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INTRODUCTION
The area included within this survey comprises about 80

square miles at the southern extremity of Cape Cod and includes

the Town of Falmouth on the mainland and all of the Elizabeth

Islands. It provides about 250 stations for the collection of

algae, all readily accessible to investigators at the Marine Bio-

logical Laboratory at Woods Hole, Massachusetts.

The mainland portion, covering about 65 square miles, consists

of all of the Town of Falmouth and a small part of the Town of

Mashpee. It stretches inland from Woods Hole Village at its

southwest tip for about 12 miles north through the villages of

Quissett, Sippiwissett, West Falmouth, North Falmouth and

Megansett to the north limit of the Town of Falmouth, and

stretches eastward from Woods Hole about 8 miles through the

villages of Falmouth and Falmouth Heights, Teaticket, East

Falmouth and Waquoit to the east limits of Falmouth ; northeast

of Woods Hole through Hatchville the area exceeds the town line

and extends a half mile or so into Mashpee to include a few fine

ponds on or near the line in the John Pond region.

The Elizabeth Islands extend 19 miles west southwest from

Woods Hole in a narrow chain and have a total area of about 15

square miles. Extending away from Woods Hole the principal

ones are: Nonamesset, Uncatena, Naushon, Pasque, Nashawena,

Cuttyhunk and Penikese, the latter breaking the chain by lying

north of Cuttyhunk. In addition numerous smaller islands are

scattered in Buzzards Bay and at Hadley Harbor where Nona-

messet, Uncatena and Naushon lie close together and are con-

nected by bridges, but these, with the exception of Vicketimest

(East Buck), Monahanset (West Buck) and Goats Neck (North

Buck), do not support fresh water algae. All the islands are the

property of the Forbes family, except Pasque which is separately

owned, Penikese which belongs to the State as a bird sanctuary

and Cuttyhunk. Grateful thanks are due to the Forbes for the

privileges they extend to the investigators at the Laboratory,

making such a study as this possible.

The geology of the region is described by Dr. J. M. Fogg, Jr.

in his paper on the '* Flora of the Elizabeth Islands" (Fogg,
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4 The Fresh Water Algae of

1930). The whole area is part of the Atlantic Coastal Plain

which was glaciated in the Wisconsin Ice Age. It consists of

a continuous line of rolling morainal hills, heavily wooded except

for cultivated areas on the mainland and barren deforested areas

on the Islands. The region abounds in undrained kettle holes

which constitute the bulk of the fresh water localities for algae.

The water table for the region is relatively high so that most
of the kettle holes form permanent ponds. There is nothing in

the region large enough to warrant the term lake; there are

about 6 large ponds whose sparse algal flora, owing to the sandy
margins and bottoms and insignificant littoral vegetation, makes
them of much less interest than the host of smaller ponds, often

unnamed and difficult of approach which form the background
for this paper. In addition to the 200 or more permanent ponds
there are a few score marshes, swamps and ditches, nameless of

course, often difficult to locate on a map, and disappearing en-

tirely in dry seasons, but which, under favorable conditions, pre-

sent such a varied and variable algal complex that they cannot
be ignored and it is part of the purpose of this paper to bring
them to light by naming and mapping them tentatively.

This paper is only a preliminary report : the list of species is

conservative and by no means complete and all new or proble-

matical forms are excluded. There are also many gaps in the

records of stations, Uncatena and Nashawena Islands being
practically untouched, and only a start has been made in the

ecological study of the ponds. It is hoped that a future report
will treat the subject more thoroughly.

For the present the work has been limited to the groups:
Myxophyceae, Rhodophyceae, Heterokontae, Chlorophyceae (in-

cluding desmids) and Characeae. Dr. G. M. Smith's recent

text-book (Smith, 1933) has been used as authority, supple-

mented by certain standard algal manuals and monographs,
listed in the bibliography.

The algae are presented in systematic order in the groups
listed above, the Zygnematales being separated from the rest

of the Chlorophyceae for convenience. Each group is intro-

duced by a key to its genera, a key to the species being placed
under each genus. These keys are natural when possible and are

I !•
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limited to the local forms. "When author reference and descrip-

tion for species and genera occur in generally available English

manuals a reference to this source follows the species name;

when reference and description are not so available they are

included in this paper. Illustrations are withheld due to

expense of publication.

Following this reference or description after each species

appears a brief note as to the type of locality, if it is significant,

followed by the list of stations where the species has been found.

Numbers refer to stations which can be located on the maps

at the end of this paper. When the numbers occur alone they

indicate records of the author; when there has been a previous

published record of the species for that station the number is

followed by that author's name and a date referring to the com-

plete title in the bibliography. Unpublished records include

(1) species in the Herbarium at Woods Hole, (2) species listed

in a card catalogue of local forms compiled by the teaching staff

of the Course in Algae given at the Laboratory and known as the

"Local list,'' and (3) casual classroom identifications by mem-

bers of the staff. These records are listed respectively as (Her-

barium), (Local list) and (Staff) without a date to indicate

that they are unpublished.

There has been but little previous work on the fresh water

algae of the region and no attempt has been made in the past

to compile a comprehensive list of the forms discovered. The

Herbarium contains only 53 fresh water forms, the Local list

mentioned above is only casual and furnishes meager data.

Published references have been few. In 1923 a general botani-

cal survey was made of Penikese Island and 39 named species of

algae of fresh and brackish waters were reported by Dr. Tracy

E. Hazen (Hazen, 1924). From time to time new or noteworthy

species have been recorded in *' Notes from the Woods Hole

Laboratory" in Rhodora, and occasional references are scattered

throughout the literature. Dr. C. C. Jao's recent paper on

"Oedogoniums of Woods Hole" (Jao, 1934) including 51 species

and varieties is the largest contribution. Of the total of 539

species and varieties noted in the present paper 315 are new

records.
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This work was started in 1929 under the direction of Dr. W.

R Taylor and has been continued every summer at the Marme

Biological Laboratory at Woods Hole where his help and criti-

cism has been gratefully appreciated and where serving him as

Class Collector has added zest to this work. Material collected

and preserved during the summer has been reexamined and

studied in the winter at the University of Pennsylvania with the

assistance of Dr. J. M. Fogg, Jr., to whose advice and interest

the author owes much.

CATALOG'

MYXOPHYCEAE (CYANOPHYCEAE)
Natural Key to the Woods Hole Genera

I, Cells solitary or in colonies, never in definite filaments:

A. Cells solitary or in definite or irregular colonies; plants usually

unattached; no differentiation of plant into base and apex; no

endospore formation (Chroococcales) :

1. Cells free-living:

a. Plants solitary or in few-celled colonies:

v. Cells spherical or hemispherical, with conspicuous

gelatinous envelope:

a'. Envelopes not confluent -

Chroococcus (p. 10).

b'. Envelopes confluent ~

Gloeocapsa (p. 10).

2\ Cells cylindrical:

a'. Gelatinous envelope lacking

Synechococcus (p. 10).

b'. Gelatinous envelope present, envelopes of indi-

vidual cells distinct •

Gloeothece (p. 11).

b. Plants in many-celled colonies:

1'. Shape of colony indefinite:

a'. Cells spherical:

i. Cells densely aggregated

Microcystis (p. 11).

ii. Cells remote from one another

Aphanocapsa (p. 12).

b'. Cells longer than broad

Aphanothece (p. 12).

2\ Shape of colony definite:

a'. Colony a hollow sphere:

i. Interior of colony without radiating strands

Coelosphaerium (p. 13).

ii. Interior of colony with radiating strands

Gomphosphaeria (p. 14).

b'. Colony a flat plate with rounded cells rectilinearly

arranged -

Merismopedia (p. 14).

1 Indicates the 178 species which are presumably new to the flora of

** Indicates the 18 species which are presumably new to the flora of the

United States.

7



8 The Fresh Water Algae of

2. Cells endophytic in free-floating eolorless alga, 2-8 individnals
within common wall of host. „

. ^
Glaucocystis (p. 15).

±5. Cells forming a flat thaJlus or very short filament with basal-apicaJ
differentiation; endospore formation usually evident; plant
always attached (Chamaesiphonales) :

1. Plant body a multicellular thallus, mostly 1 cell thick, formed
by vegetative cell division; cells rounded or angular by
mutual compression

Xenococcus (p. 15).
2. Cells usuaUy gregarious but not in colonies, no vegetative cell

division; cells ovoid, pyriform or cylindrical; endospores
formed in basipetalous succession

TT ^ ,, . , Chamaesiphon (p. 15).
II. Cells united in definite filaments (Hoemogonales) :

A. Trichomes (except for terminal cells) of same diameter throughout;
no heterocysts or akinetes:

1. Trichomes without a sheath

:

a. Trichomes straight or in irregular spirals

OsciUatoria (p. 15).
b. Trichomes in regular spirals:

1'. Dissepients distinct ^ ^

Arthrospira (p. 18).
2\ Dissepients lacking ^

SpiruUna (p. 18).
2. Trichomes with a sheath:

a. One trichome within a sheath:
l^ Sheaths laterally confluent with one another

:

a'. Plant mass with erect tufts

Symploca (p. 19).
b'. Plant mass expanded in a woolly or felt-like layer

Phormidium (p. 19).
2\ Sheaths not confluent with one another, firm. „

Lynghya (p. 20).
D. Many trichomes in a common sheath:

1^ Sheaths extremely gelatinous, homogeneous

Microcoleus (p. 21).
2'. Sheaths firm, usually lamellated

Schizothrix (p. 21).
B. Trichomes of uniform thickness or attenuated to a hair-like point-

heterocysts regularly present; akinetes frequent:
'

1. Trichomes not attenuated from base to apex:
a. Filaments unbranched; trichomes simple, uniseriate:

1'. Heterocysts intercalary:

a^ Cells spherical or longer than broad:

•«t >

>>jr7<»F

<> »

^y»

*>r >

>f h

*V ^^v' >

4

Woods Hole, Massachusetts

i Plant mass with trichomes not parallel:

a" Trichomes solitary, straight, contorted,

or intertwined into an ojnorphous

mucous mass -

Andbaena (p. 21).

V' Trichomes much twisted into a mass of

definite form and with a firm colonial

sheath
Nostoc (p. 24).

ii. Plant mass with trichomes paxalleL. -.....—....

Aphanisfomenon (p. 24).

b'^ CeUs shorter than broad. •• •-••;"•

Nodularia (p. 25).

2'. Heterocysts always terminal
.^

- •;"-";;"•""

^ • "^

Cyli/tidrospermum (p. 24).

b Filaments branched:
.

iTBiaaiching false; trichomes uiu«enate, one or more

within a firm sheath:

a'.^^se branching always present; heterocysts .nter-

i*SSche8 usually arising in pairs and at a

^int approximately midway ^t'«»"
J

heterocysts - ~
•;
"

Scytonema (p. ^o;-

ii Branches usually arising singly, immediately

adjacent to the heterocysts... ^^^

Tolypothnx (p. ^o).

V. False branching very scarce; heterocysts basal

and intercalary
" " •"""

Microchaete (p. ^o;-

2' Branching true; trichomes uniseriate or multiseriate

:

• arSomes ^^artially or wholly multisenate:

i. Branches not unilateral - •—
Stigonema (p. ^'y*

U. Branches unilateral ".."•••• "•""•

Fischerella (p. 2«).

V. Trichomes wholly --^^-^^T^-^:^:;:

2. Trichomes markedly attenuate from base ^
a^x:

a. Filamento solitary or united xnth^li Of

1/ False branching scarce or lacKing, v

,_i,:-_

within a sheath; heterocysts some™ lacking.

Cahthrix (p. 28).

2^ False branching profuse; several trichomes within a

oommon sheath ^^"i^.

' f



10 The Fresh Water Algae of

b. Filaments united into spherical or hemispherical thalli; one

trichome within a sheath:

V, Trichomes without akinetes

Bivularia (p. 29).

2\ Trichomes with akinetes -

Gloeotrichia (p. 29).

CHROOCOCCACEAE

1. CHROOCOCCUS

I. Cells not embedded in a gelatinous mass, mostly soli-

tary among other alga^:

A. Sheaths distinctly lamellated; cells 13-25 ja, rarely

40 II broad 1- ^- turgidus,

B. Sheaths not lamellated; cells 5-7 p, broad 2. C. minutus.

II. Cells embedded in a gelatinous free-floating mass;

sheaths not lamellated, frequently confluent with

colony sheath; cells 6-12 ji broad 3. CAvmneticus,

1. Chroococcus turgidus (Kiitz.) Nag. Smith, 1920, p. 31.—

Widely distributed among other algae and on leaves and mud in

fresh and brackish waters.—Falmouth : 2 ; 10 ; 11 ; 21 ; 23 ; 29

;

30 ; 81 ; Islands : 53 ; 63.

2. Chroococcus minutus (Kiitz.) Nag. Smith, 1920, p. 28.

—

Among other algae in ponds, forming extensive strata on mud at

edge of Weeks-1 Pond (Falmouth: 29) in June 1932 as pond

dried up.—Falmouth : 14 (Staff) ; 20 (Lewis & Taylor, 1928)

;

29; 97 (Local list).

3. Chroococcus limneticus Lemm. Smith, 1920, p. 29.—^A

planktonic form, never abundant.—Falmouth: 26 (Collins,

1918A), (Local list); 98; Islands: ''Tarpaulin Cove Pond''

(Collins, 1918A).

2. GLOEOCAPSA

1. *Gloeocapsa arenaria (Hass.) Rab. Tilden, 1910, p. 16.

—

Growing in extensive olive-colored strata on moist or occasionally

submerged rocks.—Falmouth : 14.

3. SYNECHOCOCCUS

1. Synechococcus sp.—^An undetermined species found twice

in one pond : in 1923 in an old bottle, in 1927 in the plankton.—

Islands: 35 (Local list).

^ V - V

Woods Hole, Massachusetts

4. GLOEOTHECE

1 *Gloeothece linearis Nag. Tilden, 1910 p. 25.-Free-floating

among other algae in pond.-Falmoutli :
135.

5. MICROCYSTIS (CLATESOCTSTIS)

I CeUs with pseudovacuoles, ceUs more than 3 ^ broad:

r^loniJ with distinctly Unuted sheath, e^nple,

^ ^^^^.^^^^
round with even margin - -

B. Colonies with indistinctly Umited sheath:
^ ^ aemginosa.

1. Colonies clathrate _•

j^_ fios-aguae-

2. Colonies not clathrate, round ^
~

II. Cells without pseudovacuoles ««11« 1«^^- ^^^ ^ M.l.olsatica.

A. Colonies perforate; cells 1 ^,
""^J^^^ 7^^,^i_

B. Colonies not perforate, round ;
cells ^-^^^^ ^ M.pulvera.

cTOwdod

,. ^Microcystis marginata (Mene.M ^^^^J^ f^^?;
34.-Among other algae m ponds.-Falmontn

.

o,

Islands: 35; 53; 57.

(Kiitz.) Henfrey). Smith, 1920, p. ^9. ^^ ^ ^. 6- 7; 13;

orming "water blooms" in late
--f'-^^^rd" 17

'

14; 20, (Local list), (Herbarium) ; 86; 97, Islands.

/'WTU+T. ^ TCirchn. Smith, 1920, p.

3. *Microcystis flos-aquae (Wittr.) ™^
blooms.

"-
39 -In ponds and ditches, often present in water

Falmouth: 6; 7; 10; 12; 14; 19; 20.

4. ^Microcystis holsatica ^^--^/^g^^ntl -Cofonies
^ , Q T^ 77 1910 Geitler, l^^o, p. oj.. v^

Brandenburg 3: p.
J^" /Y". ^^^ ;o„tents without pseudo-

perforated; colony sheath
"^^f

^"*
'

""'' "V _0n stones and in

vacuoles, pale blue-green. Cells 1 M ^^ro^-^- ^^'^

plankton of large ponds.-Falmouth: 6, 7, 19.

mouth: 20; Islands: 35.

localities.-Falmouth: 1; 18; 19, 21, /^,

224 ; Penikese (Hazen, 1924)

.
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6. APHANOCAPSA
I. Cell contents gray to pale blue-green, homogeneous;

cells solitary, some distance from one another:

A. Cells more than 1 |i broad:

1. Cells 3.5-4 n broad; colonies maxsroscopic or

microscopic - - 1- -^- P^^^^^-

2. Cells 2-3 |i broad; colonies microscopic, up to

100 \i broad 2a. A. Elachista v. plcmetonica.

B. Cells 0.7-1.0 ji broad; colonies large, up to 5 cm.

broad ~ 3. A, Lewim.

II. Cell contents bright blue-green, homogeneous or finely

granular; cells solitary or in pairs and somewhat

crowded, 3.5-5 ^ - 4. A. GrevUUi,

1. Aphanocapsa pulchra (Kiitz.) Rab. Smith, 1920, p. 42.—

With other algae in fresh and slightly brackish ponds ; not com-

mon.—Falmouth : 20 (Lewis & Taylor, 1928) ; 97 (Local list).

2a. *Aphanocapsa Elachista W. & G. S. West var. planctonica

G. M. Smith. Smith, 1920, p. 42.—Limited to the plankton.—

Islands : 35.

3. Aphanocapsa Lewisii Keefe, Rhodora 29: p. 41. 1927.

Colonies very large, up to 5 cm. broad, more or less compressed,

older colonies fragile ; individual cell sheaths completely conflu-

ent ; cell contents pale blue. Cells 0.7-1 \x broad. Very close to

A. delicatissima W. & G. S. West except for size of colony.-In

pockets of water between grass roots in a large pond ; found in

abundance in 1927 and never again although the specific locality

has been searched frequently.—^Falmouth: 19 (Herbarium),

(Keefe, 1927).

4. *Aphanocapsa Grevillei (Hass.) Eab. Smith, 1920, p. 43.—

In plankton and among other algae in ponds; the commonest

species in this region.—^Falmouth : 6 ; 10 ; 19.

7. APHANOTHECE
I. Plant mass more or less spherical, pale blue green;

cells 3-5 n broad L -4- stagnina.

II. Plant mass without definite shape:

A. Cells less than 2 \i broad:

1. Cells crowded, less than 1.5 \i broad. 2. A. nidulans.

2. Cells loosely arranged, more than 1.5 ^ broad... 3. A, saxicola.

^

^

•>

«»

.-• 4

« k

JSI
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B. Cells more than 2 ^ broad:

1. Plant ma^s darkly colored; cells less than

3.5 n broad, pale blue-green; sheath yel-

low or brownish:

a. Cells crowded, 2-3.5 ^i broad 4. A. Castagni.

b. Cells loosely arranged, 2-3 ji broad,

single or in pairs ^ 5. ^- microsyora.

2. Plant mass pale blue-green; cells loosely

arranged, 3-8 jx broad » 6. A, pallida,

1. *Aphanothece stagnina (Spreng.) A. Br. Smith, 1920, p.

45.—Among other algae in pond ; rare.—Falmouth :
14.

2. *Aphanothece nidulans P. Richter. Smith, 1920, p. 44.—

Found once in a sphagnum bog ; very rare.—Falmouth :
168.

3. Aphanothece saxicola Nag. Tilden, 1910, p. 30.—In plank-

ton and among submerged vegetation at edge of pond.—Fal-

mouth : 9 ; 13 ; 79.

4. *Aphanothece Castagni (Breb.) Rab. Tilden, 1910, p. 31.—

Rare.—Islands: 35.

5. Aphanothece microspora (Menegh.) Rab. Tilden, 1910, p.

31.—Found only once, in water in a cow's foot-print at edge of

pond.—^Falmouth: 1.

6. *Aphanothece pallida (Kiitz.) Rab. TUden, 1910, p. 31.—

Falmouth: 1; 19.

8. COELOSPHAERIUM

1 Cells distinctly longer than broad, with peeudo-

vacuoles ^' ^' ^^delianum.

11. Cells spherical to subspherical, without pseudo-

vacuoles 2. C. Kuetzvngianum.

1. Coelosphaerium Naegelianum linger. Smith, 1920, p. 35.--

In the plankton of large ponds; forming a pure *' water WoomJ

once in September; common.—Falmouth : 1; 9; 13; 18; 20

(Lewis & Taylor, 1928) ; 93; 96; 97 (Local list) ; 139; Islands:

2; 17; 216; 224.

2 Coelosphaerium Kuetzingianum Nag. Smith, 1920, p. 34.—

Associated with other algae in small ponds and ditches and along

the edges of larger ponds.—Falmouth : 1 ; 2 ; 13 ; 19 ; 86 ;
139

;

Islands: 3; 4; 17; 35.

\ #
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9. GOMPHOSPHAERIA

1. *Gomphosphaeria aponina Kiitz. Smith, 1920, p. 37.—Rare.

—^Falmouth : 21.

10. MERISMOPEDIA

I. Cells without pseudovacuoles

:

A. Cells bright blue-green, 5-7 p, x 5-9 n ; colonies

small or large, 16-400 cells L ^' elegans,

B. Cells pale blue-green:

1. Cells some distance apart, 2.5-3.5 ji broad;

colonies smaU 2. M. punctata.

2. Cells close together (not mutually com-

pressed) :

a. Cells less than 2\i broad; rectilinear

arrangement of cells soon breaking

down and not evident when there are

more than 32 cells in a colony:

V, Cells 0.5-0.8 jA broad; colonies

small 3. K. minima,

2^ Cells 1.3-2 \i broad ; colonies mostly

16-100-celled 4. M. tenuissima.

b. Cells 3-6 n or more broad, regularly

arranged; colonies generally contain-

ing less than 64 cells -..- 5. M. glauca,

II. Cells with pseudovacuoles, 2-3 \i broad, with thick

individual sheath; colonies 8-16-celled ~ 6. M, Trolleri,

1. Merismopedia elegans A. Br. Smith, 1920, p. 32.—Scattered

among other algae in ponds; scarce.—Falmouth: 20 (Lewis &

Taylor, 1928) ; 97 (Local list) ; Islands: Pasque Is.

2. *Merismopedia punctata Meyen. Smith, 1920, p. 33.

—

Among other algae in plankton and on stones in ponds ; rarely

abundant.—Falmouth : 1 ; 9 ; 10 ; 19 ; 21 ; Islands : 38.

3. *Merismopedia minima Beck, Ann. K.K. Naturhist. Hofmus.

1897, p. 83. Geitler, 1925, p. 106. Colonies small with the cells

close together; rectilinear arrangement of cells soon breaking

down ; cells broadly ovoid ; cell contents homogeneous, pale blue-

green ; cells 0.5-0.6 [i broad. Kesembling M. tenuissima except

for the smaller size of the cells.—Found in the plankton of 2

large neighboring ponds.—^Falmouth: 9; **A pond near Hatch-

ville.''

Woods Hole, Massachxisetts 15

4. Merismopedia tenuissima Lemm. Smith, 1920, p. 33.

—

Among other algae in ponds and ditches; common but rarely

abundant.—Falmouth : 2, 13; 19; 20 (Lewis & Taylor, 1928) ;
24.

5. *Merismopedia glauca (Ehr.) Nag. Smith, 1920, p. 32.—

The commonest species for this region.—Falmouth : 10 ; 12 ; 18

;

73; 74; 139; 168; Islands: 4; 15; 17; 35 (Local list) ; 57; 222;

* * Nashawena Is.
'

' (Local list).

6. **Merismopedia Trolleri Bachm., Zeitschr. f. Hydrol. 1:

p. 350, iigs, 1-5. 1920. Geitler, 1925, p. 108. Colonies small,

mostly 8- rarely 16-celled ; individual cell sheaths thick ; cell con-

tents with pseudovacuoles ; cells 2-3 n broad. Seen only once.—

Falmouth: 137.

11. GLAUCOCYSTIS

1. Glaucocystis Nostochinearum Itz. Tilden, 1910, p. 296.—

Found in 6 stations on the Islands and not at all on the main-

land.—Islands : 17; 35 (Local list) ; 38 (Staff) ; **Dune Pond"

(Local list) ; Penikese Is. (Hazen, 1924).

PLEUROCAPSACEAE

1. XENOCOCCUS

1. Xenococcus Kerneri Hansg. Tilden, 1910, p. 50.—Epi-

phytic on algae ; rare.—Falmouth : 1.

CHAMAESIPHONACEAE

1. CHAMAESIPHON

1. Chamaesiphon incrustans Grun. Tilden, 1910, p. 55.—

Attached to algal filaments and old moss leaves ;
reported from

Cuttyhunk Island only.—Islands : 107 (Collins, Phycotheca No.

2101), (Local list), (Staff); **Cuttyhunk Is.'' (Collins, 1916).

OSCILLATORIACEAE

1. OSCILLATORIA

I. Cells very short (less than ^ as long as broad) :

A. Trichomes 16-60 ^ broad

B. Trichomes 6-8 ji broad, here and there inter-

rupted by inflated refringent cells

1. 0. princeps.

2. 0. anguina.
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II. Cells J as long as broad or longer:

A. Plant mass yellow-green, trichomes 3.5-4 ji

broad, not constricted at joints; trans-

verse walls pellucid, not granulated

B. Plant mass dark

:

1. Trichomes not or only slightly tapered at

the apex, straight or curved:

a. Cells shorter than broad; trichomes

4 jA or more broad ; transverse

walls granulated:

1\ Trichomes 17-29 \i broad; apical

cell capitate

2\ Trichomes less than 10 ^ broad

;

apical cell not capitate:

a'. Plant mass blackish or dark

olive-green, glistening

;

trichomes slightly ta-

pered, 8.5 \i broad

b'. Plant mass usually blue-

breen; trichomes not ta-

pered, 4-10 \ji broad:

i. Trichomes 4-10 ji broad,

ii. Trichomes 4-6 \i broad.

6a. 0.

b. Cells longer than broad; trichomes

less than 4 ji broad

:

1\ Trichomes 0.6 \i broad, bent and

twisted; cells up to 2 times

longer than broad; transverse

walls not distinct ~

2^ Trichomes 2-3 \jl (rarely 4 n)

broad, not bent and twisted;

cells 2-3 times as long as

broad; transverse walls com-

monly marked by 2 proto-

plasmic granules -

2. Trichomes taperod at apex:

a. Apical cell capitate; trichomes 2-3 ji

broad; not constricted at joints

b. Apical cell not capitate; trichomes

more than 3 \i broad

:

l^ Cells h-^ as long as broad; tri-

chomes here and there inter-

rupted by r'-sflated refringent

cells; apex briefly tapering

3. 0. chlorina.

4. O.margaritifera.

5. 0. nigra.

6. 0. tenuis,

tenuis var. tergestina.

7. 0. angv^tissima.

8. 0, amphibia.

9. 0. splendida.

10. 0. hrevis.
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2^ Cells quadrate to i as long as

broad

:

a'. Trichomes not constricted

at joints; apex tapering

for some distance; in

brackish water 11. O.suhuliformis.

\)\ Trichomes usually slightly

constricted at joints

;

apex briefly tapering; in

fresh water 12. 0. formosa.

1. OsciUatoria princeps Vauch. Tilden, 1910, p. 62.—With

other algae at margin of pond.—Falmouth : 97 (Herbarium)

;

152, (Herbarium).

2. *Oscillatoria anguina Bory. Tilden, 1910, p. 68.—Islands

59 (Herbarium).

3. OsciUatoria chlorina Kiitz. Tilden, 1910, p. 75.—In bottom

muck of small pond.—Falmouth : 18; 140 (Herbarium).

4. OsciUatoria margaritifera Kiitz. Tilden, 1910, p. 69.—In

brackish ponds.—Islands : 107 (Local list) ; Penikese Is. (Hazen,

1924), (Herbarium).

5. OsciUatoria nigra Vauch. TUden, 1910, p. 70.—In smaU

compact mats, floating or on submerged stones.—Falmouth :
14;

19 ; 20.

6. OsciUatoria tenuis Ag. Smith, 1920, p. 52.—Forming pure

mats on the sand or mud at the edge of ponds, or scattered

among other algae ; the commonest species in this region.—Fal-

mouth: 2; 10; 11; 13; 26; 81; 93; 94; 95; 96; 169; 203 (Her-

barium) ; Islands: 16; 17; 35; 36; 53; 57; 59; 65; 99; 224; 225;

Pasque Is. (Herbarium); Penikese Is. (Hazen, 1924), (Her-

barium).

6a. *OsciUatoria tenuis var. tergestina (Kiitz) Kab. Tilden,

1910, p. 73.—Falmouth : 75 (Herbarium) ; Islands: 64; 101.

7. *OsciUatoria angustissima W. & G. S. West. Tilden, 1910,

p. 76.—Among other algae in large pond ; scarce.—Falmouth :
6.

8. OsciUatoria amphibia Ag. l..den, 1910, p. 73.—In smaU

blue-green mats on sand and mud at edges of ponds, in fresh
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and brackish localities.—Falmouth : 1; 10; 13 (Staff) Islands:

53; Pasque Is., (Herbarium) ; Penikese Is. (Hazen, 1924), (Her-

barium).

9. Oscillatoria splendida Grev. Tilden, 1910, p. 76.—Sparsely

scattered among other algae, in fresh and brackish localities.—

Falmouth: 1; 13; 18; Islands: 36; Penikese Is. (Hazen, 1924),

(Herbarium).

10. *Oscillatoria brevis Kiitz. Tilden, 1910, p. 79.—Brackish

waters.—Penikese Is. (Herbarium).

11. Oscillatoria subuliformis Kiitz. Tilden, 1910, p. 77.—

Brackish waters.—Penikese Is. (Hazen, 1924).

12. *Oscillatoria formosa Bory. Tilden, 1910, p. 80.—In mat

at edge of pond.—Falmouth : 13.

2. ARTHROSPIRA
I. Spirals loose, 16-18 ji between turns, 6 ^ broad;

trichomas 2.5-3 ^ broad ^ -...- - L ^- Gomontiana.

II. Spirals close with turns contiguous or nearly so,

3-5 |i broad; trichomas 1-2 ji broad 2. A. subsalsa.

1. Arthrospira Gomontiana Setch. (Spirulina Gomontiana

(Setch.) Geitlei^). Tilden, 1910, p. 86.—Brackish waters.—Peni-

kese Is. (Hazen, 1924).

2. Arthrospira subsalsa (Oersted) Crow {Spirulina subsalsa

Oersted). Tilden, 1910, p. 89.—Pure drifting mats in ditch.—

Falmouth: 2, (Local list) ; Islands: 107 (Herbarium).

3. SPIRULINA

I. Turns of the spiral in contact, irregular 1. S. tenuissima.

II. Turns of the spiral not in contact, regular 2. S, major.

1. Spirulina tenuissima Kiitz., Phycol. generalis p. 183. 1843.

Geitler, 1925, p. 346. Plant mass bright blue-green or yellow-

green ; trichome twisted into a close, somewhat irregular spiral,

with the turns of the spiral in contact ; trichomes 1-2 \x broad,

spiral 3-5 n broad.—Brackish waters.—Penikese Is. (Hazen,

1924).

2. *Spirulina major Kutz. Smith, 1920, p. 50.—Falmouth : 2,

(Local list) ; Islands : 53.

Woods Hole, Massachusetts ' 19

4. SYMPLOCA
I. Fascicles short, erect ; trichomes 3.4-4 ^ broad 1. S. muralis.

II. Fascicles elongate, usually procumbent; trichomes

5-8 jA broad 2. 8. muscorum.

1. Symploca muralis Kiitz. Tilden, 1910, p. 131.—**0n moist

soil about the public pump in East Falmouth" (Setchell, 1895).

2. *Symploca muscorum (Ag.) Gom. Tilden, 1910, p. 132.

—

Falmouth : 2 (Local list)

.

5. PHORMIDIUM
I. Trichomes markedly constricted at joints:

A. Trichomes 0.6-0.8 \i broad ; cells 2-8 times as

long as broad L ^- angustissimum,

B. Trichomes 6-8.5 jx broad; plant mass penicil-

late, dark green 2. P. tinctorium.

II. Trichomes slightly or not at all constricted at

joints:

A. Trichomes less than 3 \i broad:

1. Trichomes 1-2 \i broad
;
plant mass thin,

membranous, pale blue-green; trans-

verse walls usually indistinct 3. P. tenue.

2. Trichomes 2-2.5 \i broad; plant mass thick

lamellated, upper layers dull green,

the lower layers whitish; transverse

walls marked by 2-4 protoplasmic

granules 4. P. valderianum.

B. Trichomes more than 3 \x broad

:

1. Apex of trichome not capitate, apical cell

scarcely tapering 5. P.Betzii.

2. Apex of trichome capitate, with rounded

calyptra, briefly tapering 6. P. autumnale.

1. *Phormidium angustissimum W. & G. S. West. Jour, of

Bot. 35 : p. 298. 1897. Geitler, 1925, p. 377. Plant mass mem-

branous, thin, pale blue-green ; trichomes bent, interwoven, con-

stricted at joints, not tapered at the apex, straight, bright blue-

green ; cells cylindrical ; transverse walls not granulated. Tri-

chomes 0.6-8 M broad ; cells 2-8, mostly 4-5 times as long as

broad.—'* Forming a felty covering on grass, sticks, etc. on bot-

tom of a pool on the east shore of Naushon Is.'' (Herbarium).

2. *Phormidium tinctorium Kiitz. Tilden, 1910, p. 94.—

Rare.—Islands : 36 (Local list)

.
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3. Phormidium tenue (Menegh.) Gom. JMen 1910, p. 98^

The commonest speeiea for this region.-Falmouth
:
2; 10, 13,

14 140- Islands: Naushon Is. (CoUins, Phycotheca, No. 606)

,

Penikesels. (Hazen, 1924), (Herbarium).

4. *Phonnidium valderianum (Delp.) Gom. Tilden, 1910,

p 98._Rare.—Falmouth : 21.

5 Phormidium Retzii (Ag.) Gom. Tilden, 1910, p. 102.-

Islands: 59 (Herbarium) ; Pasque Is. (Herbarium).

6 *Phormidiumautumnale(Ag.)Gom. Tilden, 1910 p. 107.-

'Damp ground near a pump."-" Woods Hole" (Herbarium).

6. LYNGBYA

I. Filamente more or lee, regularly eplraled, eometimes ^ ^^ ^^^^.^..

straight; trichomes 2 ^ broad - -•

II. Filaments not spiraled; trichomes more than 4 ji

broad:

A. Apical cell capitate, apex slightly tapering:

1. Plant mass yellowish or dark green; sheaths

colorless, somewhat mucous, lamellated

with age; trichomes 5-12 ji broad, cells

,
' .2. L.semtplena,

2-3 \i long

2 Plant mass blackish or dull blue-green;

sheaths at first colorless, thin, smooth,

later becoming thick, roughened, lamel-

lated, with layers of different colors;

trichomes 8-24 ^ broad ; cells 2.7-6 p, long 3. L. aesiuanu

B. Apical cell not capitate, apex not tapering:

1 FUaments long, straight, somewhat rigid;

sheaths up to 5 ji thick; trichomes 9-25 p.

broad; transverse walls usually granu-
'

4. L. confervoides.
lated ".

2. Filaments very long, often curled, sometimes

rolled circinately; sheaths up to 11 »i

thick; trichomes 16-60 ^i broad; trans-

verse walls not granulated 5- L,majuscula.

1 Lyngbya Lagerheimii (Mob.) Gom. Tilden, 1910, p. 111.-

Falmouth: 97 (Local list) ; 170 (Setchell, 1895).

2. Lyngbya semiplena (C. Ag.) J. Ag. Tilden 1910 p. m-
Brackish loealities.-Falmoutli (Collins, Phyeotheca, No. 1452).
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3. Lyngbya aestuarii (Mert.) Liebm. Tilden, 1910, p. 120.

—

Fresh and brackish localities.—Falmouth : 2 ; Islands : 17, Peni-

kese Is. (Hazen, 1924), (Herbarium).

4. Lyngbya confervoides C. Ag. Tilden, 1910, p. 119.—Brack-

ish localities.—Falmouth : 21.

5. Lyngbya majuscula (Dillw.) Harv. Tilden, 1910, p. 123.—

Brackish localities.—Falmouth : 2 ; 21.

7. MICROCOLEUS
I. Transverse walls constricted ; trichomes 4-5 \i broad... 1. M, lacustris,

II. Transverse walls not constricted ; trichomes 5-7 \i

]t,road 2. M. paludosus,

1. Microcoleus lacustris (Rab.) Farlow. Tilden, 1910, p. 157.—

Submerged in ditch.—Falmouth : 2.

2. *Microcoleus paludosus (Kutz.) Gom. Tilden, 1910, p.

158.—^Mostly occurring on wet soil, occasionally in floating mats.

—Falmouth: 2.

8. SCHIZOTHRIX

1. Schizothrix Friesii (Ag.) Gom. (Symplocastrum Friesii

(Ag.) Kirchn. Tilden, 1910, p. 146.)—Falmouth: ** On earth

by roadside at Nobska woods" and *'on clay bank by the side of

the road to Quisset" (Herbarium).

NOSTOCACEAE

1. ANABAENA
I. Akinetes variously disposed, sometimes contiguous

to heteroeysts, sometimes remote from them, or

always remote:

A. Trichomes straight:

1. Akinetes round or ellipsoid; trichomes 9-

15 ji broad, mostly with pseudovacuoles 1. A. planctonica.

2. Akinetes cylindrical:

a. Vegetative ceUs without pseudo-

vacuoles :

1'. WaU of akinetes colorless; aki-

netes 21-41 \i long ; trichomes

4.5-5.5 ji broad 2. A, aequalis.

