pseudo-hustrix SCHULT............ 115 
229 —sibiricus AUCT.............- 112 
614 —-sibiricus LINN. var. americanus 
230 Warts. and Coutr.. 112 
967 —sibiricus LINN. var. “glaucus 
545 (GB MORTVRAMC Ao ea. doen ee 112 
545 —-sitanion (R. and 8.) MART........ 111 
545 ——Striatus WILLD:.....5...2.0.. 112, 113 
824 — striatus WILLD. var. villosus A. 
824 CERO Ba ae FE ses ate) (iid owe eee 112 

1018 ——MUORURY MUI 2 bets cckincas ae sesenn 112 
779 oe WAT AICS SLIDING aren nia ss afcclie a 114. 526 
779 —-virginicus LINN. aes Jp yunus 
778 SMALL.. Pathe F 114 
779 Elytrigia Biase legis ii pose ee: 10 
787 Embolus bicolor WEB........... 729 
779 ——lAcleuS HOFE. ...ccsccsede os ce caste 471 

—lacteus JACQ.. 473 
779 Emilia CAss. 919 
518 —flammea CAss.- 919 
780 Encalypta.. Nalcony ¥eswdsNeetas ee neeD 
780 == Clhata HLRDW x «s+ fe se shes «ce ap 592 
780 —vulgaris HeEpw 741 

Endocarpon. wea ae 204, “709, 1005, “01s 1019 
974 = Ai viatiio DOr; 60 eee e ee 701 
780 —hepaticum AcR.. on ee tt: 

1016 — miniatum (L. ) Scr. Bee eee 24 
781 —miniatum (L.) SCH42R var. com- 
781 plicatum SCH@R iciwaesed os bow 
917 —puslilum HBEDW...........-.0c000. 724 
918 SPER pe HEDW. var. garovagli 
DN ar a aett iy’ OPCs A 4. A rans en ee eee 724 
918 neioclanten hbo salto Wiel sa bcare a emirates 630 
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Epichloe. ......... .seees erence ees ce sens 733 
Epiclinium FR.. ..730, 731, 734 
Epicoccum 1 eee acai TES han 
Bpicradaceae. .... 2. ...see eee ee eee ge ee 872 
Epidochium FR........-.....+----.. 783, 734 
Epigaea repen =e) Sek Me LE bap 558 
Epilobium..973, “083, 1001, 1007, 1013, ee 1021 
~adenocaulon HAUSSK.........! 965, 970 
—adenocaulon HAUSSK. Var. oe 

plexans TRELEASE......... . 554 
roles Py oy eos NO) 2 Channa e Erol 554 
—lineare MUHL......... 554. 965, 970, 975 
—palustre L.. vas. Ope 

Epithemia turgida (EHRB. 7 i @ eis 31 
HEquisetaceae ..........  seeeeceecceee 518 
TOTS NUbIa gat een suednace Scqgenea meen Li 
—-arvense L.. ie Me, 0645970): Ore 
—hiemale L.. Een oes Ode 1070, 
eee TYT OOS UNNIN Sey eiale d= teleyareleveulls) alals ols's) e1ereie 1002 
TT ODUSHUEO AR Ese cilece ec cr esme-aiels 518 
—scirpoides MICHX ..............-- 518 
Sseiiibyeailean 10) 55 sane See Oni 518 
—variegatum SCHLEICH............ 518 

HraerosbishBWAUW. -ciln-cr. seer crbulen 1hoD 
— campestris 1 0 (a ce SE 67 
—hawaiiensis ea Bae anatase 795 
—-hypnoides (Lam.) BUS we seen 524 
——major HOST...... ..--.-+++-++. 524, 795 
—pectinacea (MICHX.) STEUD...... 624 
—plumosa (R#Tz.) IRs Pad nceeo yhoo 
—variabilis GAUD.. Wiiasaye niet Cee OO 

Eremiticus.. sc clannatrenestesanteslog 
Eremopyrum JAUB.. 5A 106 
Eremopyrum (EDD? Bolt aaa ee 106 
Hricaceae:.......... 006s 1001 
Erigeron L.. Be oe 919 
—albidum A. “Gray... deretgine 919 
ATI Sa. ) ERS iciees)ecisieisss ol see 570 
a HOMAMLOMSIS Lise ccise Neato =ticielcisie 919 
—canadense LINN.................- 33 
—canadensis L... - 570, 919, 965, 970 
—philadelphicus L.. ey OID 
—ramosus ( WALT.) B. 8. P..570, 

ERAT Po aiciolaivyereateleteleacaieteevcals obs, Sli 975 
Eriocaulaceae.. 531 
Eriocaulon septangulare Wirn.. “69, 531 
Eriophorum.. Ane eerenas 5, 51, 981 
—alpinum L. Bereibone be Sehsiertede a. Dee 
— gracile KOCH............+-+seees 4, 527 
—polystachion LINN............++. 4 
—polystachyon L.........-.--.e..+ 527 
—-vaginatum STAINING: oiele eisiotere ste oistare 4, 5 
—virginicum LINN.. 224, 527 

Ervoum multifiorum PURSH.. 21, 61, 122, 164 
Erysimum cheiranthoides ee Sodan 544 
——inconspicuum (8. Wats.) MacM. 

Te mero acieiwatoe his sie ciseineyes 226, 544 
— orientale MILL......... hate seule se 544 
—syrticolum SHELD.............. 71, 226 

HPV SIPNOACK re cia sare cnniele wise enim eleanor 652 
Erythraea NECK. 877 
——sabaeoides (GRISEB. ya A. Gray. 877 

Erythrina L.. oe eigatsy SBE 
——— monosperma Sign. oeee: 767, 834 

Erythronium americanum KER...... 533 
—propulians A. GRAY 533 

Bareirane Ub Te eretaetslerelelaic tie } 
Bu-Fusarium.. ARS ATI 
IOWA Lice re ctetets crests e'stnjsieis'e(s\s aielaistsreteae'= 
——malaccensis L.............++: 
—(Syzygium) sandwicensis A. 

GORA EAs he She temelicles or 817, 862 
Bugeoglossum,..........+-++2-.s200 cess 484 
Euglena viridis (SCHRANK.) EHRENB. 

Sivan oslae sonia YeleNiela:<ie 233, 935 
Euleptoglossum. Bile Sata Widhahe coins eisewets s eicelare 484 
Bumicroglossum, .\.... 225. <..ec.cecessne 484 
Eumorchella SCHROET............---+- 486 
Eumucor SCHROETER.........-.-.-+.-» 92 
Prva tl COLCAG sic sacis olsctoiace'serereneys 88, 89,91, 92 
Eupatorium ageratoidesL .. ...... 567 
—perfoliatum L........ 567, “065, 975, 1016 
—purpureum L............. +22 eee 567 

LOY aLeToyy ove: el DMweser aceuagao inoraoeC Ons 844 
—atrococea HELLER.. Mis. So See Ose 
—celastroides Boiss . Aine. Bede BAG 
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Euphorbia clase cient 13 a Di 
—cordata MEYEN.. we - 
—corollata LINN..........-- ..-c0e 
—dictyospermaF1Isca. and Ayes 588 
—geniculata BeEGe - 
—heterophylla L.. 
—hexagona NuTt.. On ae 
—marginata PURSH.; 5.4 cae 
—multiformis GAUD............ 

Euphorbia palustris................ 
iad ioe a estas 
—~—rivularis HELLER.. 
—-serpyllifolia PERS.. 
—- sparsiflora Hennes 846, 847 

Huphorbiacesaes ..: joie acacia cee 551, 842 
EKuphbrasia officinalis GD .2.. 02. Je. veser 564 
Eurhynchium hians L. and J.... ..... 292 
—strigosum SCH.............0. 292, 582- 
—sullivantii Lesa. & Jee Meena -- 594 

Eurya THUNB.. vores OR 
—~sandwicensis A. GRav.. Jo sieie'e MRO 

sessilifolia . catea wert BOO 
Eustichia norvegica O. MUBLL..... 00.0 284 
Euthamia graminifolia (L.) NurrT.568, 
Hie aris ed wayetavare © ols ao ste ley atenbratere ok iene aiatg ..965, 1016 
Buthaminidiumiy soo. iis coh ce cece steiee ee! 
Euverpa. sib sie: 6 aj eee 
Everhartia SACC. ‘& ELL. ee 735 
EVVCrnia 90 .)hs0 ules «sz Oyen Sah ae eee 704 
Ta aha (LENS) ACH.. . 82, 694, 

Rieainaie ssabsadthes 715, 716 
Excipulaceae.. ~ scteesnos este 731 
Exobasidiaceae.. wacibeideue cca as een aes 
Exocarpus LABILL.. 5 celle ek een ORES 
—brachystachys HILLEBR. wosneueren 818 
—casuarinde BAILL........scssscess 818 
—sandwicensis BAILL ........... . 818 

Exosporium DK 2. sc. cc, Mees cadeeatenee 734 

F 

Fabronia octoblepharis Scuw..... 290, 594 
Mameligis)cosce conse eomeen 
Festuca nutans MOENCH.. wine 
= NU tANS) WLULD. che se secuce-sienremicleny 
-—octoflora WALT .-3. J.c.s5..0deeeeped 
—ovinal.. ecis o:h a SalCaiee eee 
— tenuiflora SCHRAD... ...2.....00- 107 

1p Nb (oth UT Re osGderdoricomcn tut 771 
Filices.. ... os gore bes odie eee tae 
Fimbristylis WAHL. s 22.tn en ee 801 
—cymosa var. unbeliote coe 

HILLEBR.. at sc0e.< 8 OUR 
—polymorpha BOECKD 2. ee . 801 
—umbellato-capitata MANN........- 801 
—umbellato-capitata STEUD...... 801 

Fissidens decipiens DENOT............ 283 
—minutulus SULL.................. 283 
POMOSA se oielcciice side ceise'e ho pce cereaisett ee nmmnarEE 
MOM GING i sobs) ie aamioneen ne ee 280, 579 
—dichelymoides LINDB..........-. 581 
—hypnoides HARTM............. 290, 593 
—lescurii SULL. var. gracllestea 

SULL. we slenete 290 
—macmillani GARD.:. 22 ee 581 

Fragaria vesca L.............+. 547, 965, 975 
—-virginiana DUCHESNE var. illin- 

oensis (PRINCE) A. GRAY....... 547 
Fragilaria capucina DESMAZ.. Ba) Benes 76 
— virescens Bae var. producta 

LAGERST.. 4 600 
Braxinusicte .csiceeco see "978, 984, 991, 1014 
—americana L.. ..559, 965, 974, 975, 

ee edie ds US 
Frullania.. wide aginbre ct bab lee aCe 
—aeolitis NEES.......cc.sseeeeesee 460 
—dilatata NEES.. wees osiee kOe aig meas 
—eboracensis GOTTSCHE......... . 460 

Maligo; Han sce posndelstales ceaeccesd Oa ppee 
——candida PERS... .....<cs.ce0 eens 481 
—CAYNOSA DUBY........+2cececescers 481 
— flava PERS... ........cceeccceeeses 481 
—— flavescens SCH seals areata tana eres) AGL 
——hortensis DUBY..... = se-.sssaeseaae 
——[devis PERS. ; fos. 5. <- 2 con os eee 48t 
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Fuligo lycoperdon SCHUM,..... ots 2 aes 472 Gleichenia dik oh a ape Ri ee 789 
——pallidd PERS... ....-.25. cesses cece 481 Gleicheniaceae. 3 789 
esa N TU iD ot HERES = 2 alee a ach ala) ainais'aters: wia/ala s°9.2 481 Glenospora B. Jee Se RE 669 
—septica (LINN.) GMELIN.......... 481 CYMEOCANE A areas deere oe Reins lo Seen eeceer 1004 
——V@P0rarid PERS......2--+206----+-- 481 Gloeotrichia incrustata WOOD........ 236 
——vartaons SOMMB.....0..cocccessccccs 481 —natans RABENH..... -......2..00 246 
—violacea oR See otha eie eel: 40k Glycyrrhiza lepidota PORSH.......... >» 660. 

Fumago PERS.. Se ta atone favararas Wie wt OAD GHaphaliam Wyse cassie teccwees 919 
—vagans....... Site! (Gao —luteo-album L ................5.. 91 

Funaria hygrometrica HEpw....- 287, 592 ———PAEPUTOUM, Lie) sactvscessapscaseet 919 
NAPMATRIA CLE ogc dh aaieinine asc ielsiixie.os' de.s.<'e'e 47, 37 —-sandwicensium GAUD.. 4 919 
Fusarium i ..665, 731, 737, 738 Gomphonema constrictum EHRENB.. 237 
Fusiciadium BON.........+.+.. AE Ane 655 —olivaceum (LYNGB ) KG@...... 237, 600 
PUBEPUCPRISIYS EG oS dn'e a kale es bave'eit> sap raidae 650 Gomphosphaeria aponina KG....... 31, 600 
BIOMOL GS \enss dsiveta cesar icnvieresvee tol Gonatobotrytede SACO... .cc.ss0000 seocs 668: 
Mista pOTtuimn. LiK..../,..s<+.+s----»--.s060, %3 Gonatobotryum SACC.. 02.22. .....5-.0- 664 

Gonatorrhodiella THAXT.............. 664 
G Gongrosira.. Aero cde io recor Wt 

Gonytrichum Nees. oud apicehene ole eet ee 666 
Gaertneria acanthicarpa (HOOK.) Goodeniaceze. faites Cuban Caleiret 913. 

PARLE se hc cetera ctoa wejeta Saisie atloioie cc > 589 Goodyera....... 1021 
EM AHORAT so css le calf hedsices. seus 802 Gorgoniceps turbinata... 0:5 .cssceun 500: 
—gahniaeformis (Gaup. ) eee 802 Gossypium tomentosum.. 761 
—~—gaudichaudii SrEUD . A Gouldintv A. GRAY... >. cpt oeres cee 763, 896 
——mannii H{LLEBR.. —arborescens (WAwRA) HELLER 

Galego piscatoria AIT. .......... .896, 897, 899 
Galegiformis.. waains —coriacea (H. ‘KA ) HILLEBR. .896, 897 
Galep<rdon epidendr on Wica.. ie 469 —elongata HELLER. 897. 898, 901 
Galium asprellum Micex.. ye 565 ——lanceolata (WaAwRA) HELLER.. 897 
== DOTOALO Ln... 2. cc. cece cees "565, 965, 1016 ——— UOTE) ose sina oinin Deleon hoe cidcien ae - 898 
—trifidum L............ 565, 965, 974, 975 —sambucina HELLER. ... 898 
—triflorum MICHxX ..... 505 —sandwicensis var. cordata WAWRA 899 

Galpinsia hartwegii (BENTH, ) ‘Brit- —-sandwicensis var.coriacea A.GRAY 896 
TNE Rite che ae cocue .. 680, 681, 683, 687 —sundwicensis var. c. lanceolata 

PRPOPIEDITE LUA sO» oe ncevcce veces ei, aa seeds 1021 VAR AN #20 Ose Sa Sdeiee es Eee BO. 
—procumbensL. ...... ...... 558, 967 —sandwicensis, var. suffruticosa. 

DETR TS ea cee ale a op als es ccleaun Dah Sade"=re 6 WAWRA.. ok SA ROO 
DRAMA SUNT Pls ele he oases eek ccdcme ceeutie ce 6 —sandwicensis var. terminalis’ A. 
-—andrewsii GRISEB ...--.-...--.... 559 GRAY.. a8 899 
SS Srinita MROBL. 022 <esessacse. ebeac 559 — terminalis (HL. & A ) ‘Hinwepr. 
—puberula MICHX.... ............. 559 see eth wee eee . 896, 897, 898 
— serrata GUNNER.................- 559 Gramineae . ste Anan . 521, 794 

MOH ETANACOAG <)sic5.0) “secs case noes 559, 678, 877 Granularia Rora.. Bee noaocr 732 
Geoealyx graveolens Tyne A vas 460 Granularia SACC.. . 732 
Geoglossacee® . AEE Selec agama Ode 40d Graphephorum melicoideum( Midis, ) 
Geoglossum Baunsec. ests se: 484, 494 BEAUV...... saislcra severe cece OLE ime Oa Ee 
moat JOWNS ......+.c+-dececc shes 495 Graphidei NytL.. Sabato ie. 
—americanum poe) Sacc..484, 494 oe alee Sy ta FUCKEL . eis wae oe 729 
—difforme FR.. acee. ec e484, 494 Graphis.. atts Re ste 704 
—farinauceum Scuw. Marais cio bie ernie 484, 494 —dendritica ACH Bad £ & 
—farlowi COOKE ............... $84, 494 —elegans (Sm.) ACH................ &5 
—glabrum PB&RS................+.494, 495 —scripta (L.) AcH.. ok wee OD an Oe: 
— hirsutum PERS ....-484, 494 —scripta (LINN.) ACH. var. recta 
—hirsutum var. americanum COOKE 494 (Homes) Niwas sa. ee teeene 85 
—irregulare PK. .......0-.ceceeeee 495, 496 — -substriatula Nyw.... ....... 85 
—luteum PK .. 405, 496 Graphium CORDA............ ; 728 
—micrusporum OKE. and PK. 495, 496 ——_perkeleyt! MONT eel ide. caaele mee 728 
—nigritum (FR.) COOKE..... 484, 494 —pubescens O. & H..............+.0- 728 
—ophioglossoides(L. )Sacc, 484, 494, 495 Gratwla monniera L..... 886. 
—peckianum COOKE............ 484, 495  Grimmaldia barbifrons BISCH......... 461 
—-pistillare B. and CKE . 400s. S008 WGrimimnl ay ccs Gees aoe seins cieeeee 75S: 
— rufum SCHW.. ee -495, 496 am big way SUbDirssechest stance cook 285. 
Se RINULO NIRS <4 224528 wats d ne eocees 494, 495 —apocarpa HEpw.......... 285, 286, 740 
—tremellsum COOKE,.... 22.2206 495, 497 —calyptrata Hook... .285, 592 
—velutipes PK................... 484, 495 ——commutata HUB.................. 740- 
—-viride PERS. Wiieeee cuivcaviccioc tom 400 ——conferta PUNCK.... 20255 sec: 5 doce) 28h 
— viscosum PERS..............6- 484, 495 —pennsylvanica SCHW...... zi 592 
—vitellinum PERE taal pei ie aa 496 ——unicolor GREV ._...... 285. 

Geomitrula.. Pte es Grindelia squarrosa (PURSH) DUNAL. 567 
Geraniaceae . 5A Gueldenstaedtia pauciflora D. C...21, 128 
Geranium . Notes cten ; Gutera pee 2b) ne ena. Sake EL 67> 
—carvlinian um ae MES otis waren 55) Guilandina bonduc Li... ...... csceccccce 83t 
a AOUIA GUI Ny. cs cule cedeeacuecee 551 er a gene Seine SRP AAar ae acct 831 

morardia purpurea Ly -scb..ccs cesses 564 Guttiferae.. she veitin shes teesmwetneete 674 
—skinneriana Woob.. ...... eal ene Gyalecta ... a ddcie ne nati temas hOseuatite 
—tenuifolia VAHL..............0008 564 ——TPPB BS ORME i rere eres 698 

Gesneriaceue . wackelhaiwacieeoe BOO — lutea (Dricks.) AINSOR Siete eae ae 
Geum canadense JACQ. eee Uidek ves cae se 648 Givin OasSCHCOAGis cea. const aewnces 644, 662 
——Gillatuim PURSE. 0.0.5 ccceceecence 548 Gymnogramma, DESV................. AES) 
ga e oPhyilom WEED 5S Saree 548 —javanica BLUME........ Pe eee 78h 
—nivale. ..... Melo sda wae amterewat ty DOU —pilosum BRACK........ idan cle ete 78t 
—rivale L.. aad dees ashton teen (Oss —sadlerioides UNDERW...........- Py is) « 
—strictum AIT........ Reenas nusbeten 548 Sua OORDAR Sr castes eraes 660 

Geeichenia SMITH..<.. ....052<..cececons 789 —fuluum B. & O22. .0. 000 ccccceccees 660 
—dichotoma (WILLD.) HOOK . 789 Gymnostichum: wt pee ; ae 115 
—longissima BLUMBE................ 789 —hystrix SCHREB.. 7 115 
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Gymnostichum majus HEYNA........-. 115  Helicomyces vegetus (NEES.) P. and 
Gymnostomum eaicaranmn cine and Ones Sogn access dese ee nea eee 659° 

HORNSH...... ..281, 590 Helicoon MorG.. whe Siaisjzw a: aie Sia state ae 
—curvirostrum HEDW.. 590 Helicopsis KARST.. 658 
—curvirostrum Hepw. var scab- Helicosporieae (Sacc. ‘ P. and C.. 647, 658 

rum (LINDB.) HOLZ..........--:- 281 Helicosporium NEES... .. x ice ook wen 
—upestre SCHW seenegosey Ba0 —brunneoleum B. and C....... ...- 658 

Gynandropsis pentaphylla WC. dekwee es: 828 ——=CUrtisit SACG 2.235 acon ascqaiceemiaee 658 
Gynopogon ForRST.. 877 —diplosporum E. and E.../......... 658 
—olivaeformis (GAUD. yj HELLER... 877 —fasciculatum SACC..............:. 658 

Gypsophila MUTA iS INN, sca. cece eee 586 —griseum B.and C............--.20 658 
VFO MOTE WR.” orien ow ipete a/b 485, 486, 491 —leptosporum SACC..............000. 658 
—briunnea UNDERW... ..........--- 491 ——microscopicum ELL..............+- 659 
—-caroliniana (Bosc.) Fr ......491, 494 ——muellert SACG.. 0.2.5.0. 0.2. a0 scenes 659 
—costata (SCHW.) OUOKE.......... 491 ——-vegetum NEES ........cscccceccscac) O00 
—curtipes FR........._...... De alate ast 492 Helicostylum CORDA................... 99 
—esculenta (Pers. y Wyte ceciw ave cca 491 —— elegans OORDA. Jb. . 26022. ceee eee 99 
—gigas (KROMBH.) COOKE...... 491, 492 Heliopsis scabra DUNAL............... 571 
—infula (SCHAEFF.) QUEL...... 491,492; Heliotropium: 3.9) 022.221 eee 880 
—sphezrospora ay } SACO? =... 491, 492 —curassavicum IL... .:2:.02ss ches 880 

GYTOPHOLA. ce ac one ceva ce vatece cles «+. 985 Helminthosporiacei CORDA..... ...... €55 
Gyrophorei NYL.. 7 S b4 Helminthosporieae (Coupe) cA: &C.. 
G¥POSPACHYB.-220c-5cecces MOOT arr NS ee ee Reale .647, 655 
—cernua (L.) KUNTZE..... :.. 535  Helminthosporium LK.............0.«. 656 
— gracilis (BIGEL.) KUNTZE... ..... 535 —attenuatum CO. & P..... 2. eee eee 656 
—romanzowiana (CHAM,) MAcM.. 6 -—canadense (KE. & E.) P. & C...... 636 

—melanosporum B. & OC. 657 
H —pedunculatum (PECK. ) P.& C.. 656 

HelOtiene ies ooci065 ca daeccicdsheemcoueeeeee 736 
Habenaria bracteata (WILLD.)R. Br. 534 Helvella L.. winio't one claw 0.6; hotels pa ones 
—clavellata (MICHX.) SPRENG..... 535 =—@eaulis PRES: ./..0.c.cs-aboe uae 491, 500 
—dilatata (PURSH) HOOK........... 535 ——atra KONIG? 2c .ecitcc ctu coareen 485, 489 
—hookeriana A. GRAY............. 535 — californica PHILL............. 485, 489 
—hyperborea (L.) R. BR.. ......... 535 —costata ScHW.. .. as cs 0g odes Meee 
-—obtusata (PURSH) RICHARDSON.. 535 —crispa (SCoP.) Wa ens ..485, 489 
—orbiculata (PURSH) TORR.....535, 967 ——elastioa  BULE: ss..0.2. see 485, 490 
—psycodes (L.) A. Gray... 535, 964, 975 —ephippium LEV. .............. 485, 490 

Hadotrichum FRL..........00.-2.ses:5 653 — esculenta PERS.. Feast eure 491 
Palorriacidaceae suesete S lsecetess bs 555 —gelatinosa BULL. 223 Se ses 
Hapalosiphon fuscescens KG.......... 30 —giyas KROMBH.... eosece ee 491, 492 
EPP AREA CMIK a. 04 umes stntents cae co tees Lt 668 — gracilis PECK..................485, 490 
Haplographieae SACC.. sania. <1) 666 —-grandis CUM. .....ccccescesccc- as AGL 
Haplographium B and BR.. Joost MOBY —-grisea CLEMENTS.............. 485, 490 
Haplographium B. and BR.. shia 666 ——hybrida SOW.....<c. 5. \ccbe ose meee 493 
—apiculatum PRK................... 667 —infula SCHAEFF..............-. 491, 492 
—atro-brunneum SAcc.. Nests c-s 7 (666 —lacunosa AFZ. . .. ......485, 490, 491 
—griseum ELL. and Lana, WeTakiaart 666 —lacunosa minor RostrR.. ....... 490 

Haplostachys. ......... ten doewas hGH ——macropus (PERS.) KARST snes 491 
Haplotrichum Lx . 672 —monachella (Scop.) FR...435, 490, 491 
——acremonium (CORDA. a) P.andC. 672 — nigricans PERS..........---++00-- 
—griseum (B. and C.) P.and C... 672 
—mucorinum (B.andC. ) P.and©. 672 
—parasitans (B.and 0,)P.andU. 672 

HOUMA SOHUR.- .< clech ae casealvecsee 
Hedeoma hispida PURSH. .. . 
Hedera gaudichaudii A. GRAY. 
—platyphylla A. GRAY....... 