2/, Wall of akinetes yellow or

brown

:
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a'. Akinetes 14-17 ja long, sides

straight ; tricliomes 4-5 ji

broad Z. AAnaequalis.

b'. Akinetes 16-30 [i long, often

slightly constricted in

center, often in catenate

series: trichomes 5-8 n
^ , 4. A.catenula.
broad

b Vegetative cells mostly with pseudo-

vacuoles; trichomes 5-7 ji broad;

akinetes 17-26 ^ long 5. A, aUims,

B Trichomes variously curved:

1 Trichomes interwoven in a jelly layer:

o AViTiPtes cylindrical, usually in series,

" ^"fa miss at een;er of colony 6. A. Lemmermann.

b. Akinetes curved, solitary or in short

^
catenate series •;

" " *

2. Trichomes single, regularly spirally

twisted; akinetes at first round, later

slightly elongate:
spiroides.

a. Trichomes 6.5-8 yi broad »• ^' ^^

h Trichomes 11-14 \l broad
b. iricfloiix t*

ssi. A. spiroides y&T.crassa.

II. Akinetes contiguous to heterocysts on each side,

cylindrical: ^- oa \.^r^nA

A. Trichomes 12 ^. broad; akinetes 15-20 jt broad,
^ ^ ^^^^^^^^

50-90 n long
"• "•

B. Trichomes 4-6 ^ broad; akinetes 5-10 ^ broad,

16-40 |i long

:

1. Apical cell rotund; wall of mature akxnete

^^ ^ ^^^.^j^^.^.^,,.

pale soot-colored
"•

2. Apical cell acute conical; wall of mature

akinete colorless
'^^^o^i^ioides var. stenospora.

Pound once as scattered tilaments in *

bloom".—Falmouth :
14.

„ ,,, fi=

2 *Anabaena aequalis Borge., Arkiv. f
.
Bot. 6 (1) = P^ «^

^„ <^ VI 109^; n 318 Trichomes united in a blue-green

1907. Geitler 1925j.
318.J^ ^^^^ barrel-shaped;
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5-7 |j broad, 21-41 [x long.—Among water plants at edge of pond.

—Falmouth :' 18 ; Islands : 15 ; 37 ; 40 ; 50 ; 178.

3. *Anabaena inaequalis (Kiitz.) Born. & Flah. Tilden, 1910,

p. 191.—At edge of small ponds, floating or clinging to other

algae.—Islands : 53.

4. Anabaena catenula (Kutz.) Born. & Flah. Tilden, 1910,

p, 191.—^With other algae in small ponds, once forming a scum

along the edge of Dune—S Pond (Islands: 40).—Falmouth: 25,

Islands: 40; 41; '*Dune Pond'' (Local list).

5. *Anabaena affinis Lemm. Smith, 1920, p. 57.—In plankton,

forming a *' water bloom" in one corner of Morse Pond (Fal-

mouth : 144) in August, 1933.—Falmouth : 13, 144.

6. *Anabaena Lemmermani P. Richter. Smith, 1920, p. 61.—

In plankton.—Falmouth : 7 (Akinete masses only).

7. *Anabaena flos-aquae (Lyngb.) Breb. Smith, 1920, p. 60.—

Islands: 107 (Herbarium).

8. **Anabaena spiroides Klebahn, Flora 80, p. 268, pi 4, figs.

11-13, 1895. Geitler, 1925, p. 325. Trichomes solitary, free-

floating, regularly spirally wound, with thick sheath; vegeta-

tive cells almost spherical, mostly somewhat shorter than broad

;

heterocysts almost spherical; akinetes at first spherical, later

slightly bent, in optical section almost 6-sided ; cell contents with

pseudovacuoles ; cells 6.5-8 m broad, heterocysts 7 \x broad, akin-

etes 13-14 n broad, 16 m long, spirals 45-54 p broad, 40-50 m be-

tween turns.—Found in plankton mixed with A. spiroides var.

crassa.—Falmouth: 20; 97.

8a. Anabaena spiroides var. crassa Lemm. Smith, 1920, p. 59.—

Forming a *' water bloom" in August and September, often with

A. spiroides and Microcystis spp.—Falmouth : 20, (Local list)

;

97.

9. Anabaena Bornetiana Collins. Smith, 1920, p. 58.-Fal-

mouth: 25; 26 (Local list); Islands: ^* Tarpaulin Cove Pond"

(Local list).

10. Anabaena oscillarioides Bory. Tilden, 1910, p. 193.—

''West Falmouth" (Collins, Pycotheca No. 656).
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Tilden, 1910. p. J^»*-

(Herbarium). ^ ^nabaena from

U. Anabaena spp. Umdentxfi ^ specxes of
^^ ^^ ^^ ^ ^^ ^

Ither localities:
Fal-outh : 1 ; 6 ; 7 21 24 ,

^^^ ^^^^ ^^^^

81^ 93; 135; 157; Islands: 3; 17, 3&,o ,

231.
2. NOSTOC

/x^-*„ A TTariot TUden, 1910, p. 164.—

Islands: Tarpauim
.f Nostoc from other locali-

3.
APHANIZOMENON

.(T.I TUlfs Smitk, 1920, p. 61
—

1.
Aphanizomenonflos-aquae 0^)

M^^^
^^^^ ^^^^^^^,1^ ,^.

Seen for the first time in 1934 mo^^ «

served ponds in the region.-Falmoutn

.

4.
CYLINDROSPERMUM

T Akinetes soUtary or rarely in twos:
i. C.mojiM.

A Outer wall of mature aiinete punctate

B Outer wall of mature akinete smooth

.

^ ^ ^^^^^j,.

1 Akinete cylindrical, 32-40 n long
^ ^ ^useicola.

2. Akinete oval, 10-20 ^^I-^^ZIZ...^-- *• C- ««*«'«•*««•

II. Akinetes 2-8 in catenate series, wall smoo

• > TTfltT Tilden, 1910, p. iy».—

1. cylindrospermum "'J"'J^f^, „j drying poni-Frf-

'^"t^r^ rWaX 10? (Herb»i»M) .
Pe»i^- I..

(Hazen,1924).
.irutz ) Born & Flah. Tilden.

2. *Cylindrospermum stagnale (Kutz.) Born

iQin n 198—^Falmouth :
79.

1910, p.
^.^^^^_ ^3^0^ p. 200.-

3. Cylindrospermum muscicoia ja.u

Falmouth: 115. om _
,. c,lindr,.pe™u„ c,.ena«m Kalt.. TMen, 1910. p.

201.

' 'Volvox Pond' ' (Local list)

.
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5. NODULARIA
I Filaments less than 8ji broad; vegetative cells half

as long a^ broad or longer • L N,Harveyana.

II Filaments 8-18 a broad ; vegetative cells less than

half as long a« broad 2. N, spumigena.

1. Nodularia Harveyana (Thwaites) Thur. (incl. N, paludosa

WoUe). Tilden, 1910, p. 182.—Islands : Penikese Is. (Hazen,

1924) ; ''Tub Pond" (Local list), (Herbarium).

2. *Nodularia spumigena Mertens. Tilden, 1910, p. 184.—

Falmouth : 97 ; Islands : 4 ; 53.

SCYTONEMATACEAE

1. SCYTONEMA

I. Sheaths very wide; filajnente up to 25 ji broad;

trichomes 7 p, broad - ^' ^' ^^^^^*-

II. Sheaths rather narrow; trichomes more than 7 m-

broad:

A. FUaments 12-16 ^l broad; trichomes 10-14 ji

broad; branching and heterocysts frequent 2. S.archangeUu

B FUaments 16-36 ji broad; trichomes 14-30 ji

broad; branching and heterocysts often very ^
. . ^

'

3. 8. cincmnatum.
scanty

1 **Scytonema Cookei West., Jour. Roy. Microscop. Soe. 1892

:

p 740 1892. Geitler, 1925, p. 270. Plant mass flocculent,

woolly, green to brown; filaments long; false branches m pairs;

sheaths firm, lameUated, usually golden to brown; cells abnost

quadrate; heterocysts elongate or oval; filaments 25m broad,

trichomes 7 n broad.-In quiet water in a large pond; rare.-

Falmouth: 6.

2. *Scytonenia archangelii Bom. & Flah. Tilden 1910, p.

213.-In stiU water in a large pond ;
rare.-Falmouth

:

6.

3. *Scytonema cincinnatum Thur. (8. crispum (Ag
)

Born^

Tilden, 1910, p. 214.)-Variable in abundance of heterocysts

and branches, but constant in macroscopic appearance and oc-

currence.—Falmouth : 14, (Local list) ; 20 ;
79.

2. TOLYPOTHRIX
I. Aquatic:

A. Sheaths thin, less than 2 (i thick:
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1 Cells quadrate or longer than broad; filaments

nat more than 2 em long:
^^^^^_

a. rilaments 8-10 ^
broad •

b. Filaments 9-12.5 n broad •-• "••• "•

2. Cells quadrate or shorter than broad; filaments
.

up to 3 cm. long, 10-15 ^ broad ^^^_ i- ^-'^

B. Sheaths thick; filaments 2-3 --•
J^'^f' ^'f

''
>*

, ^j^^j^.ta.

broad; cells quadrate or longer than broad ...^.. *• .i-

'

II. Subaerial; sheaths very delicate; bra^ebes
'^^;^ ^^^^^^^^^^

erect

• -cu, TililPTi 1910 p. 229.—Falmouth:
1. Tolypothrix tenuis Kutz. iuaen, i»a", y-

140 ; Islands : 35.

9 TolvDOthrix lanata (Desv.) Wartm. TUden, 1910, p. 230.-

DJtin. in tSts up to 6 cm. big at the edges of many large

poCoftl 5*ed up 10 cm. deep on the «.^ore; the^.o.mon

est and most abundant species in this ^^g^;"^,^?'';^^;^':

(Local list) ; 14; 18 (Staff) ; 19; 20, (Local list)
;
26, Islands.

Q. 224

3'
Tolypothrix distorta (Fl. Dan.) Kiitz. Tilden. 1910, p.

231.-Falmouth : 1 ; 13 ; 14 ; 145 ; Islands :
35.

4. *Tolypothrix limbata Thur. Tilden, 1910, p.
234.-Fal-

mouth ; 1 ; 19 ; Islands :
100.

5 Tolypothrix byssoidea (Berk.) Kirchn Tilden, 1910, p.

233.-''On living oak. Woods Hole" (Herbarium).

3. MICROCHAETE

1 Microchaete naushonensis Collins, Rhodora 20: p. 141.

1*918 FUaments straight or subflexuous ;
sometimes erect, usual-

ly prostrate; sheaths thin, membranous even, l^^aline; ceUs

Lnt as long as broad, lower cells rounded, moniliform
;

basal

fe crocks globl or s;mewhat flattened above, sometimes soli-

Lt CO—ly 1-3 cylindrical heterocysts
-f -^^^f/^^^'

intercalary heterocysts and spores not observed; trichomes &-7 p

broad, basal heterocyst 5-6 , broad, cylindrical heterocysts 7-8 ,

broad 10-17 m long.-On leaves of Sphagnum and other water

plant; occasionally on Oedogonium. "Tarpaulm Cove Pond

(CoUins, 1918A).
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STIGONEMATACEAE

1. STIGONEMA
I. Trichomes partially uni- and partially biseriate; fila-

ments less than 40 n broad

:

A. Filaments 20-36 n broad; heterocysts scattered 1. S. anomalum.

B. FUaments 35-45 n broad; heterocysts rare 2. S.ocellatum.

II Trichomes multiseriate ; filaments 40-70 n broad;

heterocysts numerous, collateral 3. S. mforme.

1. Stigonema anomalum Blanchard, Rhodora 15: p. 194, ipl.

105, iigs. 1-8. 1913. Filaments unattached, repeatedly branched

in every direction or somewhat secundly ; branches patent, of the

same size as the primary filament or sometimes thinner
;
all pro-

ducing hormogones; cells shorter than broad; filaments 20-3b p

broad, sheaths 4-8 n thick, hormogones up to 196 p long Form-

ing loose clumps free-floating among other, mostly blue-green

algae.—" In shaUow water near beach, abundant and fine. —

Islands : 35 (Local list)

.

2. Stigonema ocellatum (Dillw.) Thur. Tilden, 1910, p. 246.-

Forming a blackish, felt-like layer on submerged stems m pon^,

swamps and ditches.-This has, by some collectors, ^een consid-

ered as identical with the preceding species, so it is possible that

the first and last of the records below may refer to S anomalum.

'' Falmouth'
' (CoUins, Phycotheca No. 455) ; 9 ;

10
;
98

;
Islands

:

35 (Staff).

3. *Stigonema informe Kiitz. Tilden, 1910, p. 249.-Rare.-

Falmouth: 9.

2. HAPALOSIPHON

1. Main filaments 12-24, broad; sheaths thick; cells of
^^_^^^_

branches 1-2 times as long m broad ••• - f

II. Main filaments 6-10, broad; deathsJhm; cells of

branches 3-4 (-8) times as long as broad '••

1 Hapalosiphon pumilus (Kiitz.) Kirchn. {E.Jontinalis (Ag/)

Born, tilden, 19l'o, p. 239.)-Falmouth: 13 Herbanum)
;
18;

88- Islands: "Tarpaulin Cove Pond" (Collins, 1918A).

2. Hapalosiphon hibernicus W. & G S. West. Jour. Roy

Microsc.Soc.l896:p.l63. 1896. G^itler, 1925, p. 197. Fila

14
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nxents solitary among other algae, somewhat ^-^^
^^^^^^^^^^

ed • cells rounded quadrate to almost cylindrical or shorter than

br^ad branches erect, thinner than the main filaments single or

LTwo's
"

threes, long and often -branched; cells o branches

3-4 (rarely 8) times as long as broad; mam filaments 7 2-9.5 p

b^ad- branches 4.5 m broad.-Dull or bright blue-green fuzz on

^Ze ged stems; v'ery common, often *
W^-^^-^^i-^J^J^

!

n 12 26 (Local list) ; 28; 30; 86; 87; 88; 96; 134, 136; 138,

J39; 166; 167; 168; Islands: 16; 63; 99; 222; "Tarpaulin Cove

Pond" (CoUins, 1918A).

3. FISCHERELLA

1 **Fischerella maior Gom. Joum. de Bot. 16 : p. 299 1902^

Geitler 1925, p. 182. Main filaments creeping, much bent, united

fn a thick b;own green layer with a fairly thick golden brown

sheath; cells cylindrical to almost round; branches erect, in

bundles, often rebranched; cells of branches almost quadrate;

heterocysts scarce ; hormogones long, broader at one end, elub-

Tpedfmain filaments 8-16 , broad cells 6-8 . ^roa^
=
^-ches

6-12 n broad; cells 4-10 n broad.—Falmouth : 26; 87 (Staff).

RIVULARIACEAE

1. CALOTHRIX

1. Plants epiphytic; filaments less than 10 ^ broad;

eheathfl colorless:

A. ruaments 5-7.5 ^ broad; sheaths thick; heterocysts

solitary ; akinetes absent ^- ^- ^ '^ "

B. FUaments 8-10 ^ broad; sheaths thin papery;

heterocysts in pairs; akinetes present 2. C.stagnaM.

n. Plants living on stones and wood:
Braunii

A. Filaments 9-10 n broad; sheaths narrow, colorless . 3. C. Braunn.

B. FUaments 10-12 ^ broad; sheaths thick, yeUow-^
c.parietina.

brown

1.. Calothrix epiphytica W. & G. S. West. Tilden, 1910, p.

265.—Penikese Is. (Hazen, 1924).

2. Calothrix stagnalis Gom. Tilden, 1910, p. 265.-Islands: 38.

3 Calothrix Braunii Born. & Flah. Tilden, 1910, p. 269.-

With Leptosira Medecinia on submerged board m small pond.—

Nonamesset Is. (CoUins, Phyeotheea No. 1630).
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4. Calothrix parietina (Nag.) Thur. Tilden, 1910, p. 269.—

On rock.—Falmouth : 1 (Farlow, 1881) ; Islands: 35 (Local list).

2. DICHOTHRIX

1. Dichothrix Baueriana (Grun.) Born. & Flah. Tilden, 1910,

p. 276.—Forming soft mats 1-2 cm. thick on submerged rocks

at edge of certain large ponds; constant in occurrence.—Fal-

mouth; 19; Islands: 3, (Collins, Phyeotheea No. 1721).

3. RIVULARIA

1. *Rivularia Bornetiana Setch. Tilden, 1910, p. 292.—

Islands : 36 (Local list)

.

4. GLOEOTRICHIA

1. *Gloeotrichia natans (Hedw.) Kab. {Bivularia natans

(Hedw.) Welwitsch. Tilden, 1910, p. 285.)—Forming soft balls

on stones.—Falmouth : 13.



RHODOPHYCEAE
Key to the Woods Hole Genera

I. Sub-aerial; unicellular
PorphyH^mm (p. 30).

II. Aquatic; filamentous, branched:

A. Lateral branches arising singly; filament,

except at apex, composed of an axial

row of very large cells surrounded by

a corticating tissue Compsopogon (p. 30).

B. Lateral branches born in tufts; filament

composed of a conspicuous central axis

bearing whorls of lateral branches Batrachospermum (p. 30).

ERYTHROTRICHIACEAE

1. COMPSOPOGON

1 Compsopogon coeruleus (Balbis) Mont., Exploration scienti-

fique de TAlgerie Algues. 1: 154. 1846; Sylloge generum,

etc. p. 462. 1856. Thallus macroscopic, filamentous, branching

;

branches near apex consisting of a uniseriate row of discoid

cells, elsewhere composed of an axis of very large cells sur-

rounded by corticating parenchyma; reproduction by large or

smaU neutral spores aggregated in papillate outgrowths of the

cortex, soon discharged.—Found once in an artificial pool m
** large floating masses'' in the summer of 1914, gone in 1916

and never found again ;** perhaps crowded out by a large species

of Cladophora which has spread over the bottom of the pond.

—''Crane's Water Garden" (Collins, 1916).

PROTOFLORIDEAE OF UNCERTAIN POSITION

1. PORPHYRIDIUM

1. *Porphyridium cruentum Nag. Tilden, 1910, p. 297.—

Forming a thin dryish layer on packed dirt floor in moist places

in Walsh's Greenhouse in Woods Hole.

BATRACHOSPERMACEAE

1. BATRACHOSPERMUM
I, Eeproduction sexual:

A. Fruiting tufts more than 2 in whorl, smaU, scattered:

30
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1. Trichogyne clavate or bottle-shaped:

a. Fruiting tufts entirely inserted in whorl:

1'. Setaceous hairs short, sparse

1. B. moniliforme v. scopula,

2'. Setaceous hairs long, more or less

numerous - - - - 2. B. densum.

b. Fruiting tufts partly exserted 3. B. Corbula.

2. Trichogyne ovoid or ellipsoid 4. B, Boryanum,

B. Fruiting tufts 1, rarely 2, in a whorl, large, in-

serted in center of whorl; trichogyne inverted

cone-shaped:

1. Very gelatinous, branches firm 5. B. vagum,

2. Only slightly gelatinous, branches delicate

5a. B. vagum var. Tceratophytum,

II. Generally sterile, reproduction by monospores

5a. B. vagum var. Iceratophytum.

1. Batrachospermum moniliforme Roth, var. scopula Sirod.

Les Batrachospermes. p. 213, pi. 9, figs. 1-5. 1884. Thallus 2-10

cm. high, dark-colored below, light greenish yellow above, branch-

ing irregular, stiff and broom-like ; whorls disc-shaped, compact,

contiguous only in the middle region; hairs short and sparse,

swoUen at the base; monoecious; trichogynes clavate to urn-

shaped; gonimoblasts small, many in a whorl.—On rock in

springy corner of large pond.—Falmouth: 19 (det. Skuja).

2. *Batrachospermum densum Sirod. Les Batrachospermes.

p. 228 ;
pi. 12, figs. 1-2

;
pi 13, figs. 1-11

;
pi 14, figs. 1-14. 1884.

Pascher & Schiller, 1925, p. 179. Thallus 4-8 mm. high, grey

with a strong tinge of olive-green, more or less gelatinous, richly

branched on all sides; old shoots wintering over and richly

prolific next year; older part of the thallus often golden to

golden brown; whorls disc-shaped, close together; hairs often

very long, more or less numerous, swollen at the base
;
monoeci-

ous ; fruiting tufts entirely inserted ; trichogynes clavate
;
gonimo-

blasts small, rounded, one to several in each whorl.—Growing

with B. momliforme v. scopula on rock in springy corner of

large pond.—Falmouth : 19 (det. Skuja).

3 *Batrachospermum Corbula Sirod. Les Batrachospermes.

p. 226, pi 5, figs. 1-3
;
pi 6, figs. 9-14. 1884. Thallus up to 5

cm high, greenish gray with a red tinge, very gelatinous
;
plants

m
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in clusters; bushy; branching regularly alternate; whorls large,

generally Contiguous except in the -id^lereg-n; haxrs short

scarcely swollen at the base; monoecious; fruiting tufts partly

exserted; trichogynes claviform; gonimoblasts voluminous.-

Islands: 36 (det. Skuja).

4. Batrachospermum Boryanum Sirod. I^es Batrachospermes.

t, 246 vl 29, figs. 1-5 ;
pi. 30, figs. 1-5 ;

pi. 31, figs. 1-6 1884.

Lchl & SaUler, 1925, p. 186. Thallus 2-10 cm. high, gray

with a tinge of brown or golden to golden-green, very gelatin-

ous; regularly richly branched on all sides; whorls dense, more

or less remote from one another; hairs sparse, short not notice-

ably swollen at base; dioecious; fruiting tufts inserted; tricho-

gynes elliptical or egg-shaped; gonimoblasts small, round

many in each whorl.-' < On pipe at lower spring exit near Sheep

Pond."—Islands: 35 (Staff- det. Skuja).

5. Batrachospermum vagum (Roth) Ag. Systema algarum. p.

52 1824. Pascher & Schiller, 1925, p. 190. ThaUus 2-20 cm.

high, green with a tinge of blue-green, golden-green or obve-

gree^, more or less gelatinous; richly and irregularly branched;

whorls remote from one another only on the youngest^branches

elsewhere mingling with the secondary shoots from the cortical

cells. Hairs relatively long, more or less numerous ;
monoecious

;

trichogynes inverted cone-shaped ;
gonimoblasts large, usual y

oXS^in each whorl.-Palmouth : 23 (Staff- det. Skuja);

Islands: "Dune Pond" (Staff- det. Skuja).

5a. Batrachospermum vagum var. keratophytum (Bory)

Sirod. Les Batrachospermes p. 264, pi. 34, fig. 3; pi. 35 fig. 6;

pi. Z7, figs. 1-9; pi. SS, figs. 12-U. 1884. Pascher & Schmer,

1925 p 190. Less gelatinous and with finer branches
;
reproduc-

tion by means of monospores; often remaining sterile; growmg

in still or flowing water.-" Shallow pond 2 mi. southwest of

Hatchville" (Local list)

.

HETEROKONTAE
Key to the Woods Hole Genera

I. Plants microscopic, aquatic, free-floating or at-

tached :

A. Plants unicellular, solitary or colonial, not fila-

mentous :

1. Plants epiphytic; cells small, each enclosed

by a hyaline pitcher-shaped envelope,

attached to substrate by a fine, hair-

like stalk Stipitococcus (p. 33).

2. Cells mostly free-floating or when epiphytic

not enclosed by pitcher-like envelopes:

a. Free-floating; cells sperical, ovoid or

cuneate, never elongate:

1'. Cells solitary, large Botrydiopsis (p. 34).

2'. Cells united in colonies:

a'. Colonial envelope watery with

a smooth surface Chlorolotrys (p. 34).

b'. Colonial envelope tough and

wrinkled Botryococcus (p. 34).

b. Attached or free-floating, cells more

or less ovoid and provided with a

stalk, or cylindrical, often curved:

V, Cells small, not cylindrical, always

attached at one end by a gela-

tinous stalk with a discoid

base Characiopsis (p. 35).

2'. Cells cylindrical, often much

longer than broad ; ends

rounded, often swollen, fre-

quently provided with a spine

;

free-floating or attached by

spine Ophiocytium (p. 36).

B. Plants filamentous; wall of filament composed

of a linear file of H-shaped pieces which

alternately overlap one another Tribonema (p. 36).

II. Plants macroscopic, bulbate, terrestrial; attached

to mud by branching rhizoids Botrydvum (p. 37).

STIPITOCOCCACEAE

1. STIPITOCOCCUS

1. Stipitococcus urceolatus W. & G. S. West, Jour, of Bot. 36

:

p. 336. 1898. Pascher, 1925, p. 27. Cells epiphytic, gregarious,

33
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minute ; affixed by a long hyaline stipe ; with a sub-rotund base

;

with an apex often apiculate, sometimes becoming irregularly

expanded ; circular from the vertical view ; cell contents granu-

lar pale green, with a single, curved, irregular parietal chro-

matophore; cells 3-4.2 p broad, 6.5-10.5 m high; stipe 4-6 M ong.

Epiphytic on Mougeotia, Zygnema and Oedogomum,— Woods

Hole'' (Poulton, 1930).

HALOSPHAERACEAE

1. BOTRYDIOPSIS

1 Botrydiopsis eriensis Snow (incl. B. minor Chod.) Collins,

1909, p. 93.-^* Falmouth'' (Poulton, 1930); ^Cuttyhunk Is.

(Poulton, 1930).

BOTRYOCOCCACEAE

1. CHLOROBOTRYS

I. CeUs 10-27 pi broad ; chromatophores 6-30 in each cell.

II. CeUs 11-12 ji broad ; chromatophores 1-4 in each ceU

1 Chlorobotrys regularis (West) Bohlin. Smith, 1920, p. 82.

-In soft balls like C/iae^op/iora.-Falmouth : 20; *^ Falmouth

(Poulton, 1930).

2 Chlorobotrys stcUata Chod. in E. M. Poulton, Bull. Soc.

Bot. Geneve 17 : p. 33, figs. 1-2. 1925. Cells spherical, solitary,

in pairs or irregular groups of up to 30 cells, adhermg by a

colorless pectic membrane ; cell wall transparent, resistant, of

regular outline; chromatophore yellow-green, 1, sometimes frag-

menting into 3 or 4; asexual spores and daughter cells sometimes

stellate; vegetative cells 11-12 m
broad.-^^Nonamesset Is.

(Poulton, 1930).

2. BOTRYOCOCCUS

1. Botryococcus Braunii Kiitz. Smith, 1920, p. 84.—Very com-

mon, often abundant.-Falmouth : 1 ; 10 ; 13 ; 14 ; 18 ; 24 ; 25 ; 26
•

29; 30; 31; 73; 74; 87; 91; 93; 96; 115; 133; 134; 168; 170

Islands: 15; 16; 35; 46; 53; 57; 59; 63; 65; 99; 190; 193; 200

-Cuttyhunk Is.'' (Poulton, 1930) ; Penikese Is. (Hazen, 1924)

1. C. regularis.

2. C.stellata.
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CHLOROTHECIACEAE
1. CHARACIOPSIS

I. Stalk short, less than half as long as cell:

A. Cell ovoid, with rounded apex; wall at apex thick-

ened into a conspicuous hemispherical cap 1. C. pileata.

B. Cell lanceolate or falcate with acute apex; wall not

thickened

:

1. Cell more or less falcate; base shortly attenu-

ate to a very short stipe 2. C. suhulata.

2. Cell lanceolate, straight or very slightly curved

;

base gradually attenuate to a short stipe 3. C. minuta.

II. Stalk long, at least half as long as cell

:

A. Apex acute:

1. Stalk half as long as cell, gradually widening

at base ; cell usually not oblique 4. C. minor

2. Stalk half to twice as long as cell, with basal

disk ; cell suberect to inclined 5. C. longipes.

B. Apex obtuse ; cell rounded above, tapering below 6. C. pyriformis.

1. Characiopsis pileata Copeland, in Lewis & Taylor, Rhodora

30 : p. 194, figs. 1-2. 1928. Cells ovoid ; apex rounded, with the

apical wall thickened to form a conspicuous hemispherical cap

;

stalk short, not expanded into a basal disk; chromatophores 6,

regularly arranged in pairs ; cells 14-19 \i long, 6-7 |j broad.

—

*' Falmouth'' (Copeland, in Lewis & Taylor, 1928); Islands:

**Dune Pond" (Copeland, in Lewis & Taylor, 1928), (Local

list).

2. Characiopsis subulata (A. Br.) Borzi. Collins, 1909, p. 100;

1918, p. 6.—Islands : 46.

3. Characiopsis minuta (A. Br.) Borzi. Collins, 1909, p. 99;

1918, p. 5.—On Oedogonium; scarce.—Falmouth : 1.

4. Characiopsis minor Pascher, Heterokontae. In A. Pascher,

Die Susswasserfl. Deutschl., Osterr, u. d. Schweiz. 11: p. 65,

fig. 49. 1925. Cell ovoid, short acuminate at each end, often

obliquely bent ; stalk half as long as cell, broadening gradually

from middle to base, merging into disk; mostly with 4, rarely

more chromatophores; cells 10-15 \x long, 6-8 p broad.—**Woods

Hole'' (Poulton, 1930).

5. Characiopsis longipes (Rab.) Borzi. Collins, 1918, p. 6.—

''Woods Hole" (Poulton, 1930) ; Islands: 16.
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6. Characiopsis pyriformis (A. Br.) Borzi. Collins, 1918, p. 5.

—*' Woods Hole" (Poulton, 1930).

OPHIOCYTIACEAE

1. OPHIOCYTIUM

I. Cell bearing a stipe or spine at one or both ends:

A. Stipe with a capitate end, cell 8-17 ja broad 1. 0, majus,

B. Stipe or spine acute ; cell 5-10 \x broad

:

1. Spine at one end 2. 0. cochleare,

2. Spine at both ends 3. 0. capitatum,

II. Both ends rounded without stipe or spine ; cell 3-9 \i

broad ^' O.parvulum.

1. Ophiocytium majus Nag. Collins, 1909, p. 94.—Scattered

sparsely among other algae, at edge of pond.—Falmouth: 18;

Islands: 35; 53; **Cuttyhunk Is.'' (Poulton, 1930).

2. Ophiocytium cochleare (Eichw.) A. Br. Collins, 1909, p.

94.—^With other algae in small ponds ; the commonest species in

this region.—Falmouth : 1; 26, (Local list) ; 27; 81; 171 (Local

list); Islands: 17; 53; 224; 226; '*Nonamesset Is.'' (Poulton,

1930); **Pasque Is." (Poulton, 1930).

3. Ophiocytium capitatum WoUe. Smith, 1920, p. 86.—With

other algae in small ponds; common but never abundant.

—

Falmouth: 1; 19; 81; 87; 134; Islands: 103; ''Nonamesset Is."

(Poulton, 1930).

4. Ophiocytium parvulum (Perty) A. Br. Smith, 1920, p. 86.

—Falmouth : 1 ; 25 ; 87 ; Islands : 53 ; 226.

TRIBONEMATACEAE

1. TRIBONEMA
I. Chromatopbores 2-4, symmetrically disposed; fila-

ments 5-6 n broad ~ 1. T. minus,

II. Chromatopbores numerous; filaments mostly more

tban 6 p, broad

:

A. Cell wall tbin; filaments 5-20 ji broad; cbroma-

topbores small 2. T, hombycinum.

B. Cell wall tbick ; filaments 11-16 \i broad ; chroma-

topbores large, crowded 3. T, utriculosum.

wWPWMIBilMIHIIIHM
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1. Tribonema minus (Wilk) Hajzen {Conferva minor Klebs.

Collins, 1909, p. 97). Smith, 1920, p. 87.—Forming a floccose

yellowish to greenish mass, generally softer than T, bomhyd-

nvm; abundant throughout the summer.—Falmouth: 94; 133;

Islands: 3; 40; 44; 53; 64; 231.

2. Tribonema bombycinum (Ag.) Derbes & Sol. {Conferva

homiycina Ag. Collins, 1909, p. 96).—Forming yellowish or

whitish floccose masses over the surface of small ponds; most

abundant in spring and early summer; the commonest species

for this region.—Falmouth : 13 ; 20 ; 27 ; 140 ; Islands : 3 ; 4 ; 15

;

41 (Poulton, 1930) ; 46; 57; 59; 99; 217; 220; 227; 228; 233;

'^Nonamesset Is.'' (Poulton, 1930); **Pasque Is." (Poulton,

1930) ; **Cuttyhunk Is." (Poulton, 1930) ; Penikese Is. (Hazen,

1924), (Herbarium).

3. Tribonema utriculosum (Kiitz.) Hazen {Conferva utriculosa

Kiitz. Collins, 1909, p. 97).—Rare in this region.—Falmouth

:

23 (Local list) : Islands: Penikese Is. (Hazen, 1924), (Herbar-

ium).

BOTRYDIACEAE
1. BOTRYDIUM

1. Botrydium granulatum (L.) Grev. Collins, 1909, p. 98.—

Forming glistening green strata on muddy edges of drying ponds

and on damp ground beneath rose bushes; abundant in a few

localities but not common.—Falmouth :
** Woods Hole** (Poulton,

1930) ; Walsh's Rose Garden; Islands: 38; Penikese Is. (Hazen,

1924), (Herbarium).



CHLOROPHYCEAE
Artiticial Key to the Woods Hole Genera (Omitting Zygnematales)i

1.

1.

3.

3.

5.

5.

7.

7.

9.

9.

11.

11.

13.

13.

15.

15.

17.

17.

Vegetative cells flagellate and mobile (Order 1. Volvocales) 2

Vegetative cells not flagellate and immobile 8

2. Cells solitary 3

2. Cells united in motile colonies 5

Protoplast connected with cell wall by means of cytoplasmic processes.

Sphaerella (p. 44)

Proptoplast without cytoplasmic processes 4

4. With 4 flagella:

4a. Cells compressed Platymonas (p. 43)

4b. Cells not compressed - Carteria (p. 43)

4. With 2 flagella Chlamydomonas (p. 42)

Colony a flat plate; envelope of colony without marked anterior

posterior differentiation Gonium (p. 43)

Colony a hollow sphere 6

6. Not over 256 cells in a colony 7

6. With at least 500 cells in a colony Volvox (p. 43)

Cells obpyriform, usually close together Pandorina (p. 43)

Cells spherical, removed from one another Eudorina (p. 43)

8. Cells solitary 9

8. Cells united in colonies 26

Cells siphonaceous 10

Cells not siphonaceous 11

10. Green part of cell unbranehed Protosiphon (p. 65)

10. Green part of cell branched Vaucheria (p. 75)

Within tissues of aquatic invertebrates Chlorella (p.p.) (p. 68)

Not within tissues of aquatic invertebrates 12

12. Cells sessile 13

12. Cells not sessile 14

With a single long seta Chaetosphaeridium (p.p.) (p. 51)

Without a seta, affixed by a narrow stalk Characium (p. 64)

14. Cells angular Tetraedron (p. 71)

14. Cells spherical, ovoid, lunate, or elongate 15

Cells spherical 16

Cells not spherical - 22

16. With smooth walls 17

16. Walls ornamented or with spines Trochiscia (p. 69)

Cells with a conspicuous gelatinous sheath 18

Cells without a gelatinous sheath 20

18. Sheath with many strata, some eccentric Urococcus (p. 44)

18. With relatively few and concentric strata 19

1 For Zygnematales see page 76.

38

iSBSSSB

Woods Hole, Massachusetts 39

19. Chloroplast central and stellate Asterococcus (p.p.) (p. 44)

19. With parietal chloroplast or chloroplasts Gloeocystis (p.p.) (p. 44)

20. Cells large, over 30 ji broad, and with many discoid chloroplasts.

Eremosphaera (p. 69)

20. Cells less than 25 \i broad 21

21. Solitary cells intermingled with cells united in packets.

Protococcus (p.p.) (p. 50)

21. Cells always solitary, with one cup-shaped chloroplast

Chlorella (p.p.) (p. 68)

22. Cells more or less ovoid 23

22. Cells elongate, straight or lunate; ends of cells acute 24

23. Wall heavy and unevenly thickened; chloroplast axial, central, bearing

many pallisade-like processes Kentrosphaera (p. 64)

23. Wall relatively thin; chloroplast parietal; cell reproducing by means

of autospores Oocystis (p.p.) (p. 69)

24. Cell wall with longitudinal ribs and an equatorial transverse rib.

Desmatractum (p. 63)

24. Cell wall smooth 25

25. Cells dividing transversely Ourococcus (p. 45)

25. Cells not dividing transversely Ankistrodesmus (p. 70)

26. Cells seriately united in branched or unbranehed filaments 64

26. Cells not seriately united in filaments 27

27. Colony parenchymatous 28

27. Colony not parenchymatous 29

28. Colony microscopic ; sessile, flattened against the substrate ; cells

bearing setae with sheath at base Coleochaete (p.p.) (p. 50)

28. Colony macroscopic; affixed in basal portion only; colony a

hollow tube with walls 1 cell thick Enteromorpha (p. 63)

29. Colonies simple or branched gelatinous tubes 30

29. Colonies not gelatinous tubes ^^

30. Tubes dichotomously branched ; cells without setae 31

30. Tubes not dichotomous ; cells with setae

Chaetosphaeridium (p.p.) (p. 51)

31. Cells tending to lie in fours Tetraspora (p.p.) (p. 45)

31. Cells not in fours Palmodictyon (p. 44)

32. Colonies aquatic, epiphytic ^^

32. Colonies aquatic free-floating, or subaerial • 34

33. Cells remote from one another in a conspicuous gelatinous matrix;

without setae Apiocystis (p. 45)

33. CeUs close together and not surrounded by a conspicuous gelatinous

matrix; each with a single, simple seta.