Hedwigia ciliata EHRE.. 
Hedysarum triforum L.. HEN sao ar 
—uncinatum JACQ. .-...... cece cece ee 

Helenium autumnale L.. 
Helianthemum canadense(L.) MIcHX. 553 
Helianthus L Steak 744, 748, ‘751 
—annuus L.. tdcetes 571 
—-giganteus E.. see BU 
—srosse-serratus MARTENS.. Epa 
—-hirsutus Rar. aac o teh Re 589 
——maximiliani SCHRAD....... ..... 5i2 
—occidentalis RIDDELL............ 572 
—petiolaris NUTT................... 572 
OS VW LOSE cs catne wi hee wi sciss sew eee 57. 
——— STM MOSUS Wh, suede bcs! vee eld's catacminee 572 
—tracheliifolius MI“t.............. 572 

Helicocephalum THAXT...... ........- 652 
Helicoma CORDA: 2. oteitess «esac once 659 
= CUPISit BERK. 2000 oee cet outiencs 658 
—fasciculatum B. and C,........... 658 
—muelleri CORDA..........-+-.20-0- 659 

HeCOMYy CES LiKe, fot Posies sme cink ow inate 658 
658 

—curtisii (BERK.) P. and C........ 658 
—diplosporus (B.and E.) P.andC. 658 
—fasciculatus (B.andC.) P.andC. 658 
—leptosporus (SAcc.) P.andC ... 658 
—microscopicus (Etu.) P.andO.. 689 
—nmuelleri (CoRDA.) P.andC..... 659 

—palustris PECK 
—pezizoides AFZ. .............- 
—pusilla B. & C......... 200.00: 
— spherospora PK.. 
—-sulcata AFZ.. 
—sulcata minor CLEMENTS. 

Helvellaceae.. 
Helvellales. sos) 3G. 
Hemiarcyria Rost oon cane Sone 
=—=—¢lavata ROSE... 22.5... 2 seem aeeeen 
—pedata (SCHM.) ere Gs Daaeeeee 
—rubiformis Rost. . EPA Aaa 
—serpala (SCop.) Rost. . cen 463, 471 
—vesparia (BATSCH.) SHELD....... 472 
——vesparia (BATSCH.) var. easel 

(MASSs.) SHELD. .... eosao mene 
Hepatica acuta (PURSH) Britt. ..... 541 
Hepaticae. oc .ci. 6.2 coe sieieine cine 43, 47, 579 
Heppia . 004, 706 
Heptapleurum (Pter otropia) dipyrenum 

WANN 30505 ooo. bee ee 870 
OR righ a) kavaiense MANN..... 871 
—waimeae WAWRA..... ...eee ce eeee 87L 

Heracleam lanatum MICHX........... 556 
Herpestis GAERIN. /2:..:5.2=sskasekeeeene 886 
—monniera H. B. K..............--. 886 

Herpocladium SCHROETER.......... 92, 102 
—circinans SCHROET................ 102 

Herposteiron conterviiolas NAEG... 26 
Hesperomannia. . «abies Sere 
Heteranthelium HOCHST................ 106 
Heteropogon PERE... 2.2.5.2 sccnerekien 796 
—contortus (L.) BEAUYV............ 796 

Heterosporium KLOTSCA.............. 655 
—— GT ACE SACC. o. si ox va sce cee ween 656 

rt 



PISUCH ETS, Vi; octsctSe'ccbs on.c0 site's 1009, 1014, 
—americana L.... Baers ines 1016, 
—hispida PURSH ...... “ee 

PISGVOCHIA PRES oc. vcenciaeceseces'ese 
PTIPIBOUAIE <5 cccny es onidecaed > op 103, 850, 
—abelmoschus L. 
—arnottianus A. "GRAY...--..--851, 
—kokio. HILLEBRAND.............. 
—tiliaceus L .. 
—-—waimeue ERMEEIMES coos: boa 
——youngianus GAUD...............-. 

Hieracium canadense MicHx 574, 965, 
—longipilum TorR....... 
—scabrum MICHxX........ Jeet, 965; 

Mp purTis Li ...-...-..005 Seek ae als go 
Ee P PAUP IS Lis. ict. v | so.s alow ca oo hn sa am 

Holosteum cordatum IL... .......... ses 
RR MGSTIEL Sc os cide ce isloarete ctnit sb.n)encvlebes 
—brachycarpus Li eae - 
—caespitosus NUTT.. 
—campestris NUTT.. 
—canescens NUTT....... 
—decumbens A. GRAY.. 
——decumbens NUTT...... 
—decumbens NOUTT.. 
—junceus NuUTT.. 
—wmultiforus T. and G... 
——multiflorus TORR........ 
—orthocarpus NUTT... sleet 
—tenuifolius NUTT.............+-000+ 

MACTMSIGCENGHTUS «5 cca ce, cccsiccckcceee ee 
—oryzoides (L.) POU: asset : 

UML EITETS tnd Se in Rng eanileddacurdb > 
Hordeum LLNN .. peuiacct 
—pbrevisubulatum LInk ............ 
—cartilagineum MOENCH........ ... 
—jubatum LInNn....105, 110, 526, 964, 
—maritimum ROTH.........+...0--+- 
—maximum VILL . efaatsh wacuihs'os 
— murinum var. B. Linn. icin Ulacrate'se 
—nodosum C. Koc#.. ae ee 
—nodosum LINN................ 110, 
—patulum MOENCH........ “oche Rees 
— pratense HUDSON.. 
—pratense LINN. var. “nodosum LED. 
——pusillum NUTT. ......2.-ce0-e0+ see 
—secalinum SCHREB.......6.....0005 
—sibiricum LINK .........0..0.eee008 

Hormiscia flaccida (IG.) LAGERH. 
var. nitens (MENEGH.) HANSG. 

—- subtilis (Ka.) DETONI var. sub- 
GAiSsima: PABENHA 65. ...2 cde cece 

—-zonata (WEB. and saber ed eal 
Ti yee eee : ek 

APTIBHPAILYD sik kc lnswesecectcelsdield ea dee’ 
Hormodendron Bon ... 
—divaricatum Eu. & LANGL. 

sree 

HMormodochium SACC.............secces 
Hormogoneae THURET.. Tec asic 
>. OSS ea een 
— longifolia GAERTN................ 
Pe EET DIINO Mees c ccians noe tele see -'5's 1010, 

Hudsonia tomentosa BETS: 
fin ne Se 990, 

Hyalopus RRA. RN seco oo. Ks - 
came IREUS >. 65. On, 0... ccucentescse esos 
——$MUCOTINUS B. & O....620005.cccccess 
—parasitans B. & CO. ......... 022s 

Mvalostilbeae SACO... ..'..........40 02% 
Hydrocharitaceae..... ... .... Serres 
Hydrodictyon reticulatum 

PAS CHT ek tslaseaiee Unb ce eotaie a 
Hydrogastraceae (ENDL. RABENH 

ee ee seedy 
Hydrogera RTE: a Sn BPE 
—crystalina WIGGERS.. Sa sate ei 
Re NIE OK oi. ins 9 wa cic loesiaeiasis cee es 
—obliqua (SCOPOLT) O. KUNTZE.. 
—oedipus [ROnTAGne) Ones: 101, 
ReeeetANEIED APC ogi) scl dene weriecee 

eT EDT a5 ain.5 p Lala iow) ced owie oleate 
MEI PNOTD TODR. <2 3s ch use ceecae vensess 
———fimetaria PRIES....-.00cscences 20% 

Eiydrophyliaceae..... ....2.....00. 561, 
Hydrophyllum virginicum L......... 

Se aa ee et es eo 
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1015 Hylocomium rugosum DENog.....294, 596 
1018 —splendens SCH............. -...0 582 
545 ——triquetrum SCB#........... 294, 582, 596 
729 Hymanella FR...... eka rain ot wetia abc x 733. 735 
853 Hymenobactron........ CRD aee ey anate Rae 733 
850 Hymenophyllaceae...............--2.+. 790 
852 Hymenophyllum SMITH............... 790 
851 —lanceolatum H. and A........... 790 
853 —obtusum H.and A..............-+- 790 
851 ——TOCUrVUM GAUD.....cc2cceecccceve 790 
852 Hymenopsts SACO.<. 2.02.4 essere al acl oa! OB 
1016 EUFNENUW ER: Fs Sao beds Seeemeee eee 733 

80 Hypericaceae...... 553 
974 Hypericum. - 991 

1001 ——ascyron ie 553 
555 —ellipticum Hook. .553, 965. 970, 
824 . 975. 989, 1016 
118 —majus ‘te Gray) BRITT. . 55%, 965, 975 
119 —-vvirginicum L 
119 Hyphomyceteae Lisdice.e ste votes Ledomee ae 
120 Hyphomycetes..... se es 645, 646, 730, 731 
119 Hypnaceae..... eS .--- 1008 
121 Hypnum. : . 1010 
120 —aduncum HEDW............ <a O08 
121 —aduncum var. hamatum Scu... .. 294 
120 —anrcuatum LINDB ................- 294 
122 —chrysophyllum BBr.. ...293, 595 
124 —-cordifolium HEpw.. ..294, 692 
120 —crista-castrensis L............... 294 
120 —cupressiforme L ... SP 

1021 —ceurvifollum HEDW............... 294 
522 —cyclopbyllotum HoLZINGER..... 691 
105 —fertile SENDTN. .............-.... 582 
982 ——— AICI ees, Sawin shed o<\saeet OOD 
110 a AEA TIS Me hea cones we e'slenveleceute She 595 
114 —-giganteum. . Lisi evale’ ante OOS 
970 —haldanianum “GREV.. 294, 595 
110 -—hamifolium ScH.. APS Re Gl ie 
110 —hispidulum PTT eee ome 294, 595 
110 Sy spp ee R. and C... 692 
110 —-paticutiae LINDB.. Fede se atee ee 
583 —patientiae LINDB.........-..582, 596 
113 —=— plicatile: Mumm: ..0 256. dod ioe ceeen 294 
110 —-reptile Rriow.. 294 
110 —schreberi WILLD.. ‘7294, 582, 596 
110 ——subimponens LEsq.. 582 
110 —uncinatum HEpDW..............-- 294 
110 —vaucheri Scum DOA BE Annee 596 

Ey pochaeris' ly: fs.s. eswa cae dastceste aoe 
229 —-radicata L.. OEE EO in ere 

Hypocrea PUG ee ene Oat ME 
597 ELY POCTEACOCAOC. 6. so ase concede ness nces 000s tal 

Byjpodema RRICHB.. s,s ceees ccs cece ens 423 
woo = ~Hypoplottidensives iass sce .cssccceeeles 164 
643. Hypolepis BERNE... -...25.-. cteciesoce 782 
666 —tenuifolia (FORST,) BERNH....... 782 
666 EV TOMY GES 5 \ Me deh Soke cae oak eee 65, 670 
734 Hypoxis hirsuta (IS:): COM: «Stason. et 534 
234 ERY PORN ION A. seretacns ccisans oo d- tc te es 668 

1009 Hystrix MOENCH.. ately, act eos tree Len 
565 —hystrix (LINN. ) PMULOME ucts aah 115 

1018 —hystrix (L.) ee ee A 526 
—patula MOENCH.. She 115 

992 
672 I 
672 
672 Ties anomola Hii & Asc ocr sess de cce wees 847 
672 PICACORE = vie codes os cocaaaUeocsee ueene 847 
726 Illosporium Marv... Es Agcks eaves coe 
521 Trmipatiensi-ao.-2 ws. teacthoes Je Baws 988, 989 

— aurea MUHL.. é . 002, 965, 975 
27 = Hittin, WALD. 02 J1use kee 552 

indivoferay ls s.2.e. vets sa peece 835 
232 De a's Sis Conn ade uee sept he eae 835 
100 = AN GUOTI ses nc cocnetcs vase tant esbews 835 
101 MPT OTIS ae... de orice enicaeecme one yohewe nee ee 132 
101 NPDYRORS. -Ac cea celts nantes rca leare: « 879 
101 —congesta R. BR..............5..02- 87 
670 — insular SOMOS Vaca nneccatrc era wees 879 
101 —palmata FORSK.... °...........002 879 
101 —pes-caprae (L.) Sw............... 879 
101 —trichosperma Blume.............+ 879 
92 —_— po chet var. r. trichosperma.. 879 

109 Tridaceae.. F 534 
879 Iris.. oe 967 
561 —versicolor LINN......... 8, 534, 964, 988 
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Isachne R. Br.. aaa testes asiee 
—pallens Hit: EBR. eee 

Isanthus brachiatus (LINN. 5 ‘iB. : 
Isaria PERS.. Ses 
——monilioides A. & ‘gz 3 
———"SLCMONULIS E-ERBs.-biessp ao semeun ss 

Isarieae BROGN. .......-..--.20»----O47, 
Isariopsis FRES.. See eedce 
Ischaemum secundatum. WAaLt tho tase sis 
Esodendrion A. GRAY............-. o.-- 
—longifolium. .. Eon eine 
—subsessilifollum PLRLLER 25 

Tsopyrum.. Al, 42, 
—biternatum | (RAF. ay “Torr. & 

GORA coves eis vaciceoan 40, 502, 503, 
Sat E PTDL EAL pecan © cede nlens ts a) eis,5.- 

Iva xanthiifolia (FRESEN.) NUTT..... 
Ixophorus glaucus NASH.,......+-+++0+-+ 
—verticillatus NASH ............ ««-: 

J 
Jacobaschella O. KUNTZE..........-. : 
TO VAS GL Ka) ibe an Os... 2s oer tise 

Jacquemontia CHOISY. ...........---. 
—sandwicensis A. GRAY.. ........ 

Jatropha moluccand L.........+..eee eee 
MM GALPE ACI take pees n c sscceistnnseebiseen 
DJMMCRPINACCAC . .. 5. - 0.5560 wewens.cseniae 
Juncodes arcuatum O. K. var. confusum 

—-areuatum OK. var. hyperborea 
Ob RUSS Sten ee Has e eee eee nets 

—areuatum (WAHLENB.) O. Kew 
—campestre O.K. var. comosum O.K, 
—campestre (L.) KUNTZE 
—campestre (LINN.} O. K. var, 

multiflorum (EBRH. ) SHELD.. 
—campestre (LINN )O. K. var. vul- 

garis (J. GAUDIN.) BHELD...... 
— caricinum (B£. MEYER) O. K. 
-—— Caroline (WATS.) O. K ......- .-.. 
—comosum (E. MEYER.) SHELD.. 
—comosum (E. MEYER.) var. con- 

gestum (THUILL.) SHELD .. 
—comosum (E. MEYER.) var. sub- 

sessilis (WATS.) SHELD.. ....... 
—divaricatum ( WATS.) BEELO aa atts 
-—giganteum (DESV.) SHELD.. c 

glabratum (HOPPE) SHELD.....- 
—  hyperborea (R. BR.) var. major 

(HoOK.) SHELD. 
—hyperborea (R. BR.) ‘Var. minor 

(HOOK.) SHELD.. .. 
—hyperboreum (R Br. ) SHELD.. 
—parviflorum (EHRH.) SHELD...... 
—parviflorum (EHRH.) var. mel- 

anocarpum (MICHX.) SHELD.. 
—parviflorum (EHRH.) var. sub- 

congestum (WATS ) SHELD.. 
—pilosum (Linn.) O. K.._....... 62, 
—racemosum ( DESY.) O. Aa Oe 
—spadiceum O.. K.... -..- --22 03-05: 
Ta eee O. K. var. giganteum 

—-spicatum (LINN. y OK eee 64, 
STINTS: See ae bee eas oui: ene 
— alpinus VILLARS var. insignis 

——arcuatus WE SEESE. Shas 
—articulatus L.. . .964, 970, 
——— HALCICUS, soeties cole tasers sisafeinse nes 
—balticus DETHARD Var. littoralis 

ENGELM . piste wie nets ue 
Be hallicns) WILLD csce.sd eves. sade 
—canuadensis J. GAY........ 532, 964, 
—congestus THUILL.........-+-++-5-- 
OEM SUS? Lass cae cicclseesce cea ones 3, 
——— OFECtUS PERS 2. cs accccccccssccecemee 
—filiformis L .................-----: 
— glabratus HOPPE.. 
—greenii OAKES and TUCKERM.. 
——intermedizus HOST ......--- 24 
——intermedius THUILL.........-.--+- 
—luzuia KRACK ..  ...000 ceee cece es 
—melanocarpus MrGiHx 4) kc 

Knyaria O. KUNTZE.. "731. 

Lamproderma Rost... 
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Juncus multifiorus EHRH..........00000. 65 
——Ne@MOTO8US HLOST. .... 25 decavescecos ) UD 
—nemvrosus LAM..... oe stal soso 62 
—nodosus L_.. bd ksh tice wae cley SS emmEeiee 
—-parviflorus Bure ies <og seen 
-——pelocarpus £. H . MEYER.. qs 2 oe 
—-pilosus LINN .... - 62 
—pilosus LINN. var ‘cymosus Fr..... 62 
—spicatus LINN.. = 64 
——tenuis WILLD. ce 582, 9 ‘964, 989, 1016 
— thyrsiflorus VEST.. 64 
—vernalis RE1CHARD 62 

Jungermannia barbata SCHREB.. 579 
——bicuspidata penn aeeay tae 44 
—excisa DICKS.. - -. 461 
—incisa SCHRAD........... 2 aon 
—$ MUN Giia © = 22-242. ates cle sine eee 44 
—schraderi MART............... 461, 579 
—-ventricosa DICKS..... ....-...... 461 

Juniperus 225) 2s eee ee 983, 990, 991 
—communis L..519, 964,974, 983. 989, 

axes Si Semen 990, 1016, 1018, 1020 
sabina L.....964, 966, 967, 989, 990, 92, 

1016. 1018 
— virginiana i: bie ecweceree eee 

Jussiaea | Pa een Ama a er Soo 869- 
—suffruticosa Jb. i..... sac. sacnmaenes 869 
——iosd. GAM. =. «<<... seesi<sssehiewen 869: 

K 

Kadua C.andS « siec.es 50a CECE 
——acuminata C. and S...-.......-s- 899 
—affinis C. and $ -. 896 
— cvokiana var. ? datior MANN.. 899. 
—- cordata C.andS <sen 0c ee ooe et eee 
—elatior (MANN) HELLER SS ee £99 
—glomerata H. and A.. one eint eee 
—knudsenii HILLEBR..............- 900- 
—-petiviata A. GRAY.. «ead 7 Eee 
—waimeae WAWRA,. BAR er, SOL 
Ralmilavsciiiite.l oe. 25 adacc cece 5, 1017 
—-glauca AIT.. ..4, 74, 558- 

Kantia trichomanis ‘§. F. GRAY nae 461 
Kanlfussia [.o.c.0.2) 3s) ta septee lee 51 
Kentrophyta montana Nuvt.. Joc cieep eee 
—<viridis NUT. . ...:...: 52: s<2eee eee 118 

Kneiffia fruticosa (LINN.) RAIMANN 
Son detk aero ee eeteees 680" 681, 686. 

Clk? sae t.a2ys See oy 688 
— linearis (M1cHx. ) Spacu. .680 684. 688 
—linifolia (NUTT.) SPACH....... 680, 688. 
— pumila (L.) SPACH.. .. 555, 680, 64 

735 682, 737 
purpurea (L.) PouUND and CLEM. 732 

Knyarieae POUND and pra ri = 
131, 732, “ae 

Koeleria cristata ai ) ‘PERS.. a 24s 
Koellia virginiana (L.) MacM.. ~ 562 
FOuh nia hc o2 w.ce aes cence 896- 
—eupatorioides L. 567 

Kuhnistera candida (WI' Lp. \KustzE 549 
—purpurea (VENT.) MACM.... .... 54% 
—villosa (NuT?.) KUNTZE....: i... 549: 

Kvllinga ROrts. » 2022202: sneoeseneeee 802: 
——monocephala Le peat > as cae 

Kyllingia umbellata L. Rees ry te Ll: 

Labiatae. i 763, 764, 1 Oa 907 
Labordea GAUD.. re Bl Ya: 
——pallida WANN... ucts ee 876. 
—tinifolia A. GRAY.. 877 

Laciniaria a (HOOK. ') KUNTZE 567 
=—'scarioSa(lu.)" Hoes. soceee eee 78, 567 
—scariosa (LINN.) Hint. forma 

corymbulosa SHELD.. : <eikan 
—scariosa ( LINN.) Hitu. var co- 

nyibuleset n. Vv. peau ox vas 77 
Lactuca.. AK .. 744, 750, '75L 
——canadesis te Sree 965, 
—scariola LINN. 
— spicata Lam. 

—arcyrioides (SOMME.) Rost...... 473 
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LanocarpusS,......... ceeeseeeereeeneees 141 = Leotia truncorum A. and§.............. 499 
Osu G RAS Ste ia cts cad asiiawie nage cies «es alee 880 — viscosa FR.. 499 
pam AIN GID Wels on ain oi ae cine esas as =’ 766, 880 Lepachys columnaris (PursH) Torr. 

Laporteacanadensis(LINN.)GAUDICH 33 and GRAY,. ... 571 
Lappula deflexa (WABL.)GARCKE, var. —pinnata (VENT. Torr. ‘and GRAY 571 

americana (GRAY) MACM..... 76 Lepechinia spicata WUILLD...... ...... 882 
MAN (Is) pICARNE ahr ses: cose (DOL. Wepidiam! Une el tedeccseetceeacs eto se 827 
—texana (SCHEELE) BRETT......... 561 —-apetalum WILLD...... 586,965, 970 
—-virginica (L.) GREENE j —didymum L... an nen Bee 

NRRAAE PET: AW. cys cess sivas) os ercisipe —4intermedium A. GRAY.. ys By ea 5: 
eee LONNIE ow onto telacale, oie, 9 5.2/a 66) ni 8's 0's" ap.cln —intermedium A. GRAY............. 586 

Lastrea latifrons BRACK. . we seeeens —owaihiense C.& 8 ........... 20 827 
Lathyrus macitimus BIGEL... é ——serra MANN, & icic0 secs | sceacaa eee 827 
——maritimus (L.) BIGEL....550, 970, 989 —-—virginicum AUCT......2+.s-0.e0e-08 586 
—ochroleucus HOOK...............- 550 Leptandra virginica (L.) Norv....... 56% 
EP UITISELIS! Li: vic o\snjelecic.see! sei csi sa 650  Leptobryum pyriforme SCH....... 287, 592 
—venosus MUAL.......-....-....-.. 550 Leptodon trichomitrion Mohr..... fee. V200 
PAPA C DLO iad 5 2 aaiecivie/scins asieisie ons «ices SLOSS ptOeiull...ccscese cose aeee eaeee 704, 705 
Leangium LINK.......... .-....-.s0.0 479 —lacerum (Sw.) FR.. .........2-.- 719 
—carmichuelianum(BERK.)SHELD. 479 Leptoglossum SACC........... 484, 496 
—floriforme (BULL.) Link ........ 479 —luteum (PK.) SACC..... "484. 495, 496 
—-geasteriodes (PHIL.) SHELD..... 479 —microsporum (CKE & Px. 7 Sacc. 
—lepidotum DITM.. _... ..-...-+2065 479 484, 495, 496 
—-lucidum (8B. and Br. ) SHELD 479 —tremellosum (CKE. )Sacc. 484, 495, 497 
——Iyallii (MASS.) SHELD... ........ 479. Leptogramme.................--csssssee 782 
—oerstedtii (RostT.) SHELD........ 479 Leptorchis Du Petrr THOUARS.. ..... 807 
—radiatum ‘ LINN.) SHELD......... 479 —hawaiiensis (MANN) KUNTZE..... 807 
—stellare LINK See pay LY) —loeselii (L.) MACM................ 
—trevelyana GREV........0 .....e 479 Leptostromaceae... . ......cceseo. «- 
—umbilicatum RaBH ................ 479 Leptothyrium........... ... bia benteeee 
MIPUC ANION Wien cu es ek ridesad ance 704, 709 WLeptotrichum..... .... .... 
—cervina (PERS.) NYL....... 721 glaucescens HAMPE... 
— cinerea (L.) SOMMERF... ...- 698, 721 —tortile C. MUELL ......... “ee 
—-cinerea (L.) SOMMERS. var. gib- Leskea uustini SULLIV................. 

bosa Nyu.. .. 698, 721 —obscura HEDW.. ie 
—erysibe NY%............-.00. aches 721 -—polycarpa EHRH.. "290, 594 
Peete SONIA OH © 3-62. os seleceaicina + 721 Lespedeza angustifolia (PuRSH) Eu. 16 
—muralis (SCHREB.) SCHAR...... 698 —capitata y WET aaa 550 
—muralis (SCHREB.) SCHR. var. SULA Als «sis Acinwelv declaw:o cleanse news tee 836 

saxicola SCH@R................ 720 Leucaeua BENTH.. nf SRE ate, 
—privigna (ACu.) NYL......... 721 = plauda (i) BANE, «2. /29068 ad 830 
—privigna (AcB.) Nyt. var. prui- Leucobryum glaucum SCH .--.-. -283, 591 

TICS eK TE satin anna een ee 721 Leucodon julaceus SULLIV..........+. 290 
—rubina (VILL.) ACH. ......... 697, 720 eyMUS ELOCHST cs. = cis tok cs aeticede teas 111 

subfusca (LINN.) ACH......... 845/720. Licéa SCHRAD,..:. 28.0.0. Dee ws 464 
—subfusca (L.) ACH. var. argen- ——— HOG: NEWS oc) fxenic dee cee) tb cwiene ban 477 

ERIAAENCOUAD Att colle ice = coin neat Sa 721 — applanata BERK............2..20++ 465 
—subfusca (L.) AcH. var. coilo- —pbrunnea PREUSS.... ae Shee AOD 

CAYPA AON. ® 7 26s .cs cece 2 once 84, 721 ——CMESIA SCHUM .....cccecvecsescerene 477 
—varia (Eura.) NYL...........697, 721 —— flexuosa PERS... 2.0.60 .c00ccseeeee 465 
—varia (Para.) NYL. “Var. sym- —gauranitica SPEG..........+-.--+.- 465 

WA GUB AOL: «13,55, ceeeicinisice o'sdjac 697, 721 —lindheimeri BERK. .........0-2000% 465 
—xanthophana NYt.. ere eek —macrosperma SCHWEINITZ......-- 478 

MERUCITOIN Wis ove cae cae cdess genes. 84 —minima FRIES........... 465 
Lechea leggettii BRITTON & E OBER: 553 —-perreptans BORK.. 474 
Lecidea.. US auicial ade . TW4 —rugulosa WALLR. .........- scene 465 
—enteroienca FR..... .-..-- wes. 701, 723 —spermoides B. & C.. ayaa titey eit 

OM GS a re 6, 981, 1001 —spumarvidea Cxe & MASS......... 465 
ee occa © OEDER........<<: 558 —— stipitata BERK & RAvV............. 465 
—latifolium AIT...... 6 DLigynota nigra WRIES ....000ccescceescse 47; 

MAOPUMINOSAC:. «66:55. 50. sees "549, “764, 040, 941 Liliaceae . a .424, 532 
ULEAD 2a OE oe ele eee 50 Lilium canadense L.. pi sack RO eda. DO 

Hpmns Ts... 25... --630, ‘804, 998, 1002. 1008 1006 — philadelphicum | A ek Se 533 
—nminor L.. Peers, 0s.) OSS. IMIG OMIM te tee esr oe ak eiitoee coe 5 
—polyrhiza.. = a NS SR mS —tuberosum Linn... ........ .4, 6, 5386 

Lemnaceae . cf sceeeeseeenscne) SOL  Tyimosella aquatica IuINN a. ceccccdsc, DSS 
Lentibulariaceae. . eerey. e060,» 002" ei inaGeae: aie. cose esusese aM eae eet 561 
BIO RFLOSUB, .1s Soe ble ous wscephin, oe Kees ce 168 Linaria linaria (L.) Karst./.......... 563 
Leocarpus caleareus LINK.........6.--+5 478 inmaea boreaiis: be 25.6 face en ee ereees 566 
——cyanescens F'RIES,.........cee0eee8 478 Linum sulcatum RIDDELL............. 551 
——MELALEUCUS GAY... 2.0. sccccecneces Ani Liparis 20S RIGH: <. .cscssacsesieteree COUO 
——-MitENS FRIES, .2.0.06 see 5 cccsseee 47 —hawaiiensis MANN Fe SOOT 
—ramosus FRIES..... Ean palo ia te snag 478 = Lipochaeta DC Byes . 764, 920 

MEET pcos) ois nc dete. nics coments 484, 498 —australis var. decurrens. bien ee 
—brunneola B. and Br. ........... 499 —calycosa A. GRAY................. 920 
—chlorocephala SCHW........ 498 —connata (GauD.) DC 920 
—-circinans PERS... .......4. —integrifolia (NuTT.) 4. GRAY.. 921 
—elegans BERK........ —micrantha A. Gray.. 915 
—exrigua Scuw. Listera cordata (L.) R. BR oe 535 
—gelatinosa HILL Lithospermum angustifolium Forsk. 74 
——inflatd SCHW. .. ..---..nsesrencsns { —angustifolium MICHX.............. 74 
—lubrica (Scop.) PERs......485,498, 499 —-angustifolium MICHX.... ..... 561 
MACUL PERS, ..2 602020000 sese dee. 499 —breviforum ENGuM. & GRAY var. 
—ochroleuca CKE. and HARK..... 498 punctulosum olan 74 
Pe EVILAIRORT AR, .:. 20 canes sacccces cae eee 6448 —egmelini (Micux.) A . S. Hrrcn- 
—stipitata (Bosc.) SCHROET....... 499 GOCE. ye sooner tenes ee ae oan eke a ae 561 
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Lithospermum incisum LEHM .. ....... 75 
—linearifolium GOLDIB............ 74 
—longiflorum GOLDIE... .......... 75 
—longiflorum (PURSH) SPRENG.... 75 
——mandanense SPRENG..........20.+. 7 

THODE Tae act acls Che gieteie secrete sete ters 911 
—gaudichaudii. .... et) Ol 
BN ie ana var. “Kauaensis- A. 

GA 52 eee Getoleaieacbisccuwic tet OLD 
Seem eal TUL we has ac des be ee ee 567 
—kauaensis (A. GRAY) HELLER... 911 
mt OP TITO IIs cis cat iepesicels cieleleslee vos aes 912 
= SICAL WAM siccietcnivoceceicsess 2-00 
=O PMI GMa act ics cmcsicre see clee') WOK 

_ —tortuosa HELLER................. 912 
TOHSIAGCRHO: ce wtieicmmacie dete cose: © 763, 764, 906 
Loganiaceae.. she 876 
Lonchites tenuifolia’ Moanin 2 ot 782 
Lonicera caerulea LEAN: LOE ce ose 18 
— coerulea L ase a 
— ciliata MUHL.. Hota 
= OLGA ania. ste eniccre eee & "566, 965, 1018 
— hirsuta EATON... 

Lophocolea heterophylla. NEES.. 
—nminor NEES 

Loranthaceae..... 
Lotiflorus.. 
Lotus americanus (Nurr.) BISGH. 2...) 3 
Li pinUsperennisil es. eas... cesesnemee 549 
Bugulavalopecurus DUS... 0.6 .sedecce 64 
—alopecurus E. MEYER.............. 64 
— arctica BLYTT.... 2.0.0.0. ence cence 64 
—arcuata WAHLENB.........-..---.- 63 
—arcuata WAHLENB var. hooker- 

POLLO) MEU Sees ce tn ot eisic’s sone EOS 
—hbarbata LIEBM.. 63 
— campestris DO. yar. “congesta E. 

VWI een ae eee. 64 
-— campestris ‘DC. var. multiflora Te 

CELAKOV . ee i's) 
— campestris DC. var. ‘vulgaris: Ae 

GATIDEN Got sere tectinetee | aeleatecias 64 
—capellaris STEUD....... .....-..... 64 
—caricina HB. MEYER................ 63 
—carolince® WATS......... .ceeeeeeeee 62 
—comosa IX, MEYBR....\.. 64 
—comosa EK. MEYER var. “congesta 

Wats. 64 
—comosa E. MEYER Var. subsessilis 

WATS. diefafe'cetestme tibeebleb corel bak 
—confusa WANDEB. oe eee ee eba 
—denticulata LIEBM.. ..-.....+.+--. 62 
—divarirata WATS. ........0.- ee. ee0e 65 
=e OT OCU LI ESV os Sc tie. v's sie Mavens cies aeloeriee | MOO) 
— giganted DESV..........0-+ cece cece 62 
———$ Gla Drala DESVi... ss..c00 cs cecsecees 63 
— glabrata DESV. var. vera BUCHEN. 63 
DU DONDOT EU) Evan a cigs ornisiniete esi mone 63 
—hyperborea R, BR, var. major 

LORNA iefalern cla te tl eromieleit selene 63 
—nhyperborea k. Br. var. minor 

NOOR oro Se he's aisesuies inlolaition eyes 64 
——intermedia var. da ltiahes Pape 65 
——INLETTUPtA DESV. ...:.00.ceescscces , | 64 
—leetevirens LIEBM . cate recto cete ten iagel Ore 
——latifolia LIEBM ........ ......-- 2 
—melanocarpa DESV. var. sees 

Hook..... Pere oe 63 
—melanocarpus DESV.. eel eae eS 
— multiflora LBI........ 0.2.0. cece eee 65 
=——MNTICANS BBW dc ce uccaccsscel cent 64 
— obtusata STEUD ...............2-.-. 64 
—paleseens HOPPE;..............-0.- 65 
——paniculata DESV. ......ecc0.sesc0. 62 
— parviflora DEsv.. 63 
—parviflora DEEN Var. subcongesta 

BUCHENes crs ccscses ce 63 
— pilosa DBC ho RRR ROM MAG le os Ne RE 
—racemosa DESV........0...... 2. seen 64 
—spadicea DO. Var. glabrata FB. 

MBYER.. 63 
—spadicea DO. var. la xiflora ‘E. 

WER VERY 5s otis sea titien ease pace 63 
—-spadicea DC. 

Hr NERY; cae tere cuighion eicine Daaee 
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Luzula spadicea DC. var. parviflora EB. 

EMR dai ee bay ci 
y 

MEYER ya SEE a Sei conteraioleerae 63 
—spadicea DC, var. subcongesta 

ADS iain bfa'li's soa tejelg ste pointe oe 63 
——= spicata DOs rele cee ene vesiacsuenee 64 
— spicata DC. var. interrupta E. 

MEY BR coos Looe cic eet te iene aie 64 
— spicata DC. Var. vera BUCHEN,... 64 
— vernalis LAmM.and DC........ 62 
—vulcanica LIEBM....... = WAG 
—vulgaris BUCHEN........-...--..-- 64 

Lychnis drammondil CREPE) Wa 15 
—githago SOCOP.. aloa. ee weeeiee ee aaiaee 

Lycium Ti bo oe ee 884 
——sandwicense A. GRAY............ 884 

Ly cogala REG oe sates 463, 469 
——argented, PERS \.... 02-2. -2 4.2 eters 472 
—epidendrum FRIES.. «a sthshoctelcre eee 
—ferruginea SCHUM........-.--5...+6 469 
—flavo-fuscum (EHRENB. ) Rost.. 469 
—lenticulare D. R.and M........... 465 
——mMiniata PERS..........0ceeeeceeeee 469 
—— MINUTUM GREV 2... 6.205 se eeeeres 477 
— plumbed SCHUM............eeeeees . 469 
—punctadla PERB...,:.sccc- on cous ents 469 

sessile RETZ... : 469 
spbericum (GLED, ) SHELD.. 469 

—turbinatum PERS.......eee00 0002+. 472 
Lycoperdon aggregatum ‘LILJER,... Senne 469 
—aggregatum RETZ........ 0.02225 470 
—— GInt BIBRA. .s ccks a2 aio.« ee nel lanes 480 

Lombacinum BATSCH..... ..-...-- 470 
— chalybeum BATSCH..............-- 469 
—cinerewm BATSCH...........+---+-- 480 
—epidendrum SOWERB............-+ 474 
—epiphyllum HUDS........ e200 02 eee 469 
—epiphyllum LIGHT..........2..-22. 470 
—favacewm SCHR........-.e0e- scene: 472 
—favogineum BATSCH,........ ...--- 470 
—floriforme: WITH. . oc... cccnsccemeas 4% 
——UBCUM HAUDS <<... icc cecsmee sees 3.) 492 
— gregaria RETZ.... +. keleleic'e) cic 0 REO 
—lumbricale BATSCH............ Rey i | 
— luteum SCHR... coe iitwe cee cement 481 
—pusilum HREDW ....... 2... cece wees 469 
— pysiforme JACQ.. slakioas «epee 
——radiatum LINN...... 20. cece eeeeee 479 
—rufum DICKS.. able pile (e's/eit alten ae 
—asphericum GLED) 0.0...) Lee 
— stipitatum RETZ....... .2..eeeeee 476 
—variolosum HUDS........e.0..000-- 469 
—verrucosum BATSCH.........-..-- 469 
—vesparium BATSOG..............+- 472 

Lycopersicum HILL......... aucioe Stee 884 
—esculentum MILL................- &84 

Py Cop OG TAD ARG: nth: -sesth aoe 517, 792 
Lycopodiales.. shale ciera deraontne 792 
Lycopodium Ty 3 102. 1021 
——arbuscula KAULF.. Ase 793 
——CernuUum Ls.5 2!) s./00s2 wow elaeeeleeten 792 
—— Ola Vatu Bj. ooo, a acelenieie eaten 517 
—complanatum L ... ............ 517 
—flabellatum Li............. 208 seer 793 
—menziesii H.andG............... 798 
UWI, Dae csc valeeen eerslaciels stemiscolatare 792 
—obscurum L.... RRs ty ti 
—phvyllantbhum H. and An eee 792 
—serratum THUNB.........-..e0.2. 792 
—verticillatum L.............-...+- 792 

WGY.CODUS ae. aasenya selena aaeee 17, 989, 997 
—sinuatus ELL. S623 nits 974 
——virginicus L.. 562 

Lygodesmia juncea (PURSH) ‘Don. 574 
DY NEDA soces eee oaeee Cone , 987 
— aestuarii LIEBM.. ao noite wien 
—hinnulea ( WOoLLE. ) TD. oe 235 
—ochracea THURET..............06+ 235 

\ Dh: Col att: PRADA  See en SEU Sees 5 
—calyculata (LINN.) REICH......- 4 

Lysigonium varians (AG.) te sae 600 
Lysimachia. 875, 989 
—daph noides HILLEBR..........2..- 875 
—hillebrandiit Hook. f. 875 
Teen var, angustifolia 8 

GRAY. 876 
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Lysimachia hillebrandii var. se leant 
A GRAY 3. eas. 875 

—lydgatei HILLEBR.. Sha taciscte ates FSO 
—remyi HILLEBR... ......2.-. ee ee ee 876 
— rotundifolia HILLEBR..........--+ 876 
—terrestris (L.) B.S. P....559, 7, 975 

Lysimachiopsis HELLER........ 874 
—daphnoides (A. GRAY) HELLER... 875 
“Shillebeanalt (HOOK. f.) HELLER. 875 
—lydgatei (H1LLEBR.) HELLER.. 875 
— ovata HELLER . Boat os 
—remyi (HILLEBR. " HELLER....... 876 

MOAB ACOHO.. -c5252 sti tents -ofeeses cl 04,  SBL 
TILL COS le Oa eae ee see Aer 861 
—alatum PURSH......... had 
—nmaritimum H. B. K 861 

M 

MAS SANG WICENSIS: 00.6. ose. se esenece 818 
'Macropodia macropus.. Aree |) | 
Macrosporium FR. -.649, 657 
—aterrimum (B. ‘& C. 4 P. & 6 Re ta. 657 
-—curtisii (BERK.) P. & cheat OOe 
—erectum (E. & E.) P, ie ON ae BS 
—melanosporum (B. & C.) P. “& OC. 657 
—orbiculare (C. & EB.) P. & C. 657 
—tur binatum (CKE. & HARKN. ) P. 

eee Sheree, so ete sels Ses 657 
Madia glomerata HooK.. Sedat oad Oke 
EOI MMETACONG M0. cies sedeincesves cous 852 
EG REPT aed a a ee a ee = 850 
MialvastriuimA. GRAY: olecccne sees) S52 
—americanum (L. ) TORR -. Oe ialen es $52 
—tricuspidatum A. oS 852 

Marattia SMITH 
—douglasii (Aa: Pee ei 

MTAELIOCERO ..:..<.-.sdcccse cdc cence 
GT ECCT I i een ee a : 
—poly morphia LINN.......... 44,48, 461 

MarechantinGese!......csc,0.e-c0 aces os 45, 48 
Marilaunidium KUNTZE Te sare OES 
Martindalia Sacc & ELL.. 727 
Mastigonema aerugineum(KG. Kiron 30 

elongatum Woop.. a See 30 
—sejunctum WOOD...............-- 30 

nie 20 NU 0 IS aaah Re 835 
——=CilTAIIS OROCK.. seescccescccsresess 835 
——intertexta MILL.. BT ecale satees. oe 
—interterta WILLDENOW bakes 835 

Megapterium missouriensis (Sims) 
PAGE ite a ane ke tyes 680, 683, 684. 685 

Meibomia ADANS.. . 835 
—canadensis (LINN. ) O.K.......72, 550 
—grandiflora (WALT.) KUNTZE..... 550 
—triflora (L.) KUNTZE.............. 835 
—uncinata (JACQ.) can 836 

Melampyrum lineare Lam.. 564 

Melanconieae...............06.. 3, 730 
eC SDORS. « aU hase nat, SaBeereae 
Melia L 
—uzederach L. y 

PHIM OROL EO ca cite aioe it ck os cals cpe- «Sse 842 
Melicope. Pee eea ie ibe wca TSB 
Melilotus alba LAM..............0..... 549 
DMAP OCI oi2c cia'b cratehie a sie cuere/avore oi a\e'e . 679 
Menephora RAFIN.. 423 
Mentha .... ~ 989, 997 
—eanadensis | a Die ee + 562, 065, 974 
—sativa L.. Seecrinecso .. 965. 1016 

Menyanthes,. sane enous bree 995 
—trifoliata LINN....... 4, 5, £60, 965, 995 

- Meridion circulare (GREv.) AG Beats 237 
Meriolix serrulata (Nurr.) WATP..... 

a 555, 680, a 
Merismopedia convoluta BREB........ 
—-glauca (EARB.) NAKG,............ 31 
——violacea (BREB.) K@............. 31 

Mertensia dichotoma WILLD........ ... 789 
— paniculata (AIT.) DON .......... 56L 

Mesobotrys Sacc 366 
Mesocarpeae...... 
Metagonia. ....... 
Metrosideros BANKS. b 
—lutea A. GRAY. aCe eR crea see 
—macropus H, BAS Leake ahs 865 

2 we iain ull AML TD Aa IES DAN oa GA ST OM a ae Dt Sal Ay lathe ai leas i Naa 

Metrosideros polumonphs aS Aree cee - 
—— pOlyMOrPhA GAUD........cceececes 
—TugosaA.GRAY == cso ceunccecss 
VOSA ee cat ect pet cctee dase cmatesh 

Micrasteriasradiosa AG.............-. 
—truncata (CORDA) BREB.......... 

MA CNOCEYAS DPR M eco csat docs cheeene eheee 738 
Microchaeta integrifolia Nurvt....... 
MIGTGCVSUIS, utes ntisdenda ccc ney aeas ance 
Microglossum GILLET.. F . 484, 
——album (JOHNS.) UNDERWOOD. .- 

bose tne eee cere waar cue ete 484, 495, 
—arenarium ROSTER............484, 
— elegans (BERK.) UNDERWOOD.... 

Lady Oem CIR P AAI Hee Ore 484, 495, 497, 
——lutescens (B. & C.) UNDERWooD. 

ates eins SiS eve Rie ata aomelae ane 484, 496, 
—pistillare (B. & CKE.) SCHRET.. 

Ta aor docck Ghibaican eeahee mAbs au aabs 
—rufum (ScHw.) UNDERWOOV 

SR aasoe © ncborionaer nr 484, 495, 496, 
. 484, 495, 496, 

—vitellinum (PerRs.) SCHR@T. ... 
. 496, 497 

—vitellinum irregulare (PK. ) Un- 
DERWOOD .. 495, 496, 

Microspora amoena (Ka. ) acs: SNe vee 
—fugacissima (RorH) RAs.. ac 
—vulgaris EAP Mate dea tac ote 26, 230, 

Microstroma.. aislelia dite bre inlo\ eee bYvicele 
Mimosa glauca er 
Mimosaceae.. 
Mimulus jamesii ‘Torr & GRAY.. 
= IN CONS odors cs den se tas yon ene Ade 

Mitchella PODONSWUAL. scsleee ters cse anes 
Mites diphyllaslise.. et ecsemescoteaes 
—nuda L... 