Chaetosphaeridium (p.p.) (p. 51)

34. Colony with a wide gelatinous sheath 35

34. Colony without a conspicuous gelatinous sheath 45

35. Cells spherical to subspherical

35. Cells not spherical to subspherical

36
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36. Gelatinous envelope bearing fragments of old mother-cell walls... 37

36. Envelope without fragments of old walls 38

37. Bemains of old walls forming a dichotomously branched system.

Dictyosphaervwm (p.p.) (p. 68)

37. Bemains of old walls not forming a branching system.

Sehiesochlamys (p. 45)

38. Envelope around cells with concentric strata.

Gloeocystis (p.p.) (p. 44)

38. Envelope of colony without concentric strata 39

39. Chloroplast axial and stellate ~ .- Asterococcvs (p.p.) (p. 44)

39. Chloroplast not axial and stellate 40

40. Colony microscopic and spherical; chloroplast of mature cells

cup-shaped - ^.^ Sphaerocystis (p. 44)

40. Colony amorphous and of indefinite extent; cells in groups of

4; pseudocilia often evident - Tetraspora (p.p.) (p. 45)

41. Long axis of cells straight 42

41. Cells distinctly curved 44

42. One pole rounded, the other pointed... Mlakatothrix (p. 45)

42. Both poles pointed or rounded 43

43. Poles pointed or rounded ; all cells with their long axes parallel.

QxLadrigvXa (p. 71)

43. Poles broadly rounded ; cells quadrately arranged in groups of 4.

Crucigenia (p.p.) (p. 75)

44. Cells lunate ; sheaths around groups of 4 or 8 cells indistinct.

Kirchneriella (p. 71)

44. Cells not strongly curved ; sheaths around each group of 4 or 8

cells distinct ~ Nephrocytium (p.p.) (p. 70)

45. Cells spherical 46

45. Cells not spherical 50

46. Cells each with several long setae Micractinium (p. 75)

46. Cells without setae 47

47. With remains of old walls at center of colony 48

47. Without remains of old walls at center of colony 49

48. Old walls forming a branching system.

Dictyosphaervwm (p.p.) (p. 68)

48. Old walls not forming a branching system Westella (p. 68)

49. Colony a hollow sphere - ~ Coelastrum (p.p.) (p. 67)

49. Colony a small packet Trotococous (p.p.) (p. 50)

50. All or certain of the cells in colony curved 51

50. None of the cells curved 53

51. All cells in colony curved 52

51. Some cells curved, some not curved; center of colony with branch-

ing system of old cell walls Dimorphococous (p. 70)

52. Ends of cells pointed ~ ~ ~ .- Selenastrum (p. 71)

52. Ends of cells broadly rounded Nephrocytvum (p.p.) (p. 70)

53. Colony a flat plate or a flat strip 54
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58

55

56

57

53. Colony not a plate or a strip
~

54. Long axes of ceUs parallel to one another Scenedesmus (p. 72)

54. Cells not with long axes parallel

55. Cells in cruciate groups of 4 •• ••••"• """"•

55. Cells not in cruciate groups of 4 I^edia^trum (p.p.) (p. 65)

56. Outer face of cells not emarginate

56. Outer face of cells emarginate or incised.

Pediasirum (p.p.) (p- 65)

57. Cells without spines ,Crv^igenui (p.p.) (p. 75)

57. CeUs ynih spines
Tetrastrum (p. 75)

58. Colony a reticulate sac of cylindrical cells.

Hydrodictyon (p. 67)

59
58. Colony not a reticulate sac

^^
59. Colony a hollow sphere

^^
59. Colony not a hollow sphere •;

" "

"

—
60 Outer face of cells without spines .Coelastrum (p.p.) (p. ^)
60 Outer face of cells with short blunt spines Sorastrum (p. 67)

61. Colony surrounded by the greatly expanded old mother-cell wall.

•^ Oocystis (p.p.) (p. 69)

61 Colony not surrounded by the old mother-cell wall ^2

62. Cells fusiform; colony 4-celled in 2 parallel series.

Tetrademus (p. 75)

62. Cells polygonal by mutual compression.
^

Protococcus (p.p.) (p. 50)

64
63. Filaments unbranched

^^
63. Filaments branched

"'" ""'
,

64. Filaments with transverse walls; chloroplast or chloroplasts

^^

64. Fif^ente without transvei^ walls Va^herui (p.p.) (p. 75)
^^

65. Filaments enclosed by a gelatinous sheath
^^

65. Filaments not enclosed by a sheath ;;:"", ": Z In 7'n 46^
66. Poles of cells flattened :

^^'^^ ^^'^'^ ^^' ^^^

67

66 Poles of cells rounded " " *""

^^' 7J __^_ Cylindrocapsa (p. 48)

Iways touching one

Badiofilum (p. 47)

67

" r::=i"rur.phi». .. ~>»'^^. -•'"-'"!r
69another

68. Filaments of indefinite length ••••
""•"•

68. FiU^entB always shon, terminal

'^f^l;^^^^^;^^,.^

69. wans of certain eeUs with transverse striae (ap^cal^ps) a^t one

end - - -;
****

70

69 Walls without transverse striae •-

•

70. CeU wan conxposed of interloped H-shapedp^^es.^^^
^^ ^^^

70 CeU waU not composed of interlocked H-shaped pieces ......_.^.- 71

71. Sloroplast with many pyrenoids,. JJHi.oclo«t«n. (p.p.) (p. 51)
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71. Chloroplast a transverse band with few pyrenoids 72

72. Chloroplast a band encircling more than half of cell.

Ulothrix (p.p.) (p. 46)

72. Chloroplast encircling less than half of cell, almost as long as

cell Stichococcus (p.p.) (p. 47)

73. Filaments without cross walls Vmicheria (p.p.) (p. 75)

73. Filaments with cross walls 74

74. Filaments with setae or with unicellular spines 75

74. Filaments without setae or spines 77

75. Setae delicate with base enclosed by a sheath.

Coleochaete (p.p.) (p. 50)

75. With spines that are without a basal sheath 76

76. Bases of spines large and bulbous; chloroplast parietal and

reticulate ~ Bulhochaete (p. 51

)

76. Bases of spines not markedly bulbous ; entire filament prostrate.

Aphanochaete (p. 50)

77. Branches closely appressed to form a pseudoparenchymatous tissue

more than 1 cell thick > Gongrosira (p.p.) (p. 51)

77. Branches not forming a pseudoparenchymatous tissue 78

78. Ends of branches acutely pointed 79

78. Ends of branches broadly rounded 82

79. With a broad-celled main axis and short lateral branches.

Drapamaldia (p. 49)

79. With all branches approximately the same breadth 80

80. Plant body macroscopic, of definite shape.

Chaetophora (p. 49)

80. Plant body microscopic, of indefinite shape 81

81. Ends of branches attenuated into multicellular hairs.

Stigeoclonium (p. 48)

81. Ends of branches not attenuated into multicellular hairs.

Leptosira (p. 51)

82. Filaments with very short lateral branches.

Bhisfoclonium (p.p.) (p. 51)

82. Filaments with well developed branches 83

83. Chloroplasts with numerous pyrenoids » Cladophora (p. 51)

83. Chloroplasts with less than 5 pyrenoids 84

84. Branches tending to be unilateral Microthamnion (p. 49)

84. Branches not tending to be unilateral...Gonprostra (p.p.) (p. 51)

CHLAMYDOMONADACEAE
1. CHLAMYDOMONAS

1. Chlamydomonas sp.—Falmouth: 2; ** Supply Department

tubs''; Islands: 41; 59; Penikese Is. (Hazen, 1924), (Her-

barium).

2. CARTERIA

1. Carteria sp.—Falmouth : 2; Islands: 39 (Local list); 40

(Local list).

3. PLATYMONAS

1. Platymonas subcordiformis (Wille) Hazen in Lewis &

Taylor, Rhodora 23 ; p. 249, pi 133, figs. 1-19, 1921. Cells soli-

tary, smaU, actively motile ; oval and flattened in surface view,

1 face convex, the other nearly flat ; depression at anterior end

with one lip higher than the other ; 4 flagella ;
chloroplast single,

usually cup-shaped, sometimes cylindrical, at times 2-4 lobed

anteriorly, with a single cup-shaped pyrenoid ;
single nucleus

;

large eye-spot in posterior third of cell ; cell wall delicate. Peni-

kese Is. (Hazen, 1924), (Herbarium).

VOLVOCACEAE

1. GONIUM

1. Gonium pectorale Muell. Smith, 1920, p. 94.-Falmouth

:

77 ; Islands : 35.

2. PANDORINA

1 Pandorina morum Bory. Smith, 1920, p. 95.-Among other

algae in small ponds, most abundant just before pond dries.-

Falmouth : 2 ; 19 ; 79 ; 140 ; Islands 59 ; 65 ; Penikese Is. (Hazen,

1930).
3. EUDORINA

1 Eudorina elegans Ehr. Smith, 1920, p. 96.-In plankton

of large ponds.-Falmouth : 9; 29; 115; Islands: 35.

4. VOLVOX

1 Volvox globator L. Smith, 1920, p. 98.-Fairly constant in

occurrence in certain large and very small ponds, the abundance

varying with the season, most abundant in July
;

forming a

^W^r bloom^' in Oyster Pond (Falmouth : 20) m the first week

of July in 1930 and 1931, very scarce there m 1^32 1933 and

1934; very abundant locally in Trout Pond (Falmouth: 79) in

July in 1932 and 1933, scarce there in 1934---Falmouth: 20;

75; 79; -Woods Hole^ (Collins, Phycotheca, No. 1264),

Islands: 35.
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1. SPHAERELLA

1. Sphaerella lacustris (Girod.) Wittr. (Haematococcus pluvi-

alis Flotow in Collins, 1909, p. 130).—Forming a thick red layer

on old linoleum, etc., on bottom of a dry reservoir on Penikese

Is._Islands: Penikese Is. (Hazen, 1924), (Herbarium); Res-

ervoir on Penikese.

PALMELLACEAE
1. SPHAEROCYSTIS

1. Sphaerocystis Schroeteri Chod. Smith, 1920, p. 101.—In

plankton and with other algae at edge of pond.—Falmouth ; 2

;

6 ; 7 ; 9 ; 27 ; 88 ; Pond near Hatchville ; Islands : 41 ; 46 ; 58.

2. GLOEOCYSTIS

1. Gloeocystis gigas (Kiitz.) Lagerh. Smith, 1920, p. 101.—

In swampy localities, with other algae ; scarce.—Falmouth : 10

;

Islands: 37.

3. UROCOCCUS

I. Urococcus insignis (Hass.) Kutz. CoUins, 1909, p. 306.—

Falmouth: 26 (Local list).

4. PALMODICTYON
I. Individual ceU sheath distinct 1. P. viride,

II. Individual cell sheath lacking 2. P. varium.

1. Palmodictyon viride Kiitz. Collins, 1909, p. 310; 1918,

p. 25.—Falmouth: 25 (Local list); 26 (Local list); Islands:

'* Tarpaulin Cove Pond'' (Local list).

2. Palmodictyon varium (Nag.) Lemm. Collins, 1909, p. 140;

1918, p. 25.—Falmouth: 115; Islands: Penikese Is. (Hazen,

1924).

5. ASTEROCOCCUS
I. Sheath homogeneous ; cells 7-35 ji, always in colonies.

1. A, limnetictLS.

II. Sheath lamellated; cells 25-35 ji, solitary or in

colonies 2. A.superhus,

139.

1. Asterococcus limneticus G. M. Smith. Smith, 1920, p. 104.—

In the plankton of large ponds; scarce.—Falmouth : 14; 30;

Islands: 44; Penikese Is. (Hazen, 1924).

2. Asterococcus superbus (Cienk.) Scherffel. West & Fritsch,

1927, p. 90.—Among other algae in small ponds and ditches;

much commoner than A. limneticus.—Falmouth : 2 ; 11 ; 12 ;
13

;

18; 23; 25 (Local list) ; 29; 74; 115; 166; 167; 168; Islands: 35

(Lewis & Taylor, 1921), (Local list).

TETRASPORACEAE

1. TETRASPORA

1. Tetraspora lubrica (Roth) Ag. Collins, 1909, p.

Islands: 64.

2. Tetraspora spp. Falmouth: 138; 139; Islands: 36.

2. APIOCYSTIS

1. Apiocystis Brauniana Nag. Collins, 1909, p. 140.—Fal-

mouth: 32 (Staff).

3. SCHIZOCHLAMYS

1 Schizochlamys gelatinosa A. Br. Collins, 1909, p. 167.—

At edge of pond; scarce.—Falmouth : 10; ^'Falmouth'' (Collins,

Phycotheca No. 369) ; Islands: 35.

COCCOMYXACEAE
1. OUROCOCCUS

1. Ourococcus bicaudatus Grobety. Bull. Soc. Bot. Geneve 2

(1) • p. 357. 1909. (Keratococcvrs cavdatus (Hansg.) Pascher,

Die Susswasserfl. Deutschl. Osterr. u. d. Schw. 5(2): 217,

fig 21 1915 ) Cells egg-shaped to spindle-shaped, abruptly

sharpened or tapered at one or both ends; chloroplast delicate^

parietal; pyrenoid usually inconspicuous; cells 4-9 m broad,

^

times as long as broad.-Penikese Is. (Hazen, 1924), (Herbar-

ium).

2. ELAKATOTHRIX

1, Elakatothrix gelatinosa WiUe. Smith, 1920, p. 139.—

"Woods Hole" (Local list) ; Penikese Is. (Hazen, 1924).
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ULOTRICHACEAE

1. ULOTHRIX

I. Filaments less than 10 ji broad; pyrenoid single:

A Filaments less than 7 |i broad: .

1. Filaments 4-5
M.
broad ^' ^- ***

.

2. Filaments 5-6 ^ broad '^-

B. Filaments 7-9 n broad *'•

II. Filaments 11-45 ^ broad; pyrenoids several:

A. Filaments less than 25 [i broad:

1. Cells 1-2 times as long as broad 4. U, aequalis.

2 Cells not more than half as long as broad

:

a. Cells 11 ^ broad 5. U. oscaianna,

b. Cells 15-20 ^ broad 6. ^.
tenumtma.

B. Filaments 25-45 ^^ broad 7. 17. sonata.

1 *Ulothrix subtilissima Rab., Rabenhorst's Kryptogamen-

flora V. Sachs 1 : p. 263. 1863. Heering, 1914, p. 31.-Chloro-

plast with one conspicuous pyrenoid; cells 4-5 m ^^oad, 1-2 or

1-5 times as long as broad.-In quiet or flowing water.- Woods

Hole'' (Local list).

2 Ulothrix variabilis Kiitz. Collins, 1909, p. 183.-On sub-

merged weeds at edge of ponds; not common and never abund-

ant.—Falmouth : 86 ; 146 ; Islands :
231.

3. Ulothrix tenerrima Kiitz. (F. suhtilis var. tenerrima Wolle).

Collins 1909, p. 183.—The commonest species in this region—
Falmouth: 2; 93; 120; 139; Islands: 3; 16; 53; 57; 65; 99;

223 ; 225 ; 227.

4. *Ulothrix aequalis Kiitz. Collins, 1909, p. 184.—Rare.—

Falmouth : 98 ; Islands : 92.

5. Ulothrix osciUarina Kiitz. Collins, 1909, p. 184.-Found in

August; rare.-Falmouth : 26 (Local list) ; Islands: -Tarpaulin

Cove Pond" (Local list).

6. *Ulothrix tenuissima Kiitz. Collins, 1909, p. 183.—Fal-

mouth : 115 ; 139 ; Islands : 15 ; 227 ;
228 ;

234.

7 Ulothrix zonata (Weber & Mohr) Kiitz. Collins, 1909,

p. 184.—A spring form ; rare in this region in the summer ;
found

only on Pasque Island: ^Pasque Is." (Staff)
;
223.
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2. STICHOCOCCUS

I. Cells cylindrical, not constricted at cell walls, 2.5-3 \i broad.

1. S. 'bacillaris.

II. Cells swollen, constricted at cell walls, 6-9.5 ^ broad 2. S. flaccidus,

1. Stichococcus bacillaris Nag. Collins, 1909, p. 190.—Peni-

kese Is. (Hazen, 1924), (Herbarium).

2. Stichococcus flaccidus (Kiitz.) Gay. Collins, 1909, p. 191.—

Falmouth: Walsh's Rose Garden. (Local list) ; ** Woods Hole"

(Local list) ; Islands: Penikese Is. (Hazen, 1924), (Herbarium).

3. RADIOFILUM

I. Filaments long; cells regularly arranged, oblately

spherical, never dividing lengthwise:

A. Sheaths cylindrical; cells broadly ellipsoid 1. B, flavescens.

B. Sheaths torulose; cells subspherical 3. E.moniliforme,

II. Filaments of limited growth and often irregular;

cells sublenticular, often dividing lengthwise 2. E. irregulare.

1. Radiofilum flavescens G. S. West. Collins, 1918, p. 56.—

Falmouth : 20 (Local list)

.

2. Radiofilum irregulare (Wille) Brunnth. Collins, 1918,

p. 56.—Falmouth : 20 (Local list); Islands: ^^Cuttyhunk Is.''

(Collins, 1918).

3. Radiofilum moniliforme Collins & Furber Ms. Collins, 1918,

p. 56 (quoted as ** unpublished species, this note not a publi-

cation") ** Cells subspherical; sheath moniliform, following the

shape of the cells. Cuttyhunk Is. (Furber)."

MICROSPORACEAE

1. MICROSPORA

I. Cells thick-walled:

A. Filaments 16 \i or more broad

:

1 Cells distinctly swollen; filaments 16-20 n

broad 1- ^ Loefgrenii.

2. Cells cylindrical or nearly so ; filaments 20 \i

broad 2. M, WittrocJciu

B. Filaments 8-14 ^ broad 3- ^' pachyderma,

II. Cells thin-walled:

A. Filaments 11 ja or more broad:
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1. Filaments 14-17 , broad; cells l-2i times as

^ ^ ^^^^^^
lone as broad ;"

2. Filaments 11-U^ broad; cells i-U tunes as

^ ^^.^^^^^
long as broad

B Filaments not more than 10 n broad:
^'

1. Filaments 7.5-9.5 , broad, as long as broad or

^ ^ ^^^^^^^^^
longer *

,

2. Filaments 5.5-7 ^ broad, as long as broa^ or

^ ^ ^^^^^^^
shorter

1. Microspora Loefgrenii (Nordst.) Lagerh. CoUins, 1909,

D 193.—Islands: 16.

2: Microspora Wittrockii (Will.) Lagerh. Collxns, 1909,

p. 193.—Falmouth : 20.
^ ,r„„ lonq

3. *Microspora pachyderma (WiUe) Lagerh. CoUms, 1909,

D 193.—Islands: 53.

:: Microspora floccosa (Vauch.) Thur. Collins, 1909, p. 194.-

Palmouth : 11 ; 12 ; 26 ; 31 ; Islands :
36 ;

228.

5 Microspora Willeana Lagerh. Collins, 1909 P^ l^^-T^^

Lmonest'species in this region.-Falmonth : 10; ^^^
^^.'^fg'.

19 ; 23 ; 91 ; 95 ; 120 ; 143 ; 146 ; 166 ; Islands :
35

;
53 58

,
60

. .

223;2k;225;228;233;PenikeseIs. (Hazen,1924).

.^ /'TTii+T ^ Lafferh. Collins, 1909, p.

6. Microspora stag«°'^""' /^^*':; .;T, .eeion -Falmo^^
194._One of the commonest species in this region

1; 14; 25; 27; 29; 75; Islands: 3; 35; 36; 37; 50, 58, &«, t,4,

105; 228; 231; 232.

7. Microspora quadrata Hazen. Collins, 1909, p. 194.-Islands

:

36.

CYLINDROCAPSACEAE

1. CYLINDROCAPSA

1 Cvlindrocapsa geminella Wolle. Collins, 1909, p. 222^--

klSu^h 26%oc'al list); Islands: "Tarpanlin Cove Pond

(Local list).

CHAETOPHORACEAE
1. STIGEOCLONIUM

I. FUaments short, tufted, 7-9 n broad

II. Filaments more elongate:
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A. Filaments 5-7 n broad 2. S. attenuatum.

B. FUaments 12-18 n broad 3. S. suisecundum.

1. Stigeoclonium aestivale (Hazen) Collins, 1909, p. 300.—

Falmouth: 19.

2. Stigeoclonium attenuatum (Hazen) Collins, 1909, p. 301.—

Islands: 35.

3. *Stigeoclonium subsecundum Kiitz. Collins, 1909, p. 301.—

Islands: "In a springy place near Sheep Pond" (Islands: 35)

(Local list)

.

2. CHAETOPHORA

I. Thalli globose or tuberculose:

A. Branching loose and spreading 1- C elegans.

B. Branching erect: _ „ . ..

1. Branches fascicled at the summit 2. C. p^formu.

2 Branches not fascicled at the summit 3. C. attenuata.

n. Thalli elongate, lobed and branching 4. C. tnerassata.

1. Chaetophora elegans (Roth) Ag. Collins, 1909, p. 295.—

Softer and of a lighter color than C. pisiformis and C. attenuata.

—Falmouth : 139 ; Islands 35, (Local list) ; 36 ;
53

;
106.

2. Chaetophora pisiformis (Roth) Ag. Collins, 1909, p. 296.-

A plant of running water; rare in this region.- Falmouth
:
14.

3. Chaetophora attenuata Hazen. Collins, 1909, p. 296.-A

plant of quiet water.-Falmouth : 26 (Local list)
;
Islands

:

35

(Local list) ; "Tarpaulin Cove Pond" (Local list).

4. Chaetophora incrassata (Huds.) Hazen. CoUms 1909,

p. 296.—Found once in a ditch in a cranberry bog.—Falmoutn

:

127.

3. DRAPARNALDIA

I. Draparnaldia acuta (Ag.) Kutz. Collins, 1909, p. 303.-

Falmouth : 34 (Local list)

.

4. MICROTHAMNION

T Tlamification dense; main stem and branches
I. Kammcauon ucuro,

^ u. Kuetginguinum.
indistinguishable

'.".'""v,

II. Bamification open; main stem ^^^-^-^^^^^
^ ^. ,,,^,^,,^,^.

throughout
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1 Microthamnion Kuetzingianum Nag. CoUms, 1909 p.

294 -Falmouth: 23; 157; Islands: 35; "Pond north of road on

Buck Is." (Local list) ;Penikese Is. (Hazen,1924), (Herbarium).

2. *Microthamnion strictissimum Rab. Collins, 1909, p. 295.-

Palmouth : 120 ; 143 ; Islands : 37 ;
105.

5. APHANOCHAETE {EEBPOSTEISON)

1. CeUs usualli eubglobose, ^-lOj. broad 1
j;
-P^^

^^^,
II. Cells usually subcylmdncal, 4r-6 n broad

1.' Aphanochaete repens A. Br. (Herposteiron conf^^^o^^

Nag. Collins, 1909, p. 311.).-Falmouth: 25; 87; 95; 98 ,115

Islands: 3: 17; 35; 53; 57; 219; Penikese Is. (Hazcn, 1924),

"Tub Pond, Penikese Is." (Local list).

2. *Aphanochaete vermiculoides WoUe {Herposteuvn vermi-

Me. (Wolle) Collins, 1909, p. 311).-Falmouth: 13; 26

(Local list).

PROTOCOCCACEAE
1. PROTOCOCCUS

1 Protococcus viridis Ag. {Pleurococcus vulgaris Nag. Col-

lins, 1909, p. 304).-Omnipresent, too common for ^s specihc

Stat ons t^ have been noted; the only reference in literature

for the region is Penikese Is. (Hazen, 1924), (Herbarium).

COLEOCHAETACEAE
1. COLEOCHAETE

I Thalli discoid, branches laterally united

:

A. Thalli somewhat irregular in outUne; cells 25 n or

^ ^^^^^^^
more broad

B. Thalli with a circular outline; cells seldom more

^ ^^^^^^^
than 15 |a broad

II Thalli gelatinous cushionlike masses

:

•

A. Branches radiating from a common center, forming
^^_^^^

uniformly rounded masses " *'

B Branches not radiating from a common center,

forming irregular masses
Z:c:d^ergens .^. mi^or.

1. Coleochaete scutata Breb. Collins, 1909, p. 314.-Cutty-

hunk Is. (Collins, 1916).
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2. Coleochaete orbicularis Pringsh. Collins, 1909, p. 314.—

The common form in this region.—Falmouth : 14, (Local list)

;

19 ; 115 ; Islands : 35, (Local list)

.

3. Coleochate pulvinata A. Br. Collins, 1909, p. 314.—Islands:

35 (Local list).

4a. *Coleochaete divergens Pringsh., var. minor Hansg. Col-

lins, 1909, p. 314.—Falmouth : 9.

2. CHAETOSPHAERIDIUM

1. Chaetosphaeridium globosum (Nordst.) Klebahn. Collins,

1909, p. 281.—Falmouth : 25 (Local list) ; Islands: "Small pond

near Sheep Pond" (Local list).

TRENTEPOHLIACEAE
1. LEPTOSIRA

1 Leptosira Mediciana Borzi. Collins, 1912, p. 90.-Rare.-

Falmouth: 26 (Local list) ; Islands: "Nonamesset Is." (Collins,

Phycotheca, No. 1630), (Collins, 1912), (Local list)
;

Tar-

paulin Cove Pond" (Local list).

2. GONGROSIRA

1 Gongrosira Debaryana Rab. Collins, 1909, p. 290.-Found

several times on the back of a living snapping turtle, also on

wood.-Falmouth : 134; Islands: 16, 35 (Lewis & Taylor, 1928),

(Local list) ; 222; "Pasque Is."

CLADOPHORACEAE
1. CLADOPHORA

1. Cladophora spp. Falmouth : 2 ; 130 (Collins, 1916)
;
Islands

:

53; 54; 55.

2. RHIZOCLONIUM

1. Rhizoclonium hieroglyphicum (Ag.) Kiitz. Collins, 1909,

p. 329.—Falmouth : 20 (Local list).

OEDOGONIACEAE
1. BULBOCHAETE

2. B. minuta.

1. Oogonium 24-27 \i long
g

1. Oogonium 27-40 \i long ZIIIZZZ 5

1. Oogonium 40-58 \i long
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i

2. Division of sufEultory ceU basal TT'f^Z^'
2 Division of sufEultory cell inferior 5. ^.fi^rherae.

I: Division of suffuuory cell infran^edi.., n.ed.an or ^^^^^^^
2. Division of suflultory ceU superior 7-

J ^^^^.^^

3. Oospore wall smooth
^ ^ ireiissonii.

3. Oospore wall scrobiculate ^.
- -

B.furberae.
4. Vegetative cells 10-15 ^ broad 5. B J

4. Vei?etative ceUs 17-20 u broad °- ^ "\

5. MonJeS oospore wall Tongitudinally ribbed^ 1.

J
--^»'-

5. Dioecious, nannandrous; oospore wall scrobiculate 8. B. cra.»a.

1 Bulbochaete mirabilis Wittr. Tiffany, 1930, P;^32.--Fal-

Lth 78, 95; Islands: "Cuttyhunk Is." (CoUins. Phycotheca

No. 1431).

2. **Bulbochaete minuta West & West. Tiffany, 1930, p. 33.-

Falmouth : 139.

3. Bulbochaete elatior Pringsh. Tiffany, 1930, p. 32.-Fal-

mouth: 26 (Collins, 1918A), (Local list).

4. Bulbochaete brebissonii Kiitz. Tiffany, 1930, p. 33.-

Islands : 58.

5. Bulbochaete furberae Collins. Tiffany, 1930, p. 34.-Fal.

mouth: 1; 24; 25; 26 (Collins, 1918A), (Local list)
;
115.

6. Bulbochaete intermedia DeBary (mcl. var. ^-Vr^^^

(Wittr ) Him). Tiffany, 1930, p. 35.-Falmoutli
:
26 (Collins

^^Z), (Local list) ; 166 ; Islands : 35 ; 46 ; 53 ;
" Cuttyhunk Is.

(Collins, Phycotheca with No. 1431).

7. *Bulbochaete nordstedtii Wittr. Tiffany, 1930, p. 37.-

Falmouth: 8 (Staff).

8. *Bulbochaete crassa Pringsh. Tiffany, 1930, p. 41.-Fal-

mouth: 134.

9. Bulbochaete spp. Unidentified species of
^^^^^^'If'J'"'^

other localities: Falmouth: 1; 6; 9; 13; 14; IS^ ^
'f '

^^^
^3

=

32, (Herbarium) ; 73, 74. 76, 79 ; 88 ; 91 ; 133 ; 134 ;
136

;
138 168

«'Pond near HatchviUe"; Islands: 3; 4; 1^; f ,
(LocaUi«t)

38; 39; 46; 50; 53; 57; 63; 103; 104, 216; 219, 222, 223, 234

Penikese Is. (Hazen, 1924).

2. OEDOGONIUM
1, Vegetative cell undulate or nodulose

20a. Oe. undulatum f. senegalense (subforma).

1. Vegetative cell punctate or granulate 2

1. Vegetative cell distinctly capitellate 3

1. Vegetative cell cylindrical 12

1. Vegetative cell subhexagonal or subellipsoid

46. Oe. reinschii.

2. Vegetative cell 4.8-8 \i broad ~ - -

31a. Oe. eUgans v. americanvm.

2. Vegetative cell 9-13 \i broad .... 15. Oe. minus.

3. Without dwarf male ^

3. With dwarf male ^

4. Dioecious ^

4. Monoecious; operculate 15. Oe. minus.

5. Division of oogonium inferior 12. Oe. inversum.

5. Division of oogonium supramedian or superior

16. Oe. mitratum.

6. Vegetative cell punctate

31a. Oe. elegans v. americcmum.

6. Vegetative cell not punctate
"^

7. Poriferous ; oospores longitudinally ribbed

21. Oe. Taylorii,

g
7. Operculate

8. Division of oogonium median ^

8. Division of oogonium supramedian 1"

8. Division of oogonium inframedian H
9. Division of oogonium uniformly broad; filaments straight

32a. Oe. areschougii v. am^ricanum.

9. Division of oogonium broader on one side ; filaments contorted in part

32b. Oe. areschougii v. contortifUum.

10. Idioandrosporous ; wall of oogonium up to 5 ^ thick and lamel-

lose with 16-22 longitudinal median folds

35a. Oe. horeale v. americanum.

10. Gynandrosporous ; wall of oogonium not thick, with ?-16 longi-

tudinal median folds •

33a. Oe. oelandicum v. Novae-Angliae.

11. Gynandrosporous and idioandrosporous; oogonium 21-30 ^ broad

34. Oe. platygynum.

11. Gynandrosporous only; oogonium 32-38.4 ji broad; vegetative cells

captitellate at both ends ••

34a. Oe. platygynum v. amliceps.
•to

12. Without dwarf males

12. With dwarf males •
•

13. Poriferous

13. Operculate
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15

17

16

15.

15.

15.

14. Pore median
""

14 Pore superior

WaU of oospore smooth —
Wall of oospore areolate ——

3. Oe.suecicum,

Wall of oospore echinate »^... •• - ^ ^^ cryvtoporum,

16. Oogonium 23-28 ^i x 26-31 ^

16. Oogonium 18-25 ^ x 1»- ^\i

^^^^^^^^ ^. ^^gare,
^^

23

„ 19

21

20

22

23.

23.

23.

17 Wall of oospore smooth •••••"•••"•

fr. wi of oospore longitudinally ^^--—Z..
18. Monoecious

18. Dioecious ;•
•"

19. Oogonium 31-36 (-40) v t>^o^^
g Oe.richterianum.

19 Oogonium 35-43 \i broad •-'--
^ ^^ giohosum,

20 Vegetative cell 10-14 ji Droaa
intermedium.

20*. Vegetative cell 15-18 ^t broad •

21 Oogonium 35-60 ji broad "

^ ^^ iand«bor<m^hi.

21. Oogonium ^^'^^
»^/;?J^^;,- long as broad; male vegetative cell

22. Vegetative cell 2-6 times as lo ij

^ ^^^ ^rande.

28-33 \i broad
" *" ""

""

hr^vad • male vegetative cell

22 Vegetative cell 3-11 times as ^^^^^^'^'^;2m
19-25 ji broad 7a. Oe. (/rande v. «^^^^^^^; 24

Eibs continuous ^^^^--''^^;;;ioc^
Bibs slightly crenulate 10a. Ue,

^^ ^^ crenulatocostatum.

Bibs distinctly <^'^''''^^^\--^^^^^^^^

23. Ribs crenate -^ *

24. Oogonium 33-38 ^t broad
^^ ^^^^ ^ ,,^,nt«le.

9, Oe.bo«cw.

24 Oogonium 39-51 ^ broad ^- 26

25. Wall of oospore longitudinally rAbed .^^^^•- 37

25 Wall of oospore smooth
•

26. Bibs 30-35, eontinuous^^
^^ ^^^ .^^ ^ ^.^^^

26. Eibs 10-22. longitudinally to<rtbed.
'-^^^^'J'JZ^:Z,,.,n.

to form coarse reticulations »
• 28

27. Oospore without projections •——
""i^rOe. mammiferum.

"
S'^"^*":!^.^".^^

: «-—'1": _. .,

28: Sore without a median construction • •—
^^^^^

30

29 Division of oogonium median .^.. ..^ tnitratum.

Division of oogonium supra^edian 1
• 32

Division of oogonium superior
^^ ^^ inversum.

Division of oogonium inferior
^^ ^^ tapeinosporum.

30. Oogonium 15-19 ^ broad 31

30. Oogonium 30-40 ^ broad

29.

29.

29.

^i

^m ^
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41^

31. Dioecious ; oospore 32-38 ji broad 13. Oe, pratense.

31. Monoecious; oospore 28-33 ^ broad 14. Oe. acmandrium,

32. Dioecious ; oogonium 28-33 \i broad 45. Oe. sancti thomae.

32. Monoecious 33

32. Beproductive structures imperfectly known ; oogonium 28-33 \i

broad 45. Oe. sancti thomae,

33. Vegetative cell 8-16 \x broad 34

33. Vegetative cell 16-20 ^ broad 17. Oe. autumnale.

34. Oogonium 30-39 ^ broad •
35

34. Oogonium 37-45 ^ broad 18. Oe. crispum.

35. Vegetative cell 1-3 times as long as broad

18b. Oe. crispum v. uruguayense.

35. Vegetative cell 3-5 times as long as broad

18a. Oe. crispum v. gracilescens.

36. Poriferous •**

36. Operculate

37. Pore median, a little above median or supramedian 38

37. Pore superior - ;

38. Wall of oospore echinate 39

38. Wall of oospore smooth *^

38. Wall of oospore spirally ribbed and granulate

25. Oe. spiripennatum.

39. Suffultory cell enlarged; pore supramedian

22a. Oe. hystricinum v. excentriporum.

39. Suffultory cell not or very slightly enlarged 40

40. Vegetative cell 12-16 ^ broad 24. Oe. pungens.

40. Vegetative cell 18-30 |i broad 23. Oe. echinospermum.

41. Oospore globose to subglobose 26. Oe. hraunii.

41. Oospore sexangular-ellipsoid

42. Oogonium 29-33 ja broad 27. Oe. sexangulare.

42. Oogonium 36-42 (-48) \i broad

27a. Oe. sexangulare v. majus.

42

44
43. Oospore wall smooth

43. Oospore wall pitted, with pits more or less in longitudinal rows

30. Oe. concatenatum.

44. Suffultory cell enlarged, vegetative cell 15-23 p. broad

28. Oe. horisianum,

44. Suffultory ceU not enlarged, vegetative cell 25-36 ^ broad

29a. Oe. crassiusculum v. idioandrosporum.

45. Division of oogonium supramedian, oogonium with 16-22 verticillate

fQl^g 35a. Oe. loreale v. amencanum.

45. Division of oogonium superior •••••;•• • ;"••"•-"•

45 Division of oogonium supreme; oospore wall longitudinally ribbed 49
'

46. Oospore wall longitudinally ribbed 38. Oe. Croasdaleae.

46. Oospore wall smooth "

46. Oospore wall scrobiculate 40. Oe. moniU.

47

I
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47 Veeetative cell 4-8 n broad; spore wall sometimes erenulate

36. Oe. rugulosum.
48

47. Vegetative cell 8-32 ^^ broad
•- -• -•

48. Oospore globose or subglobose ; vegetative cell 8-14 n broad

37a. Oe. maerandrium v. propinquum.

48 Oospore ovoid to subelUpsoid; terminal cells setiform

39. Oe. ciliatum.

49 Ribs 11-17 in number 42a. Oe. acrosporum v. hathmidosporum.

49'. Bibs 23-30 in number 42. Oe. acrosporum.

1. Oedogonium cryptoporum Wittr. Tiffany, 1930, p. 65.-

Palmouth: 19 (Jao) ; 21 (Jao) ; Islands: 226 (Jaa) ;
"Naushon

Is." (Jao).

la. Oedogonium cryptoporum var. vulgare Wittr. Tiffany,

1930, p. 66.—Falmouth : 24 (Jao) ; 25 (Jao) ;
Islands: 37 (Jao)

;

57 (Jao) ; 65 (Jao) ; "Naushon Is." (Jao).