Mitrophora LEv....... 
SAV DELS Awe eve oe = a eelee arcing ma erate ee 
Ses PEIN OS IPI OS so alo clsicis's din(toetnalfel mle eiseree 

MiltrulaiPeRrss cree ck, cane weenie 484, 
= AD UEUIS Ll Rvecsres oe Oda caste ween ee 
———— OTIS AGA EUR doce aie seine daeas sonewe 
—-cucullata (BATSCH.) FR........-. 
—elegans BERK, 
— exigua (SCHw.) FR .. 
——P PaciliS KARST iis oc wees oe sods piee 
— inflata FR.. Sh warloe iow deme 
—— johnsonii SAcc.... NASA DAES 
—lutenla ELLIS 2.06 este tcc cous 496, 
—lutescens B. & C........2..0008- 
—=— PALUCORG JE Redness octet hape cho ne cisees 
— phalloides ( BELE, an ORV ie sans Seer 
— pistillaris BERK.. > ARIS 
—roseola MORG 
——TUf@ SACG iS eine. Gece n clece’ 
— spathulata ee 4 
— viridis KARST. 
— vitellina SACC .. 

seeee 

AVE rns cb ee cine cio states ara warclaveeaetee maton 
——= (pine SOCHIW: <..-tities ssisicsaitn nee 
—cinclidioides Hub 
—cusp'datum HEpw........... 288. 581 
—-hornum L..... .. 289, 593 
—lycopodioides ‘SCHWAEGR........ 289 
—-orthorhynchum B.S.............. 289 
—punctatum HEDW............--.-. 289 
=<——= HOTTA DMN ERD ssicece caesie sees 289, 593 
—— Stella pe HED Wi cscs cciewes cen atten eae eode 

MOMISSinIUS #7. co kt seca noc ceoeee mae eeae 166 
Mollugo:verticillata L............/.2.. 539 
Monandrae.. srvidlertacteme suetiae vay SREO 
Monarda fistulosa L......- ...-..-..-.. 562 
—— SCA Ola EMCE: Wand tectrss acon ies aloes 562 

MONeBBS ©. issu teteea nee i017, 1021, 1022 
— uniflora (L.) A. GRAY.... ... 557 

Montliavitmrais 3.0. Sit sone. ect, heer eg 
—aureo-fulva C.and E.............. 652 
— similis (BHRK.)} P, and C......... 652 

Monniera P. BROWNE .... CAS e% ae OG 
—monniera (L.) BRITTON.. 886 
are oe chenopodioides (Norv. ) ie 

wees Oe ee toes tere sect aserecesee ‘ 

eipeliianin Seg &S ) satraey ate 585 
Monosporium Bon.. : --. 665 
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MMONOULOP dis cela ars cle cles ateialee eioivie cinkierael ae 
=— AIT ITLOL Ay Li tete verte as itemise See cians 

MTOMLTOPACHHLE: sce heswcis ora vis eisicateietaieletohcle cle 
NOTGHeI Ar PRS 4-2 cicasccs) see 485, 486, 
—-uangusticeps PK......... ......... 
— _ hispord SOROKIN.....---. 46 wees 492, 
—hispora var. truncata PK.......... 
——bohemica KROMBH.. cohvesiens 492, 
—caroliniana BOSC.. .......-... 491, 
== CON ICA’ PERS): oi00 Soe cacsiccwiece 493, 
—crassipes (VENT.) PERS........... 
= TOLICTOSO EUR), 5 ois soisis Vacs civaloneasele 493, 
ee ALA HAV PIORS lec) iclas bec clelelete tev ius oie u's 
— esculenta (L.) PERS..... BSS AD 486, 
—foraminulosa SCHW...........- 
—gigaspora COOKE....... .....-. 492, 
—hybrida (Sow.) PERS......... 493, 
—rimosipes DC...... Selec eae ecrcin 

semilibera D. ©. evan Vale ADs 
Morchellaria SCHROET.. EL sere 
Morelotia gahniaeformis GROD Sse 
MOTI AMM ee Soe aerate aitsiacled opiveens 
= CLOL ILO Visto sess eaters oo,clejesien done 

Mortierella COBMANS............ 92, 
— —polycephala COEMANS........-... 

Mortierellaceaee rr: io. s .caciecclscste acne 
Mortiereilede.. 8 coco <cecece nas 88, 89, 
Mougeotia cenufliexa (Dituw.) AG..28, 
Mucedinaceae (LK.) P. and C.. 646, 

BP Pia ane <0 cielwia'sieiase toate 647, 663, 
Mucedineae. ; eet e Meee = Od Ds 
Mucedineae helicosporeae.. Ferajeiaterss 
VIL CCOUUNTER Pete ome ac evs evra eicre ae aisseisolaisre sae 
Mucilago EIACIMD A Sevan cin. ctece wiclecs alereieterls 43, 

— curstacea var. ‘alba BATT. whe 
Mucor LINN..... .89, 90, 91, 92, 94, 95, 96, 
== q[bta SORGLEN 1... .c<s tcc cgedease 
—amethysteus BERK.... .. ....--e05- 
——aquosus MART.. 

aspergillus Scop....... 
—hbeaumontit B. and C. 
—hbifudus FPREs.. 
— candalabrum (Opa. 3) “BERL. and 

SE 5 ir ree SCHWEINITZ.... 
NII UUS el ce etateyainiateleieie) siaute theta sieya el ale) = 

TONI. BAe AS CANS SE OEE pla aehtasletere s 

Pe anatus 1D) ae 
—cucurbitarum B. and C.. 
—curtus BERKELEY and Curtis. . 
—— dimiaei ~CHULZER.... eosiemie ara 
—echinophila SCHWEINITZ....-.--. 
—— PIN CLONIUS Ls. e So aed giatecoe me ealas aie 
—Yflorae (Cpa.) BERL. and DE Tont. 
—fragiformis SCHFF. . 
—fungicola (CDA.) BERL. and De 

CONST Vege ere ete AR Ret Se Pr 
——fuseus (B. S C. 2) hee as ery DE 

TONI. : 
——fusiger [ito RR AE EE PL RE IS 
——-glandifer BON, ....0.c6 cscecccceces 
RISC LLB ES ONG eee siyeeies Sec siete oo Rion 
——-heterosporus FISCHER............ 
——ineequalis PECK. .... ......ccecees 
IN CUS OS nig hoe cae e aninelsaeehiea 
ST IGLUNGIS Keene eee 
TY COMCLE S COP ie iciad Guise cain elenis 
— microcephalus WALLR...........+. 
=———MUNUEUS' JACQ ois. eiciasae wie Sonia's aia sles 
—mucedo LINN......... 88, 93, 98. 99, 
eee LUC LLCO RS CORN st) <tctcteratalete ta) oitater stele 
—-—-MUTINUS PERS,..5.. i ccc cecccc acess 
——  obliquus SCop.. epasie/ mation 
—paradoxus B. Arid Geese oes ee 
—— pomiformis LEERS,.......0..¢.0.0: 
= OU IMACUS MaKe nith on aerate ete cio case inte 
BUT OTNULS IMB ERS watcere helene eceree 
OU ONIMULS NS OOP ene ieee seater 
——racemosus FRESENIUS;}........ 93, 
are ow oont (ODA. ) BERL. and DE 

ON 

MINNESOTA BOTANICAL STUDIES 

Mucor rhombosporus ERRB...........-- 96 
—roridus BOLTON.......-.-c0ecce cece 101 
—— SEPUICHAUINN sa. s00 je closes sceies gel maa 
= SE PULA: SCOP. isis view 0% ain ooo cee Slee 471 
—spnaerocephalus BATSCH........... 475 
— stemonitis SCOP 23ia.0 b wciseeme aioe 473 

TODE) LK.. Sse ees 
ONE Aner EHRB.. 98 
— subtilis (CORDA.). Beru. and DE 

TON 52. Jeslensae res bs cece eee 93 
—subtilissimus BERKELEY. . a ecotheee 95 
—-tenerrimus BERKELEY........... 94 
——17UNCOTUM LK... canes cote eee 93 

Mucoraceae........... 87, 88. 90,91, 108, 104 
MT COREACL A!) sun ec ueemerete 88, 89, 91, ess 97 
Mucorineae.. &8 
Muhlenbergia ‘diffusa SCHREB........- 67 
—~—mexicana (L.) TRIN .... 522, 964, 1016 
— racemosa (MIcHx.) B 8. P....... 522 

Musee on ees. foie ctenisrererer tte rcehele ee te 
Mycetozoa.. bis avaecle sievate helene 
Mvcogone re ; 
— anceps SACC.. 

Myoporinaceae..............6., 5 
Myoporum BANKS & Son. : 

- —sandwicense (A. DC.) the Gay. 842 
My rica cule luxccnecmmeccdsa eee nee ,» 967 
Myricaceae sradd nie sla ntelate p seiatel oa ateley= nee 536 
Myriophylum ambiguum Nutr var. 

LimBswmn: NOD oes lelclse anereeeele 226 
—humile (RAF.) Morong........... 226 
——Spicatum Deis 2c doen eecn eee 555 

Myrothecium! TODH. 2 2.-.04-\ckie ees 737 
Myroxylon HORST isc cs-ios eee eee 856 
—hawaiiense (SEEM.) KUNTZE... 856 

Miy TSIN'ACCAC Lien cele lente che sincere oe ene “eis 
My rsine a. eee eee 873 
~_ gaudichaudii AY DO-z sano aS 
—kauaiensis HtLLEBR.. 873 

lanceolata (WAWRA) HELLER.... 873 
—lessertiana A. DC......./... 87 ay 874 
—sandwicensis A. DC ............. 874 
—-sandwicensis A. DC. var. grandi- 

folia WAWRA.. .).2 0. «teense 874 
—sandwicensis var. lane 

WAWRIA.. sacle os odicwisclesecisistatt alan mmnnaes 
——FONUWIF OG... snes ce sien ce wena go 

MiyrbaG@aiens .c.cevsicleielss) tnciere o'staeaaiee 676, 862 
Mystrosporium. CORDA... 657 
=——aterrimum B. 80 G3 oc vcicls civteiielaae 
——curlist? BERK. «. .cccclecce ssce een 
— erectum BE. & H........ 200s <a te 
——melanosporum SACC, .....-++-.008 
——orbiculare ©: & Had. cess au on estdeite 
— spraquei COOKE... .. Santee 
—turbinatum Oxr. & HARKN 

Myurella careyana SULLIV.........-- 
——— JIT ACOA SCH. «5/5 bic c lee sarees 

My xobacteriaceae 2.5.00. scsojec reteset 
My xobotrySaCe@ae) <... 27.0» «sien seien 
Myxotrichellia”-.....0c2 > ses oraceeeee 
Myxotrichelleae.. silsteleeiete Garant 
Myxotrichum KZE cet eee 646, 662 

N 

Naiadaceae.. é.cpeieisiartelee gltte colette mae 
Natas marina LINN. ...... ccc cece ee cues 66 
Nama L 
— sandwicensis A. eRe N a: PING Boe toi) 

Nani(a) ADANS . Se 
—-glabrifolia HELUER. ae 
— lutea (A. GRAY) HEL'ER....- 863, 867 
—macropus(H. & A.) KUNTZE.863, 865 
— polymorpha (Geen aE HELLER... 

. 863, 864, 867 
—pumila HELLER. . ; . 863. 864 
—rugosa (A. GRAY) KUNTZE... 863, 864 
—tremuloides HELLER. ... 863, 865, 866 

Napicladium)TDHUEM,.. “i..-eee-s eee 655 
Nardia crenulata LINDB.. 461 
Nasturtium amphibium (LINN. JR. Br. 15 
—obtusum NOUTT..............00- 71, 226 

Naumburghia.. oe 989 
—thyr siflora (L.) DUBY..... "559, 965, 975 

Navicula cuspidata K@.. 236 
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Navicula gibberula KG................ 236 
—sphaerophora Gs 5 ae sd Per ad sete » al 
ecko EHRB. - Selene os 

PNOCLTI Ase yhendo ts fe 
Nectrioideae 
STIG TH ete esl) ctet aes ovanpaacl<e 
Nephrodium molle Desy. Aer ne omelet) 
—squamigerum H, & A a 780 

Nephrolepis SCHOTT... .............. 782 
— acuta (SCHK.) PRESL.. cisz,delew nuk Oe 
—exaltata (L.) SCHOTT............. 782 

Neraudia GAUD....... samaen B12 
— welastomaefolia GAUD.. 812 
—- i var, kauaiensis 

UTNE <". nts? «cooks nich's use 1 OLS 
—ovava GAUD..... Bite acataee aaee = BG: 
— sericea GAUD.......sceeeeeee seeee 813 
— sericea GAUD var. 813 

Nertera BANKS & SOL.. 901 
—depressa BANKS & Sou 901 

Nicotiana L .. 744, 746, 747, 751, 884 
glauca MTA che dee 884 

Nitzschia vitrea ee var. recta 
: CEANDZBGE PV cele cc cccac ns cet. 237 
Nostoc......... Feet vooy Ol... SSK 
S“tacruleum LYNGE .. .....s..- 236 
——pruniforme (RorH) AG........ mee be 236 
—-spongiueforme AG.. Sesion 

Nostoceae | (MENEGH ) T'HURET...... 30 
Nothoealais di siciacyem (PURSH) 

GREENE.. Redbricwce asian. 574 
Nothocestrum A. GRAY................ 885 
—latifolium A. GRAY,.............. 885 

Wototrichium HILLEBR...... ......... 821 
— sandwicense(A, Seas) TELLERS. R21 
—-viride HILuLEBR.. Boe tiaras 821 

BRRITURECUP SINC fF. song, icles ois bales en wercee “Bl, 935 
Nyctaginaceae.. f .- 539, 822 
Nymphaea.. sa 5: 1002, 1006 
Beeudvenk,SOLAND.....-<-..cc.cs0s 540 
RIP HOR COAG LG. . a ok ve cece c! wv cmenieance 540 

Oo 

Odontidium mutabile W. SM.......... 237 
“Ua tihese Tale @reh Ur Cais) ay Sn eae ee ee ee 671 
edpcephalum PREUSS.. . eanOte 
Oedogoniaceae (DB By.) W ITTR.. 25, 228 
Oedogonium TAR Gece cos ccares 25 
er oo intanom WOT, os Sse deus 228 
—sgrande Ka.. E falaistetd sieeve seis Meraicae MOO 
—huntii Woop | )7! 228 
—obtruncatum WirTtrR. var. obla- 

tum TILD.... Seve steno) hea 
-—princeps (HAss. ) “‘WITTR.......... 228 

MPGNOTHETAL.. 52-0000. ... 676, 679 
Pe OMPLCHEU LB ails picic,ccsisc'riv'scece voce eee 676 
—fraseri. RD aad aie ae i 677 
—gauroides.. P 676 
—humifusa Nurt...... “680, “681, “687, 688 
—longiflora Jaca.. eleeec ssl,” 678 
SeeIMIFOLOCAT DO. ccc vicina cejealsia cece 676 
RERICLOT AU eevee eben Lis cies cwae die) o's 676 
UE WAM ODA ase bt ae cccicctcbiciecce scl 676 
—rhombipetala Nutt..555, 682, 685, 687 
eee TSUDA EL brats. 5 ae viele wisiauie sora teis se wae ge oe 676 
—sellowi........... 677 
-—sinuata LINN.. 680, “81, 685, 686, 687 

PEAT TAME Sy. A | osc 3 Shine soccaw hime 652 
—albipes FAG Oh ee a ny eee 650 
=———compactum O.and B.............. 650 
—fasciculatum BERK.............-.- 450 
SS HICHIS PRES... 2 000 leeds ccccisece e000 
BPE TLOIMNLO INES: «2s cine 2 da sa ciemionmericces. O49 
—monosporum WEST............2... 658 
—pulvinatum B.and C.............. 650 
— simile BERK.. NeWaiasiaekcatenicel: Gor 
I AOS! de oe ao po 6s stare a cla Sta cove 876 
—sundwicensis A.GRAY........... 876 
tee Se a ee ee 559, 876 
a srpaelene Shinde iaete’s Oe 
Omphalaria. ....... -704, 719 
JS Oa . 983. 991, 992, 1018, 1015 
—albicaulis (PURSH) BRITT........ 555 
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Onagra biennis (L.) SCOP. .555, 674, 676, 
680,682, 684, 685, 686, 687, 965, 970, 
yen .989, 1016 

Qnagraceae.s 554, 674, 615, 67 76, 677, 678, 679, &69 
Onagreae.. a Fate 674 
Onoclea. |. Pramoniee cee yh ded pi lOc 
= SOS tDUMB EA ce seo et eee Mesh 2 518 
—struthiopteris iy, ) ‘HOFFMANN 519 

Onosmodium carolinianum (LAM.) A 
; DO ck SSS eee ee ees 561 
Oospora” WALLR ai on. aces apct)s dy eeldcineee 649 
O. SPOT Ae. sone ne na ee en ee ee encses ence 650 

le Shoes’. ctaceceeneiat 650 
—cuboidea Sacc. and ELt...... ...- 650 
——— CUCUMETIB PK nc; ook eases unseen 650 
— fasciculata SACC. and VOGL...... 650 
—fulva SAcc. and VOGL............ 649 
—hyalinula SACO ......c0rcsvecsvccs 650 
—tulipiferae E. spat! M.. oenenie sbOU 

Opegrapha. Bo .58 sae ee ont manna 
—varia (PERs. ) ‘PR 724 

Ophioeytium ? capitatum Wows 27 
Ophioglossaceae... 5 LS ian Sethe ae 518, 771 
Ophioglossum L . sisieaeatowindee. cslieieee len 
—pendulum L.. Se hebet dipttent natareh hal 

Oplismenus EM MNUGS ooo scn ee cae TY? 
—compositus var. sylvaticus TRIN.. 797 
—ouahuensis NEES and MEYEN..... 797 

Opulaster opulifolius (L.) KUNTZE... 546 
OHUN TA TUNA yesh ciicte shies soetenes> 766 
Orchidaceae .. 423, 429, 534, 807 
Orchis rotundifolia PURSH.......-.... 534 
ONODOTABUS hE We aiseee wcerantode? wsiatheld 152 
Orobusidispar NUD es wa ser 5 > alde's's os a 61, 122 
—longifolius NUTT...............-19, 187 

Orthostachys (BARB. sit. socee Srceeeies oem Wil 
Orthotrichum..... ait) pecterety 741, ‘758 
—uaftine SCHRAD.. eis aheeres 286 
—uanomalum HEDW..........0..008 286 
em PETO TT SOE oh casiaic cine cla's einiee aise ara 286 
TT ARI s «ae sot) 6 Glove's tietaleorrrcts.aiels'« 741 
——Jnevigatum ZETT. .... ccc ccnecees 741 
———IESCUEH. AUSTIN. : 5.6.2); acetic clo sien 286 
—obtusifolium SCHRAD............. ASI 
——punillum SW..-.2....--.-s1--- 286, 592 
—sSpeciosum NEBRS.....  ... ...-..--. 286 
—strangulatum ( BEAUV.) Hotz nates 286 

Oryzopis asperifolia oe = event WOES 
—  juncea (MICBHX.) ae RE aie 522 

Oscillatoria.... ...... M6, 606, 612, 987 
— anguina Bons tee cone Vee. 235 
—antliaria JUERG........00.2 -.-.-. 31 
—— brevis, Ks jegciniesln ave oeleseancces pone 
—limosa AG... A idsdoahensitbaes (CB 
—numidica Gomont Rea are Oe Ee. 
DIN CODSE WAU CHpriee tac eee! ieeimet= = 235 
-—tenuis AG.. 235 
—tenuis AG. var. “patans (Ka. ) 

Gom.. 235 
Osmorrhiza claytoni (Micax. 7 B.S.P. 556 
Osmunda cinnamonea L. ...... ...... 519 
——— GMa VbONTANR Livecceweracns.clevecee OL 
= POC AIS Wi che secede ass debated 519 

Osteomeléss LIND. 2.) Takers oo 829 
—uanthyllidifolia (Smrra) LINDL.... 829 

Ovularte US AGGr. cscs anerien 653, 654 
+—monosporia (WEST) Pande Oy G60 
= OD UIGU OUD sas esata uchenlawtalstpiniwe salem 653 
——— (DOUG SACO. chance otaceecebasicnas 653 

Oxalideicedorss. soma: wate ee eeiees 551, 836 
Oxalisilys we. sai eaassstsnenolee eee ewad 836 
—acetosella L......... 2. cece coeeee 551 
=== COPEHACU LAU teas. cocip teste ane niece 837 
—=— GOP DOSA WC we apa va salle stems §36 
—martiana ZUCC..:.........+-- 836 
——strlota Leh css) satnentes 551, 965, 1016 

Oxycoccus... cee O} 6 
—ox ycoceus (LINN. ) MacM.. bate 4 

Oxytropis caespitosa PérRs.. Lavelle ais 
—caespitosa WILLD..............22, 119 

PLD MND Ole is cease vane nn odoin da sees 152 
— grandiflora DC........ 144 
— nigrescens DC.... 164 
—— polaris SEEMAN 173 
——— SVL atiCad DC ee icitvcce cc cece ee eee 3, 160 
—=— Trinny aD G,. So ssa ccdaccdels an 117 
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PaederiadnPsst See sccee tine eeeatees 902 
—foetida L.. 902 

Palmella....... 602. 623, 624, 625, 627, 626, 631 
—uvaeformis K@.. 233 

Palmellaceae (DECNE. ) NAEG. em. DE 
WON Tic... SRL OT, ade 

Panax? gaudichaudii i. ‘and: Neh eae 870 
—ovatum HOOKER and ARNOTT... 870 
—platyphyllum ei eo ASS aetacees 869 
—trifolium L....... 556 

Ranteularia: :s2es-..ss6 : 6. 994. 095, 008, 1001 
—americana (TorR.) MACM.. .... 525 
—aquatica (L.) KUNTZE............ 525 
—canadensis (MICHX.) KUNTZE.... 525 
— fluitans (Lrinn.) OK.. SEU hee i) 
—nervata ( WILLD.) KUNTZE...... 525 

Panicum L ... 
—capillare L 
—eolonum L. Blas aoa peaoretir: gesorrue wae 

—crus-gallivar. ‘hispidom (MuuL.) 
WORK. Soo ieke eel ese s~ ccee 

—dactylon L.; 
——depau After Mune, 
——dichotomum L.. Dal, “964. 970. 1016 
—dichotomum L. var. elatum 

RVG ION Pe aa Ma ise here oe cine Ok 
—dichotomum L. var. villosum 

GENTS) OAS 6 o.3 rorcte cm aisle reine oie ernie 521 
—_filiforme HILLEBR...... ... ...... 798 
POL IMGO Ls hac sisis = naxslen Sayueeeene 799 
—glaucum L.. Pe ye, 418 
—nephelophilaum (GATID co 5 ee eee SY 
——NItIGUM LAM... 2.6.55 <cae ccs vase 522 
—pruriens TRIN.............---+e08- 797 

SCITTUNILCLEM = Acc dosis let ae te ners ain 799 
—scovarium LAN.........--...- 265 522 
——verticillatum L...........000 0 safle ak 
—virgatum L.. Rte aten 522 
—xanthophysum AGHA NEC 522 

Pannaria.. noe tle 
—languinosa (ACH ) NGnRBstig a 719 
—microphylla (Sw.) a Eijoauisisle 710 
—nigra(Hups.) NYL................ 719 

IBATIGIVORACEAB: tone fees cs maeebicetins cece » 543 
PAD AY ACOAGL. So. nous te cienl et hibls Seipslaeie 858 
PaApimionaceae .o-vicsoeccascee Le UR sear 
IPO BULMN: W Rock .eicee ee coders taiclel mens ai 660 
Parietaria penaey Laas MUAL...... 537 
Paribigny Al USS. oss cmos eben oles £53 
—tiliaceum (L. ) St. fia Pal aaa Me 853 

Panini Glia. at. Gace cose a aceee eee nas 694, ‘704 
—borreri TURN.......... .---83, 695, 717 
—hborreri TuRN. var. hyvpomela 

MTR GK, 717 
—porreri TURN.var.rudecta Tuck. 695 
—caperata (LINN.) ACH..... Be 695, 717 
—-conspersa (EHRH.) ACH.......695, 717 
—crinita ACH.. 717 
—olivacea (LINN. i Aon.. aes 695, 

"712, M1537 le 
—perlata (Lyn. ) AGH edo. 83 
—saxatilis (L.) Fr 695, 7 
—-tiliacea (HOFFM. ) AGH ee eee 83 
—tiliacea (HOFFM.) FLOERK....... 717 

BAT HIGNEMIN GIhorca Vessel lccdoldete nee 82 
Parnassia Core aiane pens: sind) gOaO 
—-palustris L ..... sevbeveee 1DeO 

PATSOHSIA NS BR moc sat see spiaccaesreene 862 
— pinto (VAND.) HELLER........... 862 

Parthenocissus . See 
_— quinquefolia a. PLANCH “553, 

yaa 974, 97 
Paspalum ie SE Cuone 797 
—conjugatum eh Ra eg ages 2 797 
—-orbiculare FORST.. Siecetinanee GOs 

Passalora FRIES...........0....00.0ce.. 655 
PASSTHOT ALT: cece cere cea eon cake tinae se cae cele SoS 
= OU ULIS \SUMGE ss sen ascents se Soca 858 

IPASSINOTACCAE! cz lees cos dslclowcela os oes 858 
ALCIUMA, c/o ceacnies co ce acteaecrsn sha dol 
PSCtIRAtUSs. {cheeses coils ace Uses octets 130 
PeUIASHNMIN . sce pe case he lates Mee 628 
—boryanum (TURPIN) EN EGH 27 

Pedicularis canadensis L............ . 564 
—lanceolata MICHX............... 564 

MINNESOTA BOTANICAL STUDIES. 