2a. Oedogonium cymatosporum Hirn, var. areoliferum Jao.

1934 p 203 pi. 286, figs. 4-5.—Differs from Oe. cymatosporum

Wittr. & Nordst. (Tiffany, 1930, p. 67) in its areolate median

spore wall, constantly depressed-globose oogonia and oospores,

and smaller dimensions of the fruiting cells ;
vegetative cell 6.4^

9.6 M X 25.6-64.0 n ; oogonium 28.8-32.0 p x 25.6-41.0 p ;
oospore

25.6-28.8 ii X 19.2-25.6 p ; antheridium 6.4-9.6 n x 6.4-9.6

(-12.8) p.-Islands: 65 (Jao).

3. Oedogonium suecicum Wittr. Tiffany, 1930, p. 68.—Fal-

mouth : 24 (specimens a little smaller than type (Jao) ) ;
Islands

:

40, (Jao) ; 65 (Jao).

4. Oedogonium intermedium Wittr. Tiffany, 1930, p. 72.—

Falmouth: 19 (Jao) ; 26 (Jao) ; Islands: 38.

5. Oedogonium globosum Nordst. Tiffany, 1930, p. 74.—Fal-

mouth: 19 (Jao).

6. Oedogonium richterianum Lemm. Tiffany, 1930, p. 76.—

Falmouth: 26 (Local list).

7. Oedogonium grande Kiitz ; Wittr. Tiffany, 1930, p. 85.—

One of the commonest species in this region.—Falmouth :
25

(Jao), (Local Ust) ; 26; 32 (Collins, Phycotheca No. 519) ;
143,

(Jao) ; "Fresh Pond" (Jao) ; Islands: 35 (Jao) ; 38 (Jao)
;
57

(Jao) ; 65 (Jao).
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7a. Oedogonium grande var. angustum Hirn. Tiffany, 1930,

p. 80.—Falmouth : 25 (Jao) ; 143 (Jao) ; Islands: 57 (Jao).

8. Oedogonium landsboroughi (Hass.) Wittr. Tiffany, 1930,

p. 87.—Falmouth: 32 (Herbarium).

9. Oedogonium boscii (Le Clerc) Wittr. Tiffany, 1930, p. 91.—

*'Pasque Is.'' (Jao).

9a. Oedogonium boscii var. occidentale Hirn. Tiffany, 1930,

p. 92.—Falmouth : 29 (Jao) ; Islands: 37 (Jao) ; 65 (Jao).

10. Oedogonium crenulatocostatum Wittr. Tiffany, 1930,

p. 92.—Falmouth: 24 (Herbarium).

10a. Oedogonium crenulatocostatum Wittr., forma cylindri-

cum Hirn. Tiffany, 1930, p. 93.—Falmouth : 25 (Jao.).

10b. Oedogonium crenulatocostatum var. longiarticulatum

Hansg. Tiffany, 1930, p. 93.—Falmouth : 25 (Jao).

11a. Oedogonium nobile Wittr., var. minus Hirn. Tiffany,

1930, p. 100.—Jao (1934) notes that the local forms differ in

certain dimensions from the typical plants: oogonium 57.6-

60.8 |j X 96-80 M ; oospore 54.4r-57.6 m x 70.4-73.6 n ; antheridium

16-17.6 |jx6.4r-12.8M.—Falmouth: 95 (Jao).

12. Oedogonium inversum Wittr. Tiffany, 1930, p. 100.—

Falmouth: 21 (Jao) ; Islands: 17 (Jao) ; *' Naushon Is.'' (Jao).

13. Oedogonium pratense Trans. Tiffany, 1930, p. 102.—

Islands: 65 (Jao); 226 (Jao).

14. Oedogonium acmandrium Elfv. Tiffany, 1930, p. 103.—

Islands: 65 (Jao).

15. Oedogonium minus Wittr. Tiffany, 1930, p. 103.—Jao

(1934) remarks that the dimensions of the local plants are a

little smaller than those of the typical forms, that the oospore

sometimes fills the oogonium, and the vegetative cells are dis-

tinctly capitellate.—^Islands: 65 (Jao).

16. Oedogonium mitratum Hirn. Tiffany, 1930, p. 105.—

Falmouth: 21 (Jao).

17. Oedogonium autumnale Wittr. Tiffany, 1930, p. 112.—

Falmouth: 95 (Jao).

/a

T

^ f
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18. Oedogonium crispum (Hass.) Wittr. Tiffany, 1930, p.

113.—Falmouth : 24.

18a. Oedogonium crispum var. gracilescens Wittr. Tiffany,

1930, p. 114.—Falmouth : 24 (Jao) ; Islands: 53 (Jao) ; 65 (Jao)

;

226 (Jao) ; 230 (Jao) ; **Pasque Is." (Jao).

18b. Oedogonium crispum var. Uruguayense Magnus & Wille.

Tiffany, 1930, p. 114.—Falmouth : 29 (Jao).

19. Oedogonium mammiferum Wittr; Nordst. Tiffany, 1930,

p. 118.—Falmouth ; 21 (Jao) ; Islands: 17 (Jao) ; 35 (Jao) ; 53

(Jao) ; 65 (Jao).

20a. Oedogonium undulatum (Breb.) A. Br., forma senegal-

ense (Nordst.) Hirn (subforma). Tiffany, 1930, p. 119.—Vege-

tative cell with 4 deep constrictions, the 3 median swellings sec-

ondarily constricted, the terminal 2 entire, with the oogonia 1-2

seriate and the dwarf males 26-33 \i long (Jao, 1934) .—Fal-

mouth: 19 (Jao) ; 170; Islands: 17; 53 (Jao) ; 226 (Jao) ; **Non-

amesset Is.*' (Local list); **Naushon Is.'* (Local list); *'Cut-

tyhunk Is.'* (Local list).

21. Oedogonium Taylorii Jao, 1934, p. 211, pL 286, figs. 9-

12. Dioecious, nannandrous, idioandrosporous ; oogonium 1-3,

globose or ellipsoid-globose, with superior spore ; oospore globose,

very rarely subellipsoid globose, partly or completely filling

the oogonium, spore wall of 3 layers : the outer and inner smooth,

the middle with 22-28 crenulate to slightly dentate, longi-

tudinally continuous ribs, connected by transverse, sometimes

anastomosing lines, some ribs not continued to the polar region

;

polar region, disk-shaped and reticulate in structure, polar axis

nearly parallel to the filament; suffultory cell enlarged; andro-

sporangium 1-4 (- ?) ; vegetative cell capitellate, 8.0-19.2 px
38.4-112.0 m; oogonium 35.2-51.2 p x 46.4-73.6 p ; oospore 32.0-

46.2 n X 32.0-51.2 p ; androsporangium 16.0-17.6 |j x 16.0-22.8 p.—
Islands: 16 (Jao).

22a. Oedogonium hystricinum Trans. & Tiffany, var. excen-

triporum Jao, 1934, p. 205, pL 286, figs. 6-8. Differentiated

from type (Tiffany, 1930, p. 120) by the smaller dimensions of

its vegetative cells, pore supramedian, male stipes 1-3-celled,

t
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and basal cell not elongated ; vegetative cell 6-8 p x 40-94 p ; suf-

fultory cell 12-19.5 M X 47-54 n ; oogonium 22-35 n x 38-48 n

;

oospore (including spines) 27-32 ^ x 32-35 p.-Falmouth : 25

(Jao).

23. Oedogonium echinosperum A. Br. Tiffany, 1930, p. 121.

—

Falmouth: 26 (Local list) ; 115; Islands: 65 (Jao) ; '* Tarpaulin

Cove Pond'' (Local list).

24. Oedogonium pungens Hirn. Tiffany, 1930, p. 122.—Fal-

mouth: 29 (Jao).

25. Oedogonium spiripinnatum Jao, 1934, p. 210, pi. 286, figs.

1_3.—Dioecious, nannandrous, idioandrosporous (?); oogonium

1, subglobose to obovoid-globose, pore median; oospore globose

or subglobose, filling the oogonium, spore wall of 3 layers :
the

median and inner smooth, the outer finely granulate, with 5-7

spiral, toothed, membranous-winged ribs uniting at the poles;

the polar axis always placed in a transverse position, never

parallel with the filament ; suffultory cell swollen ; dwarf male a

little curved, usually on the suffultory cell; stipe cells 1-2;

antheridium 1 ; lower vegetative cells of the filament generally

more slender than the upper ; vegetative cell 16-22.4 p x 44.8-

89.6 M ; oogonium 48-57.6 p x 48-61 \x ; oospore 44.8-54.4 p x 41.6-

51.2 \x ; suffultory cell 25.6-32 \x x 6^80 |j ; antheridium 6.4-9 p x

5-16^1.—Islands: 65 (Jao).

26. *Oedogonium braunii Kutz.; Pringsh. Tiffany, 1930, p.

125.—Falmouth : 24.

27. Oedogonium sexangulare Cleve. Tiffany, 1930, p. 126.—

Falmouth: 19 (Jao) ; 25 (Jao), (Local list) ; 29 (Jao).

27a. Oedogonium sexangulare var. majus Wille. Tiffany,

1930, p. 127.—Falmouth : 24 (Jao) ; 25 (Jao).

28. Oedogonium borisianum (LeClerc) Wittr. Tiffany, 1930,

p. 128.—Jao (1934) notes that dimensions of the vegetative cells

are very variable on different individuals and on the same plant

;

generally the upper cells are broader (to 35.2 |j) and shorter

than the lower, and that there are 2 types of basal cells; one

slightly tumid and elongate the other more enlarged and short-
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ened.—Falmouth: 25 (Jao) ; 26 (Jao), (Local list) ; 143 (Jao)

;

Islands: 16 (Jao); **In a swamp on Buck Is." (Jao); ** Tar-

paulin Cove Pond'' (Collins, 1918A).

29a. Oedogonium crassiusculum Wittr., var. idioandrosporum

Nordst. & Wittr. Tiffany, 1930, p. 130.—Islands : 38 (Jao);

109^ (Jao) (smaller than type).

30. Oedogonium concatenatum (Hass.) Wittr. Tiflfany, 1930,

p. 136.—Jao (1934) says that the local plants have their lon-

gitudinally arranged pits in about 40-62 series, the suffultory

cell and its adjunct vegetative cells are curved, the antherid-

ial series has a wavy form, due to alternate unequal develop-

ment of opposite sides, and the dimensions of all cells are a little

smaller than those of the typical plant except for the vegeta-

tive cells which are shorter and slightly broader.—Falmouth:

95 (Jao).

31a. Oedogonium elegans West & West, var. americanum Jao,

1934, p. 204, pi 288, figs, 28-30.—Clearly characterized by

broadly capitellate vegetative cells, and granulate oogonia, an-

drosporangia, and vegetative cells : vegetative cell : 4.8-8 \x x

25.6-67.8 n ; oogonium 27.2-32 ^ x 24-27.2 ^i ; oospore 20.8-

28.8 M X 19.2 p ; androsporangium 8.0-9.6 \x x 9.6-12.8 p.—Fal-
mouth: 19 (Jao).

32a. Oedogonium areschougii Wittr., var. americanum Tiffany.

Tiffany, 1930, p. 140.—Two forms were noted: 1. gynandrospo-

rous, vegetative cell 6.4-9.6 [x x 23-78.4 p, basal cell 9.6-10 \\ x

28.8-30 |j.—Islands: 37 (Jao). 2. Idioandrosporous, vegetative

cell commonly less than 25 p, never more than 61 p long.

—

**Pasque Is.'' (Jao).

32b. Oedogonium areschougii Wittr., var. contortifilum Jao,

1934, p. 199, pi 287, figs, 22-25.—Differs chiefly in having the

first vegetative cell above the oogonium and some portions of

the filament curved or spiral in form ; oogonium 30-33 p x 26-

30 p ; oospore 26-30 p x 24r-26 p ; androsporangium 7-8 p x 6-

12 p.—Falmouth : 25 (Jao); 29 (Jao); Islands: 15 (Jao); 37

(Jao).

1 109 refers to Barrier Ponds on Cuttyhunk Is., not Barmer Pond as noted
by Jao p. 201 (Jao, 1934). Several other minor misinterpretations of sta-
tion names have been corrected in transcribing his records in this paper.

I

33a. Oedogonium oelandicum Wittr.; Hirn, var. Novae-

Angliae Jao, 1934, p. 207, pi 287, figs, 19-21.—Distinguished

from the type (Tiffany, 1930, p. 142) by its larger dimensions,

especially of the fruiting cells ; oogonium 40-51 p x 33-43 p

;

oospore 35-43 p x 30-36 p ; dwarf male 8-10 p x 9.5-13 p.—Fal-

mouth: 25 (Jao) ; 95 (Jao).

34. Oedogonium platygynum Wittr. Tiffany, 1930, p. 143.—

Islands: 163 (Jao).

34a. Oedogonium platygynum var. ambiceps Jao, 1934, p

208, pi 287, figs, 26-27.—Characterized chiefly by the large di-

mensions of its oogonia and oospores and by its vegetative cells

which are capitellate at both ends ; vegetative cell 9.6-12.8 p x

22.4-41.6 p; oogonium 32-38.4 p x 22.4r-28.8 p ; oospore 19.2-

25.6 p X 19.2-22.4 p ; androsporangium 11.2-12.8 p x 3-3.2 p.—

Islands: 37 (Jao) ; 65 (Jao).

35a. Oedogonium boreale Hirn, var. americanum Jao, 1934,

p. 199, pi 287, figs. 16-18.—Differs from type (Tiffany, 1930, p.

147 ) in the smaller dimensions of all cells, especially the repro-

ductive cells, and in having as many as 22 folds in the oospore

wall; vegetative cell of female plant 12.8-19.2 (-22.4) px32-

70.4 p, of male plant 12.8-19.2 p x 35.2-81.6 p ; oogonium 41.6-

54.4 p X 38.4-54.4 p ; oospore 33.6-41.6 p x 32-40 p ; androsporan-

gium 12.8-16 p x 12.8-19.2 p ; dwarf male 8-12.8 p x 9.6-12.8 p.—

Islands: 225 (Jao).

36. Oedogonium rugulosum Nordst. Tiffany, 1930, p. 148.

—

Falmouth: 24 (Jao) ; 25 (Jao) ; 95 (Jao) ; Islands: 37 (Jao)

;

65 (Jao).

37a. Oedogonium macrandrium Wittr., var. propinquum

(Wittr.) Hirn. Tiffany, 1930, p. 152.—Falmouth : 32 (Jao).

38. Oedogonium Croasdaleae Jao, 1934, p. 202, pi 288, figs,

31-35.—Dioecious, nannandrous, gyandrosporous ; oogonium 1-7,

generally on the upper portion of the filament, quadrangular-

ellipsoid, subovoid or subellipsoid, operculate, division superior,

sometimes wide ; oospore of the same form as the oogonium and

filling it, spore membrane of 3 layers ; outer layer smooth, median

layer thick and lamellose, with 16-30 anastomosing, irregularly
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undulate, longitudinal ribs, inner layer granulate ; suffultory cell

tumid; androsporangium to 8-seriate, usually epigynous; dwarf
male curved, on suffultory cell; vegetative cell 20-30 pix 95-

230 n ; oogonium 56-77 \x x 80-116 p ; oospore 54-73 |j x 77-105 [i

;

dwarf male 10-15 p x 55-63 pi.—Falmouth : 25 (Jao) ; 26 (Jao)

;

Islands: 65 (Jao) ; 225 (Jao).

39. Oedogonium ciliatum (Hass.) Pringsh. Tiffany, 1930, p.
153.—Jao (1934) notes in the local samples that the oogonia
were usually solitary, rarely 2, division of oogonium generally
nearly supreme, androsporangium generally 2, vegetative cell

small (8-16.4 p x 48-86.4 n), plant always very short, less than 10
cells long.—Islands 65 (Jao).

40. Oedogonium monile Berk & Harv. Tiffany, 1930, p. 154.

—

Islands: **Buck Is." (Local list); ** Tarpaulin Cove Pond"
(Collins, Phycotheca No. 1783); (Collins, 1912).

41. Oedogonium reticulocostatum J^o, 1934, p. 208, pi 287,

figs, 13-15.—Dioecious; oogonium 1-8, globose, sub-globose, or

subobovoid-globose, operculate, division supreme, narrow

;

oospore globose, orange at maturity, filling the oogonium, ex-

cept sometimes the length, spore wall of 3 layers : the outer and
inner smooth, the median layer with 10-22 longitudinal, toothed

and thickened ribs, connected by transverse, sometimes anas-

tomosing lines to form coarse reticulations; polar region retic-

ulate, disk-shaped; polar axis transverse or oblique to the axis

of the filament; suffultory cell swollen; vegetative cells slightly

capitellate, the upper angles acute; male plant unknown; vege-
tative cell 8-16 p X 44.8-86.4 ^ ; oogonium (25.8-) 28.8-36.7 n x
32-46 (-72) p; oospore (23-) 27.2-32 p x 27.2-32 p.—* Tasque
Is." (Jao).

42. Oedogonium acrosporum DeBary. Tiffany, 1930, p. 157.—
Common and distinctive.—Falmouth : 25 (Jao) ; 26 (Local list)

;

29 (Jao); 98 (Collins, Phycotheca No. 163), (Herbarium);
115; Islands: 37 (Jao); 65 (Jao); ''Tarpaulin Cove Pond"
(Local list).

42a. Oedogonium acrosporum var. bathmidosporum (Nordst.)

Hirn. Tiffany, 1930, p. 158.—Islands : 65 (Jao).
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43. Oedogonium tapeinosporum Wittr. Tiffany, 1930, p. 159.

—

Islands: 53 (Staff) ; 65 (Jao).

44. Oedogonium pusillum Kirchn. Tiffany, 1930, p. 161.

—

Falmouth: 1; Islands: 53 (Jao).

45. Oedogonium sancti thomae Wittr. and Cleve. Tiffany,

1930, p. 161.—Falmouth : 25 (Jao).

46. Oedogonium reinschii Koy. Tiffany, 1930, p. 172.

—

Islands: 35 (Jao), (Lewis & Taylor, 1928) ; 222.

47. Oedogonium spp.—^Unidentified species of Oedogonium

from other localities.—Falmouth : 6 ; 9 ; 10 ; 13 ; 14 ; 18 ; 20 ; 23

27; 28; 30; 31; 62; 72; 73; 74; 76; 77; 82; 83; 86; 87; 88; 91

93; 96; 97; 133; 134; 136; 138; 139; 140; 145; 166; 168; 169

Islands: 3; 4; 36; 41; 46; 47; 56; 59; 63; 64; 92; 99; 100; 103

104; 106; 209; 216; 217; 219; 223; 227; 228; 229; 231; 233

''Tub Pond on Penikese Is." (Local list) ; Penikese Is. (Hazen,

1924).

ULVACEAE
1. ENTEROMORPHA

1. Enteromorpha intestinalis (L.) Grev. Collins, 1909, p.

204.—Brackish waters.—Penikese Is. (Hazen, 1924), (Herba-

rium, ** Fresh water'')-

2. Enteromorpha spp. Undetermined.—Fresh water.—Fal-

mouth: 14, (Staff) ; 19, (Staff) ; 20.

CHLOROCOCCACEAE

1. DESMATRACTUM (BEENABDINELLA)

1. Desmatractum bipyramidatum (Chod.) Pascher, Arch.

Prostistk. 69: p. 654, figs. 7-9, 16d, 1930 {Bernardinella U-

pyramidatum Chod. Pascher, 1925, p. 55).—Cells short, almost

eUiptical spindle-shaped, tapered abruptly into a sharp point;

with an equatorial ridge, with 8-12 (usually 8) longitudinal

ribs, often of very unequal width; wall thick, often reddish,

often with a gelatinous sheath ;
protoplast round, thin-walled

;

chloroplast cup-shaped to 4-lobed with a large basal pyrenoid

;

12x22 p.—Seen only once.—Islands : 35, (Poulton, 1930).
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ENDOSPHAERACEAE
1. CHLOROCHYTRIUM

1. Chlorochytrium Lemnae Cohn (incl. C. Archerianum Hieron.

and C, Knyanum Cohn & Szymanski). Collins, 1909, p. 146.

—Single record referring to an alga endophytic in Sphagnum,

distributed as P. B. A., No. 1517. C. Archerianum Hieron.;

Collins (1909) says that its
'* identification must be considered

doubtful", and **even its generic position is uncertain''.—

** Woods Hole'' (Collins, Phycotheca No. 1517).

2. KENTROSPHAERA

I. Kentrosphaera facciolaae Borzi, Studi algol. 1: p. 87, pi. 7,

1883 (Chlorochytrium gloeophilum Bohlin). Brunnthaler, 1915,

p. 67.—Vegetative cells round to ovoid-elliptical, of different

sizes ; akinetes with thick, lamellate wall often showing irregu-

lar thickenings ; up to 80 \x broad, with wall 2-3.5 \x thick.—Re-

ported only from Cuttyhunk Is.: ''In colonies of Bivularia

Bornetiana in an old well east of Sheep Pond" (Local list)
;
107

(Moore, 1917).

CHARACIACEAE

1. CHARACIUM
I. Cell ovoid, lanceolate or enaiform, stipe short:

A. Stipe with distinct basal disk; cell ovoid or

lance-ovoid 1- ^- Pringsheimii.

B. Stipe without distinct basal disk; cell lanceo-

late or ensiform 2. C. amhiguum.

II. Cell round, stipe almost as long as ceU 3. C. Eremosphaerae.

1. Characium Pringsheimii A. Br. Collins, 1909, p. 151.—

The commonest species in this region.—Falmouth : 19 ; Islands

:

3; 16; 53; 57; *' Cuttyhunk Pond" (Local list).

2. Characium ambiguum Hermann. Collins, 1909, p. 150.

—

Penikese Is. (Hazen, 1924).

3. **Characium Eremosphaerae Hieron. (Quoted without

reference in Pascher, Die Susswasserflora Deutschlands, Oster-

reichs und der Schweiz 5, Chlorophyceae 2. 1915.) Brunnthaler,

1915, p. 80.—Cells erect, round, pear-shaped when young,
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with a thin stipe almost as long as the cell; chloroplast large,

bell-shaped, with a large pyrenoid at the summit ; cells 3-5 \x

broad.—On Eremosphaera.—**Woods Hole" (Local list).

PROTOSIPHONACEAE
1. PROTOSIPHON

I. Protosiphon botryoides (Kiitz.) Klebs. Collins, 1909,

p. 153.—Penikese Is. (Hazen, 1924), (Herbarium).

HYDRODICTYACEAE
1. PEDIASTRUM

I. Marginal cells undivided, bicuspidate; coenobe entire.

1. P. integrum,

II. Marginal cells bilobed:

A. Marginal cells broadly incised, lobes simple:

1. Coenobe entire or with few interstices:

a. Cell wall smooth or granulate; lobes end-

ing in linear projections:

1'. Sides of cells smooth where they are

in contact with one another 2. P. Boryanum,

2'. Sides of cells undulate where they

are in contact with one another

2a. P. Boryanum var. undulatum,

b. Cell wall reticulate:

1'. Eeticulations coarse; lobes ending

in short, broadly triangular

teeth

:

a'. Sides of cells smooth where

they are in contact with one

another 3. P. araneosum,

b'. Sides of cells undulate where

they are in contact with one

another 3a. P. araneosum var. rugulosum,

2'. Eeticulations fine; lobes ending in

2 short divergent or parallel

processes 4. P. sculptatum.

2. Coenobe perforate:

6. Cell wall smooth:

y. Cells wider than the processes:

a'. Perforations small, about as

broad as processes 5. P. duplex,

V. Perforations large, broader

than processes:
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I

i. Interior cells rectangular

with short processes.

5a. P. duplex var. clathratum,

ii. Interior cells H-shaped,

perforations larger

5b. P. duplex var. reticulatum.

2'. Cells no wider than the processes,

perforations very large

5c. P. duplex var. gracilUmum.

b. Cell wall covered with short linear

granules 5d. P. duplex var. cohaerens,

B. Marginal cells narrowly incised, lobes emarginate;

coenobe entire:

1. Projections of lobes adjacent to incision not

pronounced in marginal cells 6. P. tetras.

2. Projections of lobes adjacent to incision very

pronounced in marginal cells, incision

deep 6a. P. tetras v. tetraodon.

1. *Pediastrum integrum Nag. Smith, 1920, p. 168.—^Rare.

—

Falmouth: 19; *' Woods Hole" (Local list).

2. Pediastrum Boryanum (Turp.) Menegh. Smith, 1920,

p, 169.—Common in the plankton of ponds and lakes in this

region; the forms are variable, oftenest with reduced projec-

tions and spines.—Falmouth : 1; 6; 13; 14; 18; 19; 73; 93;

Islands : 3 ; 35 ; 224.

2a. *Pediastrum Boryanum var. undulatiun Wille. Smith,

1920, p. 170.—Rare.—Falmouth : 134.

3. *Pediastrum araneosum Racib., Smith, 1920, p. 168.

—

Scarce.—Falmouth: 86; Islands: 35.

3a. *Pediastrum araneosum var. rugulosum (G. S. West) G.

M. Smith.—^Abundant in one pond, not common.—Islands: 35.

4. *Pediastrum sculptatum G. M. Smith. Smith, 1920, p. 169.

—Falmouth : 6 ; 13.

5. Pediastrum duplex Meyen. Smith, 1920, p. 171.—^An ex-

tremely variable species ; common.—Falmouth : 1 ; 7 ; 13 ; 14 ; 18

;

24; 93; 134; **Woods Hole'' (Local list) ; Islands: 17; '*Nash-

awena."

5a. Pediastrum duplex var. clathratum (A. Br.) Lagerh.

Smith, 1920, p. 171.—Common in this region but not well de-

fined, grading into P. duplex and P. duplex var. reticulatum;

processes of marginal cells often more or less rounded.—Fal-

mouth: 1; 13; 18; 19; 24; 73; 75.

5b. *Pediastrum duplex var. reticulatum Lagerh. Smith,

1920, p. 172.—Species in this region lack setae and intergrade

with var. clathratum and var. gracilUmum; found only in

plankton.—Falmouth: 1; 20.

5c. *Pediastrum duplex var. gracilUmum W. & G. S. West.

Smith, 1920, p. 172.—Falmouth : 1; 18; 134.

5d. *Pediastrum duplex var. cohaerens Bohlin (P. duplex

var. reticulatum forma cohaerens (Bohlin) Brunnthaler) Smith,

1920, p. 173.—Falmouth : 145 ; Islands : 17.

6. Pediastrum tetras (Ehr.) Ralfs. Smith, 1920, p. 173.—Not

a plankton form ; common in small ponds.—Falmouth : 1 ; 13 ; 14

;

18 ; 19 ; 24 ; 29 ; 134 ; Islands : 17 ; 53 ; 103 ; 224.

6a. *Pediastrum tetras var. tetraodon (Corda) Hansg. Smith,

1920, p. 174.—A well-defined variety, as common as the species

and often found with it.—Fahnouth : 1 ; 7 ; 13 ; 18 ; 19 ; 24 ; 29

;

30 ; 93 ; 97 ; 134 ; Islands : 3 ; 35 ; 53 ; 103.

2. SORASTRUM
I. Spines on outer face of cell short (4-8 ^i) 1. S, spinulosum.

II. Spines on outer face of cell long (10-15 jx) 2. S. americanum.

1. Sorastrum spinulosum Nag. Smith, 1920, p. 163.—^Rare.

—

Falmouth : 29.

2. *Sorastrum americanum (Bohlin) Schmidle. Smith, 1920,

p, 163.—Found several times in one small pond.—Falmouth : 18.

3. HYDRODICTYON
1. *Hydrodictyon reticulatum (L.) Lagerh. Smith, 1920, p.

166.—^Very abundant in three nearby ponds.—Falmouth. 14,

(Local list) ; 20, (Local list) ; 97.

COELASTRACEAE
1. COELASTRUM

I. Cells spherical:

A. Outer face of cells without projections 1. C. microporum.
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B. Outer face of cells with short, truncate projec-

tions

II. Cells truncate cones

2. C. cambricam,

3. C. pro})oscideum.

1 Coelastrum microporum Nag. Smith, 1920, p. 160.-In

ponds and ditches, common; forming a thick green layer on sub-

merged rocks in Oyster Pond (Falmouth : 20) in 1934.-Fal-

mouthl; 2; 7; 10; 13; 14; 18; 19; 20; 26; 29; 79; 93; 97; 134;

140; Islands: 4; 35 (Local list) ;
224.

2 Colastrum cambricum Arch. Smith, 1920, p. 161.-Among

oiher algae and in plankton in large and ^^^^^ P^^? ^ ^^^^^^

but never abundant.-Falmouth : 1; 13; 19; 20; 83; 86; 118;

134; Islands: 3; 35 (Local list) ;
'^Nashawena Is.'

3. Coelastrum proboscideum Bohlin. Smith, 1920, p. 162.—

Rare.—Islands : 35 (Local list).

OdCYSTACEAE

1. CHLORELLA

I Free-living; c«U« 5-10 ^ broad - ^ - 1- C, vulgaris.

II In tissues of Spongilla, Ophridium and other fresh-

water organisms; ceUs 1.5-3 ^. broad 2. C, paras^t^ca.

1 Chlorella vulgaris Beyerinck. Smith, 1920, p. 108.—Re-

corded only for the fresh and brackish waters of Penikese Is.

:

probably of much wider distribution but overlooked.—Penikese

Is. (Hazen, 1924).

2. Chlorella parasitica Brandt {Zoochlorella parasitica Brandt.

Collins, 1909, p. 157).—Common but often overlooked.—Fal-

mouth: 19; 154; ''Woods Hole" (Local list) ;
Islands: 3.

2. WESTELLA

1. *Westella botryoides (W. West) deWildm. Smith, 1920,

p. 107.—Falmouth : 19 (Staff) ;
29.

3. DICTYOSPHAERIUM

1. Dictyosphaerium pulchellum Wood. Smith, 1920, p. 105.—

In small ponds : very common, often coloring the water green.—

Falmouth: 1; 10; 24; 25; 29; 42; 77; Islands: 35; 50; 53; 65.
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4. TROCHISCIA

1. Trochiscia reticularis (Reinsch) Hansg. Smith, 1920, p.

109.—Falmouth : 29; 74; 168; Islands: 4; 35; 53; 57.

5. EREMOSPHAERA
I. Eremosphaera viridis DeBary. Appearing under two forms.

I. Cells 70-150 II broad la. E. viridis var. major,

II. Cells 30-50 \i broad lb. E, viridis var. mvnor.

la. *Eremosphaera viridis var. major Moore. Collins, 1909,

p. 155.—In three large, neighboring, acid ponds.—Falmouth : 88

;

90; 9L

lb. Eremosphaera viridis var. minor Moore. Collins, 1909,

p. 155.—In large or small ponds of different acidities; com-

mon.—Falmouth : 12 ; 13 ; 25 ; 26 ; Islands : 4 ; 17 ; 35 ; 41 ; 53

;

224; **Pasque Is.''; **In a low Sphagnum bog near Tarpaulin

Cove, Naushon Is." (Moore, 1901).

6. ObCYSTIS
I. Cells without polar nodules, poles of cells rounded:

A. Length of cells less than 12 n 1. 0. pusilla,

B. Length of cells more than 12 ji:

1. 1-4 chloroplasts in each cell; cells 9-17 \i long ... 2. 0. Borgei.

2. 8-10 chloroplasts in each cell; cells 20-25 |i long 3. 0. elUptica,

II. Cells with polar nodules:

A. 4 or more chloroplasts in each cell:

1. Polar nodules conspicuous; 12-25 chloroplasts in

each cell:

a. CeUs 7-20 ^i broad 4. O. solitaria,

b. Cell 24-40 n broad 4a. 0. solitaria var. maxima.

2. Polar nodules not conspicuous; 4-10 chloro-

plasts in each cell • 5- ^- '^'•<**««-

B. 1-3 chloroplasts in each cell; cells elliptic, li times

^ long as broad - - 6. 0. lacustris.

1. *06cystis pusUla Hansg. Smith, 1920, p. 111.—Found once

in a swamp ; rare.—Falmouth :
27.

2. *Oocystis Borgei Snow. Smith, 1920, p. 111.—Mixed with

other algae in large and small ponds ; common.—Falmouth : 2

;

10; 25; 26; 30; 87; Islands: 15; 38; 57; 65.

3. *Oocystis elliptica W. West. Smith, 1920, p. 111.—Pri-

marily in plankton, limited to larger ponds than 0. Borgei.—
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Falmouth : 9 ; 13 ; 14 ; 25 ; 134 ;
- Pond near Hatchville

'

'

;
Islands

:

40 ; 63 ; 103.

4 Oocystis solitaria Wittr. Smith, 1920, p. I13.-In tangle

of other algae in small ponds.—Falmouth : 26 (Local list);

Islands : 53 ; * * Tarpaulin Cove Pond' '
(Local list)

.

4a **Oocystis solitaria var. maxima Gomont, Bull. Soc. Bot.

France 43 : p. 386, pL 10, figs, 13-14, 1896 ;
Printz, 1913, p.

193._-With other algae in small pond ; rare.—Falmouth :
25.

5. Oocystis crassa Wittr. Smith, 1920, p. 113.-Among other

algae in a large shallow pond ; rare.—Falmouth :
91.

6." *Oocystis lacustris Chod. Smith, 1920, p. I12.-With other

algae in a small pond ; rare.—Islands :
53.

7. Oocystis spp. Unidentified species from other localities:

Falmouth: 21; 134; Islands: Penikese Is. (Hazen, 1924).

7. NEPHROCYTIUM

I. Nephrocytium Agardhianum Nag. (incl. N. NaegeUi Grun.)

.

Collins 1909, p. 161.—In small, shallow ponds; scarce.—Fal-

mouth: 115; Islands: - Tarpaulin Cove Pond'' (CoUins, Phy-

cothecaNo. 1777), (Collins, 1912).

8. DIMORPHOCOCCUS

I. Dimorphism of cells pronounced 1- ^' ^^»^«*^-

II. Dimorphism of cells not pronounced 2. D. cordatus.

1. *Dimorphococcus lunatus A. Br. Smith, 1920, p. 106.—

Falmouth : 12 ; 87 ; Islands : 35.

2. Dimorphococcus cordatus WoUe. Collins, 1909, p. 174.—

Falmouth: 19 (Local list) ; Islands: 35 (Local list).

9. ANKISTRODESMUS (BAPmvIVM)

I. Cells not twisted around one another L ^- faoatus.

II. Cells twisted around one another 2. A. spiralis,

1. Ankistrodesmus falcatus (Corda) Ralfs. Smith, 1920, p.

134.—In large and small ponds ; common.—Falmouth : 1 ;
18

;
19

;

20; 26; 29; 73; 77; 93; 97; 115; 134; 139; Islands: 3; 4; 65;

Penikese Is. (Hazen, 1924).
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2. *Ankistrodesmus spiralis (Turn.) Lemm. {A. falcatus var.

spiralis (Turn.) G. S. West). Smith, 1920, p. 135.—A much

rarer species, observed only once.—Falmouth : 24.

10. SELENASTRUM
I. *SeIenastrum Westii G. M. Smith, 1920, p. 133.—In small

ponds, abundant but not common.—Falmouth : 24 ; 134.

11. KIRCHNERIELLA
I. Ends of cells pointed 1. K. lunaris,

II. Ends of cells rounded 2. K. ohesa.

1. Kirchneriella lunaris (Kirchn.) Mobius. Smith, 1920, p.

141.—In plankton and with other algae in large and small ponds

;

common but never abundant.—Falmouth: 18; 20; 25; 29; 77;

**Woods Hole" (Local list) ; Islands: 35; 65.

2. *Kirchneriella obesa (W. West) Schmidle. Smith, 1920,

p. 142.—With other algae in ponds; less common than K.

lunaris,—Falmouth : 19 ; 29 ; Islands : 3 ; 17.

12. QUADRIGULA
I. *Quadrigula closterioides (Bohlin) Printz. (incl. Q.

Pfitzeri (Schroder) G. M. Smith, 1920, p. 138).—Observed only

once, in a small pond.—Falmouth : 18.

13. TETRAEDRON
I. Angles of ceU never produced into processes, cor-

ners of cell with spines:

A. Cell triangular la. T. trigonum var. gracile,

B. Cell with more than 3 angles:

1. Cell with 4 angles:

a. Spines heavy, blunt, shorter than half

the width of the cell 2. T. regulare,

b. Spines delicate, longer than half the

width of the cell 2a. T. regulare var. incus.

2. CeU with 5 angles 3. T. caudatum,

II. Angles at corners produced into branched proc-

esses :

A. Cell flattened and processes in the same plane,

processes long, conspicuously branched 4. T. gracile,

B. Cell isodiametric and processes not in the same

plane

:

1. Processes short 5- T.enorme.

2. Processes long 6. T. planctonicum.
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la Tetraedron trigonum (Na«.) Hansg., var. gracile (Reinsch)

DeToni. Smith, 1920, p. 117.—Among other algae in a smaU

pond; scarce.—Falmouth :
24.

2. Tetraedron regulare Kiitz. Smith, 1920, p. I18.-With

other algae in large ponds.—Falmouth : 1 ;
Islands

:
35.

2a *Tetraedron regulare var. incus Telling. Smith, 1920,

p. H8.—Among other algae in a shallow pond ; rare.—Falmouth

:

134.

3. *Tetraedron caudatum (Corda) Hansg. Smith, 1920, p.

120.—In two fairly large ponds ; scarce.—Falmouth :
1

;
19.

4 Tetraedron gracile (Reinsch) Hansg. Smith, 1920, p. 122.—

Among other algae in a shallow pond ;
rare.-Falmouth

:
134.

5. *Tetraedron enorme (Ralfs) Hansg. Smith, 1920, p. 124.—

Falmouth : 18 ; Islands : 17.

6. ^Tetraedron planctonicum G. M. Smith. Smith, 1920, p.

123.—Rare.—Falmouth : 1.

SCENEDESMACEAE
1. SCENEDESMUS

I. WaU smootli, without granulations, lateral ridges,

terminal teeth or spines:

A Cells acicular to broadly elliptic, with pointed ends:

1. All cells in colony erect L ^- oWquus.

2. Median cells erect, terminal cells lunate 2. 8, dimorphous.

B. Cells ovoid to cylindrical with rounded ends:

1. Arrangement of cells a single linear or sub-

alternating but never a double series:

a. Cells in a single linear series 3. S. Ujuga.

b. Cells in a markedly alternating series

3a. S, hijuga var. alternans.

2. Arrangement of cells a double linear series:

a. Colonies always curved 4. 8. arcuatus,

b. Colonies always flat .... 4a. 8, arcuatus var. platydisca,

II. Wall variously sculptured or ridged, at times with

terminal teeth or spines:

A. Longitudinal ridges on sides of cells:

1. Without terminal teeth or spines 5. 5. acutiformut.

2. With terminal teeth or spines:

a. Terminal cells with long spines at poles

6a. 8. armatua var. major.
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b. All cells with short teeth at poles 7. 8, hrasiliensis.

B. Longitudinal ridges not present on sides of cells;

cells with long spines:

1. Spines on both median and terminal cells:

a. Spines on poles of cells only

8a. 8, longus var. Naegelii.

b. Spines on poles and also median part of

certain cells:

1'. Median spines on end cells only 9. 8, ahundans.

2'. Median spines on all cells

9a. 8. ahundans var. asymmetrica,

2. Spines confined to terminal cells:

a. Cells less than 9^ broad; spines less

than 16 \i long

:

1'. Spines short, no longer than width

of cell 10b. 8, quadricauda var. longispina,

2'. Spines longer than width of cell:

a'. Spines no more than 12 ji long,

extended

:

i. Spines 7.5-10 \jl long, cells

&-11 jA long

10a. /Sf. quadricauda var. quadrispina.

ii. Spines 10-12 ji long, cells

11-16 ji long 10, 8, quadricauda,

\/, Spines 12-16 ji long, generally

l)ent 10c. 8, quadricauda var. Westii,

b. Cells 9-11.5 jA broad, spines, 20-30 ji

long lOd. 8. quadricauda var. maximus.

1. Scenedesmus obliquus (Turp.) Kiitz. Smith, 1920, p. 151.—

Among other algae in large and small ponds; common.—Fal-

mouth : 14 ; 27 ; 134 ; 166 ; Islands : 3 ; 17 ; 35 ; 53 ;
216 ;

224.

2. Scenedesmus dimorphus (Turp.) Kiitz. Smith, 1920, p.

151 —Among other algae in large and smaU ponds
;
common.—

Falmouth: 1; 13; 14; 18; 24; 86; 93; Islands: 3; 15; 16; 17; 38.

3. Scenedesmus bijuga (Turp.) Lagerh. Smith, 1920, p. 152.—

With other algae in all types of ponds ; one of the commonest spe-

cies in this region.-^Falmouth : 1; 13; 14; 18; 19; 20; 21; 25;

26; 86; 93; Islands: 3; 15; 16; 17; 35; 38; 53; 57; 65; 99; 103;

216 ; 219 ; 221 ; 223 ; 224.

3a *Scenedesmus bijuga var. alternans (Reinsch) Borge.

Smith, 1920, p. 153.—Occurring with typical form but less com-

inon.—Falmouth : 1 :18 ; Islands : 3 ;
35.
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4. *Scenedesmus arcuatus Lemm. Smith, 1920, p. 153.—In

plankton ; scarce.—Falmouth ; 18 ; 34.

4a. *Scenedesmus arcuatus var. platydisca G. M. Smith.

Smith, 1920, p. 154.—Found once in a pond at the town dump
(pH 8.8).—Falmouth: 140.

5. *Scenedesmus acutiformis Schroder. Smith, 1920, p. 154.

—

With other algae in all kinds of ponds ; common.—Falmouth ; 19

;

29 ; 77 ; 87 ; 93 ; 134 ; Islands : 53 ; 224.

6a. *Scenedesmus armatus (Chod.) G. M. Smith, var. major

G. M. Smith, 1920, p. 155.—Spines shorter than Smith's variety,

barely 7 jj long ; not in plankton ; scarce.—Islands : 224.

7. Scenedesmus brasiliensis Bohlin. Smith, 1920, p. 155.

—

Not common.—Falmouth: 13; 75; 97 (Local list); Islands:

Penikese Is. (Hazen, 1924).

8a. *Scenedesmus longus Meyen, var. Naegelii (Breb.) G. M.

Smith, 1920, p. 156.—Two interesting forms of this variety have

been found in 2 large ponds in this region; one, from Nobska

Pond (Falmouth: 1) is an 8-celled form in which the 4 middle

cells lack spines altogether while the remaining 4 have ones char-

acteristic for the variety; the other, from Coonamesset Pond

(Falmouth: 6) is a 4-celled form in which the terminal

cells have 2 spines each, 1 interior cell has 1 spine and the other

lacks spines : In other respects both forms resemble the variety.

—

Falmouth: 1; 6.

9. *Scenedesmus abundans (Kirchn.) Chod. Smith, 1920,

p. 157.—Among other algae in ponds; scarce.—Falmouth: 10;

13.

9a. '''Scenedesmus abundans var. asymmetrica (Schroder)

G. M. Smith. Smith, 1920, p. 157.—Commoner than the type

but never abundant.—Falmouth: 1; 18; Islands: 35.

10. Scenedesmus quadricauda (Turp.) Breb. Smith, 1920,

p. 158.—In all types of localities ; the commonest species for this

region.—Falmouth : 1; 6; 7; 9; 12; 13; 14; 18; 19; 20; 21; 24;

27; 30; 75; 83; 87; 93; 97; 134; Islands : 3 ; 17 ; 35 ; 38; 216; 224.

10a. '^^Scenedesmus quadricauda var. quadrispina (Chod.)
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G. M. Smith. Smith, 1920, p. 158.—Common.—Falmouth : 13;

18 ; 21 ; Islands : 3 ; 224.

10b. *Scenedesmus quadricauda var. longispina (Chod.) G. M.

Smith. Smith, 1920, p. 159.—Islands: 38.

10c. *Scenedesmus quadricauda var. Westii G. M. Smith.

Smith, 1920, p. 159.—In plankton of 2 large ponds.—Falmouth

:

14 ; Islands : 35.

lOd. Scenedesmus quadricauda var. maximus W. & G. S. West.

—Smith, 1920, p. 159.—Falmouth : 6.

2. TETRADESMUS
1. *Tetradesmus wisconsinensis G. M. Smith. Smith, 1920,

p. 150.—In fairly large ponds ; scarce.—Falmouth : 13 ; 83.

3. CRUCIGENIA

1. *Crucigenia apiculata (Lemm.) Schmidle {Tetrastrum apicu-

latum (Lemm.) Brunnth.). Smith, 1920, p. 146.—Among sedges

bordering a large pond ; rare.—Falmouth : 19.

4. TETRASTRUM
1. *Tetrastrum heteracanthum (Nordst.) Chod., Bull. Herb.

Boiss. 3 (3) : p. 114. 1895. Brunnthaler, 1915, p. 177.—Cells

heart-shaped, quadrately and compactly arranged in coenobes of

4 cells; each cell bearing on its outer face one long and one

short spine ; cells 4-8 p long and broad ; spines 14 and 8 p long.—

Rare.—Falmouth : 1.

5. MICRACTINIUM

1. *Micractinium pusillum Fresenius. Smith, 1920, p. 125.—

Found once in plankton of large pond ; rare.—Islands :
35.

VAUCHERIACEAE
1. VAUCHERIA

1. Vaucheria sessilis (Vauch.) DeCandolle. Collins, 1909,

p. 425.—Probably more common than the single record indicates,

due to sparsity of fruiting material.—Penikese Is. (Hazen,

1924), (Herbarium).

2. Vaucheria spp. Unidentified (mostly sterile) species from

other localities: Falmouth: 2; Islands: 3; 165; 217;/*Tub

Pond on Penikese" (Local list).

I
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ZYGNEMATALES (C0NJUGALE8)
Key to the Woods Hole Genera

I. Cell walls unsegmented, without pores:

A. Cells more or less permanently united in sim-

ple filaments (Zygnemataceae)

:

1. Two axial, stellate chloroplasts in each cell Zygnema (p. 78)

2. One to several ribbonlike chloroplasts in

each cell:

a. Chloroplast solitary, axial ~ Mougeotia (p. 77)

b. Chloroplasts one to several, peripheral,

more or less spiraled - - Spvrogyra (p. 79)

B. Cells solitary (Mesotaeniaceae)

:

1. Chloroplast spirally twisted - Spirotaenta (p. 81)

2. Chloroplast not spirally twisted, axial with

radiating longitudinal plates Netrium (p. 81)

II. Cell walls transversely segmented and with pores (Desmidiaeeae) :

A. Cells solitary:

1. Without a median constriction:

a. Long axis straight - Tenvmn (p.p.) (p. 83)

b. Long axis more to less curved ~ Closterium (p. 81)

2. With a median constriction:

a. More than 3 times as long as broad:

1'. Apices of semicells incised:

a'. Lateral walls with transverse

rings of spines or verrucae Triploceras (p. 85)

b'. Lateral walls without rings of

spines or verrucae ^.- TetmemoriLS (p. 85)

2'. Apices of semicells not incised:

a'. Bases of semicells longitudi-

nally plicate - Doeidmm (p. 85)

b'. Bases of semicells not plicate

PleurotaeniiLm (p.p.) (p. 84)

b. Not more than 3 times as long as broad:

1'. Cells not compressed:

a'. End view circular Penium (p.p.) (p. 83)

b'. End view 3-12 radiate

Staurastrwm (p.p.) (p. 90)

2'. Cells compressed:

a'. Apieces of semicells incised:

i. Apical and lateral in-

cisions shallow -.. EtMstrum (p. 85)

ii. Apical and lateral in-

cisions deep Micrasterias (p.p.) (p. 89)

b'. Apices of semicells not incised:

i. Apices of semicells with 2
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divergent processes - - —
Staurnstrum (p.p.) (p. 90)

ii. Apices of semicells with-

out processes:

A'. Without conspicuous spines

CosTnarium (p. 87)

B'. With fairly long spines:

V\ Front of semicell

with wall thick-

ened on median

portion Xanthidium (p. 90)

2'\ Wall of uniform

thickness - Arthrodesmus (p. 92)

B. Cells permanently united in colonies:

1. Cells more than 4 times as long as broad

Pleurotaenium (p.p.) (p. 84)

2. Cells less than 4 times as long as broad:

a. Apices of semicells deeply incised

Micrasterias (p.p.) (p. 89)

b. Apices of semicells not incised:

1 '. Cells connected by means of apical

processes

:

a'. Processes long, overlapping

adjoining cells - Onychonema (p. 92)

b'. Processes short Sphaerozosma (p. 93)

2'. Cells not connected by apical processes

:

a'. End view elliptical, triangular

or quadrangular:

i. Cells deeply constricted

Spondylosium (p. 93)

ii. Cells not deeply constricted

Desmidium (p. 93)

b'. End view circular:

i Lateral walls longitudi-

naUy striate Gyrmoayga (p. 94)

ii. Lateral walls not longitu-

dinaUy striate Hyalotheca (p. 93)

ZYGNEMATACEAE

1. MOUGEOTIA

I. Sporangia between 2 undivided gametangia (ad-

joined by 2 cells; spores globose:

A. Vegetative cells 6-12 \i broad; zygospores 13-24 |a

broad 1- M.parvula.
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B. Vegetative cells 20-34 ji broad; zygospores 30-

40 n broad 2. M. scalaris,

II. Sporangia dividing 1 or both of the gametangia

(adjoined by 3 or 4 cells)

:

A. Sporangia dividing 1 gametangia (adjoined by

3 cells) ; zygospores globose, not filling the

3-lobed sporangia, vegetative cells 10-18 jx

broad 3. M. notdbilis,

B. Sporangia dividing both gametangia (adjoined

by 4 cells)

:

1. Zygospore wall smooth:

a. Vegetative cells 14-21 p, broad; zygo-

spores brownish violet with angles

produced 4. M. capucina,

b. Vegetative cells 6-8 \i broad ; angles of

zygospores retuse ; margins concave... 5. M, viridis,

2. Zygospores with concave sides, 20-25 ^
broad, walls verrucose 6. M, gracillima,

1. Mougeotia parvula Hass. Collins, 1907, p. 123.—Reported

once **in all stages of conjugation in a drinking fountain in the

railroad station at Woods Hole" (Lewis & Taylor, 1921), (Local

list).

2. Mougeotia scalaris Hass. Collins, 1909, p. 123.—Reported

once ** sparsely fruiting''. Islands: **Dune Pond'' (Local list).

3. Mougeotia notabilis Hass. {M. tenuis (Cleve) Wittr., M,

Transeaui Collins, 1912, p. 77).—^Reported once.—^**Pasque Is."

(Lewis & Tayor, 1921), (Local list).

4. Mougeotia capucina (Bory) Ag. Collins, 1909, p. 127.

—

Found conjugating in considerable abundance in several locali-

ties.—Falmouth : 10; 18 (Local list) ; Islands: 107 (Local list).

5. *Mougeotia viridis (Kiitz.) Wittr. Collins, 1909, p. 126.—

Reported once, in conjugation.—Falmouth: 25 (Local list).

6. *Mougeotia gracillima (Hass:) Wittr. Collins, 1918, p. 21.

—

Found once, richly conjugating.—Falmouth : 20.

7. Mougeotia spp. Unidentified, and for the most part sterile,

species of Mougeotia from additional localities : Falmouth : 1 ; 9

11; 12; 13; 14; 19; 21; 26; 27; 28; 30; 31; 32; 74; 81; 86; 87

91; 93; 95; 97; 98; 111; 115; 135; 136; 137; 138; 139; 142

146; 157; 168; Islands: 3; 4; 16; 17; 35; 36; 37; 39; 40; 44; 48

53; 56; 57; 58; 59; 61; 92; 103; 105; 219; 220; 225; 234

Penikese Is. (Hazen, 1924).

vS

2. ZYGNEMA
1. Zygnema pectinatum (Vauch.) C. Ag. Collins, 1909, p.

103.—Falmouth : 26 (Local list); Islands: 35; 37; 41; 50; 53;

'* Tarpaulin Cove Pond" (Local list).

2. Zygnema spp. Unidentified (mostly sterile) species of

Zygnema from other localities: Falmouth: 1; 6; 7; 9; 10; 18

20; 22; 24; 25; 27; 29; 30; 32; 62; 74; 81; 88; 90; 98; 115; 135

136; 137; 139; 145; 166; 170; Islands: 3; 17; 35; 36; 40; 44

48 ; 55 ; 58 ; 59 ; 60 ; 61 ; 65 ; 92 ; 99 ; 103 ; 104 ; 217 ; 223 ; 230 ; 233

Penikese Is. (Hazen, 1924).

3. SPIROGYRA
I. Entire protoplast of vegetative cell entering into for-

mation of gamete:

A. Dissepiments plane:

1. Chromatophore mostly single:

a. Spore membrane punctate, fertile cells

inflated on both sides; filaments 24-

27 ji broad 1.

b. Spore membrane smooth:

1. Fertile cells swollen on one side

only; filaments 18-21 ji broad ... 2.

2. Fertile cells swollen on both sides;

filaments 11-13 \i broad 3.

2. Chromatophores regularly 2 or more:

a. Chromatophores 2, occasionally 3, rarely

1; filaments 21-32 ji broad; spores

ellipsoid 4a. S, decima

b. Chromatophores regularly 3 or more:

1. Chromatophores 5 or 6; filaments

65-80 n broad ; spores lenticular 5.

2. Chromatophores 3; filaments SO-

BS \i broad ; spores ovoid 6.

B. Dissepiments largely replicate:

1. Eeplicate and plane walls about equal in

number; chromatophores 3-4, slender;

filaments 33-45 \i broad ; spore membrane

reticulate 7.

2. Plane walls rare and exceptional; chromato-

phore single, broad; filaments 15-18

^

broad; spore membrane smooth 8.

II. Vegetative cell dividing unequally to form gamete;

chromatophore single ; filaments 18-22 ^ broad

;

spore membrane scrobiculate ^^

S. punctata.

8. gracilis.

S. flavescens.

var. Suhmarina.

S, hellis,

S. neglecta.

8. fallax.

8, inflata.

8. Collinsii,

^ I*
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1. *Spirogyra punctata Cleve. Collins, 1909, p. 115.—Islands:

40.

2. Spirogyra gracilis (Hass.) Kutz. Collins, 1909, p. 114.—

Falmouth : 25.

3. *Spirogyra flavescens (Hass.) Kiitz. Collins, 1909, p. 113.

—

Falmouth: 1.

4a. Spirogyra decima (Muller) Kiitz., var. Submarina Collins,

1909, p. 110; 1912, p. 72.—Salt marsh or brackish localities.—

*' Small pond on Nonamesset Is.'' (Collins, 1912).

5. Spirogyra bellis (Hass.) Cleve. Collins, 1909, p. 115.—

Pool on west side of shore road to Falmouth, 1^ miles north of

Woods Hole'' (Herbarium).

6. Spirogyra neglecta (Hass.) Kiitz. Collins, 1912, p. 73.—
'

' Pasque Is. " (Local list )

.

7. Spirogyra fallax (Hansg.) Wille. Collins, 1918, p. 17.—

**Pond on Buck Is." (Local list).

8. Spirogyra inflata (Vauch.) Kiitz. Collins, 1909, p. 116.—

Falmouth : 115.

9. Spirogyra CoUinsii (Lewis) Printz in Engler & Prantl, Die

Naturlichen Pflanzenfamilien 2 ed. 3 : p. 372. 1927. (Temnogyra

CoUinsii Lewis, 1925.) Dissepiments plane; chromatophore

single, rarely double, making 5-7 turns in the cell, filaments lack-

ing mucous sheath ; conjugation indiscriminately lateral, scalari-

form or cross, beginning in vegetative cells from which smaller

gametes are cut off after one nuclear division ; bulk of chloroplast

passing into gamete; female gametangium swollen; zygospore

oval, brown, with scorbiculate mesospore ; vegetative cells 18-22 |j

X 125-250 p; male gametangia 18-22 n x 27-54 |j, female game-

tangia 25-35 p x 45-65 |j
; zygospore 30-35^1x52-62^1. Fal-

mouth : 26. (Lewis, 1925 )

.

10. Spirogyra spp. Unidentified (mostly sterile) species of

Spirogyra from other localities.—Falmouth : 9 ; 13 ; 14 ; 19 ; 20

21; 23; 24; 26; 27; 28; 29; 30; 32; 72; 73; 74; 75; 76; 78; 81

83; 87; 88; 91; 95; 97; 98; 111; 121; 133; 134; 136; 138; 139

140; 143; 145; 166; 168 ; 170 ; Islands : 3; 4; 15; 16; 17; 35; 36

38; 41; 44; 50; 53; 55; 56; 57; 59; 63; 65; 92; 99; 103; 104

'

#)?

106 ; 216 ; 219 ; 221 ; 222 ; 223 ; 225 ; 227 ; 228 ; 229 ; 230 ; 231

;

233; Penikese Is. (Hazen, 1924).

MESOTAENIACEAE
1. NETRIUMi

1. Netrium Digitus (Ehr.) Itz. & Rothe. West & West, Brit.

Desm. I: p. 64. 1904.—Falmouth : 1; 9; 10; 18; 26; 30; 31; 32;

73; 74; 76; 77; 88; 91; 111; 118; 134; 139; 166; 168; Islands: 3;

35 ; 57 ; 103 ; 222 ;.

2. Netrium oblongum (DeBary) Lutkem. West & West, Brit.

Desm. I : p. 66. 1904.—Islands : 234.

2. SPIROTAENIA

1. Spirotaenia condensata Breb. West & West, Brit. Desm. I

:

p. 38. 1904.—Falmouth : 138 ; 166.

DESMIDIACEAE
1. CLOSTERIUM

1. Closterium Cynthia De Not. West & West, Brit. Desm. I

:

p. 113. 1904.—Falmouth : 10; 25; 29; 30; 74; 87; 97; Islands:

103 ; 224 ; 225.

la **Closterium Cynthia var. curvatissimum W. & G. S.

West. West & West, Brit. Desm. I : p. 114. 1904.—Falmouth

:

1.

2. Closterium Archerianum Cleve. West & West, Brit. Desm.

I : p. 115. 1904. Falmouth : 139 ; Islands :
104.

3. Closterium didymotocum Corda. West & West, Brit. Desm.

I : p. 116. 1904.—Falmouth : 29 ; 30 ; 75 ; 87

;

4. Closterium macilentum Breb. West & West, Brit. Desm. I

:

p. 118. 1904.—Falmouth : 75.

5. Closterium angustatum Kutz. West & West, Brit. Desm. I

:

p. 119. 1904.—Falmouth : 10; 26; 74; 77; 93; 135; 136.

6. Closterium costatum Corda. West & West, Brit. Desm. I

:

p. 120. 1904.—Falmouth : 10 ; Islands :
219.

7. Closterium striolatum Ehr. West & West, Brit. Desm. I

:

p. 122. 1904.—Falmouth : 31 ; 79 ; Islands :
216.

1 Keys to the species are omitted in the desmids.
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8. Closterium intermedium Ralfs. West & West, Brit. Desm.

I: p. 125. 1904.—Falmouth ; 11; 29; 74; 81; 139; Islands: 16;

223 ; 234.

9. Closterium Ulna Foeke. West & West, Brit. Desm. I: p.

127. 1904.—Falmouth : 134 ; 168.

10. Closterium juncidum Ralfs. West & West, Brit. Desm. I

:

p. 128. 1904.—Falmouth : 18.

11. Closterium Dianae Ehr. West & West, Brit. Desm. I:

p. 130. 1904.—Islands ; 4.

11a. Closterium Dianae var. arcuatum (Breb.) Rab. West

& West, Brit. Desm. I: p. 131. 1904. Falmouth: 117 (Cush-

man, 1908).

12. Closterium Pseudodianae Roy. West & West, Brit. Desm.

I: p. 132. 1904.—Falmouth : 117 (Cushman, 1908).

13. Closterium parvulum Nag. West & West, Brit. Desm. I

:

p. 133. 1904.—Falmouth : 1 ; 74 ; 87 ; Islands : 35 ; 103 ; 216 ; 224.

13a. **Closterium parvulum var. angustum W. & G. S. West.

West & West, Brit. Desm. I : p. 134, 1904.—Falmouth : 140.

14. Closterium incurvum Breb. West & West, Brit. Desm. I

:

p. 136. 1904.—Falmouth : 78.

15. Closterium Venus Kiitz. West & West, Brit. Desm. I:

p. 137. 1904.—Falmouth : 1; 117 (Cushman, 1908).

16. Closterium Leibleinii Kiitz. West & West, Brit. Desm. I

:

p. 141. 1904.—Falmouth : 1.

17. Closterium moniliferum (Bory) Ehr. West & West, Brit.

Desm. I : p. 142. 1904.—Falmouth : 1 ; 20 ; 93 ; 219.

18. Closterium Ehrenbergii Menegh. West & West, Brit.

Desm. I : p. 143. 1904.—Falmouth : 78 ; 79 ; Islands : Penikese Is.

(Hazen, 1924).

19. *Closterium Malinvernianum De Not. West & West, Brit.

Desm. I : p. 145. 1904.—Falmouth : 18 ; 140 ; Islands : 35 ; 217.

20. Closterium Lunula (Miill.) Nitzseh. West & West, Brit.

Desm. I : p. 150. 1904.—Falmouth : 74.
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20a. Closterium Lunula var. intermedium Gutw. West &

West, Brit. Desm. I : p. 152. 1904.—Falmouth : 88.

21. Closterium abruptum West. West & West, Brit. Desm. I

:

p. 158. 1904.—Falmouth : 26 ; 29 ; 74 ; 134 ; 168 ; Islands : 63 ; 65

;

219.

21a. *Closterium abruptum var. brevis W. & 6. S. West (incl.

C. abruptum var. camhricum Turn.). West & West, Brit. Desm.

I : p. 160. 1904.—Falmouth : 29.

22. Closterium toxon West. West & West, Brit. Desm. I:

p. 160. 1904.—Falmouth : 117 (Cushman, 1908) ; 134.

23. Closterium praelongum Breb. West & West, Brit. Desm.

I : p. 164. 1904.—Falmouth : 80.

23a. *Closterium praelongum forma brevior West. West &

West, Brit. Desm. I : p. 165. 1904.—Falmouth : 26 ; 75 ; 77.

24. Closterium gracile Breb. West & West, Brit. Desm. I:

p. 166. 1904.—Islands : 103.

24a. Closterium gracile var. elongatum W. & G. S. West.

West & West, Brit. Desm. I: p. 168. 1904.—Falmouth :
117

(Cushman, 1908).

25. Closterium subulatum (Kiitz.) Breb. West & West, Brit.

Desm. I : p. 179. 1904.—Islands : 216.

26. Closterium lineatum Ehr. West & West, Brit. Desm. I:

p. 181. 1904.—Falmouth : 18; 117 (Cushman, 1908).

27a. Closterium Ralfsii Breb., var. hybridum Rab. West &

West, Brit. Desm. I : p. 183. 1904.—Falmouth : 74 ; 79.

28. Closterium Kutzingii Breb. West & West, Brit. Desm. I

:

p. 186. 1904.—Falmouth : 20; 117 (Cushman, 1908).

29. Closterium rostratum Ehr. West & West, Brit. Desm. I

:

p. 188. 1904.—Islands : 35 ; 106 ; 219.

30. Closterium setaceum Ehr. West & West, Brit. Desm. I

:

p. 190. 1904.—Falmouth : 31 ; 134.

2. PENIUM

1. Penium Libellula (Foeke) Nordst. West & West, Brit.

Desm. I : p. 73. 1904.—Falmouth : 74.

^ f
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la. **Penium Libellula forma West & West, Brit. Desm. I:

p. '74. 1904. A form with two thickened bands around the cen-

ter of the cell.—Islands: 100.

lb. Penium Libellula var. intermedium Roy & Biss. West &

West, Brit. Desm. I : p. 74. 1904.—Islands :
99.

2. Penium Navicula Breb. West & West, Brit. Desm. I
: p. 75.

1904.—Falmouth : 29 ; 73 ; 139 ; 166 ; Islands : 16 ;
41.

2a. **Penium Navicula var. crassum W. & G. S. West, Brit.

Desm. I : p. 76. 1904.—Falmouth : 168.

3. Penium spirostriolatum Barker. West & West, Brit. Desm.

I : p. 88. 1904.—Falmouth : 10 ; 25 ; 29 ; 75 ; 88 ; 90 ; 91 ; 115 ;
134

;

Islands : 16 ; 56 ; 222.

4. Penium minutum (Ralfs.) Cleve. West & West, Brit. Desm.

I : p. 101. 1904.—Falmouth : 74 ; 168 ; Islands :
63.

4a. *Penium minutum forma major Lund. West & West, Brit.

Desm. I : p. 103. 1904.—Falmouth : 74.

4b. *Penium minutum var. gracile Wille. West & West, Brit.

Desm. I : p. 103. 1904.—Falmouth : 91.

4c. *Penium minutum var. elongatum West & G. S. West.

West & West, Brit. Desm. I : p. 104. 1904.—Falmouth : 88 ;
90.

4d. *Penium minutum var. crassum West. West & West, Brit.

Desm. I : p. 105. 1904.—Falmouth : 10.

3. PLEUROTAENIUM

1. Pleurotaenium coronatum (Breb.) Rab. West & West,

Brit. Desm. I : p. 199. 1904.—Falmouth : 86.

2. Pleurotaenium Ehrenbergii (Breb.) DeBary. West & West,

Brit. Desm. I; p. 205. 1904.—Falmouth : 9; 74; 87; 140; 166;

168 ; Islands : 3 ; 16.

3. Pleurotaenium Trabecula (Ehr.) Nag. West & West, Brit.

Desm. I : p. 209. 1904.—Falmouth : 1 ; 13 ; 18 ; 25 ; 26 ; 27 ; 30

;

91 ; 93 ; 96 ; 168 ; 169 ; Islands : 63 ; 64 ; 99 ; 219 ;
234.

3a. Pleurotaenium Trabecula var. rectum (Delp.) W. & G. S.

West, Brit. Desm. I : p. 212. 1904.—Falmouth : 74.

^K

4a. *Pleurotaenium subcoronulatum (Turn.) W. & G. S. West,

var. detum W. & G. S. West. Smith, 1924, p. 14.—Falmouth

:

86; 96.

4. DOCIDIUM

1. *Docidium Baculum Breb. West & West, Brit. Desm. I:

p. 193. 1904.—Falmouth : 74.

2. *Docidium undulatum Bail. West & West, Brit. Desm. I:

p. 194. 1904.—Falmouth : 74; 91; 168.

5. TRIPLOCERAS

1. *Triploceras gracile Bail. Smith, 1924, p. 19.—Falmouth:

74; 88; 91; 168.

6. TETMEMORUS
1. Tetmemorus Brebissonii (Menegh.) Ralfs. West & West,

Brit. Desm. I: p. 216. 1904.—Falmouth : 9; 10; 11; 31; 74; 88;

91 ; 168 ; Islands : 222.

la. **Tetmemorus Brebissonii var. minor DeBary. West &
West, Brit. Desm. I : p. 218. 1904.—Falmouth : 168.

2. Tetmemorus granulatus (Breb.) Ralfs. West & West, Brit.

Desm. I: p. 219. 1904.—Falmouth : 10; 11; 29; 74; 76; 88; 91;

134 ; 168 ; Islands : 16 ; 102.

3. Tetmemorus laevis (Kiitz.) Ralfs. West & West, Brit.

Desm. I : p. 222. 1904.—Falmouth : 1 ; 10 ; 12 ; 32 ; 41 ; 111 ; 136.

7. EUASTRUM

1. Euastrum ventricosum Lund. West & West, Brit. Desm.

II: p. 4. 1905.—Falmouth : 74.

2. *Euastrum crassum (Breb.) Kiitz. West & West, Brit.

Desm. II: p. 5. 1905.—Falmouth : 12; 25; 29; 74; 91.

2a. *Euastrum crassum var. scrobiculatum Lund. West &
West, Brit. Desm. II ; p. 7. 1905.—Falmouth : 29 ; 88.

3. *Euastrum humerosum Ralfs. West & West, Brit. Desm.

II: p. 8. 1905.—Falmouth : 29; 91; 134; Islands: 57; 65.

4. *Euastrum pinnatum Ralfs. West & West, Brit. Desm. II

:

p. 10. 1905.—Falmouth : 88 ; 111 ; 134 ; 166 ; 168.

fl
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5. Euastrum oblongum (Grev.) Ralfs. West & West, Brit.

Desm. II : p. 12. 1905.—Falmouth : 18 :
Islands

:
219.

5a Euastrum oblongum var. cephalophorum West. West &

West, Brit. Desm. II: p. 14. 1905.—Falmouth : 75; 81; 166.

6. Euastrum Didelta (Turp.) Ralfs. West & West, Brit.

Desm. II: p. 15. 1905.—Falmouth : 31; 86; 134.

7. Euastrum affine Ralfs. West & West, Brit. Desm. II
: p. 17.

1905.—Falmouth : 74 ; 81 ; 139.

8. *Euastrum ampullaceum Ralfs. West & West, Brit. Desm.

II : p. 19. 1905.—Falmouth : 91 ; 139.

9. *Euastrum sinuosum Lenorm. West & West, Brit. Desm.

II : p. 20. 1905.—Falmouth : 30 ; 118.

10. *Euastrum pingue Elfv. West & West, Brit. Desm. II:

p. 30. 1905.—Falmouth : 91.

11. *Euastrum intermedium Cleve. West & West, Brit. Desm.

II : p. 33. 1905.—Falmouth : 168.

12 *Euastrum bidentatum Nag. West & West, Brit. Desm.

II. p. 39. 1905.—Falmouth : 25; 29; 73; 74; 76; 87; 91; 115;

134; 139; 166; 168; Islands: 15; 16; 41; 57; 59; 63; 65; 99;

103 ; 122 ; 225.

13. *Euastrum divaricatum Lund. West & West, Brit. Desm.

II: p. 42. 1905.—Falmouth : 30; 134; Islands: 16.

14. *Euastrum pulchellum Breb. West & West, Brit. Desm.

II : p. 46. 1905.—Falmouth : 74.

15. Euastrum elegans (Breb.) Kiitz. West & West, Brit.

Desm. II : p. 48. 1905.—Falmouth : 18.

15a. *Euastrum elegans var. ornatum West. West & West,

Brit. Desm. II : p. 50. 1905.—Falmouth :
168.

16. Euastrum binale (Turp.) Ehr. West & West, Brit. Desm.

II : p. 51. 1905.—Falmouth : 12 ; 30 ; 74 ; 76 ; 88 ; 111 ; 115 ;
136

;

138 ; Islands : 16 ; 57 : 222 ; 225.

16a. **Euastrum binale forma secta Turn. West & West, Brit.

Desm. II : p. 53. 1905.—Falmouth : 25 ; 29 ; Islands : 37 ;
220.

17. *Euastrum denticulatum (Kirehn.) Gay. West & West,

Brit. Dem. II : p. 56. 1905.—Falmouth : 1 ; 134 ; Islands : 222.

18. Euastrum verrucosum Ehr. West & West, Brit. Desm. II

:

p. 64. 1905.—Falmouth : 75 ; 166.

19. Euastrum insulare (Wittr.) Roy. West & West, Brit.

Desm. II: p. 68. 1905.—Falmouth : 29; Islands: 17 (with zygos-

pore).

8. COSMARIUM

1. *Cosmarium circulare Reinseh. West & West, Brit. Desm.

II
; p. 136. 1905.—Small : 46 [x broad, 47 p long.—Falmouth : 18.

2. *Cosmarium Subcucumis Sehmidle. West & West, Brit.

Desm : II : p. 155. 1905.—Falmouth : 1 ; 32 ; 115.

3. *Cosmarium contractum Kirehn. West & West, Brit. Desm.

II : p. 170. 1905.—Islands : 65.

3a. *Cosmariiun contractum forma Jacobensii (Roy) W. &
G. S. West, Brit. Desm. II: p. 171. 1905.—Falmouth : 76.

3b. *Cosmarium contractum var. ellipsoideum W. & 6. S.

West. West & West, Brit. Desm. II : p. 172. 1905.—Falmouth*

81 ; 87 ; Islands : 17.

4. *Cosmarium Hammeri Reinseh. West & West, Brit. Desm.

II: p. 181. 1905.—Falmouth : 47; 91.

4a. *Cosmarium Hammeri var. protuberans West & G. S.

West. West & West, Brit. Desm. II : p. 183. 1905.—Falmouth

:

74 ; 87.

5. Cosmarium granatum Breb. West & West, Brit. Desm. II

:

p. 186. 1905.—Falmouth : 75.

6. Cosmarium subtumidum Nordst. West & West, Brit. Desm.

II :p. 192. 1905.—Islands : 234.

7. Cosmarium pyramidatum Br^b. West & West, Brit. Desm.

II : p. 199. 1905.—Falmouth : 25 ; 30 ; 74 ; 76 ; 81 ; 111 ; 115 ; 139

;

166 ; 168 ; Islands : 16 ; 41 ; 63 ; 221.

8a. Cosmarium pseudopyramidatum Lund, forma major Lund.

West & West, Brit. Desm. II : p. 202. 1905.—Falmouth : 29 ; 88

;

91; 167.
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9 *Cosmarium venustum (Breb.) Arch. West & West, Brit.

Desm. Ill : p. 8. 1908.—Falmouth : 86 ; 136 ;
Islands

:
103.

10. *Cosmarium pseudoconnatum Nordst. West & West, Brit.

Desm. Ill : p. 26. 1908.—Falmouth :
74.

11a *Cosmarium sexangulare Lund, forma minima Nordst.

We^t & West, Brit. Desm. Ill: p. 82. 1908.-Islands
:
3.

12 *Cosmarium impressulum Elfv. West & West, Brit. Desm.

Ill : p. 86. 1908.—Falmouth : 1 ; 73 ; 75 ; 76 ; 93 ; 140 ;
Islands

:
3

;

216 ; 226.

13. *Cosmarium Meneghinii Breb. West & West, Brit. Desm.

Ill : p. 90. 1908.—Falmouth : 140 ; Islands : 35 ;
53.

14a. **Cosmarium angulosum Breb., var. concinnum (Rab.).