Pelea A. (GRAYS. cic teases 
—anisata MANN.... ......2...-0- 
—auriculaefolia A. Hest vats fete 
—barbigera... - es Laat ee 839. 
—clusiaefolia A. ‘GRAY... « Sw ala euneteaey 
-—cruciata HELLER...............-. 839 
—kauaiensis MANN.. ............2. 839 
—microcarpa HELLER........ ... .. 839 
—oblongifolia A. GRAY........ 837, 840 
—rotundifolia A. GRAY............ 840 
—sandwicensis.. ..............0+0+8 838 
—sapotuefolia MANN............ 840, 841 
—-voleanica.. aos adbe Co eoe 
—wuialealae WAWRA.. « econo 

Pellaea B roDarpBreX (L. ) LINK: coe . 518 
Pellia epiphylla........... -45, 46 
Peltif ena: sos ks eens ches 704, 706, “709, 715 
—aphthosa ( LINN.) HOFEM.. 82 
—ceanina(L.) HOFEM....82, 696, 697, 718 
—canina (L.) HOFEM.var.sorediata 

SCHER. . 697, 718° 
—canina (is); “HOFEM. Var. ‘spuria 

ACH.. . 696, 718 
—polydactyla. (Neck ) “HOFEM..... 718 
—pulverulenta (TAYL.) Nyu...... 718 
—rufescens (NECK.) HOFFM........ 718. 
—venosa (L.) HOFFM............-.. 82 

Peltigerei Nw: )ocos) ost acm ee ae 82 
Penicilliam. : sock cates ciao 
—atro-brunneum ‘CKE. tise eee ree 666. 

Penium interruptum BREB....«...... 28 
—polymorphum PERTY............ 29 

Pentalophus longiflorus A. pe 12a dee 75- 
——mandanensis Ai DC... ..:.0.0. 22h eee 

Penthorum sedoides Li. .2 3. 2i.ccceeese 545 
Pentstemon gracilis NUTT............. 563 
——grandiflorus NUTT ............... 563- 
—hirsutus (L.) WILLD ............. 563 

Peperomia Ruiz. and PAy.... 808, 810. 811 
—hypoleuea var. kauaiensis. ... 810 
—hypoleuca montis-eeka Hit- 

LEBR. waleo'ee aoe e ee CEE 
—latifolia ‘MiQ.. ae ets i: 
—leptostachya H andA.. Ber eepeet 3% 
—macraeana C. DC.. 809 
—macraeana nervosa HILLEBR.. 809 
—macraeana C. DC. var........... 809 
——membranaceae H. and A..... 809, 810 
——membranaceae H.and A. var... 809 
—reflexa (L.f..) A. DIETR.......... 810 
—sandwicensis.. See Facil 

Peramium repens (li: ) "SALISB......-.. 535 
Periconia LODE: ..: .; ==: .2ceeeee eee 671 
Periconieae.. Sele tino ai diee here eee 
Perisporiaceae . sess SNacclen ieee 
Peronospora ones ‘GOOKE, U5.) 
Perrottetia H. B. K 
oe ticsuats A. GRay. 

Pertusaria i. 24.45. sos che eee 
—communis NC.. Js ca Santee 
—pustulata (ACH. b) Nyt. dues 
—velata (TURN.) NYL.. 2 

Petalophyllum.: <<. 02.0222. oe deen 
Petasites palmata (HOOK.) GRAY..... 80 

Petesia? coriacea H. and A........896, 897 
—hirtella ...... wi eon 
—terminalis H. and A.... ......897, 898 

POZIZa). 22 foo. eckee ee ore ee 486 
PE7izales ithe Ao eS sadeceek axe eee 
PRacast) sa.) ces snc heec eels gee 116, 117 
—aboriginum HOOK... ......--.---- 156 
—alpina LINN........... .....--- 65, 132 
——amnnud GEYER..........-+. eee renee 138 
— argophylla NUTT..........25006- 21, 118 
—astragalina DC.....- LScacaiips e's wee 65, 154 
— pisulcata HOOK. ..205 «202s werent 
—caespitoxa NUTT .........-..--.21, 118 
—candidissima BEND See 134 
—candolliana H. B. K............... 140 
—canescens NUTT.... ....eceeeee pera g GS! 
—collina HOOK....... ©...-2+..e22+- 124 
—cretacea BUCKLEY.............- . 148 
—crotalariae BENTH...........-. 135, 141 
—debilis NUTT..... ......--. ecinteaes 126 
—densifolia SM.2....0i.2..008~ aceeee 135 
—  densifolia TORR...........-.---«.. 136 

we es 

eal 5) ae.) Ae 



Phaca douglasii T. and G............... 
erm LEM LTB PACK vn wo a ¥ nic alee'ors sue bp\es on 
—-elongata HOOK.................+.60, 
—fastida KELLOGG......... ....+-2- 
——FENCLENYs A. GRAY. ccc os0e coceeses ce 
a DDIM ATI A a. dtinlocaasir os cle stints 
— flexuosa EG ORS eect i, wan cee 60, 
—frigida Li-n.. eGo: 
—frigida L. var. americana HOOK.. 
—trigida L. var.americanus Hook 
—frigida L. var. littoralis HOOK... 
—glabriuscula HOOK................ 
—gracilenta A. GRAY...............- 
—nhookeriana T. and G.. 
—leucophylla HooK. and & Axn.. +23, 
—leucopsis T. und G....... 2.2.2... 
—lonyifolia NUTT...............0---- 
—lotifora NuttT.. = 
—macrocarpa A, Gray. 
—wmacrodon H.and A......... 
—megacarpa NUTT............6. + 
Ea TLS IB ER Peso nic caeins a ols stk ae ole 
— mollixsima NUTT. .........22 sees 
—wollissima ToRR. var. utahensis 

SB Meglech We, ANG! Gres woes. oes a: 59, 
— nigrescens HOOK........ 21, 61, 122, 
—nuttaliitt T. and G........ ..... 
— parviflora Nurr 
— pauciflora Parent 3 
—-pectinata HooK.. sitet 
—picta A. GRAY.............. “19, 137, 
——podocarpa HOOK.. cae 
— pyymaea Nur. 
—robbinsvi OAKES......... cece eee 
SETI TIRE 20 AILS A Of ea 
—simplicifolia NUTT...............2+ 
Eee IO DOORN UL cans 0 6 teisle's\oc yao 
—trifora DO.. 
—triphylla Eat. & WRIGHT...... 21, 
——Vestlid BENTH... .2...c0.cccscce cone 
Se PLOR LA MOLNS 3 o\v'nsciooe wicisias awclee baie 

Phacelia franklinii (R. BR.) A GrRay.. 
Phalaris arundinacea L............... 
TUL ULG CONICURL MTGE. .ccice. sce acce secs os 
E——CFASRIPeS VENT... 0 csecececedseecss 
= CFINPUS SCOP. 00. 200 .cccscccecccee 
SS TD 
= PROTETIUUS Ly 5. iscs.cececencseescces 
—=—-marcidus MUBLL.............cccces 
—monachella oe ee ee CNet 

Phaseolus L.. veeeeeeeeesens TH, 
—semierectus L.. Peiihiecasten orc 
SET LLOMBIS) .! 20. cjcace cade cs ccsevs 

IPheropteris PEE. ... 2.5. ....66 os seus 
— dryopteris (G.GF) al oe als at 
—hillebrandii Hook. Nan clecene 
—hillebrandii HILUEBR.............. 
—honolulensis (HOOK, ) HELLER... 
—wmicrodendron D. C. EATON........ 
——phegopteris (L.) Wiganeobs. 
— polycarpa(H. & A.) HILLEBR.. 
— polycarpa var. kauaiensis Hit 

——punctata (THUNB.). HiLEpR.. 
—spinulosa HILLEBR.. ie 
—unidentata (H. & A. y MANN..... 

Philonotis fontana Brip........... 287, 
Rieu pratense Ly... os. cs.ccees tccces 
Phiox divaricata L.. AS 
—hilosa L...... 

Phormidium ambiguum Gomont ..... 
—favosum (BORY) GOmoOnT.. 4 
—  incrustatum (NAEG.) GOMONT... 
—retzii (AG.) GOMONT. ............ 

Phragmites .....989, 994, 995, 1002, 1003, 
—phragmites (L.) Kansr.. Fy a 

Phragmosporeae.. UE ARN 
Phryma leptostachya | 1 PEEP eae 
Phycochromacene.. Js nde datciciatte Ges 
Phycomyces KUNZE.. PH!) By 
—nitens (AGARDA) UNUM cisco ee 

Phycomycetes.. Givawen walcee siventetaws 
Phyllachora graminis Dace sap em ecedow «ts 
—trifolii..... asin tga Vinia eae tea ee eae 

3 My a ee Me, fee We Le 2 i 4 er OS ‘ 
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136 Phyllanthus L....... best re se ag 
154 ——sandwicensis MUELL. {6 
126 Phyllostegia BENTH.. .. 764, 882, 883 
134 —-glabra HILLEBRAND.. of ae ee. 
128 — grandiflora (GAuD. ) BENTH. . Seed 882 
158 —wuaimeae WAWRA.............882, 883 
126 Phymatotrichum Bon........ .....668, 671 
132 Physalacria inflata,.........., 497, 498, 499 
133 Piya list tic to rs tenth cation aCe 885 
154 —prandiflora Hook..... ........... 563 
133 —— lanceolata MICH. prs ca: tae eee 563 
156 ———— DOLU Viana Wi) io 2 Seis .cs ome enero 885 
128 ——pubescens.. PIO Oe oe 
172 = VWISCOSA, Lies is ada Cauce a cere eee 563 
133 Phy eurum: PERS. sends ca eee eee ee 480 
134 —albipes LINK........ 480 
19 —albopunctatum ScuuM 480 

151 —album ¥SIEs......... Pe ee Pa By bir 
132 ——— MIE PRRB occ cc0c as nea te 481 
136 —bulbiformis SCHUM.........:...... 480 
136 ——COESUM RIBS. <5. 3.22 'sove sn coe corm Arn 
167 —— CONUATUIN TGINE : acess estes ce 476 
145 —-cinerascens SCHUM,..... Stic Set a aD 

—cinereum (BATSCH. ) ‘PERS.. ..... 480 
144 = BULDUB. LSPN EG ie soto She ee ede ee 475 
141 —conpluens LINK.........ccesecseceee 480 
164 —conglobatum FRIES................ 480 
135 ——CNNNEXWM TANK. 2.3.0 s\cc 0s ses cane 480 
157 —<depressum SCHUM........ 0.0.6. 475, 477 
132 —didymium SCHUM.................. 480 
130 ——— (EF OTME LiDN Kis assis eeeee tees noe tate 477 
138 —farinaceum PERS. NS. 
125 —filamentosum (TRENT. iy ‘SHELD. 480 
129 —globosum SCHM.............cc0cees 475 
155 —hypnorum LINK..............0022. 480 
7 —leucophaeum FRIES ............... 480 
118 — marginatum.SCHUM......... ..... 480 
133 —melanopus FRIES................05 476 
140 —melanospermum PERS............. 475 
117 —wmicrocarpon FRIES.... 476 
134 ——Nigripes LINK, jcc besccsccccescese 476 
167 ——— ITU URN HISs 26 oc ce os Selcene be shak 476 
561 a UO EBS One oes Cr clapsade obeeiccs 480 
522 — oxyacanthae SCHUM ...... ........ 475 
492 —plumbeum FRIES ................-- 480 
493 —-pyriforme SCHUM ... eecawa tere ey aA Oe 
489 -——sinuesum (BULL. ) ROBT. kc 481 
493 — sinuosum LINK.,........ 2.0. ecee cane 475 
493 — 8iNWOSUM ROST....... 022-0000 cceeee 481 
499 — sphaeroides CHEV.............0.0- 476 
490 —striatum FUCKEL................+6 480 
836 —sulcatum LINK........ ....-..0005 480 
836 —violaceum SCHUM.......... 0000005 480 
836 PD YSCIALS 0h 5 eee been wactns oes 694, 704 
782 — adglutinata (FLOERK,) NYL...83, 718 
518 —cesia (HOFFM.) NyL.......... +696, 718 
782 —granulifera (ACH.) TUCK.. 718 
782 —hispida (SCHREB.) TUCK......... 696 
782 —hypoleuca (MunHt.) TuCKERM.83, 718 
783 — obscura (EHRH.) Nyb... .83, 696, 718 
518 —pulverulenta dae ) Nyt. = 718 
783 —speciosa (WULF.).. aS See. 

— speciosa (WULF.) Fr. 
783 —stellaris (LINN.) Fr ite! Oe 
783 —stellaris (L.) Tuck.. “709, 718 
783 oe (L.) Tuck. var. ‘apiola 
TSSpae eu! IN Arete sere) ee nck oer ae 718 
592 aS seibagtn CAOR. PE UCK. cbs, , a 718 
§23 Physcomitrella patens ScH. Be mone 
560 Physcomitrium hookeri H BR eatin 286 
560 —immersum SOL... Soltewes ates 200 
599 ——pyriforme BRID,.....2.-6 sccecee 286 
599 —turbinatum (MicHx.) BRID...... 287 
599 PRYSORDOTOES BS ee ee beet tae 669 
235 Physostegia Virginiana (L. ) aint 563 

1004 Phytolacca Lx. db vcokn dae t Gee 
ape ——brachystachys. Moa. Po Oe ananieee 822 

645 Phytolageaceneicuie: seo.cos tinioe sine oats 822 
561 Picea.. ....6, 981, 1021 
604 —mariana (Mitt. ) ES. Pua, 6, 
95 .519, ‘064, 974, 981, 997 
95 Pilaira VAN TIEGHEM .............. 91; 100 

658 —anomala (CESATI) SCHROETER... 190 
655 — cestli VAN TIEGHEM..... ... 0008 100 
655 ——fimetaria (LK.) POUND..........% 100 
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Pilea LINDL.. ... A acetal ohetinctete SOL 
—peploides HQ Alec 8il 

Pilinia Kz ...601, 602, 603, 604, “605. 606, 
607, 613, 614, 615, 618, 623, 625, 626, 

627. 628, 630, 631 
—diluta Woon... 7601, 603, ghee 629, 630, 631 
— minor. sejccintinc dees ae 604 
—rimosa KTZ.....------- a Ne ohne 601, 603 

PAULODOLEHOS a pects do's. Se rigs ee ane 88,89, 91 
Pilobolus Tope .... AC OICHUC OC Ano nian eAtU) 
—<anomalus CRSATL...... board mine: otha 100 
—crystalinus TODE .......... «2.6. 101 
———OPLPDUS MONT 8). Sesccsdee sce. 101 
—roridus PERSOON.........-...-.... 101 

PAN PAULO UL Ais. csc ctoee cteee ecco ee eee 967 
Pinus .... - 981, 983, 1014 
——divaricata (ArrT.) Supw..419. 954, 

974, 978, 981, 985, 989, 1009, 1010, 
Ben ncas deems nee 1012, 1017, 1018, 1019 

—resinosa AIT. .519, 564, 974, 981, 989, 1012 
—-strobus L..... 519, 962. 964. 974, 981, 

Goh nisin linc cievieh| eG Ss LO LOy LOM: 1018. 1019 
EDUC UR. tcp caicte ates es tlee see Guu ae 962 

FAOMWVOEESIRY 10, OMe detine |. ccce dtc csacle tok 
PUD CEREMELUNE ML. ta ides sie cls velscoeiseanae 816 
Piperaceae . rhs. Sen Pee a's Mes IOUS 
Piptocephalidaceae.. REE sree stots 
Piptocephalis DE Hiamy. 31S secs 89, 92, 104 
PIP UGH SEV OEDID to.) leas ots cease oes 814 
—albidus (H. and A ) A. GRAY.814, 815 
—meyeniand WEDDELL ............. 814 
—gaudichaudianus WEDD......... 814 
—-kauaiensis HELLER.............-. 815 
=e TTT EA LIEGE) Rocio oe eiere bernie wicte aie wate 815 
—taitensis WEDD...........2020-----. 814 

eI NOVA MEVAGNI EO Recciscaicls as donations « ace 95 
PITICUIATIA SAGO. conse nce canter ee ose, OOD 
ISO nWa ete sere tees. Senet cece 823 

sandwicensis HILLEBR....... 823 
—umbellifera (Forst.) SEEM 823 

Pithophora kewensis WITTR, .... .... 232 
PADCOSPOTACEAG ttm. sesaee eeeateca se” O28 
IFitiosporum: BANKS 25.00 be ices vs 828 
—acuminatum MANN......... ..... 828 
ee DOP UIN Mev A: ctercls crete mintels devece 829 
—kauaiense HILLEBR.............. 829 

PIACOAUDHI ne int nccs eadecerne none 704 
—aurantiacum (LIGHT.) NAEG. 

and HEPpp...... te 720 
—cerinum (Hepw. i) ‘NAEG. “and 

HP Pee oan wise petece ..-697, 720 
—cerinum (HEDw.) NAEG. and 

HEPP. var. pyracea NYL....... 720 
—cerinum (HEDW.) NAEG. and 

HEppP. var. sideritis TUCK...... 720 
—cinnabvarinum (ACH.) ANZ....... 719 
—citrinum (HOFFM ) barGae ets 720 
—elegans (LINK.) DC. .........697, 719 
—microphyllinum TUCK.. peony 6 UY 
—vitellinum (EARBH.) NAEG. and 

ERD Oe ia) SRNGRS wee Po eee 697, 720 
—vitellinum (Earu.) NAEG. 

HEPppP. var. aurellum ACuH..697, 720 
Plagiothecium denticulatum ScH.... 292 
arene BerOr end SCHIMP. 595 

Plantaginaceae. . Sass Penis SOO, rooS 
Plantago De OS eae Nie ee is aloe ee 892, 989 
ees ooolate L..c.46.0..42 sesedcoes 892 
—major Lunn. .77, 565, 892, 965, 997, 1016 
—princeps C. and Ss. .892, 893 
—princeps var. acaulis WAWKA..... 892 
—queleana GAUD 892 
EP OUT. fois: te hee crac lee ee oa eee 

Platy de=-ma MANN.. 
—auriculaefolia HILLEBR. 
—campanulata MANN.. Seve austen Ge: 
—rostrata HILLEBR................. 841 

Platyey rilim.orasseeeseec es) sclec ate . 280 
—-repens SCH... Pe Sate Ook 

Plectonema wollei FARLOW ........... 599 
Plectranthus I Har. sae sae 883 
Plectranthus australis R. BR......... 883 
— parviflorus WILLD. . eysieles (a Jelejais LODO 

Plectronia li... 222s 902 
—odorata (ForstT.) HInLEBR. ...... 902 

Pleiosmilax sandwichensis SEEM.. .. 806 
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PIGOSPOLA cheese ence 
—herbarum 

Pleuropous: Biss ss s- Nee 2a eee anes 
Pleurococcus Draphypodle: be sicicvers cloves 
—-chlopodis. eae woot ebioctap ee 
— punctiformis.. Spies elslole neice eee 

Volvaris.) Olcncs.cncees hoe ee eee 
Pleurocystis RONORDEN.........c0000 2+ 
—fresenti BONORDEN........22 2200s 
—helicostylum BONA. oi cael 
—spencerii (QUEK.) W. ieee 
—spencerii (QUEK.) W. SM. var. 

kuetzingii “GRON 

NWARG. {52 se c.se ce ene see eee 
PO. iia eek sete eee oe eee 
—alsodes A. GRaAY.. 
——compressay Lis. 260.52 esis eee 
——debilis "TORR. 25sec. Sees 224, 
——flawa Dy. csunteascseeuse-le cee 
—nemoralis L.. 
—nemoralis L. var. firmula Host. 
— plUMORG RWVZ... 0.0 bcc. cocsiss coe cler 
=—— pratensis Dis. decsesle | ts. 1 ae 

Podosclerocarpus... ccinals Bele > aia nicl Olea eter 
Podosporetia B.S Wrils an csenaesens eee 
— humilis EB. & E..... 1.02 eee een ee 

Podosporium SCH Wc. Sess sean cee 
— crucigerae (SCHw.) P. viene: aa 
—humile (E. & E.) P. ang 3 
—rigidum Scuw. wa 

Pogonatum alpinum ROcHL.. .289, 740, 
Pogonia.. 
——ophioglossoides (LINN.) KER...4, 

Polanisia graveolens EAS 
Polemoniaceae.. 
Polemonium reptans. Ly. nc. 
Polyactideae (CorDA) POUND and 

CLEMENTS) 2 fo.jss562-eneseae 647, 
Polyactidet CORDA. ..20.. 22. seca teee 
Polyachis kee penetes tener eee 668, 
Polyantherix NEES. ........00++0++eseeeee 
—hystrix NEES. . Jeeaeae 

Polycoelium sandwicense A. DC........- 
Polygala cruciata LINN............. 73, 
——irridescens L. 3 é.:0 Nefaehee sean 
——polygama WALT.. a a/ey = eaten 
—senega Un... 8 os cose co cee eee 
——verticillata I ays 

Polygonaceae .. 77538, ‘551, 
Polygonatam...... 505 fco.> eee Ne 
—biflorum var commutatom Oe 

und 8.) MORONG.. 
—commutatum (R. and § yi DIeTR. 

Jad sohis  iasae oe eae 64, 
Polygonum (Heli } 983, 995, 996. 1001, 

Evid sisiassetawe ete eas bis 
-—acre HBK.. 
—amphibium L.. vas alc stakes Cee 
—cilinode L ................. 964, 975, 
—cilinode MICHX...........-..--. 69, 
—emersum (Mx.) BRITT....... Syme 

ve cise) )\ wcaicontt otes cater 4, 995, 
—engelmanni GREENE, «2000 2sceeee 
—=—erectum Ds .ctrceck noneeeenee 964, 
—exsertum SMALL........... 2.0 
——glabrum WILLD.......<cccw.cecsee 
—hartwrightii A. eae .. . 964, 
—hydropiper EG ws ciass locale erect ea 
—incarnatum ELL.................. 
——littorale 2.3.2. .25.. 5 ose 
—  microspermum (nes ps SHELD, 
—pennsylvanicum L........ ....- 
—punctatum ELL 3 
—ramosissimum ..............0.06 
—rigidulum SHELD ................ 

sagittatum L.. Jss\b's los sip ciere tee 
scandens L . 

—tenue MIcBx. var. microspermum 
FINGUM Wo. 0c: case cee'es casero 

Polypodiaceae . 
Polypodium L.. 784. 1008. 1010, 16% ree “4018, 
—abietinum D.C. EATON. visi deeeee 
—eraltatum L 
—-filix-mas L.. 
—hawaiiense ‘UNDERW.. 
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Polypodium helleri UNDERW.. . 785 Potentilla per eras . bs Shviccheies 547 
—  hillebrandii HOOK............-- ees IEE —rigida NuTT.. a PR A Oe a6 | 
— honolulense HOOK.. Encore Loe —rigida WALL. ea 71 
—hookeri BRACK.........2--.202 200 785 —supina it eee ae 16 
——-IHOATOVE MUN BS: |! Hicutc essa cise cess 785 —supina LINN. var. nicolletii WATS. 16 
—parasiticum L.. Seen as Seoaec a (50 —tridentata SOLAND.....:.-....-... 547 
— pellucidum KAULF.. 785  Prasium grandifiorum GAUD............ £82 
— polycarpum H. and A. 783 Preis-ia ea cig ge COGN vere: 461 
—  pseudo-garmmitis GAUD ........ iso. Prenanthes alba Div. .:-2 <2, 3 2-acccenee 574 
—punctatum THUNB..............-. 783 —japonica L 3 sete cttwediocseinn mare 
———spamoense BAKER. ....ccccen-cecces 786 ——Yacemosa MICHX...............0+. 574 
—sarmentosum BRACK .. ......... 186) \Primuys farinosals..c. esse. eee 559 
—serrulatum (SWARTZ) METT..... 736 Erimvlaceaes 2. ..0s.scse.dasoee ee 559, 874 
—spectrum KAULF.................. 186), Procms glabra, & A. 2. ode en seneee 816 
— stenogramnioides BAKER.......... 783 Prosopis L.. o's wugielsaw ed Sans PAOD SEE 
—tamariseinum KAULF.. .. 784, 786 uleis KUNTH... ..ccp cee 831 
——unidentatum H.and A.......-.... 7TR4 ——juliflora DO woes tate (oe 
TL ETLTE Lig Gsiatettees ep idecvicsncecrace ) ISL Protococcus Cinnamomeus KG .. .... 233 
== 700 FE) OR eee 964, 1016 —infusionum (SCHRANK) KIRCHN. 233 

ERIUGDORON DERV gece occ cs oey edancece’ 198 —infusionum (SCHRANK) KIRCHN. 
Pl eoralis DMareattecvenas ise eace 798 var.roemerian aaron: )HANSG, 233 
BaP LO Nee ol MGR wiol oinla sion cle zio's oe 935 ——viridis AG. .. Be repre = sds. 
Polyscytalum RIESS. .- .-.. ..s.ca00. 651 Prunella vulgaris L......... cc.c.s.--. 563 
Polythrincium KZE. and ScuM........ Boot Ws PTO MUS. 7 267 a4 222 Gian n econ See eeen 971, 991 
oe AT Se et eee nae il —americana MARSH..............-. 548 
— commune L .............. 289, 581, 593 —pennsylvanica L........... 549 
———=fOTMOSUM HEDW......-cecssceeeer 693 —pumila L..... 549, 965, 969, 970, 971, 
—-gracile MENZ...... Se ee | ee Oe oo es ee 972, 979, 989, 990, 992, 1010 
——juniperinum WIRED) cc «nds Hat 581. 593 —serotina EHR#.. 466, 467, 468, 474 
— piliferum SCHREB.. .. 289, TAL Pseudoleskea rigescens Tepe ss 741 
—strictum BANKS. ... ...... ..... 289 Psidium L.... baews a 868 
——strictum MENZ.........cccs. see ao el —guajava Lg SLE AML PR Nie 868 

Pontederia cordate Li. -.. 2). .cc.ces-pece 531 gitags! St BERK. SO peat, 
Pontederiaceae.. polivesoe tOBL —babbingtonié. ..2...52220 302 497 
Populus. ..459. 472. 701, 975, 978. 981, 983, ——— VII A, By Oe Os nie srorcvalavicees canals 500 

985, 986, 987, 991, 993, 1001, 1008. ——=ITADINS Bs00. Ol .o6.casdeccceats 500 
Be Mere) boca set oi) 1007, 1009, 1012, 1014 —nummularis BERK............486, 500 

—-pbalsamiferaL. ......... 964, 974, 983 Psilotum SWARTZ. . 792 
—deltoidea MARKSH..... 964, 974, 983, 984 —complanatum “SWARTZ... 792 
—-grandidentata MICHX........... 536 ——— nudum) (1s.)) GRIEBB, 2... 12..2-5e8: 792 
—tremuloides MIcHxX.83, 84, 869, 964, -—triquetrum SWARTZ.......ccce+.e0> 792 

966, 969, 977, 974, 975, 983, 989, 990. Psoralea argophylla PURSH........... 549 
Ears 1009, 1010, eae — esculenta PURSH..........2.: 200s 549 

Porella pinnata SCHWAEGR . 461 — longifolia PURSH.............-. 19, 137 
—platyphylla LInDB...... -.. .... 461 — parviflora POIR...........+.---.58, 157 

Porpbyrosiphon notarisii Ke . 235 —tenuiflora PURSH................- 72 
RPT NARC ABN no, an 5 nteriep ece.<'onse-ccee Ao AERY CHOLTIA Ii-)22. "eile ss uene tas 902, 905 
MUTE ROG he Digs Se ois cuts vc Cale's soe nes 823 —bexandra MANN... ... ......... 902 

MEIOIIIACE.CODC, 5 .0c%c < voce oc0s skies sas 823 —hirta Siesta sec st a Os Lek eee 903 
PotamogetonL... 793, 998, i004, 1018, Pteris L.f,...: ONES SEES eae ane 786 
—amplifolius TUCKERM Namo tenatee sm —aquilina Tie ie de, AE 786 
—fluitans ROTH.. Wieaee se —decipiens HOoK.. 787 
—foliosus RAF .............793, —  decora (BRACK.) Hoo... 787 
ere meam ike @ tte. ——excelsa GAUD? .:-5 Bic. cecsceesee, UBT 
——heterophyllusSCHREB........ — irregularis MOWER ysccalestesis ART 
—heteropbyllus SCHREB. forma —regularis EK. BAILEY.... 787 

myriophyllus (ROBBINsS.) Pterotropia HItLEBR.... ........ 870 
NPP NG aia fahe3 2 tas aie). s0 ais'e.c 5 14, 66 —dipyrend HIGLEBR........cccsec-0- 870 

—illinoensis MGHONG:-.;.-..--02-: 223 ——aymnocarpa HILLEBR............. 8&7 
— major (Fr.) MORONG.. eataete 66 —kauaiensis HILLEBR.............-- &7L 
—natans LL... Bae ada vas che tls L002 Ptilidium ciliare NEES............. 461, 580 
— pauciflorus PURSH.. seseeeseee 793  Ptilotus sandwiensis A, GRAY........... 821 
BEGUM UNS Lice oo facies casvicncccces 620"  Ptychoverpa/COUD) ::.../. .-:-sse-a2-s 485 
——MOMmolatus Lie. sci. | keene S40 Pucelnia tse ae aiae Pac aee teens 647 
oe var. richardsonii —Cypripedii ARTH. ae HOLW.... 426 

BENN.. Secon bee , 988 —-graminis.... Ayes prem t,o Gde 
—pusillus Lo...) 520 Pulsatilla hirsutissima (Pursn) 
—robbinsii OAKES..........--... 223, 520) BRITT... f .. Al 
—rutilus WOLKG.. cccusawipseens 08 Pylaisia Inteleata GGH. |. .....2-. 291, 594 
= vaseyi ROBBINS.. ....... .-...... 223 —polyantha B.S ; 
—zosteraefolius SCHUMACHER... 5, 520 -—velutina SCH . 

DSEENEI TY Aces ols nic vic Ge cicecs ated 983 Pyrenula.. 
P—AIPENLOA Ly. . 2. ..00c0 occite ecco sce’ —leucoplaca (WALLR.) KBR.. 725 
—arguta PURSH..... — hs soko <i honk asad 725 
PCR NAGCODSIS, Liss... cecocscevccoseccs —punctiformis (Aca. ) ae Sere 925 
— chrysantha LeemM.. —thelena ACH......... 725 
—chrysantha TREV.. Dyrolate. 2c :.967, 976, 1021 
—fruticosa L.. —chlorantha SWARTZ. Bane fa ON, 
— gracilis DouG. var. nuttallil —elliptica Nurr.. ase es 5A7 

(LEHM.) SHELD.. ‘ 71 —minor L.. 5AT 
—gracilis DouGt. var. “rigida Wats. 71 —rotundifolia Li... .......c2cce0 557 
—nmillegrana ENGELM.............. 547 ——rotundifolia L. var. incarnata 
—monspeliensisL................... 1 hws Riga CY Sa i 6 Wil ORS RS ee 557 
—nicolJetii (WATs.) see oe ites 16 — rotundifolia var. pumila Hor- 
—nuttalii LEaM.. BD cere WEMo, fonde as. hiss oe cea 557 
— palustris (Linn.) Scop... 20.1. 3 <— SECU ALi cowed tone otaee ee sean 557 
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Pyrolaceae.. eet et OOK. Reticularia maxima FRIES.............. 474 
Pyrus anthyllidifolia SMITH, .....0....+. 929 —MmMintata POIR.....cccccsscccccceces. 400 
1 E>. 2 a Rae ea eA ie Op pel Se 704, 706 — plumbed FRIES. .... 222.0005 cee eeee 465 

——puncectata POIR.........ce eee eeceee 469 
Q ——pusilla WRIES ....cccccens census can 477 

——=T O8CB- DG sis cutncieo sie osjee see a ce cinene 469 
Quercus. 51, 82, 84, 145, 474, 476, 480, 481. = FOBEAZE OLR. 6 hide Naind vase ce ecise eons 469 

oa 482, 975. 981, 984, 986, 987. 991, 1014 ——1Ufd SCHWEHIN, ......2-00.cececedsn) 400 
——macrocarpa MICHx. .82, 83, 84, 85, ——seplicd WILK. o. sicc0s oneiecsaucehene 481 

xe 961, 975, 986, 989, 992, 1016, 1018 8inuosd BULI, |... cnete ne eae 481 
Quercus: velutina LAM............ pve 480 —sphaerordivlis BULL............---- 476 

——slipitata BULL...........000s0.-200 448 
R —umbrinad FRIES.............2-. 000s 472 

—vuporaria CHEV . oidlsy seduce ee 
PPA COMVULEIUIN eaicccke arhctieiseicicle ese ls oe nic 280 Reynoldsia sandwichensis..........-.. 767 
——fasciculare BRID..:2.0..c00.00--+- 290 Rhamnaceae.. . ow dimetss Decne 

NW CUNLES Foe phe tcracccina Nene oe eahee cevaete ss, 08 Rhaphidium braunii NAEG............ 598 
—complanata Dum....... ......... 580 Rhinotrichum CORDA........... sdeee) 2069 
—protensa LDNB ..... fi aie ee LAS Riizina WRDES. cee see css eee ce ey 500, 669 
tig, Beauerse LpNB. var. irrectilo- — inflata (SCHAEFF.) KARST ....491, 500 

ula Stee icairetine stasis 48 ae oe Ga Oecee Priest) 
Raillaraia Gag see: pee oT! ——$UNGUIAtO WR: 2..cr0kd cine eteee eee 500 
— latifolia A.GRAY. -769, 921 Rhizinaceae. .. .-486, 500 
—raillardia . Saaie es Eee Rhizobium mutabile...............---- 943 

Hamalinial cesses Age Sets 704 Rhizoclonium hieroglyphicum (AG.) 
—calicaris (Linn,) BRE». eh ee 82 WEG c ath line Deeb peck eee 27 
—-calicaris (L.) Fr. var. farinacea Rhizopeae........ , 89, 91,97, 102 

OMAM RA Sana ocsclswbe ce ceacee 710, 716 Rhizopus EXRB 97 
—-calicaris (L.) FR. var. fastigiata —fructicolus (ene Ky piri: and ike 

R.. 94, 716 TNONT shad sivcuntects Uo sername 
—ealicaris aby aie Fr. var. fraxinea —-nigricans ‘EHRB dddiaves Soceeeeeeeee 98 

USMC 8) oc Bhaveresyotei sel biotate apphetoie cee 716 Rhopalomyces OORDA.........2-:eccser 673 
LR eM EI OTYS) UNC L @ Dene SHEA ieee ae eae eit 82 Rhus,... 82, 34, 35, 150, 978, 984, 991. 1015, pc 
Ramularia UNGEeR.........651, 653. 654, 655 —glabra | ee See eta 552, § 974 
——areola ATKINSON _........--..--- 651 —radicans LINN..... 33, Be, 965, 974, 
—canadensis KE. and E............... 651 wie ..975, 989 
—concomitans Ett and HOLw...... 651 —toxicodendron.............. Aare 35, 443 
-——didyma UNGER..............26---- 654 ——— bY DIM Aaa eis ais ates alah cp eee ie 552 
—euonymi E. and K................. 651 -—vernix LINN............+-.. 33; pee 443 
——hOvatd PRL... 20... ccces cece cceece 653 Rhynchospora alba (L.) VAHL. ...... 527 
—-repens BH. and E .............-2..-- 651 Rhynchostegium deplanatur Sco... 582 
—rufo-maculans PK........ .......- ‘651 serrulatum HEDW ............... 594 
—spiraeae PK. . . wince atari 1000 —serrulatum, L Land J.. seus oes 292, 582 
—stolonifera BE. aidan hae: 651 Ribes. .. Pee oe « slolewid oe as EL 
—subrufa ELu. and HOLW.......... 651 —cynosbati [PSR 545 
LIV ULE ORES screw cieelaivivie eee wins deme 651 =—floridum UHR)... .ss2s.seeeeeee 545 
—viryaurede JaUEM: cwicda sence 1 Oot ——sracile MICHX.:<...22.. sevice tose 546 

Ramularieae SACC.. Boh .647, 653 —hudsonianum RICHARDS........- 71 
Ranunculaceae............ 40, 502, 540, 826 ——lacustre (PERS.) POIR 546 
Ranunculus L....630, 826, 983, ’996, 1006, 1016 —oxyacanthoides L.. . 546, 965, 966, 975 
—abortivus L.. 541 —prostratum L' HER: -5.3..05:00oe 546 
Pe AOU ALA Victs cio wee enyeds opera romeices atin 542 —rubrum L ........ ee cece ene ee nee 046 
—vircinatus SIBTH................-- 15 RicClacwed. boc ccdew os agate ee ceee aaa 1002 
—delphinifolius TorRR..... Dee eok 542 —lutescens SCHWEIN............-++ 461 
—hispidus CHENEY ................- 70 ——-patans LINN) of. 9% sc\00-- oe eee 461 
—macounii BRITT . 70, 542, 985 Richardiwil: 3... ones cene de etv ne pen eee 
—mauiensis A. GRAY Steere, —scabra L. vied o.cc ted ale eS 
—micranthus NUTT................. 541 Riella. 5 .46, 48 
Semen ALIS) FOAM ere) oo clos ons! shdie ata ale = oases 542 Rinodina. oe LT hn Sea + SOE 
—pennsylvanicus L.. ae 965, 974, 975 -—oreina (ACH.) MASS........ .-... 721 
— purshii BEDE BOE: , 542 —-sophodes (ACH.) NYL..... 698, 709. 722 
—recurvatus POIR.. ve eereeeBd2, 826 —sophodes (AcuH.) NYL. var. ex- 
——— PED CANS Bizicteieie/s<) iors sjersleleciaiooe 542, 826 1PM R (ose vs.s,cke ohare eee 722 
-—sceleratus L Ber es aa Rivularia echinulata SMITH........... 236 
—septentrionalis IPOTR. co: 33, 542 #Robeaelatior GAUD...... .......-.-.-+ 893 

Raphanus raphanistrum LINN........ 587 Roegneria® OF COCK. «6-60cs ole ote eenieleeeete 106 
Raphidostegium jamesii L. and J.. 292 RollandiavG Aups . 32 acto senceee ees 764, 912 
Raphoneis\?) archeri O’MEARA....... 237 —lanceolata GAUD...............+-- 912 
Rauwolfia L.. Cede eee ———NONLOMNG » os -cis oan) dela so eee ocean 912 
——sandwicensis ‘A DO.:. sel biades OLS Roripa nasturtium (L. ) RUSBY 2.5.26 543 

ROWERS sien Wince een coulis e's been Sales 164 — palustris (L.) BEss.. 543, 965, 988 
Reinschiella ? ‘euspidata (BAL URN; DE FROSaisis) ics ie see cis oxen eae ‘970, 975, 978, 984 

TONI. : 4 —acicularis LINDL.. ais ecdetOae 
1 Per Ot Ea G ee ROS AAAS bre le pone ac 763 —arkansana PORTE 548 
Reticnl aria, BUUEs Wc. cs onekivec cect cacs 472 —-blanda AIT.. ; "548, 965, 75, 984, 1016 
HU bs UD Livis cnciecigwetioteccac areas. 475 —engelmanni S. “WaTs... .. 548 
——<—- (ITUIALEG PHRS:...0 oe oe oneisiece sisisieos 477 —humilis MARSH.,. ahee ete aeee aS 
——Argented POIB .2+...s0ecccrccceass 472 —lucida EARH...........-.--...-.5- 
—~CAYNOSA BULL........2000 00 +e piele WAR —woodsii LINDL....965, 974, 975, 984, 1018 
—contorta POIR.. ..... SHAN fel ROSS CORO Nei tad ken ee aaeete ...546, 829 
—fusca (HUDs.) SHELD.. gaedenives pate Rotala ramosior gh aa KOEHNE.,.... 73 
—hemispherica BUUL..............6. 475 Rubiaceae . ..065, ee 764, 893 
—hemispherica SOWERB............. 477 Rubus.. 1, 1011 
——hortensis BULL. ......-0-.esc0ec cece 481 ——americanus (PERS. ) ‘BRITT. . aah Ve 
CULE, EX ULIEN ss aiciayslatcalstobaniecisie mice s isis 481 —canadensis DL.....0. cs... ooeteee 546 
—lycoperdon BULL...........----++-- 472 parviflorus NUIT... . 3: (cs sivsm seus 547 
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Rubus strigosus saint 547, dune ov, 

—villosus AIT.. oe Bf Ay erate 
~ Rudbeckia hirta L.. 

a TABI UE LY sic:cc.c:cicee a0e'raccle, “oe dees 
FEI COGALDUS i eaiassc2e% dieses nleleciscdeien ce 
PTO Re imctiates sq cu vietaedevewies @ ons 
—acetosella L.. SOM 
-—-britannica L.. spa S ee ak raiare 
——persicarloides ee ee ae) «i 

Rutaceae.. Beend eg "64, 
Rynchospora PVA iccsctes ccd 
——lavarom GAUD......-scceees B02, 
—sclerioides H.&A.. Ae 
—thyrsoidea NEES & Mr eg aes: 

Sacodon RAFIN ......... Be Peer 
BETIO CAGE.) oo acne ccieceaesevivssese 
—pallida H. & A. 
—polys tichoides (BRACK.) HELLER, 
—souley tiana nh a ) prapgee i 
—squarrosa.. Baccke cae cures tere 
— squarrosa MANN. 

DO PIttALIA... 22.2... 
—arifolia Nutt 
—cristata ENGLM...... ade neko ness 

—Jatifolia WILLD ..........521, 964, 
—rigida PURSH ............ 521, 964, 
—sagittaefolia LINN. ..............- 

Salicaceae.......-..-- 
Salix...969, 971, 972, 975. “984, 985, 986, 987, 

993, 994, 995, 948, 1001, 1002 1003, 
ED Pal ois aie). cycle edieania «sive sos 10, 

—amyedaloides. ................971, 
—candida..  adae Meee aaisace os 
—cordata NTC he seas 2 
—cordata X candida 
-—discolor Mubl....964, 971, "975, 984, 
—fiuviatilis Nutt.. 964, 970, 971, 
—lucida MORL.. ... 536, 964, 970, 984, 
—myrtilloides L.. .586, 964, 966, 995, 
SINCE teeth eases iy a's 2's 971, 
—nigra MARSH. ‘eee falcata TORR. 
—petiolaris J. PY MCRD sa aece sta ie 
—petiolaris var. gracilis Anders 

Pears A ccleemeic eaves aoe a cots 964, 
Salsola kali L. var. eragus (L.) Mog. 
Salvia Ti....:.. 
—azurea LAM. var. “grandiflora 

RSET ton lsocis se iisjecis gece se 5S se 
—azurea LAM.var, Beene rs ORB, ) 

PTI be oe anes 
—elongata Mirani dy oo2 : sos coos 
—elongata TorR.. Se Were desc e eee 
—longifolia i EES reso 
—occidentalis SW...............068- 
MUCHO TORK... c26jcsce> a0 sees 

Sambucus 
Se ——AVINGOUSIS oc ucccccssccdecscscces 
——pubens MIcHx.. 565, 965, 989, 

Sanguinaria canadensis L....... 
Sanguisorba officinalis Toners 52. has 
Sanicula gregaria hggeci eee wees 
—marylandicaL.. epee 

Santalaceae 
Santalum L.. 
©—ellipticum rea g see ene aN ON 
—freycinctianum var. -elipticum.. = 

Sapindaceae.. 
Saponaria aooarite Lisi. satess ale ucek 
Sarracenia.. a ease 9 
—purpurea ‘LINN... eoue4; 

Sarraceniaceae . pas 
Saxifraga pennsylvanica lis | hee, 
—virginiensis MICHX......... ... 71, 

ale Oa 545. 
ESET ee oS 5 w wince a slvidide énwuee 
—chamissoniana GAUD......... 913, 
——-clabra H.andA............0.-.6- 

ATLA VAI «inis.xc'sio, a's suiwe b's 761, 
TEMUNIIOR oo go) Was oc cade'vic song wave be 
—mollis H.andA............... 913, 
—procera HILLEBR.............. .. 