West & G. S. West. West & West, Brit. Desm. Ill
: p. 94. 1908.

—Islands : 3 ; 216.

15. *Cosmarium Cucurbita Breb. West & West, Brit. Desm.

Ill : p. 106. 1908.—Falmouth : 74 ; 90 ;
91.

16. *Cosmarium quadratulum (Gay) DeToni. West & West,

Brit. Desm. Ill : p. 121. 1908.—Falmouth :
87.

17. *Cosmarium caelatum Ralfs. West & West, Brit. Desm.

Ill : p. 134. 1908.—Falmouth : 10.

18. Cosmarium ornatum Ralfs. West & West, Brit. Desm. Ill

:

p. 151. I908.-Falmouth: 9; 30; 73; 74; 88; 98; 139; Islands:

16 ; 222.

19. Cosmarium Portianum Arch. West & West, Brit. Desm.

Ill : p. 165. 1908.—Falmouth : 26 ; 81 ; Islands :
65.

20. Cosmarium protractum (Nag.) DeBary. West & West,

Brit. Desm. Ill : p. 181. 1908.—Falmouth :
13.

21a. *Cosmarium punctulatum Breb., var. subpunctulatum

(Nordst) Borg. West & West, Brit. Desm. Ill : p. 209. 1908.—

Falmouth: 1; Islands: 219.

22. *Cosmarium Blyttii Wille. West & West, Brit. Desm. Ill

:

p. 225. 1908.—Falmouth : 24; 74.

23. *Cosmarium Boeckii Wille. West & West, Brit. Desm. Ill

:

p. 234. 1908.—Islands : 53.

24. Cosmarium Botrytis Menegh. West & West, Brit. Desm.

IV : p. 1 ; 1912.—Falmouth : 13.

9. MICRASTERIAS

1. Micrasterias truncata (Corda) Breb. West & West, Brit.

Desm. II : p 82. 1905.—Falmouth : 2 ; 25 ; 29 ; 74 ; 88 ; 91 ; 111

;

115; 166; 168; Islands: 4; 17; 41; 57; 63; 220; 222.

2. *Micrasterias Jenneri Ralfs. West & West, Brit. Desm. II

:

p. 86. 1905.—Falmouth : 74.

3. *Micrasterias conferta Lund. West & West, Brit. Desm. II

:

p. 88. 1905.—Falmouth : 91.

4. Micrasterias papillifera Breb. West & West, Brit. Desm.

II : p. 91. 1905.—Falmouth : 74 ; 91 ; 168.

4a. *Micrasterias papillifera var. glabra Nordst. West & West,

Brit. Desm. II : p. 93. 1905.—Falmouth : 88 ; 95.

5. Micrasterias Sol (Ehr.) Kiitz. West & West, Brit. Desm.

II : p. 95. 1905.—Falmouth : 139.

6a. Micrasterias apiculata (Ehr.) Menegh., var. fimbriata

(Ralfs) Nordst. West & West, Brit. Desm. II : p. 99. 1905.—

Falmouth : 74.

7. Micrasterias rotata (Grev.) Ralfs. West & West, Brit.

Desm. II: p. 102. 1905.—Falmouth : 10; 11; 12; 30; 34 (Local

list) ; 81 ; 83 ; 93 ; 111.

8. Micrasterias denticulata Breb. West & West, Brit. Desm.

II : p. 105. 1905.—Falmouth : 11 ; 88 ; 91 ; 134 ; Islands
:
44.

9. Micrasterias radiata Hass. West & West, Brit. Desm. II:

p. 113. 1905.—Falmouth : 139.

10. Micrasterias Americana (Ehr.) Ralfs. West & West, Brit.

Desm. II : p. 117. 1905.—Islands : 99.

11. Micrasterias laticeps Nordst. (M. disputata Wood). Wolle,

1884, p. 115.—Falmouth : 1 ; 9 ; 13 ; 18.

12. Micrasterias expansa Bail. Wolle, 1884, p. 117.—Fal-

mouth : 88 ; 91.

13. Micrasterias muricata Bail. Wolle, 1884, p. 118.—Fal-

mouth: 134.
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14. Micrasterias depauperata Nordst. West & West, 1896,

p. 238, pi 14, fig, 1.—Falmouth : 74; 91.

10. XANTHIDIUM

1 Xanthidium armatum (Breb.) Rab. West & West, Brit.

Desm. IV: p. 51. 1912.—Falmouth: 10; 11; 12; 74; 88; 91; 93;

167 ; 168 ; Islands : 58.

2. Xanthidium antilopaeum (Breb.) Kiitz. West & West,

Brit. Desm. IV: p. 63. 1912.—Falmouth : 2; 10; 25; 29; 74; 88;

111 ; 115 ; Islands : 16 ; 17 ; 57 ;
65.

2a. *Xanthidium antilopaeum var. polymazum Nordst. West

& West, Brit. Desm. IV: p. 67. 1912.—Falmouth : 98; 134.

2b. *Xanthidium antilopaeum var. hebridarum W. & G. S.

West. West & West, Brit. Desm. IV : p. 69. 1912.—Falmouth

:

30.

3. Xanthidium cristatum Breb. West & West, Brit. Desm. IV

:

p. 70. 1912.—Falmouth : 25; 74; 77; 81; 87; 91; 168; Islands:

227.

3a. *Xanthidium cristatum var. uncinatum Breb. West &

West, Brit. Desm. IV : p. 73. 1912.—Islands : 99 ;
225.

11. STAURASTRUM

1. *Staurastrum pachyrhynchum Nordst. West & West, Brit.

Desm. IV : p. 151. 1912.—Falmouth : 30.

2. *Staurastrum alternans Breb. West & West, Brit. Desm.

IV : p. 170. 1912.—Falmouth : 10 ; 140.

3. Staurastrum dilatatum Ehr. West & West, Brit. Desm. IV

:

p. 172. 1912.—Falmouth : 10.

4. Staurastrum punctulatum Breb. West & West, Brit. Desm.

IV: p. 179. 1912.—Falmouth : 1; 13; Islands: 15.

5. *Staurastrum glabnun (Ehr.) Ralfs. West & Carter, Brit.

Desm. V : p. 2, 1923.—Falmouth : 29.

6a. Staurastrum cuspidatum Breb., var. divergens Nordst.

West & Carter, Brit. Desm. V : p. 25. 1923.—Islands : 222.

7. Staurastrum trihedrale WoUe, 1884, p. 123.—Falmouth

:

115 ; Islands : 15 ; 16.

8. *Staurastnun longispinum (Bail.) Arch. West & Carter,

Brit. Desm. V: p. 33. 1923.—Falmouth : 96.

9. Staurastrum Avicula Breb. West & Carter, Brit. Desm. V

:

p. 40. 1923.—Islands : 220.

9a. *Staurastrum Avicula var. subarcuatum (WoUe) West.

West & Carter, Brit. Desm. V : p. 41. 1923.—Islands :
65.

10. Staurastriun subcruciatum Cooke & Wills. West &

Carter, Brit. Desm. V : p. 42. 1923.—Falmouth :
115.

11. *Staurastrum Simonyi Heimerl. West & Carter, Brit.

Desm. V : p. 45. 1923.—Falmouth : 167.

12. Staurastrum teliferum Ralfs. West & Carter, Brit. Desm.

V : p. 58. 1923.—Falmouth : 29 ; 30 ; 74 ; 81.

13. Staurastnmi spongiosum Breb. West & Carter, Brit.

Desm. V : p. 76. 1923.—Falmouth : 29.

14. *Staurastrum brachiatum Ralfs. West & Carter, Brit.

Desm. V : p. 88. 1923.—Islands : 65.

15. *Staurastrum paradoxum Meyen. West & Carter, Brit.

Desm. V : p. 101. 1923.—Falmouth : 1 ; 29.

15a. *Staurastrum paradoxum var. parvum West. West &

Carter, Brit. Desm. V: p. 106. 1923.—Falmouth : 1; Islands: 3.

16. *Staurastrum inflexum Breb. West & Carter, Brit. Desm.

V: p. 108. 1923.—Islands: 216.

17. *Staurastrum crenulatum (Nag.) Delp. West & Carter,

Brit. Desm. V : p. 110. 1923.—Falmouth :
87.

18. *Staurastrum neglectum G. S. West. West & Carter, Brit.

Desm. V: p. 111. 1923.—Islands: 15; 16; 222.

19. *Staurastrum tetracerum Ralfs. West & Carter, Brit.

Desm. V: p. 118. 1923.—Falmouth : 1; 29; 30; 74; 77.

20 Staurastrum polymorphum Breb. West & Carter, Brit.

Desm. V: p. 125. 1923.—Falmouth : 1; 6; 13; 29; 30; 73; 74;
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79; 81; 134; 166; 167; Islands: 16; 17; 35; 41; 50; 57; 103;

221 ; 222 ; 223.

21 *Staurastrum margaritaceum (Ehr.) Menegh. West &

Carter, Brit. Desm. V : p. 131. 1923.-Palmouth
:
29.

22. Staurastrum cyrtocerum Br^b. West & Carter, Brit. Desm.

V : p. 135. 1923.—Falmouth :
HI.

23. *Staurastrum Haaboeliense WiUe. West & Carter, Brit.

Desm. V: p. 140. 1923.—Falmouth :
1.

24. *Staurastruni Cerastes Lund. West & Carter, Brit. Desm.

V : p. 141. 1923.—Falmouth : 74 ;
118.

25. *Staurastrum pentacerum (WoUe) G. M. Smith. Smith,

1924, p. 112.—Falmouth : 74.

26. *Staurastrum vestitum Ralfs. West & Carter, Brit. Desm.

V : p. 158. 1923.—Islands : 63.

27. Staurastrum furcigerum Br6b. West & Carter, Brit.

Desm. V : p. 188. 1923.—Falmouth : 25 ; 26 ; 169 ;
Islands

:
65.

12. ARTHRODESMUS

1. Arthrodesmus Incus (Breb.) Hass. West & West, Brit.

Desm. IV : p. 90. 1912.—Falmouth : 1 ; 74 ; 93 ;
134.

la. Arthrodesmus Incus forma minor W. & G. S. West. West

& West, Brit. Desm. IV: p. 92. 1912.—Falmouth :
11.

lb. *Arthrodesmus Incus var. extensus Anders. Smith, 1924,

p. 132.—Islands : 46; 58.

2 Arthrodesmus convergens Ehr. West & West, Brit. Desm.

IV: p. 106. 1912.—Fahnouth : 1; 13; 25; 26; 74; 81; Islands:

4 ; 17 ; 234.

3. Arthrodesmus octocornis Ehr. West & West, Brit. Desm.

IV: p. 111. 1912.—Falmouth : 10; 30; 74; 76; 88; 168; Islands:

16 ; 103 ; 222.

13. ONYCHONEMA

1. Onychonema filiforme (Ehr.) R. & B. West & Carter, Brit.

Desm. V: p. 216. 1923.—Falmouth : 18; 25; 26; 29; Islands 15;

16; 17; 57; 65; 103.
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2. *Onychonema laeve Nordst. West & Carter, Brit. Desm. V

:

p. 218. 1923.—Falmouth : 25 ; 29 ; 74 ; 134.

14. SPHAEROZOSMA
1. Sphaerozosma excavatxun Ralfs. West & Carter, Brit.

Desm. V : p. 211. 1923.—Falmouth : 10 ; Islands : 35.

15. SPONDYLOSIUM

1. *Spondylosium planum (WoUe) W. & G. S. West. West &

Carter, Brit. Desm. V: p. 222. 1923.—Falmouth : 10; 29; 32;

81; 134; 139; Islands: 15; 16; 219.

2. *Spondylosium pulchellum Arch. West & Carter, Brit.

Desm. V: p. 227, 1923.—Falmouth : 23; 30; 134; 166; Islands:

15; 16; 17; 41; 57; 63; 65; 103; 221; 222; 223; 234.

3. Spondylosium pulchrum (Bail.) Arch. Smith, 1924, p.

140.—Islands : 100.
«

16. HYALOTHECA

1. Hyalotheca dissiliens (Sm.) Breb. West & Carter, Brit.

Desm. V : p. 229. 1923.—Falmouth : 10 ; 11 ; 13 ; 25 ; 26 ; 27 ; 29

;

30; 74; 75; 79; 86; 87; 93; 115; 136; 139; 166; 167; 168;

Islands : 16 ; 37 ; 40 ; 41 ; 46 ; 50 ; 219 ; 221 ; 222 ; 223 ; 228 ;
234.

2. Hyalotheca mucosa (Mert.) Ehr. West & Carter, Brit.

Desm. V: p. 235. 1923.—Islands : 65.

17. DESMIDIUM

1. Desmidium Aptogonum Breb. West & Carter, Brit. Desm.

T: p. 242. 1923.—Falmouth : 11; 29; 87; 135; Islands: 17; 46.

la. Desmidium Aptogonum var. acutius Nordst. West &

Carter, Brit. Desm. V : p. 244. 1923.—Falmouth :
91.

2. Desmidium Swartzii Ag. West & Carter, Brit. Desm. V:

p. 246. 1923.—Falmouth : 1; 2; 25; 26 (Local list) ; 29; 74; 91;

95 ; 115 ; 134 ; 166 ; 167 ; 169 ; Islands : 37 ; 41 ; 57 ; 63 ; 65 ;
225 ;

228.

2a. *Desmidium Swartzii var. amblyodon (Itz.) Rab. West

& Carter, Brit. Desm. V: p. 249. 1923.—Falmouth :
30.

3. *Desmidium quadratum Nordst. West & Carter, Brit.

Desm. V : p. 254. 1923.—Falmouth : 135 ; 167 ;
168.
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4. Desmidium Baileyi (Ralfs) Nordst. Smith, 1924, p. 145.—

Falmouth: 13; 30; 74; 111; 136; 138; 168; ''Small pond near

Hatchville.
''

-

18. GYMNOZYGA (BAMBUSINA)

I. Gymnozyga moniliformis Ehr. (Bambusina Brehissonii

Kutz.) West & Carter, Brit. Desm. V: p. 255. 1923.—Fal-

mouth: 1; 2; 25; 29; 32; 74; 90; 91; 111; 136; 168; Islands:

15; 16; 41; 57; 103; 220; 221 ; 222 ; 223 ; 234.

CHARACEAE
Key to the Genera

I. CJoronula 10-celled; in monoecious species antherida

above the oogonia Nitella (p. 94)

II. Coronula 5-ceUed; in monoecious species antheridia

below the oogonia Chara (p. 95)

1. NITELLA

I. Ultimate rays of branchlets 1-celled; coronula deciduous.

1. N,flexalis,

II. Ultimate rays of branchlets 2-3-celled; coronula persis-

tent:

A. Oospore membrane reticulate 2a. N, mucronata var. gracillima,

B. Oospore membrane finely granulate 3. N, gracilis*

1. Nitella flcxalis Ag., Syst. Alg. 124. 1824. Groves & Bul-

lock-Webster, 1920, p. 102.—Stem rather stout ; branchlets once

furcate or sometimes simple with 1 node, ultimate rays 1-celled,

acuminate; oogonia 2 or 3 together, coronula deciduous, spiral

cells swelling at apex; oospore dark reddish brown to black,

showing 5-7 stout prominent ridges which broaden into flanges

at apex, outer membrane thick and semi-rigid, red-brown,

smooth or scabrous with wart-like protuberances: oogonia 625-

900 ^1 long, 550-750 p broad ; oospore 500-575 p long, 425-500 \i

broad, 375 p thick ; antheridia 500-625 p broad.—Islands : 35.

2a. **Nitella mucronata Miquel, var. gracillima Groves & Bul-

lock-Webster, Jour. Bot. 55 : p. 324. 1917 ; 1920, p. 117.—Stem

slender; branchlets 1-3 times divided; ultimate rays 2-3-celled,

penultimate cell tapering, apical minute; oogonia 1-2 together,

coronula persistent; oospore dark brown, showing &-7 thin
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1. Ccanescens.

prominent ridges, outer membrane thin, flexible, light yellow-

brown, reticulate ; oogonia 550-575 \x long, 400 p broad ;
oospore

about 290 \\ long, 275 p broad ; antheridia about 275 p broad.—

Falmouth : 26.

3. Nitella gracilis (Smith) Ag., Syst. Alg. p. 125. 1824. Groves

& Bullock-Webster, 1920, p. 117.—Stem very slender; branchlets

2-3 times divided ; ultimate rays 2-3-celled, mucronate ;
oogonium

solitary, coronula persistent; oospore light brown, showing 6

rather prominent ridges, outer membrane thin, flexible, bright

yellow-brown, very finely granulate ; oogonia about 525 |j long,

350 M broad ; oospore 250-300 \x long, 225-250 p broad, 175-200 p

thick ; antheridia about 300 \x broad.—Falmouth : 26 (Local list)

:

33 (Staff) ; ** Woods Hole'' (Collins, Phycotheca No. 1195).

2. CHARA
I. Stem cortex haplosticlious (having a single row of

cortical cells to each branchlet) -

II. Stem cortex triplistichous (having 3 rows of cortical

cells to each branchlet: a central (primary) and 2

lateral (secondary)):

A. Primary and secondary cortical cells of about

equal diameter and prominence; stipulodes

and spine cells rudimentary • • 2. C. fragilis.

B. Primary cortical cells larger and more promi-

nent; stipulodes and spine cells more or less

developed 3. C, deli^atuU.

1. **Chara canescens Loiseleur, Notice aj. Fl. France, p. 139,

1*810 (C. crinita Wallroth).—Groves & BuUock-Webster, 1924, p.

14._Dioecious ; stem moderately stout ; internodes 2-4 times as

long as the branchlets ; cortex 1-ranked, rarely with any trace of

lateral cells; spine cells persistent, mostly in clusters of 2-5,

spreading, usually slender and acuminate ;
branchlets of 5-8 seg-

ments; oospores showing 10-13 low, inconspicuous ridges, ter-

minating in short basal claws; outer membrane thick, brittle,

opaque, verv dark red, very finely granulated; oogonia 600-750 p

long, 400-500 p broad ; oospores 450-625 m long, 275-400 ^i thick.

—Falmouth: 21 (Herbarium), (Local list).

2 Chara fragilis Desvaux in Loiseleur, Notice aj. Fl. France,

p. 137, 1810; Groves & Bullock-Webster, 1924, p. 61.—Monoe-
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cious; stem rather slender; intemodes as long as or longer than

brancMets; cortex regular, cells of seconda^ series nearly or

quite as broad as those of primary series; spine cells extremely

small hardly visible except on very young mternodes; branch-

r ofS segments ; oospore showing 1^15 weU-defined ridges,

prolonged downwards into a cage ; outer membrane thick, lamel-

Led, semi-rigid, semi-opaque, very dark brown, very fine^

granulated; oogonia 800-950 n long (e^cludmg cortex), 500-

675 M broad ; oospores 550-700 p long, 350^0 ji broad.-Fal-

mouth : 21 (Local list)

.

3 **Chara delicatula Ag., Syst. Alg. p. 130, 1824; non Desv.

Groves & Bullock-Webster, 1924, p. 65.-Monoecious; stem slen-

der; intemodes only slightly longer than the branchlets; cor-

tex regular, cells of secondary series little more than half as broad

as cells of primary series; spine cells papilliform or rarely elon-

gated ;
branchlets of 9-11 segments ; oospore showing ia-14 thin

ridges terminating in basal claws ; outer membrane thick, 1am-

ellated, semi-rigid, semi-opaque, nearly black, ^anulated vmh

well-defined granules of varying sizes ; oogonia 75(^1000 , long

(excluding cortex), 500-675 n broad; oospores 625-700 p long,

350-475 n broad.—Islands :
35.
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ISLAND PONDS
Number Name Island Plate

3 FRENCH WATERING PLACE NAUSHON IV
4 BLANEYS POND NAUSHON IV

15 CENTER POND NONAMESSET HI
16 FAWN POND NONAMESSET III

17 DEER POND-1 NONAMESSET HI
35 SHEEP POND (ICEHOUSE POND) CUTTYHUNK VII
36 SHEEP SPRING CUTTYHUNK VII
37 JUNCUS POOL CUTTYHUNK VII
38 CLUBHOUSE POND CUTTYHUNK VII
39 DUNE POND -NORTH (NASEAWENA

POND) NASHAWENA VI
40 DUNE POND-SOUTH (NASHAWENA

POND ) NASHAWENA VI
41 FURBER POND NAUSHON IV
44 WEST END POND NAUSHON IV
45 SHEEP WELL (WELL ON CUTTYHUNK) CUTTYHUNK VII

46 BOBBLE POND NONAMESSET III

47 FLAG POND NONAMESSET IH
48 GROVE POND NONAMESSET III

50 INNER POND NONAMESSET IH
51 MUNSOD INNER POND NONAMESSET IH
53 SHEEP PEN POND NONAMESSET III

54 SHORE POND NONAMESSET III

55 SOUTH POND NONAMESSET III

56 STABLE POND _ NONAMESSET IH
57 STONEWALL POND NONAMESSET III

58 XANTHIDIUM POND NONAMESSET III

59 PINK POND NONAMESSET IH
60 FERN POND NONAMESSET III

61 SWEET POND NONAMESSET III

63 TURTLE POND NAUSHON IV

64 COVE POND NAUSHON IV

65 WALL POND NONAMESSET IH
71 DRY POND PENIKESE VIII

84 LEPER POND PENIKESE VEH
92 AINNLE POND NAUSHON IV

99 PECKETT POND - NAUSHON IV

100 MARYS LAKE NAUSHON IV

101 TAYLORS TARP POND - NAUSHON IV

102 MOLASSES POND NAUSHON IV

103 INSIDE COVE POND NAUSHON IV

104 NORTHWEST OF COVE POND NAUSHON IV

105 FANCY CREEK _ NAUSHON IV

106 SHEEP STREAM CUTTYHUNK VII

101



102 The Fresh Water Algae of

Number Name ^^^^

107 GOSNOLD POND (CUTTYHUJSTK POND),

(WEST END POND) CUTTYHUNK

108 MUD HOLE-CUTTY CUTTYHUNK

109 BAERIER PONDS-CUTTY CUTTYHUNK

110 SOUTH POND-2 PENIKESE

123 PASTURE POND-EAST NAUSHON

124 GROVE PUDDLE NONAMESSET

128 WELL POND NONAMESSET

129 BLUE GATE BOG NAUSHON

141 TERN POND PENIKESE

150 CRANE POND NAUSHON

151 RED MEADOW POND NAUSHON

158 WEST END SWAMP NAUSHON

162 KETTLE COVE POND NAUSHON

163 SILVER BEACH POND NAUSHON

164 CARY POND-NORTH NAUSHON

165 SCAR SPRING NAUSHON

177 DUNE PUDDLES NASHAWENA

178 MARGINAL POOLS NASHAWENA

181 VICK-HOUSE POND VICKETIMEST

182 VICK-NORTH POND VICKETIMEST

183 VICK-SWAMP VICKETIMEST

184 COVE MARSH NAUSHON

185 COVE SWAMP NAUSHON

186 COVE HOLLOW POND NAUSHON

187 COVE FERN BOG NAUSHON

188 ROBERT POND NAUSHON

189 DUCK POND NAUSHON

190 SURAT POND-NORTH NAUSHON

191 APPLE-TREE SWAMP NAUSHON

192 CARY POND-SOUTH NAUSHON

193 SURAT POND-WEST NAUSHON

194 SURAT POND-EAST NAUSHON

195 JAOS POND NAUSHON

196 PECKETT POND-SOUTH NAUSHON

197 PECKETT POND-NORTH NAUSHON

198 EAGLE HOLLOW POND NAUSHON

199 NORTH SHORE POND NAUSHON

209 TYPHA POND-2 PENIKESE

212 SOUTHWEST POND NAUSHON

213 PASTURE POND-WEST NAUSHON

214 FISH POND (CHOPTAUK LAKE), {MIB-

BOB LAKE) NASHAWENA
215 DUNLOPS POND NASHAWENA
216-241 PASQUE-A to PASQUE~Z PASQUE

242 TUB POND-NORTH PENIKESE

243 TUB POND-SOUTH PENIKESE

Plate

VII
VII
VII
VIII

IV
III

III

IV
VIII

IV
IV
IV
IV
IV
IV
IV
VI
VI
IV
IV
IV
IV
IV
IV
IV
IV
IV
IV
IV
IV
IV
IV
IV
IV
IV
IV
IV
VIII

IV
IV

VI
VI
V
VIII

VIII

\

i
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Plate II

FALMOUTH
Number Name Position on Map

1 NOBSKA POND (FBESH POND) Southwest

2 GARDINERS BITCH (LILLIES DITCH) Southwest

5 COONAMESSETT SWAMP Northeast

6 COONAMESSETT POND Northeast

7 DEEP POND-2 Northeast

8 LILLY POND Northeast

9 CROOKED POND Northeast

10 DESMID HAVEN POND Northwest

11 OPHRIDIUM POOL Northwest

12 DROSERA DITCH Northwest

13 SHIVERICKS POND {FALMOUTH POND) Southwest

14 SIDERS POND (FBESH POND), (EPISCOPAL OCEAN) Southwest

18 LILY POND Southwest

19 SALT POND-1 Southwest

20 OYSTER POND Southwest

21 CHARA POND Southwest

22 PERIDINIUM POOL Southwest

23 CEDAR SWAMP Southwest

24 IRON POND (BAILBOAD POND-1) Southwest

25 HARPER POND (LEATHEBBEES POND) Southwest

26 WOOD POND (GANSETT POND) Southwest

27 TYPHA POOL-1 Southwest

28 MILES POND (CAHOONS ICE POND) Southwest

29 WEEKS POND-1 Southwest

30 FLAX POND-1 Southwest

31 JONES POND Southwest

32 LONG POND (FALMOUTH BESEBVOIB) Southwest

33 GOLF POND Southwest

34 OYSTER LAGOON ~ Southwest

42 SHALLOW POND Northeast

43 SPECTACLE POND-2 Northeast

49 ADAMS POND Southeast

52 EVAS POND Southeast

62 COPELANDS POOL Southwest

66 ASHUMET POND ~ ~ Northeast

67 FLASHY POND (WHEELEB8 POND) Northeast

68 MARTHAS POND - Northeast

70 MARKS POND Northeast

72 GIFFORD POND - Southwest

73 SOLS POND (SOLS FISH POND) Southwest

74 GIFFORD SWAMP Southwest

75 HIGH HAT POND Northwest

SI

i

f»

<t

i

S

>

J »

T

i

Woods Hole, Massachusetts 105

Ntmber Name Position on Map
76 SUMMERFIELD POND-SOUTH Northwest

77 SUMMERFIELD POND-NORTH Northwest

79 TROUT POND - Northwest

80 TIN CAN POND Southwest

81 PALKEN POND Southwest

82 CAHOONS SWAMP Southwest

83 SIPPIWISSETT POND Southwest

85 SPIROGYRA POOL Southwest

86 WEEKS POND-2 Southwest

87 SPIROSTOMUM LAKE Northwest

88 LUKE POND Northeast

89 JOHN POND Northeast

90 PRATTS POND Northeast

91 TRITURUS POND - ^ Northeast

93 ENDICOTT POND Southwest

94 ENDICOTT PUDDLE Southwest

95 ENDICOTT MIRE Southwest

96 FRESH POND • Northeast

97 OYSTER ANNEX POND Southwest

98 GREWS POND Southwest

111 ANGELS MILL POND Southwest

115 STRONG POND Southwest

116 CROCKERS POND Northwest

117 CEDAR LAKE (CEDAB POND) Northwest

118 SUMMERFIELD POND-PRIVATE Northwest

119 SALT POND-2 Southwest

120 QUISSETT DITCH Southwest

121 SCHOOL POND Southwest

122 PARK DITCH Southwest

125 COONAMESSETT CREEK Northeast

126 COONAMESSETT RIVER Northeast

127 COONAMESSETT BOG Northeast

130 CRANES WATER GARDEN Southwest

131 HERRING POND (WING POND) Northwest

132 HERRING DITCH Northwest

133 WHITAMORE POND Southwest

134 WHITAMORE ESTATE POND Southwest

135 MARES POND Northwest

136 SPECTACLE POND-1 Northwest

137 JENKINS POND Northeast

138 DEER POND-2 Northwest

139 ROUND POND Northeast

140 GIFFORD DUMP POND Southwest

142 ENDICOTT DUMP POND Southwest

143 ENDICOTT HOLLOW POND Southwest
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Number Name
144 MOBSE POND Position on Map
145 NYE8 POND Southwest

146 GIFFOBD GROVE POND Southwest

147 SHIVERICKS DUMP POND Southwest

148 GIFFOBD FILL POND Southwest

152 LEECH POND Southwest

153 DEEP POND-1 Southwest

155 DAM POND Southwest

156 WOODS POND Northwest
157 GIFFOBD BOG I~Z. Northwest
159 FLAX POND-2

" "*

Southwest

160 MILL POND Northeast

161 MILL CBEEK Southeast

166 SILVIAS POND Southeast

167 GIFFOBD SPHAGNUM BOG
" Southwest

168 LONGS ISLAND POND Southwest
169 LOCUST FIELD POND Southwest
170 LITTLE POND "

Southwest
171 BAILBOAD POND-2 Southeast
172 LITTLE POND BOG Southwest
173 LITTLE POND DITCH Southeast
174 LITTLE POND HEAD Southwest
175 PEBCH CBEEK Southeast
176 PEBCH POND Southeast

180 TBIBONEMA POND
"."

"

Southeast

200 LONGS NOBTHEAST POND Southwest
201 GEGGATT POND Southwest
202 WESTWOOD POND

"
Northeast

203 SHANKS POND Northwest
204 SHANKS LITTLE POND Southwest
205 FAYS DITCH Southwest
206 MATTHEW POND Southwest
207 INDIAN POND .

Northeast

208 QUOSTINET RIVEB'7ifOOi^^^^ Northeast

210 LONGS LOST POND
^^'"'''^^^^^^ ^^^^^) Northeast

211 GIFFOBD PIT " Southwest

Southwest
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Plate III

NONAMESSET IS.

Number Name Position on Map
15 CENTER POND Northeast

16 FAWN POND Northwest
17 DEER POND-1 Northwest
46 BOBBLE POND Northwest
47 FLAG POND Northeast

48 GROVE POND Southeast

50 INNER POND Northwest
51 MUNSOD INNER POND I. Southwest

53 SHEEP PEN POND Northeast

54 SHORE POND „ Southeast

55 SOUTH POND Southeast

56 STABLE POND Southwest

57 STONEWALL POND Northeast

58 XANTHIDIUM POND Northwest
59 PINK POND Northeast

60 FERN POND Northeast

61 SWEET POND Northeast

65 WALL POND Northeast

124 GROVE PUDDLE Southeast

128 WELL POND Northeast
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Plate IV

NAUSHON IS. AND SMALLER ISLANDS
NAUSHON Is.

Number Name Position on Map

3 FRENCH WATERING PLACE Southwest

4 BLANEYS POND Southwest

41 FURBERPOND Southwest

44 WEST END POND Southwest

63 TURTLE POND Southwest

64 COVE POND Southwest

92 AINNLE POND Southwest

99 PECKETT POND Northeast

100 MARYS LAKE Northeast

101 TAYLORS TARP POND Southwest

102 MOLASSES POND Northeast

103 INSIDE COVE POND Southwest

104 NORTHWEST OF COVE POND Southwest

105 FANCY CREEK •
Southeast

123 PASTURE POND-EAST Southwest

129 BLUE GATE BOG Southeast

150 CRANE POND Northeast

151 RED MEADOW POND Southwest

158 WEST END SWAMP Southwest

162 KETTLE COVE POND Northwest

163 SILVER BEACH POND Northeast

164 CARY POND-NORTH Northeast

165 SCAR SPRING Northeast

184 COVE MARSH Southwest

185 COVE SWAMP Southwest

186 COVE HOLLOW POND - - Southwest

187 COVE FERN BOG Southwest

188 ROBERT POND Northeast

189 DUCK POND Northeast

190 SURAT POND-NORTH Northeast

191 APPLE-TREE SWAMP Northeast

192 CARY POND-SOUTH Northeast

193 SURAT POND-WEST Northeast

194 SURAT POND-EAST Northeast

195 JAOS POND Northeast

196 PECKETT POND-SOUTH Northeast

197 PECKETT POND-NORTH Northeast

198 EAGLE HOLLOW POND Northeast

199 NORTH SHORE POND Northeast

212 SOUTHWEST POND Southwest

213 PASTURE POND-WEST Southwest

II
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VICKETIMEST Is. (EAST BUCK Is.)

Number Name Position on Map
181 VICK-H0U8E POND ' Northeast

182 VICK-NORTH POND Northeast

183 VICK-SWAMP Northeast

I
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114 The Fresh Water Algae of

Plate V

PASQUE IS.

Numher Name ^^«^*^^ ^^ ^^^

216PASQUE-A Southeast

217 PASQUE-B Southeast

218 PASQUE-C Southwest

219 PASQUE-D (NITELLA POND) Southwest

220 PASQUE-E -
Northeast

221 PASQUE-F (HOURGLASS POND) Northeast

222 PASQUE-G (SKATING POND) Northeast

223 PASQUE-H Northeast

224 PASQUE-I (ICEHOUSE POND) Northeast

225 PASQUE-J Southwest

226PASQUE-K Southwest

227 PASQUE>L Northwest

228 PASQUE-M Northwest

229 PASQUE-N Northwest

230PASQUE-O Northwest

231 PASQUE-P Northwest

232 PASQUE-Q Northwest

233 PA8QUE-R Northwest

234 PASQUE-S Northeast

235PASQUE-T Northeast

239 PASQUE-X Northeast

240 PASQUE-Y (BUBB POND) Northwest

241 PASQUE-Z (BLACK DUCK POND) ^ - Southwest
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Plate VI

NASHAWENA IS.

Nvmber Name Position on Map
39 DUNE POND-NOBTH (NASHAWENA POND) Northeast

40 DUNE POND-SOUTH (NASHAWENA POND) Southeast

177 DUNE PUDDLES > Northeast

178 MARGINAL POOLS Northeast

214 FISH POND (CHOPTAUK LAKE), (MIBBOB LAKE) Southwest

215 DUNLOPS POND Southwest
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^*

Plate VII

CUTTYHUNK IS.

Nvmber Name Positwn on Map

35 SHEEP POND (ICEHOUSE POND) Southwest

36 SHEEP SPRING ~ ~ - Southwest

37 JUNCUS POOL Southwest

38 CLUBHOUSE POND Southeast

45 SHEEP WELL (WELL ON CUTTYHUNK) Southwest

106 SHEEP STREAM Southwest

107 GOSNOLD POND (CUTTYHUNK POND), (WEST END
POND) Southwest

108 MUD HOLE-CUTTY Southwest

109 BARRIER PONDS-CUTTY Southwest

I
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Plaie VIII

PSmKESM la
Jf

Plate VIII

PENIKESE IS.

Nwmher Name Position on Map

71 DBY POND Northwest

84 LEPEB POND - - -....- - Naithwest

110 SOUTH POND-2 Southwest

141 TERN POND Northwest

209 TYPHA POND-2 ~ Northwest

242 TUB POND-NORTH Southeast

243 TUB POND-SOUTH Southeast

>
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ADAMS POND, Plate II, Jf49

AINNLE POND, Plate IV, p2
Anabaena Bory, 9, 21, 24

* * aequalis Borge, 21, 22

affinis Lemm., 22, 23
Bornetiana Collins, 22, 23

catenula (Kiitz.) Born. & Flah.,

22 23
flos-aquae (I>yngb.) Br6b., 22, 23

inaequalis (Kiitz.) Born & Flah.,

22,23
Lemmermanni P. Richter, 22, 23

oscillarioides Bory, 22, 23
* * V. stenospora Born. & Flah.,

22,24
planetonica Brunnth., 21, 22

apiroides Klebahn, 22, 23
< * V. craasa Lemm., 22, 23

ANGELS MILL POND, Plate II,

«111
Ankistrodesmus Corda emend. Balfs,

39, 70
<' faJcatus (Corda) Ralfs, 70
<* *< V. spiralis (Turn.) G. S.

West, 71
«' spiralis (Turn.) Lemm., 70, 71

Aphanizomenon Morren, 9, 24
*' flos-aquae (L.) Ralfs, 24

Aphanocapsa Nag., 7, 12
< < delicatissima W. & G. S. West,

12
Elachista, W. & G. S. West v.

planetonica G. M. Smith, 12

Grevillei (Hass.) Bab., 12

Lewisii Keefe, 12

pulchra (Kutz.) Bab., 12

Aphanochaete A. Br., 42, 50
* * repens A. Br., 50
< ' vermiculoides Wolle, 50

Aphanothece Nag., 7, 12

Castagni (Br6b.) Bab., 13

microspora (Menegh.) Bab., 13

nidulans P. Bichter, 12, 13

palUda (Kutz.) Bab., 13

saxicola Nag., 12, 13

stagnina (Spreng.) A.Br., 12, 13

Apiocystis Nag., 39, 45
* < Brauniana Nag., 45

APPLE-TBEE SWAMP, Plate IV,

«191
Arthrodesmus Ehr., 77, 92

'* convergens Ehr., 92
«< Incus (Br6b.) Hass., 92
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forma minor W, & G. S.