Scenedesmus qguadricauda (TURPIN) 
PREIS OE eas isos Pods vie Gnas bac 

», + 2s , 
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Schaerocybeae. . 729 
989 Schedonnardus paniculatus (Nort. ) 
547 EREGR AND. + hoster ts tes cette sees 583 
571 Schenkia sabaeoides GRISEB. dha ONL 
571 ScheuchZeria palustris L............ 4, 520 
156 Schiedia C.and§&.... Sot diaiel dw.cigs Abba) Pee 
819 —lychnoides HIDE RPA Ae eee 824 
519 —spergulina A. GRAY.........+.065 825 
538 . —stellarivides MANN........-.. 825 
538 ———V ISCOSie sas wciceskiecev selec saccade Be 824 
837 Sthizaed SMITH sos: 5. sac ots waPecerne 789 
802 — robusta. BAKER. 60:0 .civcsccocve! S00 
803 Schizaeaceae.. wis Acta nee eee 
803 Schizocephalum PREUSS. ..... 666. 667, 726 
8°3 Schizocephalum atro- brunneum CKE. 666 
423 —divaricatum (Eun. and LANGL.) 
788 Plard. GO: .... 2ss5-5. kee eee ee 666 
788 —-griseum (Evi. & LANGL.)P.& C. 666 
788 ScHIZOMY.COtes!.. secs. vat nee Werheede 938 
788 Schizophylum NUTT...... ....- Ase oe OLD 
782 —micranthum NUTT.............-266 915 
788 Schollera moro eres (AItT.) BRITT... 558 

——oxycoccus (L.) Bore... 558 
Scirpus L..2, 803, 989, 994, 995, 9u8, 1002, 

al ial "1003, 1004. 1010 
—atrovirens HME. 5.50 55 15s 527 
——caespitosus L........-....2- 527 

988 —cyperinus (L.) KUNTH....527, 964, 988 
988 —debilis PURSH. .... ......... 527, 803 

5 ——fluviatilis (TORR.) GRAY........ By Bek 
536 —lacustris L..51, 527, 808, 964, 988, 

PS 1002, 10038 
—lacustris LINN. var. ‘tenuiculmis 

1014 SHELD.. seasons 583 
986 —maritimus RENE 2 so ese “224, 803 
585 —-maritimus L. var. digynus 
£85 RSIGGRHLAINID G22 cise ee oe os ent eleoes 803 
585 ——NANUS SPRENG. ....sccccces vesecess 68 
989 —obtusus WILLD...........ee002--2-- 801 
1003 === DOI be OT se oe ances oie d'ce'icte'stelela's 801 
997 —-pauciflora LIGHTF. .............. 584 
997 —sylvaticus LINN.... ............ 68 
986 —sylvaticus LINN. forma cepha- 
69 1OlGSUS| SHEUD Secwscccecs sy esse 68 

964 —torreyi ONES Se Soh niateiars wiviiels 68, 527 
Soirrhige. tice cadets entoc sated (OOD 

970 =Sclerosporium 737 
539), Sclerotinia. 52. c ree csnsscs : 668 
883 Scolecotrichum Kunze and SCHM.. 655 

Scolochloa arundinacea (LILs, ) 
76 MacM.. 67 

Scoriomyces ELL. and SAcc.. 734 
76 Scrophularia marilandica Diets). Gee 
76 Scrophulariaceae..............---. 563, 8&6 
76 Scutellariac..- beeen aoe 989, 992, 997, 1006 
76 —galericulata L . aS 562 

883 —-galericulata MICHX... ..965, 974, 975 
76 —lateriflora L.............. 562, 965, 974 

991 — parvula MIOCHX..... .........-00- 563 
898 SCULIGANPUS s.-e eden sce eaise ned «eels 150 

ae: Scytonema ....... Sedew AUDE 
543 —intertextum (Ka. a RAB.. 30 
588 Secalidium SCHUR.. é SLocnesten- L0G 
588 Selaginella BEAUV Rusia 675, 793 
556 — arbuscula (KAULF. si SPRING..... 793 
818 —flabellata (L.) SPRING.. eo» 193 
818 —rupestris (L.) SPRING............. 517 
818 Selaginellaceae. ... -517, 675 
818 Neligeria pusilla Brucu & Scump.2 284, 591 
849  Senebiera didyma PERS............ 828 
539 Senecio aureus L.. ab aa pesca O las 

6 — palustris (L. ) Hook... 573 
A44 —tomentosus et ataee eS Sahinten toe)» ee 
544 Sepedonium Lk, .. 670 
545 Septocylindrium BON. . 651 
545 areola (ATKINSON) P. and C.. 651 
828 —bonordeniit SACC .. 651 
913 ——canadense (E. and B. ) P.and ©. 651 
914 —concomitans (ELu. and BOE: ) 
913 HALSTED. 651 
913 —euonymi (E. and K. ) ‘P.and 0... 651 
913 ——-ranunculi PK shou Gol 
914 —repens (E. and BE.) P.andG..... 651 
914 —rufo-maculans (PK.) P.and OC... 651 

——“ BOL te EG. an ine teenies 651 
27 -—septatum (Bon. ) POUND......... 651 
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Septocylindrium spiraeae (Pk.) P. 
NGOs sachioem bias mee serene ae 

—stoloniferum (E. & E.) P. & C... 
—subrufum (ELL & HOLW)P.&C. 

Septonema CORDA.............-..ce000. 
=—picolor PK =. 

Septosporium CorpA.. 
Sericophyllus.. 
ETAT BEATIN « a\nis\ee8e stale manchiseiaee sine ss 
—glauca BEAUY.. 
rer eoiliald BEAUV.. 

Sida L pda mea eens 5-05. 
—acuta BURM.. ce ol aetna, Aiatais Glam se ot « 

Ce es 

—carpinifolia | Papo ascd aeons Seorerce 
ao OMAK, VV AME os ca Bidta clade eect eee 
——meyeniana WALP..............-. 
pT HOMIDUOlAvLr eee mete se ee lies 
— spinosa Ee ano seein atari ie 

Sigesbeckia L . DoF nc OAe 
——orientalis L . 

Sigmoideomyces THAXT.. 
LOY Vets cists site lee aleis'e ave iayce 
pee PLC AML aeecaniek co's se dies loeia's a fareee 

QUA Are VU ors euerate wjo%0 Sone deieiebick ore 
—antirhinalL......... 
—armeria LINN.. 

Silphium laciniatuum L . 
Sirodesmium DENOT.. 
Sirosipbon pulvinatus. . 
Sisymbrium altissimum LINN......... 
Sisyrinchium bermudiana L.......... 
SSTELTULOITPTSENHSS «tele c oie as nis tise aioe ante Mabe 
AU NEOUUCS EWAN >». ond see dticecce ces 

Sitospelos ADANS.. Bente 
Sium cicutaefolium "SY Gaede . ss 
Smilaceae.. Pace pem ont 
Smilax L.. Wats seo ole .. 806, 
——herbacea RES SOR Cea 964, 
—sandwicensis KUNTH............. 

Solanaceae. <5 i2.0c' eck. on were as 
Solanum L..... 
—nigrum L 
—rostratum DUNAL.. 
—sandwicense H. & Asean ee ie 
—— SOM OMEUIN Lawn caeis pores oan elo hace 
—siTinordm (NUTL... 22s ceweseruas nce Gy 

SOUP Ove 0 Ses caine. ct com enees 17, 954, 
—canadensis L ..............- 
—eanadensis LINN. var. procera 

(Art.) T. & G.. cision vice can 
TO KIC AUIS, Las Mencia see vate selslelicle ties 
——hispida MURAL, .....4....-.0csesc0e 
BLE OTUO se: Oe Grit sci “nig eee oan cates 
—juncea AIT...568, 965, 970, 974, ae: 

Rea enbaten a. selec deters abe arelaeiers 989 
eee PatifollavLANN: .\.2/.0.dleom coecce 
—miissouriensis NUTT............... 
———IMOLIS ARTO. i255. sdlseiese seek se 
—nemoralis AIT.. itz 
—nemoralis AIT. var. incana ‘GRAY. 
—nemoralis AIT. var. mollis MacM.,. 
—riddellii Beane visio Gieleatclebie duels eyeees 
—rigida L.. Salctdateset ea tai 
—serotina iar ea Ak Saas 3 
SG POCIOSAINULT: \aaccasecenectenaeee 
—uliginosa IND 2s ted cmeemoee 

—oleraceus L 
SOTO US Ge Waa ee he eerie! ee le ale saute aeente 
——americana MARSH .............. 
—sambucifolia (CHAM. & SCHLT.) 

Roem... .546, 965, 966, 967, 975, 989, 
SpacelianlsByvs @ fe2eisecerwereceoae es oe 
SpareanilsACOres. see. cetmecresiaclsice nies 520, 
SPATE ANU Meters vos Were see a eiaes 
——androcladum(ENGELM. OnE St. 
—eurycarpum ENGELM.. .......... 

ry 

—simplex HUDSON... ..- ... ...... 
Spartina cynosuroides (L.) WILLD.. 
SPAavMMlLaALigmecHHSran. cen csecsesen 484, 
—clavata eee cunts seeioreunteets 
—crispata FR.. Hin arndprnpeccoacs 
—— MAVO'S WiZiox sxiersadewtosreee ostcl nae 
—-flavida PERs.. 

520 

‘Spinellus VAN TIEGHEM.. 

MINNESOTA BOTANICAL STUDIES. 

Spathularia inflata (ScHw.) CKE....... 
——Velutipes CKE. and F'ARL ....... 

Spathyema foetida (LINN ) RAF.... .. 
Spegazzinia SACCA +2 os... oes sene ee 
Speira\GORDALS. suse se5 wee eee 
———@rumpene SACOM... fo. ne sees 
—  prorum pens SCHW 

Sphacele. 
Sphaerella. 
Sphaeriaceie - ak 
Sphaeridium FREsS.. Bii- Barss- 
Sphaerocarpus albus ‘BULL... 
—chrysospermus BULL..... ee 
—— flOTtfOrmis BULK ..0.. 0): cess ese 
—— fragilis SOW... 306 sasceeee canoer 
—pyriformis BULL..... ....2.cecesee 
=—TerreStrisS... « ca..ccoe lel eee 

Sphaerocrea Sacc. & ELL.........-.-. 06 
Sphaeroplea annulina (Bore AG 229, 
Sphaeropleaceae (KG.) COuN.. 
Splaeropsidede. 3.25.0. 20+ eaeneeee 730, 
Sphaerosom sa, 2 z..3c0-00 2osiea eee : 
Sphaerosporium ScHw.. om ope 
Sphagnaceaes ¢:.0: o.cms sels swcleooeeee 981, 
Sphagnum.. ane, Os Oy detains 980, 
—acutifolium EHRH...........- 
—eymbifolium EHRH.......... 281, 
—cymbifolium Ear. var. glauces- 

Cens WARNST. ...2 2... se0eaaee 
—cymbifoliom Eur. var. glauces- 

cens forma squarrosuium 

—quinquefarium 
WARNSTii bos... sce) Sed eee 

—recurvum B. P. var. amblyphyl- 
lum RUSS... ...4.2<:- 5.062 saeeeeeee 

—recurvum P. B. var. prvi 
(SENDT.) WARNST.. 

squarrosum PERS............. ‘281, 
—teres ANGSTR. var. squarrosu- 

lum (Lesq.) SCHIMP............ 
—warnstorfii Russ. var. viride 

TSS: J cas. secs sh econ eee 
—wulfianum GIRG..............000 

Spicaria HARZ.. a's jae) tej telee eae 
Spiesia campestris OKs BP See e 
Spiesia candicans (PALL) OK... a5 
Spiesia nigrescens (PALL.) OK ....... 
Spiesiodes.. oe. wo tioys «ciaie fee isyecis) setae ea 

vanetade 
—  fusiger (LK.) VAN TIEGH.. ; 
—rhombosporus (ERB. ) Pounp.. 

Splraea..... .. y91, LO0L, 1002. 1003. 1004, 
—salicifolia L...546, 965. 970, 988, 989, 

..997, 1003, bits 1016, 
— tomentosa’ Iu. ..2:. .2ssee eee 

Spiranthes gracilis... 
Spirogyra bellis (HAss.) CROUAN.. 128, 
—calospora CLEVE... .. ..-.-.. o« 
——crassa KG@i- 2! 25)seeeee 
—decimina (MUELL.) KG. 
—-gracilis (HaAss.) KGa.. 
—-grevilleana (HASS.) Ka... 
—jugalis (DILLW.): KG; 2245. ceeeeeee 
—longata (VAUCH.) KG.......... .. 
—majuscula K@.. 
— mirabilis (HAss.) K@.............. 
— neglecta (H4ss.) Ka.. . 
—portiealis (MUELL.) CLEVE.. "233, 
—quadrata (HASS.) PETIT.......... 
—rivularis RABENH.............-..- 
—rivularis RABENH, var. minor 

HANSG:: 2.0) 2 22 cece ates oo eee 
— setiformis (RoTH) K@............ 
—subsalsa K@..... 
—varians (HAss.) K@a.. 
—-weberi KG@....... ar 

Spirotaenia condensata Bree; 
Spirulina jenneri KG... .....0:...essenne 
—subsalsa OERSTED..............+- 

Spondvlocladium MART............. AAS 
Sporendonema DEsM.. 5 

casei DESM.. Jeol 
Sporidesmium capsularum Tavem., Bibbs 

larvatum C. and E.. Syeerots 



Sporidesmium maclurae THUEM......... 
—obclavatum CKE 
—sticticum B. and O...... 

Spbrobolus brevifolius (NutT. ) 
SCRIBN.. 

—cryptandrus (Torr yi A. Gray. 
—heterolepis A. REAY sade 

Sporocybe ER. .......5 6.66. ..727, 
Sporocybeae FR.. 
Sporodesmiaceae (FR. % “Pounp and 

CEMENT. oc eves cee n iv ecucce 647, 
Sporodesmiacei FR.. tobe 
Ee ecomione (FR. ) ‘P. and ©..... 647, 
PILE RIIVICU ERS boinc os0\-% cad aves vues ce 
—atrum LxK.. Se A EA es 

Sporodesmium 1 5, AT aS See 
—bicolor i ser Eran, Os. oe " 
—peziza C.an “a 
—-pithyophila (OnE ) P.and©..... 
— sarcosporioides ELL. and ANDER. 
—toruloides E. and E 
—-versisvorum PounD& CLS 

Sporodinia Lx.. 
—aspergillus (Scop. ) SCHROETER.. 
Se eeTIILETS AICS vy loicin swine cee vase oxacty on 

Sporoschisma B. and BR. ............. 
ae eae SRC oa be csebic ave cdeens 
PRSMOVUPIGUUI EI 50). oosiniae -ccinion eens ase 

BU IMATUE EL DRG 3 onion \o:c\00 cles «0.00000 wos 
—alba DC 
——4NUCTIOMO\PERS... 0 ccvecvacecdacsece 
—physaroides DO............-...25-- 
——TAMO8A SCHUM........seececceceees 

PIISEIBOR GT oe ele Sale’ sis'e veltu.ce sd edeccedeas 
Stachybotrys CORDA.............ccccee 
SPIRIT EE co. <cc\.0ecicooeexes'v2 x2 

Stachybotryteae............cseccees 
Stachylidium toes acta ewes deevee 
Stachys L. ee 
ee wworidig 1s... -...0c<6+-%sssaec+s02. 
— aspera MICHX............. 965, 975, 
—palustris L.. . 563, 965, ar 

Stachytarpheta VABL....- : 
ichotoma (R. & P.) VABL....... 

Staurastrum dejectum BREB. var. 
convergens WOLLE. AW 

—furcatum (EHRENB.) BREB. 
— hirsutum (EHRENB.) BREB....... 
—odontatum WOLLE. 
—ravenelii Woop. ... 
-—tohopecaligense WOLLE.... 
—tricornutum WOLLE....... 

Batarathels Mears: 70 
Steironema ciliatum (L.) BAuDoO..... 

_ —lanceojJatum (WALT.) GRAY. ..74, 
—-lanceolatum (WAuT.) GRAY var. 

hybridum (M1cHxX.) GRAY....... 
Stemonitis GLFD........ 
—aequalis MAss.. 
—alha GMELIN...... 
—arcyrioides SOMMF.. 
—argillaceae PERS........ 
—botrytis PERS 
—cancellata J. G. GMELIN..... 
——CiIMered GMEL...... 202. cccccececece 
—cinnaharina ROTH........ .......- 

ree ee eee 

eee ee ee 

ee COCO G MEL. 2.26 sephbe’ bass sda ee 
—decipiens NEES.. Patwitas(ialee we 
—denudata REAL............ 2002000 
—dictyospora ROST.........-....... 
— digitata SCHW...........seeeeeece 
Pe EIAIHETA. SOR IOIUT s «oc vivien pins 0 wiclaleeie sure 
—fasciculata DO.. nc ee 
—fasciculata PERS. . dobiaee 
—favoginea GMELIN. .ci0h3 See Le 
—ferruginea EWRENB.............445 
——filictna SCGERR......0.-seccceesscces 
—Sloriformis GMELIN................ 
—grisea OPIZ. 
-—  heterospora OUDEM..... a 
—incarnata PERS............ ecteieeae 
—leucopoda FR.. aeiceneee 
Be trmiyin PERS.. ake 

ee ee ee ee ee 
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661 Stemonitis lilacina SCAR................ 466 
662 —lumbricalis GMELIN,............. 471 
662 —maxima SCHWEIN......cccccsccess 474 

—morgani PECK ..... sek? Wee wae 474 
523 ——nutans GMELIN. ..25.,..cccscsesocse 467 
523 —pulchella BAB,........0cccec-erecee 473 
523 ——- PUM, OORDA;.";- --s atsjpeescuanee | Aas 
728 ——pyriformis GMELIN..........2-..-- 471 
727 ——-DUIAT ONIN PERS ..4sscousoe cede tre 470 

——pyriformits ROTH ., <2... si.svebucs dee 470 
663 ———y reforms. WILED cscs sets oecaace ATE 
647, ——TECuLiLed, GMELIN... aes deenaees 468 
659 ——sphacrocarpa SOHB......csc: seaclee 466 
659 —tenerrima B. and C........ 47% 
661 ——+enerrima) OURT 5252. 0020 ee 473 
662 ——trichla ROTH... 0. céccciee vececegace 466 
662 —— ty Did) MASS: «<5 «sir tnaese se 473 
662 —typhina MASs. var. seein MALL. 473 
662 =——— UPN IOTH? S205 5557p seat 473 
662 ——— BV ITE) WELD. cuasce sun neeeie ee 474 
662 —typhoides DO. 473 
662 ——— IGE BGs on os os. vecets eeu cc eae 471 
96 —vesiculosa GMELIN............cce00 471 
97 —vesparia GMELIN.. 472 
97 ——Vi0lACed SCHUM ..... ..ce cece cn cuce 474 
653 Stemphlyium WALLR t 657 
652 Stenogramme sandwicensis BRACK...._. 783 
668 Stenogyne haliakalae hip ag Oi hue e eee 883 
47h —macrantha M.and B.. ........... 883 
475 —rotundifolia A. GRAY .... 883 
475 ——rotundifolia var. montana AG 
478 CAN Seek cs fp tein clea COP 5 creates BN 
478 Stenotaphrum TRIN.............2...00- 798 
227 ——americanum SCHRANK............. 798 
667 SB “Ue en Oe pie ondclapicle 798 
667 Stercaliaceae.. sett eis de 855 
667 Stereocaulon.. 693 
666 —paschale (L. y a apap ;.698, 1005, 1011 
989 Sterigmatobotrys OUDEM.. .... ..... 667 
884 —-elongata (PK.) PouND and CLEM- 

1016 BUS se ssote nto tet de ve ns See oe 667 
975 Stigeoclonium.602, 607, 612, 613, 614, 615, 
fs Ieee Ae ey ia eee Be 618, 624, 4, 628, - 630, 631 
881 —amoenum KG...... Y 230, 598 

—fasciculare KG.................... 230 
30 —fastigiatum KG@...... ......... 230 
30 —flagelliferum. Kq@.230, wh hands ae" 631 
30 —longipilus Ka. 3: 

—nanum ( DILLW.) Ka.. 
—nudiusculum K@a. .. 
—protensum (DILtw.) “Ka. var. 

subspinosum (K@.) poet: 
—pygmaeum HANSG... ¥5/ 
—radians K@.......... 
—tenue(AG.) RABENH 

Stigmatella B, and C................... 
Stigmella iP) eee Aaa 
——  pithyophila OKE.. Be at toh elas So 

Stigmina SAGO ieee ise nek ek 
—atra(Lk.) P.andO.. 
—caespitulosa (K. and E. y P.&O.. 
—capsularum (TAUEM.) P. and C. 
an os (CKE. and HARKN.) P, 

and C 

—stictica (B. ene 1c. ) P. and O45 
Stilbaceae FrR.. ..647, 726, 730, 
Stilbeae Fr.. . 646, 647, 726, 
Stilbomyces jo Ts DUR aici at a 
Stilbum TODE. ........ eee ad 728. 
—didymum CooKeE.. enacts 

Stimegas RAFIN. 
Stipa avenacea LINN.. Fo smantoeners 
—spartea TRIN ............0.- ce cece 

StranssiavAs GRAY <3 fe. 225.52 3, 903, 
—kaduana (0. & S.) A. Gray..903, 
—kaduana var. 

BEAND:,.. 20-5 
—mariniana (O. and Ss.) ‘A. GRAY... 
—— parvifora HELLER 

gamma HILLE- 

ee 
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Straussia DU aS bt LY alee alate Baten 905 
Streptopus roseus MICHX.. Tas Doo 
Streptothrix CORDA... .....+...ee eee 669 
——MiINOr FRIES. 2.0010 s-ccovcceescese 476 

prime leases fais cies ieo c'aeianccic/ofels erninis'elele 738 
SUryChn08.... ..c-c2s-eeccereees cee coense 677 
Strychnos... Piacente Sealed pace OLSs ED LD 
Stysanus OoRDA Petre tee THN ve cieitrstereimrsretste race 728 
—herkeleyi (MONT.) SACC.....-...--- 728 
—monilioides (A. and 8.) CORDA.. 729 
— stemonitis (PERS.) beri ts eR arte ce 729 

Succumbens. ~. 5 es, a159 
Suzygium PETER BROWNE.. 863 
Symphorioarpos.............. 1018 
—occidentalis HOOK........... 566 

auciflorus (ROBBINS) BRITT.... 566 
Symphragmidium RE LSEIOE On ccO CECE 648 
Symploca muscorum GOMONT......... 235 
——muscorum GOMONT var. rivul- 

aris (WOLLE.) TILD. ........... 235 
Syncephalastrum SCHROETER...... 92, 104 

Syncephalis VAN TIEGHEM and LE 
MONNIER.. 2, 104 

Syndesmon thalictroides (ae ) iiore. a 

lacie pulchella (RALFS.) Ka. ..... 600 
—pulchella (Raues.) Ka. var. 

minutissima (W. SM. aes 237 
—ulna (NITzscH.) EHRENB.. 237, 600 

Syntherisma WALT.......----.-+-+.- + 798 
—helleri NASH.. ae Calis 799 
—sanguinalis (1h) NasH.. .. 799 

Synthetospora MORG.........++++-. +. 670 
Syzygites EHRENBERG.. See oS 96 
——aspergillus (SCOPOLI) “PounD.. 96 
—megalocarpus EHRB...........-+-- 96 

SyZySium. .... .. cc cere eer cece ce ceccees 862 
Syzygium GAERTN........0e cece cere aces 863 

T 

MaraxXACuM <..s00-s0.'s 744, 745, 746, 747 ‘751 
— taraxacum (L.) Kanamiissokes 28 1574 

Targionia.............- . 43, 44, 45, 48, Be 
—hypophylia.. 

Taxus.. 7978, 983. 1021 
—-minor ‘(Mtronx. ) 7 i 519, 964, 

904, 975, sapniced oe 
Tephrosia PERs.. 
—adscendens Macrap.. Need hee fae 
—leptostachya DC.. Wiegeisd eee SoD 
See ITE LIM A EUAY) «ineteisl oie siataleiajelcteiattaa 833 

Ternstroemiaceae.... .......cee.seee-- 856 
Tetragonanthus  deflexus (S. EF. 