West, 92
V. extensus Anders., 92

octocornis Ehr., 92
Arthrospira Stizenberger, 8, 18

< * Gomontiana Setch., 18
** subsalsa (Oersted) Crow, 18

ASHUMET POND, Plat© II, tQ&
Asterococcus Scherffel, 39, 40, 44

'

' limneticus G. M. Smith, 44, 45

superbus (Cienk.) Scherffel, 44,

45

Bambusina Kiitz., 94
* * Brehissonii Kiitz., 94

BARRIER PONDS—CUTTY, Plate

VII, $109
Batraehospermaceae, 30

Batrachospermum Roth, 30

Boryanum Sirod., 31, 32

Corbula Sirod., 31

densum Sirod., 31

moniliforme Roth v. scopula

Sirod., 31

vagum (Roth) Ag., 31, 32
<* V. keratophytum (Bory)

Sirod., 31, 32

Bernardinellaj 63
* * hipyramidatum Chod., 63

BLACK DUCK POND, Plate V, jf241

BLANEYS POND, Plate IV, jf4

BLUE GATE BOG, Plate IV, Jtl29

BOBBLE POND, Plate III, if46

Botrydiaceae, 37

Botrydiopsis Borzi, 33, 34
< * eriensis Snow, 34
* * minor Chod., 34

Botrydium Wallroth, 33, 37
'< granulatum (L.) Grev., 37

Botryococcaceae, 34

Botryococcus Kiitz., 33, 34
<< Braunii Kiitz., 34

Bulbochaete Ag., 42, 51, 52

brebissonii Kiitz., 52

crassa Pringsh., 52

elatior Pringsh., 52

furberae Collins, 52

intermedia DeBary, 52
<' V. supramedia (Wittr.)

Him, 52

minuta West & West, 51, 52

mirabilis Wittr., 52

nordstedtii Wittr., 52

BUBB POND, Plate V, |240
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I

I

GABOON8 ICE FOND, Plate II, jf28

CAHOONS SWAMP, Plat© II, jf82

Calothrix Ag., 9, 28
' * Braunii Born. & Flah., 28
* < epiphytica W. & G. S. West, 28
«* parietina (Nag.) Thur., 28, 29
* * stagnalis Gom., 28

Carteria Diesing, 38, 43

Catalog, 7 _,
GARY POND—NORTH, Plate IV,

GARY POND—SOUTH, Plate IV,

Jfl92

GEDAR LAKE, Plate II, jfll?

CEDAR POND, Plate II, jfll7

GEDAR SWAMP, Plate II, |23

GENTER POND, Plate III, ifl5

Ghaetophora Schrank, 34, 42, 49
< * attenuata Hazen, 49
*< elegans (Roth) Ag., 49
<< inerassata (Huds.) Hazen, 49
*' pisiformis (Roth) Ag., 49

Ghaetophoraceae, 48
Ghaetosphaeridium Klebahn, 38, 39,

61
< * globosum (Nordst.) Klebahn, 51

Ghamaesiphon A. Br. & Grun., 8, 15
* * incrustans Grun., 15

Ghamaeeiphonaceae, 15

Ghamaesiphonales, 8

Ghara L., 94, 95
< * canescens Loiseleur, 95
* * crinita Wallroth, 95
*' delicatula Ag., 95, 96
'' fragilis Desv., 95

GHARA POND, Plate II, jf21

Characeae, 4, 94
Gharaciaceae, 64
Gharaciopsis Borzi, 33, 35

** longipes (Rab.) Borzi, 35
* * minor Pascher, 35
'< minuta (A. Br.) Borzi, 35
" pileata Gopeland, 35
< < pyriformis (A. Br.) Borzi, 35, 36
" eubulata (A. Br.) Borzi, 35

Gharacium A. Br., 38, 64
* * ambiguum Hermann, 64
" Eremosphaerae Hieron., 64
' < Pringsheimu A. Br., 64

Ghlamydomonadaceae, 42

Ghlamydomonas Ehr., 38, 42

Ghlorella Beyerinck, 38, 39, 68
'* parasitica Brandt., 68
** vulgaris Beyerinck, 68

Ghlorobotrys Bohlin, 33, 34
< ' regularis (W. West) Bohlin, 34
'
« stellata Ghod., 34

Ghlorochytrium Gohn, 64
< * Archeria/num Hieron., 64
* * gloeophilum Bohlin, 64
* * Knyanum Gohn, 64
*

' Lemmae Gohn, 64
Chlerocoecaceae, 63
Ghlorophyceae, 4, 38
GLlorotheciaceae, 35

CHOP!AUK LAKE, Plate IV, jf214

Ghroococcaceae, 10
Ghroococcales, 7

Ohroococcus Nag., 7, 10
* ' limmeticus Lemm., 10
" minutus (Kiitz.) Nag., 10
'* turgidus (Kiitz.) Nag., 10

Gladophora Kiitz., 42, 51

Gladophoraceae, 51
Clathrocystis Henfrey, 11

Clathrocystis aeruginosa (Kuiz.) Hen-

frey, 11

Glosterium Nitzsch., 76, 81
< < abruptum West, 83
<< << v.brevisW.&G. S.West,83
' * * * V. cambricum Turn., 82
* * angustatum Kiitz., 81
* * Archerianum Cleve, 81
'* costatum Gorda, 81
' ' C^thia DeNot, 81
* ' * * V. curvatissimum W. & G. S.

West, 81
< * Dianae Ehr., 82
« ' < * V. arcuatum (Br^b. ) Rab., 82
* * didymotocum Gorda, 81
<* Ehrenbergii Menegh., 82
< * gracile Br^b., 83
<< ** V. elongatum W. & G. S.

West, 83
" incurvum Br^b., 82
" intermedium Ralfs, 82
'< juncidum Ralfs, 82
<< Kiitzingii Br6b., 83
'

' Leibleinu Kiitz., 82
*

' lineatum Ehr., 83
* * Lunula (Miill.) Nitzsch., 82
< ' * * V. intermedium Gutw., 83
* * macilentum Br6b., 81
* * Malinvernianum DeNot, 82
'* moniliferum (Bory) Ehr., 82
** parvulum Nag., 82
" ** V. angustum W. & G. S.

West, 82
praelongum Br6b., 83
*< f. brevier West, 83

<* Pseudodianae Roy, 82
<' Ralfsii Br6b. v. hybridum Rab.,

83
'
' rostratum Ehr., 83

it

ti ~i(

* * setaeeum Ehr., 83
<< striolatum Ehr., 81
«' subulatum (Kutz.) Br6b., 83
< < toxon West, 83
<< UlnaFocke, 82
<* Venus Kiitz., 82

GLUBHOUSE POND, Plate VII,

«38
Goccomyxaceae, 45
Goelastraceae, 67
Goelastrum Nag., 40, 41, 67

* * cambricum Arch., 68
* * microporum Nag., 67, 68
* ' proboscideum Bohlin, 68

Goelosphaerium Nag., 7, 13
** Kuetzingianum Nag., 13
* * Naegelianum Unger, 13

Goleochaetaceae, 50

Goleochaete Br§b., 39, 42, 50
<* divergens Pringsh. v. minor

Hansg., 50, 51
' ' orbicularis Pringsh., 50, 51
<

' pulvinata A. Br., 50, 51
«< scutata Br6b., 50

Gompsopogon Mont., 30
<< coeruleus (Balbis) Mont., 30

Conferva "bombycina Ag., 37
*

' minor Klebs, 37
< < utriculosa Kiitz., 37

Conjugates, 76

GOONAMESSETT BOG, Plate II,

«127
GOONAMESSETT GREEK, Plate

n, «125
GOONAMASSETT POND, Plate II,

GOONAMESSETT RIVER, Plate II,

itl26

GOONAMESSETT SWAMP, Plate

TT 4t^

GOPELANDS POOL, Plate II, tt62

Gosmarium Gorda, 77, 87
<< anjrulosum Br6b. v. concinnum

(Bab.) W. & G. S. West, 88
' ' Blyttii Wille, 88
<< Boeckii Wille, 88
< < Botrytis Menegh., 89
** caelatum Ralfs, 88
< * circulare Reinsch, 87
<< contractum Kirchn., 87
< < < < forma Jacobsenii (Roy) W.

&G. S. West, 87
<< <* V. ellipsoideum W. & G. o.

West, 87
«' Gucurbita Br6b., 88

< * granatum Br6b., 87
' < Hammeri Reinsch, 87

(( (( V. protuberans W. & G. S.

West, 87
' ' impressulum Elfv., 88
* * Meneghinii Br6b., 88
* * ornatum Ralfs, 88
* * Portianum Arch., 88
«' protractum (Nag.) DeBary, 88
** pseudoconnatum Nordst., 88
* * pseudopyramidatum Lund forma

major Lund, 87
< * punctulatum Br6b. v. subpunctu-

latum (Nordst.) Borg., 88
'< pyramidatum Br6b., 87
< ' quadratulum (Gay) DeToni, 88

< * sexangulare Lund formaminima

Nordst., 88
*< Subcucumis Schmidle, 87
* ' subtumidum Nordst., 87
<' venustum (Br^b.) Arch., 88

COVE FERN BOG, Plate IV, ifl87

GOVE HOLLOW POND, Plate IV,

ifl86

GOVE MARSH, Plate IV, ^184

GOVE POND, Plate IV, Jp64

GOVE SWAMP, Plate IV, $185

CRANE POND, Plate IV, jfl50

CRANES WATER GARDEN, Plate

II, j(130

CROCKERS POND, Plate II, «116

CROOKED POND, Plate II, lf9

Crucigenia Morren, 40, 41, 75
<< apiculata (Lemm.) Schmidle, 75

GUTTYHUNK ISLAND, Plate VII

CUTTYEUNK POND, Plate VII,

«107
Cyanophyceae, 7

Gylindrocapsa Reinsch, 41, 48

< < geminella Wolle, 48

Cylindrocapsaceae, 48

Gylindrospermum Kiitz., 9, 24

< < catenatum Ralfs, 24
*< majus Kiitz., 24
< < muscicola Kiitz., 24 , ^, ,

** stagnale (Kutz.) Born. & Plah.,

24

DAM POND, Plate II, «155

DEEP POND—1, Plate II, jfl53

DEEP POND—2, Plate II, t7

DEER POND—1, Plate III, %17

DEER POND—2, Plate II, jfl38

Desmatractum W. & G. S. West, 39 63

<< bipyramidatum (Ghod.) Pascher,

63

DESMID HAVEN POND, Plate H,

«10
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Desmidiaceae, 81

Desmidium Ag., 77, 93
Aptogonum Br6b., 93
* * V. acutius Nordst., 93

*' Baileyi (Ralfs) Nordst., 94
* < quadratum Nordst., 93
< * Swartzii Ag., 93

, ^ , ««
< < < < V. amblyodon (Itz.) Bao., 93

Besmids, 4
Dichothrix Zanard., 9, 29

*' Baueriana (Grun.) Born. &
Flah., 29

Dictyosphaerium Nag. 40, 68
* < pulchellum Wood, 68

Dimorphococcufl A. Br., 40, 70
< * cordatus Wolle, 70
<< lunatus A. Br., 70

Bocidium Br6b., 76, 85
** Baculum Br6b., 86
* * undulatum Bail., 85

Draparnaldia Bory, 42, 49
' * acuta (Ag.) Kutz., 49

DROSERA DITCH, Plate II, 1tl2

DRY POND, Plate VIII, |71

DUCK POND, Plate IV, |189

DUNE POND—NORTH, Plate VI,

DUNE POND—SOUTH, Plate VI,

«40
DUNE PUDDLES, Plate VI, Jfl77

DUNLOPS POND, Plate VI, «215

EAGLE HOLLOW POND, Plate IV,

tl9S
EAST BUCK ISLAND, Plate IV
Elakatothrix Wille, 40, 45

< < gelatinosa Wille, 45

ENDICOTT DUMP POND, Plate II,

ENDICOTT HOLLOW POND, Plate

II, JJ143
ENDICOTT MIRE, Plate II, J(95

ENDICOTT POND, Plate II, |93

ENDICOTT PUDDLE, Plate II, jt94

Endosphaeraceae, 64

Enteromorpha Link, 39, 63
<' intestinalis (L.) Grev., 63

EPISCOPAL OCEAN, Plate II, itl4

Eremosphaera DeBary, 39, 69

* * viridis DeBary, 69
<< <* V. major Moore, 69

< < < < V. minor Moore, 69

Erythrotrichiaeeae, 30

Euastrum Ehr., 76, 85
<< affine Ralfs, 86
<* ampuUaceum Ralfs, 86
** bidentatum Nag., 86

<< binale (Turp.) Ehr., 86
< < * * forma secta Turn., 86
** crassum (Br6b.) Kiitz., 85
<< ** V. serobiculatum Lund., 85
<* denticulatum (Kirchn.) Gay, 87

<< Didelta (Turp.) Ralfs, 86
<* divaricatum Lund, 86
<< elegans (Br6b.) Kiitz., 86
<< ** V. ornatum West, 86
' * humerosum Ralfs, 85
'* insulare (Wittr.) Roy, 87
<< intermedium Cleve, 86
<< oblongum (Grev.) Ralfs, 86
<< <* V. cephalophorum West, 86
< « pingue Elfv., 86
<* pinnatum Ralfs, 85
< < pulchellum Br6b., 86
* * einuosum Lenorm., 86
*< ventricosum Lund., 85
* * verrucosum Ehr., 87

Eudorina Ehr., 38, 43
< < elegans Ehr., 43

EVAS POND, Plate II, Jf52

FALMOUTH POND, Plate II, fl^

FALMOUTH BESEBVOIB,P\B,i^lI,
$Z2

FANCY CREEK, Plate IV, J(105

PAWN POND, Plate III, if16

FAY DITCH, Plate II, if205

FERN POND, Plate III, jf60

Fischerella (B. & F.) Gom., 9, 28

<* maior Gom., 28

FISH POND, Plate VI, Jf214

FLAG POND, Plate III, «47

FLASHY POND, Plate II, jf67

FLAX POND—1, Plate II, «30

FLAX POND—2, Plate II, «159

FRENCH WATERING PLACE,
Plate IV t^

FRESH pond' Plate II, 1f96

FRESH POND, Plate II, jfl

FBESH POND, Plate II, $14

FURBER POND, Plate IV, ip41

GANSETT POND, Plate II, m
GARDINERS DITCH, Plate II, «2

GEGGATT POND, Plate II, 1(201

GIFFORD BOG, Plate II, p.57

GIFFORD DUMP POND, Plate II,

1^140

GIFFORD FILL POND, Plate II,

lfl48

GIFFORD GROVE POND, Plate II,

Jfl46

GIFFORD PIT, Plate II, jt211

GIFFORD POND, Plate II, «72

i »

GIFFORD SPHAGNUM BOG, Plate

II, «167
GIFFORD SWAMP, Plate II, |74
Glaucocystis Itz., 8, 15

* * Nostochinearum Itz., 15
Gloeocapsa Kiitz., 7, 10

** arenaria (Hass.) Rab., 10

Gloeocystis Nag., 39, 40, 44
** gigas (Kiitz.) Lagerh., 44

Gloeothece Nag., 7, 11
** linearis Nag., 11

Gloeotriehia Ag., 10, 29
'' natans (Hedw.) Rab., 29

GOATS NECK, Plate IV
GOLF POND, Plate II, $^^
Gomphosphaeria Kiitz., 7, 14

** aponina Kiitz., 14

Gongrosira Kiitz., 42, 51
* * de Baryana Rab., 51

Gonium Mueller, 38, 43
Gonium pectorale Muell., 43
GOSNOLD POND, Plate VII, Jfl07

GREWS POND, Plate II, t^S
GROVE POND, Plate III, US
GROVE PUDDLE, Plate III, «124

Gymnozyga Ehr., 77, 94
' * moniliformis Ehr., 94

Haematococcus pluvidlis Flotow., 44

Halosphaeraceae, 34
Haplosiphon Nag., 9, 27

** fontinalis (Ag.) Bom., 27
' * hibernicufl W. & G. S. West, 27
** pumilus (Kutz.) Kirchn., 27

HARPER POND, Plate II, <25

Herbarium, 5

Herposteiron Nag., 50
** confervicola Nag., 50
'* vermiculoides Collins, 50

HERRING DITCH, Plate II, ifl32

HERRING POND, Plate II, ltl31

Heterokontae , 4, 33

HIGH HAT POND, Plate II, jf75

Hormogonales, 8

HOUBGLASS POND, Plate V, ^221

Hyalotheca Ehr., 77, 93
** dissiliens (Sm.) Br4b., 93
<* mucosa (Mert.) Ehr., 93

Hydrodictyaceae, 65

Hydrodictyon Roth, 41, 67
** retieulatum (L.) Lagerh., 67

ICEHOUSE POND, Plate V, if224

ICEHOUSE POND, Plate VII, |35

INDIAN POND, Plate II, jf207

INNER POND, Plate III, |50

INSIDE COVE POND, Plate IV,

jfl03

IRON POND, Plate II, Jf24

JA08 POND, Plate IV, J(195
JENKINS POND, Plate II, Jfl37

JOHN POND, Plate II, »89
JONES POND, Plate II, Jf31

JUNCUS POOL, Plate VII, jf37

Kentrosphaera Borzi, 39, 64
* * Facciolae Borzi, 64

Keratococcus caudatus (Hansg.)

Pascher, 45
KETTLE COVE POND, Plate IV,

#162
Kirchneriella Schmidle, 40, 71

<< lunaris (Kirchn.) Mobius, 71
" obesa (W. West) Schmidle, 71

LEATHERBEES POND, Plate II,

Jf25
LEECH POND, Plate II, ifl52

LEPER POND, Plate VIII, #84

Leptosira Borzi, 42, 51
* * Mediciana Borzi, 28, 51

LILLIES DITCH, Plate II, «2

LILLY POND, Plate II, #8

LILY POND, Plate II, «18

LITTLE POND, Plate II, #170

LITTLE POND BOG, Plate II, #172

LITTLE POND DITCH. Plate II,

#173
LITTLE POND HEAD, Plate II,

#174
Local list, 5

LOCUST FIELD POND, Plate II,

#169
LONG POND, Plate II, »32

LONGS ISLAND POND, Plate II,

«168
LONGS LOST POND, Plate II,

#210
LONGS NORTHEAST POND, Plate

II, #200
LUKE POND, Plate II, #88

Lyngbya Ag., 8, 20
** aestuarii (Mert.) Liebm., 20,21
*' confervoides Ag., 20, 21
'< Lagerheimii (Mob.) Gom., 20
<< majuscula (DiUw.) Harv., 20,

21
<< semiplena (C. Ag.) J. Ag., 20

MARES POND, Plate II, «135

MARGINAL POOLS, Plate VI,

#178
MARKS POND, Plate II, «70

MARTHAS POND, Plate II, «68

MARYS LAKE, Plate IV, #100

MATTHEW POND, Plate II, P06
Merismopedia Meyen, 7, 14

<* elegans A. Br., 14
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(I glauca (Ehr.) Nag., 14, 15
** minima Beck, 14
* * punctata Meyen, 14
* * tenuissima Lemm., 14, 15
<' TroUeri Baclim., 14, 15

Mesotaeniaceae, 81
Micractinium Fresenius, 40, 75

Micractinium pusillum Fresenius, 75

Micrasterias Ag., 76, 77, 89
'< Americana (Ehr.) Ralfs, 89
'* apiculata (Ehr.) Menegh. v.

fimbriata (Ralfs) Nordst., 89
*' conferta Lund., 89
<< denticulata Br6b., 89
** depauperata Nordst., 90
*' disputata Wood, 89
*

' expansa Bailey, 89
< * Jenneri Ralfs, 89
** laticeps Nordst., 89
** muricata Bailey, 89
'

' papillifera Br6b., 89
<< <* V. glabra Nordst., 89
* * radiata Hass., 89
" rotata (Grev.) Ralfs, 89
*' Sol (Ehr.) Kutz., 89
** truncata (Corda) Br6b., 89

Microchaete Thur., 9, 26
** naushonensis Collins, 26

Microcoleus Desmazieres, 8, 21
'* lacustris (Rab.) Farlow, 21
'* paludosus (Kiitz.) Gom., 21

Microcystis Kiitz., 7, 11
** aeruginosa Kiitz., 11
<' flos-aquae (Wittr.) Kirchn., 11
** holsatica Lemm., 11
** marginata (Menegh.) Kiitz., 11
** pulvera (Wood) Migula, 11
** jnUverea (Wood) De Toni, 11

Microspora Thur., 41, 47
*' floccosa (Vauch.) Thur., 48
** Loefgrenii (Nordst.) Lagerh.,

47, 48
*' pachyderma (Wille) Lagerh.,

47, 48
" quadrata Hazen, 48
'* stagnorum (Kiitz.) Lagerh., 48
<' Willeana Lagerh., 48
<< Wittrockii (WiUe) Lagerh., 47,

48
Microsporaceae, 47
Microthamnion Nag., 42, 49

** Kuetzingianum Nag., 49, 50
" strictissimum Rab., 49, 50

MILES POND, Plate II, jf28

MILL CREEK, Plate II, #161
MILL POND, Plate II, jfl60

MIBBOB LAKE, Plate VI, jf214

MOLASSES POND, Plate IV, #102
MONOHANSET ISLAND, Plate IV
MOONAKISS BIVEB, Plate II,

jj:208

MORSE POND, Plate II, #144
Mougeotia Ag., 76, 77, 78

** capucina (Bory) Ag., 78
'* gracillima (Hass.) Wittr., 78
<< notabiUs Hass., 78
'< parvula Hass., 77, 78
'< scalaris Hass., 77, 78
** tenuis Cleve, 78
*' transeaui Collins, 78
<' viridis (Kutz.) Wittr., 28

MUD HOLE-CUTTY, Plate VII,

#108
MUNSOD INNER POND, Plate

III, #51
Myxophyceae, 4, 7

NASHAWENA ISLAND, Plate VI
NASHAWENA POND, Plate VI,

#39, lf40

NAUSHON Island, Plate IV
Nephrocytium Nag., 40, 70

** Agardhianum Nag., 70
** Naegelvi Grun., 70

Netrium Nag., 76, 81
'* Digitus (Ehr.) Itz. & Rothe,

81
*' oblongum (DeBary) Lutkem.,

81
Nitella Ag. emend. Leonhardi, 94

*' flexalis Ag., 94
** gracilis Ag., 95
** mucronata Miquel v. gracillima

Groves & Bullock-Webster, 94

NITELLA POND, Plate V, #219

NOBSKA POND, Plate II, #1
Nodularia Mortens, 9, 25

** Harveyana (Thwaites) Thur.,

25
*' paludosa WoUe, 25
** spumigena Mert., 25

NONAMESSET ISLAND, Plate III

NOBTH BUCK ISLAND, Plate IV
NORTH SHORE POND, Plate IV,

#199
NORTHWEST OF COVE POND,

Plate IV, #104
Nostoc Vauch., 9, 24

<* punctiforme (Kiitz.) Hariot,24

Nostocaceae, 21
NYES POND, Plate II, #145

Oedogoniaceae, 51

Oedogonium Link, 5, 26, 41, 53, 63
** acmandrium Elfv., 55, 57

Woods Hole, Massachusetts 129

'* aerosporum DeBary, 56, 62
«< ** V. bathmidoeporum

(Nordst.) Him, 56, 62
" areschougii Wittr. v. ameri-

canum Tiffany, 53, 60
<* *< V. contortifilum Jao, 53, 60

<* autumnale Wittr., 55, 57
<< boreale Hirn v. americanum

Jao, 53, 55, 61
<< borisianum (LeClere) Wittr.,

55, 59 ^
<< boscii (LeClerc) Wittr., 54, 67

<< << V. occidentale Him, 54, 57

<* braunii Kiitz.; Pringsh., 55, 59

<' ciliatum (Hass.) Pringsh., 56,

62
<< concatenatum (Ha«8.) Wittr.,

55, 60
" crassiuBCulum Wittr. v. idioan-

drosporum Nordst. & Wittr.,

55, 60
< < crenulatocostatum Wittr., 54, 57

«< <* forma cylindricum Him,

54, 57 ^
<< ** V. longiarticulatum Hansg.,

54, 57
'< crispum (Hass.) Wittr., 55, 68

*' '* V. gracUescens Wittr., 55,

*' << V, uruguayense Magnus «
Wilie, 55, 58

** Croasdaleae Jao, 55, 61
* * cryptoporum Wittr., 54, 56

< < * * V. vulgare Wittr., 54, 56

* < cymatosporum Wittr. & Nordst.,

56
(< tt V. aerolifemm Jao, 54, 66

<< echinospermum A. Br., 55, 69

<< ©legans v. americanum Jao, 53,

60 ^ . _

<' fflobosum Nordst., 54, 66

' < grande Kutz. ; Wittr., 54, 56

<< <* V. angustum Him, 54, 67

<< hystricinum Trans. & tiffany

V. excentriporum Jao, 55, 68

< * intermedium Wittr., 54, 56

" inversum Wittr., 53, 54, 57

<* landsboroughi (Hass.) Wittr.,

54, 57
" macrandrium Wittr. • propin-

quum (Wittr.) Hirn, 56, 61

'' mammiferum Wittr.; Nordst.,

54, 68
<* minus Wittr., 53, 57
<< mitratum Hirn, 53, 54, 57

<< monUe Berkeley & Harvey, 55,

*< nobile Wittr. v. minus Him, 54,

<< oelandicum Wittr.; Hirn v.

Novae-Angliae Jao, 53, 61
** platygynum Wittr., 53, 61
<< ** V. ambiceps Jao, 53, 61
** pratense Trans., 55, 57
** pungens Him, 55, 59
<< pusillum Kirchn., 54, 63
« < reinschii Roy, 53, 63
*< reticulocostatum Jao, 54, 62
** richterianum Lenmi., 54, 66
** Tugulosum Nordst., 56, 61
<* sancti thomae Wittr. & Cleve,

55, 63
*< sexangulare Cleve, 55, 59
<« <' V. majus Cleve, 55, 59
<* spiripinnatum Jao, 55, 59
** suecicum Wittr., 54, 56
** tapeinosporum Wittr., 54, 63

" Taylorii Jao, 53, 58
<< undulatum (Br6b.) A. Br.

forma senegalense (Nordst.)

Him <*subforma," 53, 58

Onychonema WalUch, 77, 92
** filiforme (Ehr.) B. & B., 92
<< laeve Nordst., 93

Oocystaceae, 68

Oocystis Nag., 39, 41, 69, 70

<* Borgei Snow, 69
< < crassa Wittr., 69, 70
< < elliptica W. West, 69
<< lacustris Chod., 69, 70
** pusilla Hansg., 69
'< eolitaria Wittr., 69, 70
<< << V. maxima Gom., 69, 70

Ophiocytiaceae, 36

Ophiocytium Nag., 33, 36
<* capitatum Wolle, 36 _
<< cochleare (Eichw.) A. Br., 36

*< majus Nag., 36
. _. o^

<* parvulum (Perty) A. Br., 36

Ophridium, 68
-rx j*i-i

OPHRIDIUM POOL, Plate II, #11

Oscillatoria Vauch., 8, 16
<< amphibia Ag., 16, 17
<< anguina Bory, 15, 17
< < angustissima W. & G. S. West,

16, 17
<< brevis Kiitz., 16, 18
<< chlorina Kiitz., 16, 17
<< formosa Bory, 17, 18
<* margaritifera Kiitz., 16, 17

<< nigra Vauch., 16, 17

<< princeps Vauch., 15, 17
«' splendida Grev., 16, 18
<< fiubuliformis Kiitz., 17, 18

<< tenuis Ag., 16, 17



W'^;^J!hA3^.Ar _«&^^^WMI mm mmmmMmmm

M

130 The Fresh Water Algae of Woods Hole, Massachusetts 131

41

<< ** V. tergestina (Kiitz.) Rab.,

16, 17

Oseillatoriaceae, 15
. m. a

Ourococcus Grobety emend. Uhoa.,

39, 45
' < bicaudatus Grobety, 45

OYSTER ANNEX POND, Plate II,

jf97

OYSTER LAGOON, Plate II, jf34

OYSTER POND, Plate II, jf20

PALKEN POND, Plate II, #81

Palmellaceae, 44
Palmodictyon Kiitz., 39, 44

<< varium (Nag.) Lemm., 44
'< viride Kiitz., 44

Pandorina Bory, 38, 43
<< morum Bory, 43 ^

PARK DITCH, Plate II, ^122

PASQUE ISLAND, Plate V
PASQUE-A—PASQUE-Z, Plate V,

jt216-241

PASTURE POND—EAST, Plate

IV, ttl23

PASTURE POND—WEST, Plate

IV, tt213

PECKETT POND, Plate IV, jf99

PECKETT POND—NORTH, Plate

IV, jtl97

PECKETT POND—SOUTH, Plate

IV, 1(196

Pediastnim Meyen, 41, 65
<< araneosum Racib., 65, 66
(( (( y rugulosum (G. S. West)

G. M. Smith, 65, 66
<< Boryanum (Turp.) Menegh.,

65, 66
t* *< V. undulatum Wille, 65, 66

<< duplex Meyen, 65, 66, 67

<« <* V. clathratum (A. Br.)

Lagerh., 66, 67
<< << V. cobaerens Boblin, 66, 67

<« *' V. gracillimum W. & G. S.

West, 66, 67
<« ** V. reticulatum Lagerh., 66,

67
(( (( y << forma cohaerens

(Bohlin) Brunnth., 67
** integrum Nag., 65, 66
<< sculptatum G. M. Smith, 65, 66

<< tetras (Ehr.) Ralfs, 66, 67
<< *< V. tetraodon (Corda)

Hansg., 66, 67 ^^
PENIKESE ISLAND, Plate VHI
Penium Br6b., 76, 83

'< Libellula (Focke) Nordst., 83
'< << forma W. & G. S. West, 84

< < * ' V. intermedium Boy & Biss.,

<* minutum (Ralfs) Cleve, 84
<< << forma major Lund., 84
<< << V. crassum West, 84
<< << V. elongatum W. & G. S.

West, 84
<< '< V. gracile Wille, 84
<< Navicula Br6b., 84
<< ** V. crassum W. & G. S.

West, 84
'« spirostriolatum Barker, 84

PERCH CREEK, Plate II, «175

PERCH POND, Plate II, «176

PERIDINIUM POOL, Plate II, jf22

Phormidium Kiitz., 8, 19
< < angustissimum W. & G. S. West,

19 _ _.
<« autumnale (Ag.) Gom., 19, 20

*' Retzii (Ag.) Gom^ 19, 20
<< tenue (Menegh.) Gom., ly, ^
<< tinctorium Kiitz., 19
<< valderianum (Delp.) Gom., 19,

20
PINK POND, Plate III, 1^59

Hazen,
Platymonas G. S. West, 43

<* subcordiformis (Wille)

43
Pleurocapsaceae, 15

Pleurococcus vulgaris Nag., 50

Pleurotaenium Nag., 76, 77, 84
<< coronatum (Br6b.) Rab., 84
<< Ehrenbergii (Br6b.) DeBary,

84
<< subcoronulatum (Turn.) W. &

G. S. West V. detum W. & G.

S. West, 85
*' Trabeeula (Ehr.) Nag., 84
<« ** V. rectum (Delp.) W. & G.

S. West, 84
Porphyridium Nag., 30

<< cruentum Nag., 30

PRATTS POND, Plate II, pO
Protococcaceae, 50

, ka
Protococcus Ag., 39, 40, 41, 60

< < viridis Ag., 50

Protoflorideae, 30

Protosiphon Klebs, 38, 65
<* botryoides (Kiitz.) Klebs, 66

Protoslphonaceae, 65

Quadrigula Printz, 40, 71
<* closterioides (Bohlin) Printz,

«< Pfitzeri (Schroder) G. M.

Smith, 71 ^^ ^^^^
QUISSETT DITCH, Plate II, «120

/

QUOSTINET RIVER, Plate II,

Jf208

Radiofilum Schmidle, 41, 47
'* flavescens G. S. West, 47
'' irregulare (Wille) Brunnth., 47
** moniliforme Collins & Furber

Ms., 47
RAILROAD POND^l, Plate II,

jf24
RAILROAD POND—2, Plate II,

«171
Raphidium Kiitz., 70

RED MEADOW POND, Plate IV,

tl51
RESERVOIR IN FALMOVTEy

Plate II, t32
RESERVOIR ON PENIKESE IS.,

Plate VIII
Rhizoclonium Kiitz., 41, 42, 51

** hieroglyphicum (Ag.) Kiitz., 51

Rhodophyceae, 4, 30
Rivularia (Roth) Ag., 10, 29

< ' Bornetiana Setch., 29, 64
** natans (Hedw.) Welwitsch, 29

Rivulariaceae, 28
ROBERT POND, Plate IV, jfl88

ROUND POND, Plate II, $139

SALT POND—1, Plate II, $19

SALT POND—2, Plate II, j(119

SCAR SPRING, Plate IV, tU5
Scenedesmaceae, 72

Scenedesmufi Meyen, 41, 72
'* abundans (Kirchn.) Chod., 73,

74
<' ** V. asymmetrica (Schroder)

6. M. Smith, 73, 74
'< acutiformis Schroder, 72, 74
' ' arcuatus Lemm., 72, 74
<< *< V. platydisca G. M. Smith,

72, 74
<* armatus (Chod.) G. M. Smith

V. major G. M. Smith, 72, 74
** bijuga (Turp.) Lagerh., 72, 73
<< *' V. alternans (Reinsch)

Borge, 72, 73
*< brasiUensis Bohlin, 73, 74
<< dimorphus (Turp.) Kiitz., 72,

73
<< longus Meyen v. Naegelii

(Br6b.) G. M. Smith, 73, 74
'< obliquus (Turp.) Kiitz., 72, 73

<< quadricauda (Turp.) Br6b., 73,

74
<< *' V. longispina (Chod.) G.

M. Smith, 73, 75

** ** V. maximus W. & G. S.

West, 73, 75
* * * ' V. quadrispina G. M. Smith,

73, 74
*' *< V. Westii G. M. Smith, 73,

76
Schizochlamys A. Br., 40, 45

* * gelatinosa A. Br., 45
Schizothrix Kutz., 8, 21

<* Freisii (Ag.) Gom., 21
SCHOOL POND, Plate II, ^121
Scytonema Ag., 9, 25

* * archangelii Bom. & Flah., 25
** cincinnatum Thur., 25
* * Cookei West, 25
*' crispum (Ag.) Born., 25

Scytonemataceae, 25
Selenastrum Reinsch, 40, 71

*< Westii G. M. Smith, 71

SHALLOW POND, Plate II, «42

SHANKS LITTLE POND, Plate

II, «204
SHANKS POND, Plate II, «203

SHEEP PEN POND, Plate III, if53

SHEEP POND, Plate VII, «35

SHEEP SPRING, Plate VII, «36

SHEEP STREAM, Plate VII, lfl06

SHEEP WELL, Plate VII, jt45

SHIVERICKS DUMP POND, Plate

II, tU7
SHIVERICKS POND, Plate II, ^13

SHORE POND, Plate III, »54

SIDERS POND, Plate II, «14

SILVER BEACH POND, Plate IV,

«163
SILVIAS POND, Plate II, jfl66

SIPPIWISSETT POND, Plate II,

$83
SKATING POND, Plate V, j(222

SOLS FISH POND, Plate II, #73

SOLS POND, Plate II, «73

Sorastrum Kiitz., 41, 67 _
, ._,

<< americanum (Bohlin) Schmidle,

67
'* spinulosum Nag., 67

SOUTH POND—1, Plate III, «55

SOUTH POND—2, Plate VIII, IfllO

SOUTHWEST POND, Plate IV,

lt212
SPECTACLE POND—1, Plate II,

SPECTACLE POND—2, Plate II,

$43
Sphaerella Sommerfelt, 38, 44

<* lacustris (Girod.) Wittr., 44

Sphaerellaceae, 44

Sphaerocystis Chod., 40, 44
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'< Schroeteri Chod., 44

Sphaerozosma Corda, 77, 93
< * excavatum Halfs, 93

Sphagnum, 26, 64

Spirogyra Link, 76, 79, 80
^* beUifl (Hass.) Qeve, 79, 80
«' Oollinsii (Lewis) Printz, 79,80
<< decima (Mull.) Kiitz. var. Sub-

marina Collins, 79, 80
'< faUax (Hansg.) Wille, 79, 80
«< flavescens (Hass.) Kiitz., 79,80
«' gracilis (Hass.) Kutz., 79
*< inflata (Vauch.) Kiitz., 79, 80

<< neglecta (Hass.) Kutz., 79, 80
< « punctata Cleve, 79

SPIROGYEA POOL, Plate II, %S5

SPIROSTOMUM LAKE, Plate II,

Spirotaenia Br6b., 76, 81
<< condensata Br6b., 81

Spirulina Turp., 8, 18
<* Gomontiana Geitler, 18
** major Kiitz., 18
** 8uh8aX»a Oersted, 18
** tenuissima Kiitz., 18

Spongilla, 68
Spondylosium Br6b., 77, 93
^< planum (WoUe) W. & G. S.