Smite) MOUNTZ... ccccscasecens 559 
TetramoOlOpium.......... seccccccccsces 764 
TBGHN APNG. serie = ncie cele oe veicieitinen | ocnje= 280 
—pellucida HEDW...............-- 286 

Tetraplasandra A. GRAY. Patras ttecias 871 
SOT ALINE AG WAWEHAs « » «5/000 010s osinicin'e 871 

Tetraploa B. and BR................+-- 660 
Tetraplodon Bae UstabNR B. 5 amet umnes 581 
Tetraspora.. PU etccpee acess 4020 
—bullosa (Rors) Wa coe eens 233 
ROS TOTAL LEED ccicscs/sie a ciselein sleet 233 

Thalictrum dioicum L........... 543 
—polygamum MUBL.. 543 
——purpurascens iDRR . 543 

Thamnium alleghaniense Sanh coe 292 
Thamnidieae.. wee ee 88, 89, 91 
OT HATA LUIN oe aie'aic- wialelnipisveieinl« "89, 91, Ms 99 
—amcenum (PREUTSS.) SCHROET.. 99 
—elegans Lx.. 99 
—fresenii (VaNTiEGH and ‘LEMon) 

SCHROET. -99, 103 
—helicostyl um ’ (BonorDER) 

IPOUND seeps ct neoiie ae soe eee 9y 
— paradorum (B. and C.) BERL. and 

DRS DONG Os ceattsieween cc ose acne 99 
Thaspium trifoliatum (L.)BRI?rtT. var. 
aureum (NUTT.) BRITT.............-. 556 

Thecospora HARKN..... Sasiswctivdicte pl Oo 
Thelia asprella SULLIV.. Bes 990, 594 
TRH GSIOSCHISUCS < sesee peice aeciesinciny © ates .. 704, 1019 
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Theloschistes chrysophthalmus 
(Linn.) NORM............84, 694, 

—concolor (DICKSs.) TUCKERM. 84, 

—lychneus’ ‘(NyL.) TUCKERM, 84. 
.694, 717, 

—polycarpus (BHRH. )TUCKERM. 84, 

7 121201, 532, 
Thlaspi : arvense L.. 
Thuidium abietinum Scu. 
—delicatulum LInpB.. 
—- gracile SCH....... 
—minutulum ScH. 
——— DY FM BeumM) SCH s-weecseces ss eceeee 

Thuya occidentalis L.............-- 519, 
Thymelae1ceae,: ... ). cakes nice toe eee 
Tieghemella.. ae 
Tieghemella BERLESE and DE TONt..... 
Tilia americana LINK 
Tilliaceae.. siete aye 
Tilmadoche FRIES...............+-. ee, 
— alba (BuLL.) SHELD 
——CEMNUG FRIES"... icc caccccs sewewaties 
——NULANS HOST. sc ceccus a0 <> ss eens 

Timmia bavarica HESSL. var. cucul- 
lata (MIcHx.) HOLz.. iste aes 

Tofieldia palustris Hups.. 69, 
Tolypothrix distorta (MUELL. ) Ke. 
Tomentella forrugines PERE ws aha arate 
Torula Pers ... «= 
—hyalinula Sacc.. seiddlevalsis odeig ee aaee te 
—insularis THUEM. ow selaaeteets 
—-ovalispora BERK..... PE scot 
—pallida B. and Rav.........ce:es- 

Toruleae (ER) B60 sce eeee eee 647, 
Torulei FR do's setse pe ce aejecnaeere 
Touchardia GAUD ....+cs,..040sdeageuee 
— latifolia GAUD ........0ccece-ceee 

Trachylia tigillaris Fr.. ove sheen 
Tradescantia virginiana Le eae 
Tragacantha rp dae a <o ov aaeats 
—adsurgens OK... oe 
——alpina OK «<2. icc votnce cane 
—ampullaria OK. SD 
—andersoni OK.. 

eee eee wee wees 

eee ewww ee eee 

— anzonica OK 
—atrata OK ‘ 3a eints eter 
—austinae OK.. .........00. ol seisincaiate 
—heckwithii OK.......... an hee eet 
——hbelangert OK... .. si. ce cccesseeeeeenas 
——Digelowit OK. .ccccecss ccccsscemne 
—bisulcata OB. 6 occc.cc cs ccccen cuemes 
—holandert OK 2... cccscccvcccecoenns 
—bhourgovtt OK .... 2... cece cece ee eee 
—brandeget OK..... 2... cccccncocricece 
— brazoensis OK... .. ccc eee cece ee cee 
—-breweri OK. ... 
— cdespitosa OR... .....cccceeeeeeess 
— californica OK .........0005-- Seve 
—calycosa OK... 6. cee eee eee seme 
— campestris os « s\e'<isie(e'e vials eben 
—canadensis OK, . Saisie meta 
En ed OE 
—casei O osere 
—cobrensis OK. . cele SOR teR eee 
—collina OK. BES OCORt nocd 6 
——coriacea OR... (s,s chveet eee 
——— COUMETU OKs ccna wesw cemeuene a ee 
—crotalaride OK ........ cece seeees se 
-—curtipes OFF os sc cnsidesteciceiesineeeen 
—cyanea OR.,.... oe, cao c elena vieteiee 
—debilis OK.. Seemtee 
— decumbens OK ..........sseceeeueas 
—didymocarpa ne 
—diphysa OK. POSE Done potelers 
—-distorta OK .........06. os aiet eee 
—douglasii OK ......... ....- iceeees 
—drummondii OK..........+++ se-e. 

ee ee 

ee i 

—episcopa OK. 
—ervodes OK.. 
—fendleri OK. Sia 
—ilipes OK........... cocteciesekeiteem 
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Tragacantha Oieinoen OK.. 
were eee ee 

—gibbsii OK .... 
—glabriuscula OK.. 
——larensd OK .........eecerseees eh ae 
——gracilenta OK.........c.ceseeevccece 
TEPID IKG 0a a ac ccieeicc ecu cisaasiccie ees 
—nhartwegvi OK . Pe isea. cian emiuat es 
—haydeniana PRE cae cc hae 
a IPILEN UO Kos acca ode ciseneceseineseeers 
—hookeriana oar BERLE tes ele & ?. #187, 
——$Nornti OK... ..cceecercccccee- 
Be Himntlinid OK... c. o2..0seese0sissee 
Se amistrate OK .......- 2-052 «de« 
— hypoglottis OK. . ease helenae tae 
—hypoleuca Shia ce 
—inflexa OK.. ES Nis Fame done nas 
a nertithe Oi a inca des iec cscs kbe’ 
——ejUNd OB... ce eee eee cee eee oe 
——JUNCED OK .. 0. cccrcsceccccseccccccce 
——leMMONt OK... .. 02.0 Krecccsvenccs 
——lentiformis OK... ....scesecce recess 
——Jentiginosa OK.........seccccccecee 
——leptalea 
—leptocarpa OK .,......+- eee see eens 
—leucophylla OK.. Perro’ 
—leucopsis OK 
——Lindheimert OK... .. ccc ccec cece sees 
— lonchocarpda OK ........2-+6 06 male 
——LOUIMOTO GK .. 0.2. cccses cccccceneces 
—=———LYAUtt OK . 0.5 sscc-nceces enemas 
——-mMacrudon OK ...... 2.000 e co eeceee 
—-MAlacd OK... 2... ce cree cccncccceees 
—megacarpa OK... .....seee cece eens 
— mericana OK 
———NMICNAUTI OK....005 ceces cee vccccces 
——mMicrantha OK.,.....0.ceeececceseeee 
—microcystis a Risch sh sindiel ceaelake 
—  microloba OK. aia partaaeaelelsia’ 
—misera OK. CS asae ales aeane oaree 
——missuriensis OK.. a Bicsicsen 
BeOS es ANTS caine cel weidneaotss © 
—mMollissima OK .......265 sseseeeees 
—— MONTANA OK... 00 eeerececee- oe 
—mortoni OK,..... 
—neglecta OK ... 
-—-nothoxys OK 
—nuttallii OK....... 
—obcordata OK.. 
— obscura OK.... 
—oocarpa OR...... 
—oophora OK...... 
—orthantha 0K 
heed All OK 

PROT tw oc ccc clalvcnlseet 
—palmerr OK ...... 
— parryi OK,......... Spee claictew ae omens 
— parva OK 
——=MO7TViN0rTd OR... ccc005 a-secccncces 
— pattersoni OK....... 

ee 

ees e sees cone cece sses cece 

seme meee tere eee eee enee 

—-paucifiora OK ...... ccccee eee ceee 
—pectinata OK. ......... cece eee e eee 
—picta OK. Habeas ce eke! viet 
—plattensis ORs eee ee teks 
—platytropis O K.... ce cece ee ee noes 
SPESIOMATER COIN 3°. c-du'saacpinicce tion's 7m ain a 
—porrecta OK.,. Soe, Sanh dess ce’ 
—preusii OK . adele aatansmapes 
—pterocarpa OK... ae cwetenaaeesee 
—-pubentissima OK.. Sones 
— pulsiferae OK.. a a cites cede vaiaeclatels 
—purschiiOKk ... Li ciasle waldawn em 
——pycnostachya OK... oe ee ae 
—-PUOMAEA OR... ....ccceccees conccecs 
See MMIOITVOR OK... ccs cccscssclsesecace 
——WOped OK. 2.2.2.2. 0serncce atlas anise 
eePemOITE TINT IK: | 5. wcca os oxcecovue cupelen 
———= PWD DUNSE OK... .... 200 ccd cvscccveces 
——CLETOCATPA OK..... cccccccscseccess 
—scopulorum Bk. ahisiaals Ration ia 
—serenoi OK.. wa desnlenneaomes 
— sericea OK.. eee eee 

INDEX. 1079 

158 Tragacantha serotina OK..... ......... 120 
126 —sesquifora OK ..... Peldeie mein vere: ak 
133 ——— ABOU ONS. 32 chaden dete sent as 148 
138 —simplicifolia OK .....cccccccssecoes 118 
130 —-8ONDTAE OBR. .... cca cccccccccccscces 128 
125 ——spaldingitiOK ...253c.cedscnasewsans AOS 
156 ——spursiflurd OK ........20. sevcccscs 154 
146 ——spetrocarpa OK ....00cecccccscseces 120 
128 —stenophylla OK ........... nse ee 123 
127 ———= BIN Uon ‘OUK, cists cece help neehen 174 
163 ——subcompressa OF... 0. ccccssocccscce 158 
131 —- SUccUMDENS OK .. ...cecrccccccscce 159 
173 —— sUupervi8a OK 2... 0 cccesccncencere . 140 
172 ——— EGOATIG OKs i. os casas dcctettape 121 
135 ——-LENEWM OF, sss view coaalpamaneeilectimen 122 
131 ———$ FONE OO. ioan ob scar cude oncaeeteee Len 
157 —tephrodes OK... .sccrcccccccccee ve 129 
165 —thomsonae OK ....... wcccsevevceee 145 
173 ———urbert OK... oc. esisea ccadaeen ne soe 1382 
145 —trichopoda OK... ...cssccccscceese 108 
147 —tridactylica OK......cccccccccccsses 11% 
132 —— EF PNYUG OK ces Sevcicctoas dnaclen 117 
120 —tulahensi8s OK... .ccecccccncccccces 144 
153 —— VACCOTUM OE. 22. ccc ccccneccccvcccs 163 
153 sO TILOT UNE CO) Bac te = <2do aa ease eee 164 
170 em PORTAL OK chs wicaievip orcs we Seidn'eciia oot 134 
132 = TOS COIS cicierharcies Bid ole cekewe’e sate nto” 151 
162 —watsoniana OK ..........ee cece wees 144 
133 a IDEIDEIL CUS kaa cas oeiclen cdieice oSenwene 146 
134 ——— MINE yt OVE i vec. cnn cade sejec cece ce 137 
153 eM IDUITIENE ORG is cicnc cones es danccrtuces 163 
132 Tremeula DUNPUTEM Li. 222.050 oobeccenes, BD 
151 —stipilata BOSO........0.cccccccccccs 499 
168 EVOMOMMINERO hess cawt case col reetce mae 734 
136 TrenteponlincGaes. <2 ccccsiecescssceace OOO 
162 PPT MSs Mreeeer cess: cue a salonielcaeee et 837 
136 IB LOLMOR MI octecetic ccswiehcccetace ete 837 
Wiis “Drichwertim OORDA:. vcs: causes ees anaes 657 
152 Trichamphora pezizoides BERK......... 478 
162 PPIGIAEUVANITENR om sec clare’ ste eelan: sare 48, 469 
132 —affinis Tae Wes “SEC OIUNCOE Ear 
156 ——— APD lente ave alle cic eve cle nsielas s cecie’ects 480 
121 —alba PURT.. nmin bho tcitehe ta, Rene 
148 — applanata [Se a 471 
167 —aziferad BULL.......... ohetatsitee cite 474 
167 ——HUGIG PRES vests. cece. ec eescwces 470) 
118 —bombacina ae a hgiaan Pore 470 
166 —botrytis Pars. Mae ie e eene aa eae ae 
141 —-cernua Porr . Geteeltata stlegi ele sina PAROU 
117 — cernua ScHuM.. Waa eles,s «nip eiacies ones 480 
135 —chalybed CHEV..........0cccccccces 472 
152 —chrysosperma D. Cy........2.ee eens 470 
160 ——ClADAEG PERS ccs icsisacecsscwclceccs 471 
141 ——— CIN ETEN BOUL ses ance deatesysaccccces 468 
137 —-cinnabaris BULL........... 006.205 467 
167 —cinnabarts ID. O..... scccvccces, ous 467 
133 —Citrind SCHUM.... 2... scccescceses 471 
322 <— COTCUAE PHRE he, sitcicaas ce'seteviace ce 471 
120 — cylindrica PERS........ warime tones 471 
147 —denudata VILL.. Senses --- 466 
173 —elongata SCHUM..............eeeee- 467 
157 ———f GUAT, PRHR eee ee ccnewcue decease 469 
127 —farinacea Porr. cet aan 
121 —favoginea PERS... 47 
130 ——favoginea SCHUM... 471 
137 —filamentosa TRENT 480 
171 — fragilis Rost 470 
168 —fulva Purt.. 469 
173 —globosa Vit... 475 
121 —graniformis HoreM.... see 467 
130 —-gregaria (RETz.) SHELD.. 470 
150 === [NCGHE PIE N deat cacdass ses viene ees, .SUn 
149 —leucopoda BULL.. A ore ry is 
139 —nminiata (Jacq. ) SHELD.. aesatiinte 469 
145 —Nigripes PERS....ccccocsscseccccecs AT? 
129 ——*MILERRIE ERS Gacaloss er scjeedecscuera> 470 
129 JNM ONS BULL vesciccssccrcccecseress 467 
158 ———= HUPACED PRBS vc. cu ncciesccecses 470, 471 
164 —— MMR Ste det ve ceisaeclcdacicchian eis 470 
174 —purpured SCHUM........ses--ee eee 467 
155 —pyriformis FRIES .... .......000e- 470 
125 —pyriformis HOFEM........--+0.e005 472 
158 —— DYTIFOTMIS PERS... 2... ..-00s0000s<00 47 
180 —pyriformis (SCOP. Lb laa Backer 7 
171 — pyriformis SIBTH.. Ses eit, 
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Trichia pyriformis Vrub,........... wees 470 Tubulina i 
—reticulata PERS ...........cc cece ee ATL neues aaa oe Yelle isn 
-—rubiformis PERS. .....02.0..c0.s00s 472 —spermoides MASS..... ave ote 465 
TUF, WITH. 02202282. eee cen eens 467 —spumaroidea CxeE. & MASS........ 465 — serotina SCHRAD.... Sab caoe Soe ZU —stipitata Rost.. sate gs J a 485 
—serpula PERS. Boa palin ain i aGeldoimauaieth MAIL Tussilago palmata AIT..... te yt aeghtaet 573 

—spongioides VILL............ 00000. 471 —sagittata Pon 2 eae 573 
——typhwides BULL... 2.2.0.2. 02.2002. 473 Typha... eae aaa ae 
—turbinata PURT............2.-..... 470 —angustifolia 0..0022.227 22272217 “519 
cag ee es eon ete 3M eh moa LINN. 4, Bc sig aa 988 
SY AGH eee a VDHACCAE 3 ye cade se ee ha cecal eee 519, 999 

—virescens SBE as Mies AGO i OF 
—vulgaris PERS. ae ae 470 

Trichoderma PERS.............. 604, 731 737  Udora canadensis CircHx: ) Nurt..... 521 
NORM 2) Nese ae bdo ee panels tence 664 Uliginosusy hc cesses oa eee 166 

Trichodermeae Fries EA? Mer el, 647, 664, 731  #$Ulmus.. ... 720, 984 
Trichoglossum.. uiadies sree 484 Ulotrichiaceae (Ka,) Borzt em. De 
MWrighomianes Ls ised. sso. ce save. 790 TONT, 0's) <swisslandcate as tos ee eee 
—apiifolium PRESL................. 790  Ulothrix zonata.. os\enio oie are ica See aL Ee 
———— TINTS WORST. socicclec tccsiee cacect. 790 Ulva nitens AGARDH.. oie s/ deine wanna 
—meifolium Bory.................. 791 mmbelliferao:.. cos) eles cc ese 556, &69 
—radicans SWARTZ... .......... «. 791 Unmbilicaria.. ..694, 713, 935, 1005, 1020 
meee ALO NINA WAL ISA soles clelayeleaicter oe T9L —dillenii Tuck.. san Bh 696 

Trichosporium FR. ........0.s0eceeece- 2, 88 —muhlenbergii (Acu.) Tuck -1..: 696 
MRIGHOtHECleaO ns... +2200 serecesscO47, G03 —pustulata (L.) HOFFM............ 696 
MinichoOpmecitmM LAK. 56. scene soseaec cae 663 ——vellea: (Li) Nivag: 3... e ce eee 696 
Trichurus CLEMENTS and SHEAR...... 729 Underwoodia PECK..-......0..5... 486, 500 
Trientalis americana PURSH.......... §5y —columnaris PECK. .. 500 
Trifolium hybridum L..... 549 Unifolium canadense (DESF.) GREENE 
— pratense L...... LS OMBAQK A: 3, he Sarita ee temas oer 533, 964, 975, 1016, 1021 

Triglochin arithna ‘Ti... 520 Orceeolariaie: yoo. see earn 704 
Trillium cernuum L................... 534 —scruposa (L,) NYL 710, 722 

SSECSTTELG| D100 0) Be oa ee RI 534 Uredinieaes.cn. soca eee cone oa oleae 732 
= —grandiflorum (M1icHx.) SALISB.. 534 Urera:GauD .i5..cccconse Ru cdhwe eee 816 
Trimmatostroma CORDA....... 730, 731. 738 —glabra (H. & A.) WEDD........... 816 
ET ENI GAM Ae oo socb ihe cuemer eee cas = OU —sandwicensis WEDD.............. 816 

AnimniAvOStLOMeOAe .....as-necsenes 2-6 738  Urospora  penicilliformis bs ‘BORE? 
aon rea 1 bay eee 565 ARESCH ..... Aon eee a Oa) 
Triphyllus. aes a Reto AL Can a br Urtica gracilis (ATE. «2-32, eee '33, 537 
Triplasandra. SEEM. ..... ese scerkOo,, OCk — grandis H. & A.., a batere eon 
—meiandra HViLEBR..............-. 871 Urticaceaes: 23 i eee eee 537, 811 
— waimeae (WAWwRA.) HELLER.. 871 USn@a. cs 2. cuss vantiecincicns emtamen ae oeieene 704 

(LripOspOrillmM’ CORDA cveasegcce ese cto 657 —angulata ACH.. 716 
Trisetum subspicatum BEAUV. var. —pbarbata (L.) FR. var. florida FR. 

molle (MIcHx.) A GRAY........ 523 2,694, 716 
Triticum cegilopoides A. GRAY.......... 106 —barbata (L.) FR. var. ictal ae 
-— caninum HUDS...... ..ccceeecences MOB he RO fexcicicta) Sersic cclats © iota ot ore ate 716 
———CONINUM GINN...0..cececccacs cocnes 106 —pbarbata (L.) FR. var. hirta re 
——oaninum SCHREB . soc. <ls. sess ese. LOG ee cre. UMass sos OSs storie wie See ee ea 715 
—dasystachyum A, GRAY...... 109 —barbata (L.) FR. var. plicata Fr 694 
—repens LINN. var. dasystachyum —hbarbata ths) bot var. eT a 

HOOK hss carctiesis 109 MICHX.. a y Os FER 
——sepium CAI Es i es 106 Usneei NYL.. wats bes ange we vclwe ols aaah nena 
—violaceum HORNEM...... -.--.--- 107 Ustil agineae.. 732 

Triumfetta L .... adel aa ttnns Geeisaet HOD Utrievlaria: Jae. .cses. .. 995. 996, ‘998, 1001, 1018 
Troposporium HARKN.................. 735 ——gibba LINN... 4. . 2. ceeseslesnaeeae 227 
LETT es Et in eee enn as 8 731 —intermedia HAYNE......... 565 
Tabercularia TODE,.. ...62soices «-aebas 731 —vulgaris LINN. ....3, 565, 68, a8. 995 
Tubercularia WIGG.. 731 Uvularia grandiflora J. EB. SMITH..... 532 
—vulgaris TODE. 52, aoe — perfoliata Ti, vie od és sete ciate eee 532 

Tuberculariaceae (EHRENB. ) Fouxp -—sessilifolia L.. 3500 pose Sete eee 
and CLEMENTS. MetaDiaeol 

Tubercularieae. .............. 646) 647, 730 V 
Tubercularieti EHRENB............. 2. 730 
iRnberculina SAC, os osc. .ws<. ccc. 732 WacCCinidGeae.. .. 00.5 00,05 soscecies seems 872 
—solanicola B. & E .................. 732 Vaccinium L . fA . 872 
Tubifera J.G. GMELIN....... Ae ee cik | ——canadense RICH .... 558 
——brunnea (PREUSS.) SHELD ....... 465 —cespitosum MICHX ... aie 74 
—eylindricaGMEL_ ............... 464 —penduliflorum eae sclate 872 
— flexuosa (PERS.}) SHELD .. ...,.. 465 ——pennsylvanicum LA 558 
—gauranitica (SPEG.) SHELD ..... 4635 Vaguera... ie “ais, 976, ‘O91, 992 
—lindheimeri (BERK.) SHELD ..... 465 ——racemosa (is y MORONG........... 533 
—nminima (FRIES.) SHELD.......... 465 — stellata (L.) Moronea. 533, 964, 974, 975 

speciosa (SPKG.) SHELD ......... 465 —trifolia (L.) MORONG............. 533 
—spermoides (B. & C.) SHELD..... 465 Valeriana edulis NUTT.........  ...... 566 
—spumaroidea (CKE. & MAss.) Valerianacese: a... -..-.cn0 accede 566 

SHBLD ee tees seca os oes 465 Vallisneria spiralls L.... ............. 521 
stipitata (BERK. & ESy- )SBBu 465 Waucheria.:-. os. s-tesnsetece . Seateeeeaiea 

SMOVELUS Bf 0; RRC rer ee an sito he eeeee AOS —dichotoma (LINN.) AG .. 232 
TOU! PERS ssl) scasctenes ote aeks 464 —dillwynii (WEB. and Mou) ‘AG.. 232 
——DTUNNEG MARS. .2.6sccec0cecosccese 465 —rgeminata (VAucH.) DC sdsemonell 
—cylindrica Rost.. ae Se eel od —geminata (VAUCH.) Do. “var. 
—flerwosa POIR.... .. hisiosiewjeeiee, ) AOD racemosa WALZ _......cccccscse Webe 
—gauranitica ROUMEG....+..+. +22. 465 ——hamata (VAUCH.) DO... s.c7sscene 27 
— lindheimeri MASS.......0. ..2. 20 465 ——ornithocephala AG............. 27, 232 
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‘Vaucheriasessilis (VAUC.) DO...... . 
—terrestris LYNGB. 

Vaucheriaceae (GRAY.) DUMORT...27, 
Veratrum... 024 
—album.. .1025, 1026, 1027, 1030, 1031, 
BACT science awe css acca’ 
—viride AIT.. a 1027, 1080. 

Verbena L ..... 
—pbonariensis | ee Oe A PE 
——brac'eosa MICHx.. 
—dichotoma R. and pk 
TAR GLUE Lica ctaccc e's ce anew oe "561, 965, 
Se SETIOCE VEIN occ cc ciccccs cenesneews 
—— stricta X hastata............. ..- 
—urticaefolia L...... gt NON Sa AS 

MEU DOMACOAG .. ccc ccccecescces scies 561, 
MIPEDERUIPE LUO. 2g a cac(nss f-. sialon iaessiaiseye ss 
—connata GAUD..........-202 2s eee 

MeMnoOnia) SCHREB..2.  .. sf. e- weeee 
—-cineresa (L.) LESS...............--- 
— fasciculata MICHX......... ....-. 

Veronica. . iene Ae 
—-americana ‘SCHWEIN. vec nea ieters 
-~-—anagallis- ele tae Wpeetastare as 
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