West, 93
< < pulchellum Arch., 93
<< pulchrum (Bail.) Arch., 93

STABLE POND, Plate III, $56

Staff, 5

Staurastrum Meyen, 76, 90
< * altemans Br6b., 90
** Avicula Br6b., 91
<< ** Y. subarcuatum (Wolle)

West, 91
<

'

brachiatum Ralfs, 91
<* Cerastes Lund., 92
*< crenulatum (Nag.) Delp., 91
*' cuspidatum Br4b. v. divergens

Nordst., 90
*' cyrtocerum Br6b., 92
<< dilatatum Ehr., 90
** fureigerum Br6b., 92
<< glabrum (Ehr.) Ralfs, 90
* * Haaboeliense Wille, 92
<* inflexum Br6b., 91
** longispinum (Bail.) Arch., 91
<< margaritaceum (Ehr.) Menegh.,

92
*< neglectum G. S. West, 91
'* pachyrhynchum Nordst., 90
" paradoxum Meyen, 91

* * V. parvum West, 91

pentacerum (Wolle) G. M.
Smith, 92

' ' polymorphum Br6b., 91
'< punctulatum Br6b., 90
< * Simonyi Heimerl., 91
** spongiosum Br6b., 91
' < subcruciatum Cooke & Wills, 91
<< teliferum Ralfs, 91
** tetracerum Ralfs, 91
<< trihedrale Wolle, 91
*< vestitum Ralfs, 92

Stichococcus Nag. emend. Gay, 41,

42, 47
< < bacillaris Nag., 47
<' flaccidus (Kutz.) Gay, 47

Stigeoclonium Kiitz., 42, 48
** aestivale (Hazen) Collins, 48,

49
<* attenuatum (Hazen) Collins, 49
<* subsecundimi Kiitz., 49

Stigonema Ag., 9, 27
<* anomalum Blanchard, 27
«< informe Kiitz., 27
'< ocellatum (Dillw.) Thur., 27

Stigonemataceae, 27

Stipitococcaceae, 33
Stipitococcus W. & G. S. West, 33

* < urceolatus W. & G. S. West, 33

STONEWALL POND, Plate III,

«57
STRONG POND, Plate II, «115

SUMMERFIELD POND—NORTH,
Plate II, $77

SUMMERFIELD POND— PRI-

VATE, Plate II, $118

SUMMERFIELD POND—SOUTH,
Plate II $76

SURAT POND—EAST, Plate IV,

$194 ^^
SURAT POND—NORTH, Plate IV,

ifl90 ^^
SURAT POND—WEST, Plate IV,

$193
SWEET POND, Plate III, $61

Symploca Kiitz., 8, 19
<< muralis Kiitz., 19
<< muscorum (Ag.) Com., 19

8ymploc<istrum Friesii (A^«)

Kirchn., 21

Synechococcus Nag., 7, 10

TAYLORS TARP POND, Plate IV,

$101
Temnogyra Collinsii Lewis, 80

TERN POND, Plate VIII, $141

Tetmemorus Ralfs, 76, 85
*< Br^bissonii (Menegh.) Balls,

85
«< <* V. minor DeBary, 85
«* granulatus (Br6b.) Ralfs, 86
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'' laevis (Kutz.) Ralfs, 85
Tetradesmus G. M. Smith, 41, 75

** wisconsinensis G. M. Smith, 75
Tetraedron Kiitz., 38, 71

** caudatum (Corda) Hansg., 71,

72
" enorme ^Ralfs) Hansg., 71, 72
'* gracile (Reinsch.) Hansg., 71,

72
" planctonicum G. M. Smith, 71,

72
*' regulare Kutz., 71, 72
*
' ' * V. incus Toiling, 71, 72
" trigonum (Nag.) Hansg. v.

gracile (Reinsch.) DeToni, 71,

78
Tetraspora Link, 39, 40 45

** lubrica (Roth) Ag., 45
Tetrasporaceae, 45
Tetrastrum Chod., 41, 75

** apiculatv/m (Lemm.) Brunnth.,

75
** heteracanthum (Nordst.) Chod.,

75
TIN CAN POND, Plate II, $80
Tolypothrix Kutz., 9, 25

** byssoidea (Berk.) Kirchn., 26
«' distorta (Fl. Dan.) Kutz., 26
*' lanata (Desv.) Wartm., 26
<' limbata Thur., 26
<* tenuis Kutz., 26

Trentepohliaceae, 51
Tribonema Derbes & Solier, 33, 36

** bombycinum (Ag.) Derbes &
Sol., 36, 37

" minus (Wille) Hazen, 36, 37
*' utriculosum (Kiitz.) Hazen, 36,

37
TRIBONEMA POND, Plate II,

$180
Tribonemataceae, 36
Triploceras Bailey, 76, 85

** gracile Bail., 85
TRITURUS POND, Plate II, $91
Trochiscia Kutz., 38, 69

< < reticularis (Reinsch) Hansg., 69

TROUT POND, Plate II, $79

TUB POND—NORTH, Plate VIII,

$242
TUB POND—SOUTH, Plate VIII,

$243
TURTLE POND, Plate IV, $63
TYPHA POOL—1, Plate II, $27

TYPHA POND—2, Plate VIII,

$209

Ulothricaceae, 46
Uiothrix Kutz., 41, 42, 46

" aequalis Kiitz., 46
** oscillarina Kiitz., 46
** suhtilis V. tenerrima Wolle, 46
*' subtilissima Rab., 46
** tenerrima Kiitz., 46
** tenuissima Kiitz., 46
** variabilis Kiitz., 46
** zonata (Weber & Mohr) Kiitz.,

46
Ulvaceae, 63
Urococcus (Hass.) Kiitz., 38, 44

** insignis (Hass.) Kiitz., 44

Vaucheria DeCandolle, 38, 41, 42, 75
'* sessilis (Vauch.) DC., 75

Vaucheriaceae, 75
VICKETIMEST ISLAND, Plate IV
VICK—HOUSE POND, Plate IV,

$181
VICK—NORTH POND, Plate IV,

$182
VICK—SWAMP, Plate IV, $183
Volvocaceae, 43
Volvocales, 38
Volvox L., 38, 43

** globator L., 43

WALL POND, Plate III, $65
WEEKS POND—1, Plate II, $29
WEEKS POND—2, Plate II, $86
WELL ON CUTTYHUNK, Plate

VII, $45
WELL POND, Plate III, $128
WEST BUCK ISLAND, Plate IV
WEST END POND, Plate IV, $44
WEST END POND, Plate VII, $107
WEST END SWAMP, Plate IV,

$158
Westella de Wildm., 68

*< botryoides (W. West) de
Wildm., 68

WESTWOOD POND, Plate II, $202
WHEELERS POND, Plate II, $67
WHITAMORE ESTATE POND,

Plate II, $134
WHITAMORE POND, Plate II,

$133
WING POND, Plate H, $131

WOOD POND, Plate II, $26

WOODS POND, Plate II, $156

Xanthidium Ehr., 77, 90
<< antUopaeum (Br6b.) Kiitz., 90
<< <* V. hebridarum W. & G. S.

West, 90
** ** V. polymazum Nordst., 90
<* armatum (Br4b.) Rab., 90
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" cristatum Br6b., 90
'* '* V. uncinatum Br6b., 90

XANTHIDUM POND, Plate III,

«58
XenococcuB Thur., 8, 15

** Kerneri Hansg., 16

Zoochlorella parasitica Brandt, 68
Zygnema C. Ag., 76, 78, 79

** peetinatum (Vauch.) C. Ag.,

78
Zygnemataceae, 77
Zygnematales, 4, 38, 76
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THE FIXING AND STAINING OF LIRIODENDRON
TULIPIFERA ROOT TIPS AND THEIR

MYCORRHIZAL FUNGUS i

IsADORE Cohen, Harrison Fellow, Department of Botany,
University of Pennsylvania, and K. D. Doak, U. S. De-
partment of Agriculture, Bureau of Plant Industry,

Office of Forest Pathology

Abstract.—Root tips of Liriodendron Tulipifera forming with a
fungus of the Mycelium Radicis group an endotrophic mycorrhiza,
were subjected to several different fixations in which the action of
cationic chromium and anionic chromium were compared. Anionic
chromium in the form of chromic acid was combined with several
substituted benzene compounds while cationic chromium in the form
of chromic sulfate (Cr^CSOOa-lS H2O) in 4% formaldehyde (HCHO)
was used with the same ring compounds. In addition, several fixatives
not containing chromium were tested.

Five percent chromic sulfate (Cr2(S04)3-15 H2O) in 4% formalde-
hyde (HCHO) or in 1% osmic acid with saturated aqueous salicylic
and /or picric acid preserved the histological and cytological details of
the mycorrhiza, as was clearly demonstrated when followed by stain-
ing in 3% acetic acid saturated with orseillin BB and counterstained
with 1% crystal violet in clove oil.

Two percent ferric chloride (Fe CI3) in 4% formaldehyde showed
the relationship of the tannin contents of the cells to the invading
hyphae when followed by suitable staining.

Cationic chromium appeared to be superior to anionic chromium in
preserving cell walls as well as the general histologic features of the
material investigated.

Introduction

It is often desirable to fix plant tissue infected by fungi in such a
way as to preserve not only the cell walls of both the host tissue and
the invading hyphae, but also their cytological details. A useful gen-
eral fixative should preserve the details of such an association so that
they can be seen clearly when suitably stained. This fixation of patho-
logical material has never been adequately treated in the handbooks
of microscopic technic, for the probable reason that little experimental
work has been done with such material.

^The senior author wishes to express his appreciation to the Allegheny Forest Ex-
periment Station, maintained at Philadelphia, Pennsylvania, in cooperation with the
University of Pennsylvania, for the support which made this investigation possible.

Stain Technology, Vol. 10, No. 1, January, 1935
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STAIN TECHNOLOGY

The purpose of this i-sti.a.on
^^^^^^^^^^^^^

for root ^P^ofLiriodendronTuhv^^raj^.f^e^
^^^ undertaken

Mycelium Radicis group (Doak,
^^"'.7;;^^^ , , v i^-alcohol fixative

and preservative (Doak, l^^D is. n
cvtolog cal details

pecially when it is desirable to mvesUga ^^^^'^.^ J^^, ,, „y.

of the fungus and host elements, which is necessary

corrhizal structures.

Material and Methods

RoottipsofLiHoden..onr#/-wer^c^^^^^^^^^^^^

from the study plots of the P^nnsylvama Department
^^^^^^^

Waters located in the Westtown Friends School to
,^
^^^^^^^^^

Pennsylvania. Random samples of the root tips from g

were fixed in the following fluids

:

I. Acetic acid, formaldehyde,
alcohol (Conant's Modified)

Glacial acetic acid
'

' g 5 cc.

Formaldehyde (40%) qq q ^c.

50% ethyl alcohol

II. Copper propionate, formaldehyde^
^ ^^

Propionic acid (C2H5COOH) '

^^ ^^
Formaldehyde (40%) ...*... 87 cc.

Water .• •
• ; • • /^^\ \ ... excess

Copper hydroxide (Cu(OH)2)

III. Modified Erliki's''
^ ^.

^
Potassium dichromate (K2Cr207)^^ .^

•
•

Ammonium dichromate ((NH4)2 Ct.Uv). . • • • ^^ J
Copper sulfate ..'.... 100 cc.

Water

^^''

Chromic sulfate (Cr.(S04)al5H.O) ^5 g^

Formaldehyde (40%) ^q ^^

Water • excess

V (a%% *,t:;,tt,-.e™c .h.o.* ;„ 4% fo™a,<,eh,de

^-
b *% ioLaldehyde »=idifie<l »ilV. hydrochlonc ac,d

VI. «% .ulphorfcylic acid (C.H.OH (SOJl) COOH) .ilh ««

following

:

(a) 1% chromic acid

S t'cCSu-e in 4% fo^aldehyde

L

I

£^

•

^4^>

«);
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VII. Salicylic acid (C6H4OH COOH) sat. aqu. solution with the
following:

(a) 1% chromic acid
(b) 4% formaldehyde
(c) 5% chromic sulfate in 4% formaldehyde

VIII. 1% phenol (C6H5 OH) in the following:

(a) 1% chromic acid
(b) 4% formaldehyde
(c) 5% chromic sulfate in 4% formaldehyde

IX. 1% resorcinol (C6H4 (OH) 2) in the following:

(a) 1% chromic acid
(b) 4% formaldehyde
(c) 5% chromic sulfate in 4% formaldehyde

' X. 1.2% pyrogallol (C3H3(OH)3) in the following:

(a) 1% chromic acid
(b) 4% formaldehyde
(c) 5% chromic sulfate in 4% formaldehyde

XI. Picric acid (CeHgOH (N02)3) sat. aqu. solution in the follow-

ing:

(a) 1% chromic acid in 4% formaldehyde
(b) 5% chromic sulfate in 4% formaldehyde

XII.

(a) 5% chromic sulfate in 1%, osmic acid (OSO4)
(b) Same as (a) with picric acid to saturation
(c) Same as (a) with salicylic acid to saturation
(d) Same as (a) 10 cc. with 2 drops glacial acetic acid
(e) Same as (a) 10 cc. with 0.05% phenol

The time for fixation in each case was 48 hours. The root tips were
dehydrated in the butyl alcohol series, sectioned l'^ )Lt in thickness and
stained chiefly with orseillin BB crystal violet (Doak, 1984a). The
procedure was as follows:

3% acetic acid saturated with orseillin BB 30 minutes
Rinse in water
25-50-75-9,5% alcohols rinse

1% crystal violet in clove oil 5 minutes
Xylene wash
Xylene clear

The crystal violet solution was made by adding enough alcohol to

1 g. of dye to form a paste. Then the flask in which the solution was
being made was gently heated to drive off the excess alcohol, and
100 cc. of clove oil were added. The crystal violet used was a product
of Coleman and Bell Company, uncertified, but specified as C. I. 681

and as having a total dye content of 84%. The orseillin BB used was a

product of Griibler, Leipzig, obtained in 1932.
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Descutption of Plate I

iron Tvlipifera infected -'^'^
^

'^^J^l^^^ -^ ,,t„nin .ith no counterstam^Figs. I

orseilUn BB and crystal violet, ^'g- »

'^^J „ ^ o.65; Fig. 2 with a Spencer

andSweretaUenwUhaBauscha^^^^ i„ion fluorite. n. a. t.S.

11at^:a:aLIXtcl; was used on all photomicrographs.

K d in Conanfs Modified showing shrunken host cells and hyphaewh.ch

"^fi ed rhX^sUuLres.
Magnification: XSOO.
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Results

»

ahSn''*?
7' <^«ntaining a strong acid which seemingly penetrates

t^^:^iZ!^LtT'^^^^^ ''' '^^^^^^ '' hollow^t^ucturt bu

renorreH hi 7 ^f ^f'"^
^"*'^'^ ^^ ^"*=^ combinations has beenreported by Zirkle m several of his papers dealing with fixation Tt Z

descnbed above but the walls of the hyphae as well as the ceU walls o

lf«rbu7the dT:' '°? t""'^"
^^^^- '^- F°--Idehyde aln I

^^^:^iz:i:t:HTnt=rii:r^Tr^
whicl dei^^LX^^^

''" ""^ ""'"' ™^^^^ ^'^^^ ^"^-^ -^stances

rsupoorted bv «
^^^^at.on of the fluid. This observation

1 mTi 1^ comparison between specimens preserved in a formaldehyde fixative containing the acid .salt, ferric chloride and thos"specimens preserved in a fixative containing the relatively basic substances, phenol, resorcinol, or pyrogallol (Fig. 3). A mixtL o feTrt

bifed'^th cf
"• '" ^."'^^ 'r'

^^"^ "^^'"^ ™^^-' ^"t -hen com-bined with chromic acid (Cohen, 1934) it was not as satisfactory aswhen conibmed either with formaldehyde alone or with formaldehydemixed with chromic sulfate in preserving the cell walls and the Jphaeot the fungus (Figs. 2 and 6).
o-pnie

^tt\ T!^
'" '

'T''"
^""^ ""'* fo^^'IdeMe showing the fixation of the cell wallsof the host tissue and the intimate association of the intracellular hyphae The t"cells on the nght show the hyphae partly digested. Magnification :XS^

Figure 3. Fixed in ferric chloride and formaldehyde. The heavily colored spherical

"'^^^^iX:^:::^:^''' ^--^^ -^ ^•-- ^^^ -topiasmio

Figure 5. Fixed in chromic sulfate, formaldehyde, copper hydroxide showing the asso

t^M" ^'^"^ "' '""^ """'' "^^"^ ""•^ ''^'•^' -"^ °f ^'"^ fungus Magnml

Figure 6. Fixed in chromic sulfate, formaldehyde, salicylic acid showing the fine preser-

itZuZo"^
"'"^ °' *'' '""^' ''"•^ ^"^ '=^" -"^ °f ^''^ hoft tissue. mT;::.
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Ri:suLTs

usenii, but the addition of other reuL'ents imt>rr.,.«= .f c i- •

Sub.stances which increase tl,e J!
'^ "*' 'mproves its fixation image,

dehvde hnt w inl
'"'^'^'''';,''»^ I*"'"" concentration of the formal-dehyde but which apparently do not penetrate the .s,,ecimen ahead of

Ts tforteThv
" concentration of the fluid. This oh.servationsupported by a comparison between specimens j,re.served in a formaldehyde fixative containing the acid .salt, ferric diloride andlhose

irslZrr' '" '
f"'''''-r^'"•"^' ''' relative,;w'r•stances, phenol, resorcinol, or pyrogallol (Fig. 3). A mixture of ferric

Salicylic acid in all fluids tried gave useful images, but when combined with chromic acid (Cohen, 1934) it was not a satis actorHwhen combined either with formaldehyde alone or with forma^Sthydmixed with chromic sulfate in preserving the cell walls and the hyphaeof the fungus (Figs. 2 and 6).
^

'

Tnl\ T!^
'" '

i 'f
"'"' ""'^ f°™a'dehyde showing the fixation of the cell w,llsof he host tissue and the intimate association of the intracellular hvphae The ulcells on the nght show the hyphae partly digested. Magnification : X3oi.

Figure 3. Fixed in ferric chloride and formaldehyde. The heavily colored spherical

ismic

Figure 4 Fixed in chromic sulfate, formaldehyde, picric acid showing the cytoplascontents of the hyphae. Magnification : XG60.
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^'Tr
'
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'"Chromic sulfate, formaldehyde, copper hydroxide showing the asso-

L;C "'"'^ "' ''' '"'' ''-'"' ^"^ '^P""' -"^ °f "- f'"Kus. Magnml-

Figure 6. Fixed in chromic sulfate, formaldehyde, salicylic aci.l showing the fine preser-

czZo""
^""^

"' *'^ ''"^" '''' '^^ -" «'>"^ "f t"^ •>-' tissue.x;::.

INTENTIONAL SECOND EXPOSURE
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MO. o. the chromic^rv:^^:^!'^^^^^^
the root tips well ----tJ''^^ta!Z>ouni were added did no

binations to which the "'bas.c

J^ ^^ ^^^ f^„g,s nearly as well

preserve the cytological ^^t^'^^^^t, con^pounds (salicylic and

as the combinations to wh.ch Uxe aad
J,

^^^ ^.^^.^ ^^^^ ^.^h

picric acids) were added^(F,gs. 4 ana ^
^^^^^ ^^ ^^^^

5% chromic sulfate in4% formaldehyde gave
^^^^^ ^^^^^^^^

dSired. The cell walls of the ^oj^ -d
^^^^^^^^^^ j, ,oth elements of

nor collapsed, and the hner cytolog>ca^
illustrated m

the mycorrhi.a were well
PJ-^^^^J-^/'normaldehyde modified by

Figs. 4 and 6 are both P^^^^ '^^^^ image illustrated in F,g. 4

the "acid" ring <=o-P°""^^;.J^Yn which mitochondria would be pre-

approaches that type of image m ^^ich
,^ «„e in which

served, while in Fig. ^
^^l^-Z^;Sf:'r. if'they were preserved

the mitochondria would be ^1™
,j^hyde.

i. the primary fixation

-J.fJ^J^ ^Ling cationic chromium

AH the preparations fixed >" ""'^
j^j^y, anionic chromium

appear to be preserved better than hose in w
^.^^^^^^,^ ^^,^

Z used. The sole exception to th-
^^^^^l,,,, when used alone it

combination. Salicylic acnd is

^-^f^'^'^'^lr single reagent tested.

preserved the cell walls ^^"-.f.^^tlges o^ material fixed in

N^o essential differences in the fixation im^
^^^.^^^j, ^cid

chromic .ulfate-formaldehyde -*^^ -J^^^^^ie. acetic acid mix-

„.ixtures were detectab e. l»- ^^^^ ^^^^ specimens collected at

ture (Xlld) preserved the root t s o gro g .

^^^

a later date, so that the mitotic figures ^^^er

^^ ^^^^^^.^ ^^^

Altho several differen ^taming con^^^at
^^^^^ ^ ^^^^

orseiUin BB were stiulied, each -t^J^'^^^^;^^ ^, ,1 „,ycorrhi.a were

anilin blue (all in 95% alcohol) the finer detm
^^^^^^^^^ ^^.^^ ^^

shown more clearly by staining n 3 /c aeet
.^ ^^^^^ ^., ^^^

seiUin BB and counterstained
-^^ Y^^^J f; ,ere sharply stained

cell walls of the host -^^'^
;;^^^^^^^^^

replaced the orseiUin

by either one of he ^/^^J '^^^^^^^^j^^ ,,as obtained. The hyphae

BB a differentially stained P'-.^P^''^^^'^
^^ ^^^ical cells were

were colored red by the«--^';\»«^;^^^;
„ ^he staining reaction

colored blue by the crystal v^^'et. A difterenc
^^^ ^^^^^^^^

between the cells in the cortex and he cent a y
^^^^ ^^^^^ ^^^ ^^^^^.

The crystal violet replaces ^e ors^^^n »

^

of the cortex more readily than ^t ^oe^^" ^ ^^^^^. „f the cortical

preparations -^^--^:f:::':S:t::^M.r hyphae colored red

Idetlls rthe'ce::tr\ltlinder were stained by the orseilhn BB
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only. In some instances the hyphae within the cortical cells werestained by crystal violet. It is of no consequence whether orseiUin BBor crystal violet stains the walls of the host and fungus as long as each
IS clear where the penetration occurs.
The safranin preparations were stained in a 1% aqueous solution,

differentiated with a weak alcoholic picric acid mixture to which a fewdrops of KI-I were added, and finally counterstained with the variousdyes m 95% alcohol, mentioned previously.

Discussion

An evaluation of the net differences in the fixing action between
cation.c and anionic chromium is difficult when so little is known ofthe chemical principles involved in the process of fixation. While fix-
ation of cell walls essentially involves their preservation in as nearly
the original condition as existed in the living tissue, the final evalu-
ation of the specific action of the reagents in a fluid should not over-
look the effect of treatment subsequent to fixation. Altho anionic
chromium may fix the cell walls as well as cationic chromium, the
former may not harden them sufficiently to withstand dehydrationm the alcohols and infiltration with paraffin. The lack of resistance to
dehydration of the structural elements of the walls (possibly the
superraicelles observed by Seifriz with the Spierer lens (Seifriz. 1931))may account for the observed superiority of material fixed with cati-
onic chromium which apparently does harden tissue, over material
faxed with anionic chromium. The action of alcohol in high concen-
trations IS apparently one of dehydration which causes the collapse
and shrinkage of the walls of the ho.st and hyphae of the fungus
Altho the chemical action of chromic sulfate in leather manufacture

may be a direct union of the cation with the proteinaceous collagen
fibers in the hides, similar union of chromic sulfate with the structural
e ements of the cellulose walls in plant tissue, perhaps conceivable
altho to be sure not demonstrated by the work reported here, cannot
be incorporated into any explanation of its specific action in a fix-
ative.

There is no ready explanation of the action of salicylic acid on cell
wal s. More work with this acid is necessary before even an attempt at
explanation is made for the effect of ring compounds in general in fix-
ation has not been adequately investigated.

In addition to Liriodendron Tulipifera, in which the mvcorrhizal
fungus IS endotrophic, several collections of pine roots in which the
mycorrhizal fungus is ectotrophic were fixed. Unfortunately, the ma-
terial was infected by secondary fungi and was in a state of degener-
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atlon preventing conclusive observations. Fixation studies of the ecto-

trophic mycorrhizal forms will be reported later.

Conclusions

1. The satisfactory preservation of Pl-t^'^^^tfutdttlrl
requires, in addition to proper cytological fixation, the

^^^'^^^^^

prirv^tion of both the cell

^f^^^^^^^X^I^^^
2 Five percent chromic sulfate (Cr2CbU4)3li>n2w; in /o

hyde satuLed with picric or salicylic acids^---^
^^d'thc^J

details of the intimate association can be clearly observed, bahcylic

"rm^epe^crt" acetic acid saturated with orseillin BB and 1%

ciystllvioletTn clove oil is a useful histological stain combmat.on for

fungus-infected plant tissue.
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Lilaeopsis chinensis in Southern New Jersey

John M. Fogg, Jr.

The interesting little umbelliferous plant, Lilaeopsis chinensis (L.) Kuntze
(L. lineata (Miehx.) Greene),^ has long been considered one of the rarest mem-
bers of the flora of the Philadelphia local area. Restricted in its occurrence to

salt marshes and brackish tidal shores, this species has been known from but
three, possibly only two, localities in southern New Jersey and one in New Castle
County, Delaware.

Lilaeopsis was apparently first discovered growing in New Jersey by Thomas
Nuttall. In his

*

' Genera of North American Plants,
'

' where the species appears
as Crantzia lineata, Nuttall mentions it as ** abundant near Egg Harbour, New
Jersey, in a salt marsh. '

'^ This record is substantiated by a specimen, collected

by him, preserved in the Philadelphia Academy of Natural Sciences. Unfortu-
nately the label bears no date, but the plant must have been collected between
1809, when Nuttall first came to Philadelphia, and 1818, the date of publication

of the ** Genera.'' Dr. Witmer Stone has called attention to the fact^ that

Nuttall 's material was certainly not collected near the present-day settlement of

Egg Harbor City, Atlantic County, which is some miles inland from the salt

marshes, but rather from some locality, probably Beesley's Point, on Great Egg
Harbor Bay.

For nearly a hundred years Lilaeopsis appears to have escaped the attention

of botanists in southern New Jersey, although in the meantime its range was
being extended to the north and northeast. It was not until 1906 that a second

station was discovered for the species within the limits of the Philadelphia local

area. On September 8 of that year Mr. K. K. Mackenzie found it growing half-

way between Mantoloking and Chadwick, in Ocean County. Lilaeopsis there

occurred as **a large patch" on the *' sandy shore of Bamegat Bay within a few

yards of the railroad" (Mackenzie No. 2391).

Almost three years later, August 30, 1909, Dr. Stone and Mr. S. S. Van Pelt

discovered another locality. This time the plant was detected near Palermo,

Cape May County, where it occupied the sandy border of a fresh spring near the

edge of the salt marsh. Due to the ambiguity attending NuttalPs early locality,

and since no subsequent collection has established the occurrence of Lilaeopsis

along Great Egg Harbor Bay, Stone inclines to the view* that he and Van Pelt

may well have rediscovered the original New Jersey station. If this interpreta-

tion be accepted, then the known occurrence of Lilaeopsis chinensis in southern

1 See Feniald, Bhodora, xxvi, 93 (1924) and Hill, Journ. Linnean Soc, xlvii, 525 (1927).
2 Nuttall, Gen. 1: 178 (1818).
3 Stone, Bartonu 1: 21 (1908).
* Stone, l,c,

51
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New Jersey has come to rest upon two localities, more than sixty miles apart,
situated within the narrow maritime strip along the Atlantic coast.

The Delaware station is represented in the Philadelphia Botanical Club by a
sheet collected by Dr. F. W. Pennell on August 3, 1916, at Augustine Beach,
New Castle County (Pennell, No. 7779). In contrast to its previously known
habitats, the plant was here growing in the mud along the tidal shores of the
Delaware River, associated with Scirpus americanus Pers.

For several years the writer has devoted considerable attention in the field

to the distribution of plants along the New Jersey shore of the Delaware Bay
and Delaware River. During the last two seasons (1933 and 1934) this interest
has been focussed mainly upon that portion of the shore-line lying within the
boundaries of Salem County, i.e., a strip of about 40 miles extending from the
mouth of Oldman's Creek to the mouth of Stow Creek.

One of the most significant results arising from this survey has been the dis-

covery of the existence in Salem County of a large number of maritime species
not previously reported a^ occurring along the Delaware drainage north of the
Cape May peninsula. This element of the vegetation includes plants which grow
characteristically on the salt marshes and sand beaches of the Atlantic coast of
New Jersey from Sandy Hook to Cape May Point, but which are now seen to
follow up the Delaware Bay and Delaware River for a distance of many miles.

The total number of such species at present known from Salem County is 56, of
which only 8 were recorded by Stone^ as existing at any point along the bay or
river north of Dennisville, Cape May County ; of these 8 species Stone attributes
but 5 to Salem County, so that the present study has resulted in the addition of
51 maritime species to the known flora of the county. As nearly every trip to

the area yields additional finds of this nature it is doubtful whether the list can
be regarded as complete until practically every foot of this 40 mile shore line,

with its extensive tidal marshes and innumerable beaches, has been explored.
Since it is proposed to utilize this subject as the basis for a future report, a
detailed consideration of it is unnecessary at this time.

In Cumberland County, which lies immediately to the south of Salem County,
Mr. Bayard Long has been pursuing a similar investigation, with the result that
he has so far established the presence within his limits of an even larger number
of maritime species than is known from north of Stowe Creek, which forms the
boundary line between the two counties. This is, of course, to be expected, since
a considerable portion of the shore line of Cumberland County lies below the
mouth of the Delaware River and is therefore washed by the more saline waters
of the Bay. This maritime element, as at present understood by Long, finds
expression in a block of some 80 species, the overwhelming majority of which
have never been reported as occurring north of Dennisville. This study like-

wise, it is hoped, will furnish matter for a more lengthy elaboration.

1 Stone, Plants of Southern N. J. (1910).
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During the course of my own work it was found helpful to prepare a com-

plete list of the maritime plants which are known to occur along the outer sea

coast of New Jersey and which might therefore conceivably be expected to follow

up the Delaware drainage as far as Salem County. Lilaeopsis chinensis was

included in this enumeration rather for the sake of completeness than because

any real hope was entertained of finding it within the county. Its status in the

list was regarded as comparable to that of Triglochin maritima L., collected only

at Point Pleasant, Ocean County, or Ranunculus Cymhalaria Pursh, known from

but three or four widely scattered localities along the coast between Monmouth

and Atlantic Counties.

On October 31, 1933, Mr. Long and I were exploring the shore of the Dela-

ware River near Elsinboro Point, Salem County. The morning had been pro-

ductive of several interesting additions to the maritime list, including Tripsacum

dactyloides L., Panicum amarum Ell. and Cakile edentula (Bigel.) Hook. After

lunch we started to work along the edge of the shore, which was here a firm bank

of mud, save where the action of the tide had carved it away or covered it over

with sand. The bank was in most places occupied by a dense stand of Scirpus

americanus, whose strong system of rootstocks acted as a binder holding the

tidal mud in place. Our attention was attracted by a green mat of vegetation

growing below high-water mark at the base of the Scirpus stems and we leaned

over to examine it : to our keen surprise and delight the surface of the mud was

covered by a solid turf of Lilaeopsis !

Further search revealed the fact that this was no mere isolated colony. We
spent the remainder of the afternoon exploring as much of the shore south of

Elsinboro Point as a rising tide would permit, and at practically every point

over a distance of half a mile where conditions were favorable the plant was pres-

ent and in many cases dominant. It grew invariably on the firm mud at the base

of the Scirpus culms and was strictly confined to the belt between tide levels,

being completely submerged at time of high water. Its mode of occurrence here

reminded us strongly of the conditions under which we had seen it growing north

of New Jersey, notably along the Bass River near Yarmouth on Cape Cod, Massa-

chusetts.

Feeling that the wide-spread existence of Lilaeopsis near Elsinboro Point

must be indicative of its presence elsewhere along the shores of the Delaware

River, I selected various localities for exploration during the season of 1934. It

is not always easy to reach the river shore of Salem County without the aid of

a boat, for in many places, especially toward the south end of the county, broad

tracts of marshland dissected by frequent creeks and drainage ditches render it

extremely difficult if not impossible to reach the water front from the land side.

The finding of suitable localities, therefore, frequently entails close study of maps

and much arduous exploration.



54 BARTONIA ,4-^.^ ^-P
DISTRIBUTION OF LILAEOPSIS CHINENSIS 55

The first region to be visited in 1934 was a strip of shore-line between Black

Ditch and the mouth of AUoway's Creek, about 3f miles west of Hancock's

Bridge. Here, on May 21, I found Lilaeopsis growing freely on the tidal mud,

once more at the base of Scirpus americanus and below the high tide level. The

discovery of this station extended the range of the species about 24 miles south

of Elsinboro Point.

On June 22 I selected Finn's Point, a stretch of mud and sand beach about

5 miles north of Elsinboro Point. Here again, and under the same conditions

as in the two previous cases, the plant was abundant.

Believing now that there could scarcely be any considerable section of the

shore-line from which Lilaeopsis was lacking, I next attempted to see how far

south in Salem County the species could be found. Accordingly, on August 30,

I went to Bayside at the mouth of Stow Creek, which forms the extreme south-

ern boundary of the county. Here the river shore is very marshy and a boat

was required to work northward from Bayside. The entire absence of Scirpus

americanus appeared, at first sight, to present an additional obstacle ; the shore

being fringed by a solid growth of Spartina alterniflora Lois., var. pilosa (Mer-

rill) Fernald. Nevertheless, by procuring a small rowboat and looking about

at the bases of the Spartina stems, I was soon rewarded by the sight of

the familiar green turf. Lilaeopsis was growing profusely here, 14 miles south-

east of the Elsinboro Point station.

The next concern was to establish its northern limit. To this end I explored,

on October 3, the region below Pennsville, about 5 miles north of the Finn's

Point locality. The shore at this point is mostly firm sandy beach, a condition

apparently unfavorable to the occurrence of Lilaeopsis, and although several

other interesting discoveries were made (notably a fine second station for

Panicum amarum) the plant eluded detection until late in the day when I found

it just below Kelly's Point, about 2 miles southwest of Pennsville. At this spot

there was just enough of a mud beach, with its growth of Scirpus, to support

a rather thin turf of the umbellifer.

From my present knowledge of the nature of the coast north of Pennsville

—

a shore characterized by flat sandy beaches—I should be fairly willing to hazard

a guess that the Kelly's Point locality may well represent, along the New Jersey

side of the Delaware River, the northern limit of the occurrence of Lilaeopsis

chinensis, although it is always possible that an isolated mud bank, with its bind-

ing system of Scirpus or Spartina rhizomes, may harbor a chance colony.

During October and November, 1934, several additional Salem County sta-

tions were discovered, but as they all lie within the limits set forth above, and

as they will be included in the complete list of New Jersey localities given below,

no further reference to them need be made at this point.

Meanwhile Long had been eager to see whether he could locate the plant in

Cumberland County and we had gone, on September 6, to the region south of
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Bayside. The first point along the shore at which we landed presented a steep

mud bank held by a strong growth of Spartina and, as might be expected, the

surface of the ground was filled over solidly with Lilaeopsis, Indeed, at hardly

any spot along the two miles that we explored, i.e., south to the mouth of Fish-

ing Creek, was the plant absent. Its habitat here was similar to that where I

had found it just north of Bayside.

Long has since extended the range of the species southeast to Sea Breeze,

about 6 miles below Bayside, but has so far been unable to locate it at any point

farther down the river. The plant, then, is known at present to occur over a

distance which, if measured in a straight line is nearly 25 miles, but which, if

expressed in terms of actual curving shore-line, is about 32 miles.

In another article in this issue Miss Esther L. Larsen describes her experi-

ences with Lilaeopsis on the opposite or Delaware side of the river. Her results

need be referred to here only insofar as they indicate a distribution on the west

shore of the Delaware River which closely parallels that just described for the

New Jersey coast.

It is probably too soon to determine precisely what factors control the distri-

bution of Lilaeopsis along the Delaware drainage. Its occurrence is apparently

conditioned largely by the presence of a firm and relatively permanent mud shelf

between tide levels ; at only one or two spots has it been found growing on pure

sand. Since the necessary mud banks appear to owe their continued existence

to the binding action of Spartina or Scirpus, the answer to the question as to

what limits the occurrence of the umbellifer may have primarily to be sought in

terms of what controls the presence of the grass or the sedge. In either case one

turns ultimately to the part which salinity may play in influencing, directly or

indirectly, the range of Lilaeopsis.

Dr. Thurlow C. Nelson, Professor of Zoology at Rutgers University and Biolo-

gist of the New Jersey Oyster Investigation Laboratory, informs me that, while

an extended series of salinity figures has been accumulated for the Delaware Bay

and River, these data have not yet been published. It is therefore hardly pos-

sible at present to attempt to explain the occurrence of Lilaeopsis on a quanti-

tative basis. However, when the facts of its distribution are reviewed, it is seen

that the plant's southern limit is well above the open waters of the bay, where

it would be exposed to rather high salt concentration, and that it extends some

30 miles upstream to a point still within the brackish influence of high tides.

Thus it would appear that, in the Delaware drainage at least, this species belongs

to that group of estuarine plants which flourish in a kind of brackish tension

zone where the water is neither salty nor fresh.

Following is a complete list of the stations, arranged in order from north to

south, at which Lilaeopsis chinensis has been collected along the New Jersey shore

of the Delaware River. Stations 1 to 12 are in Salem County, while stations 13

to 15 are in Cumberland County. The gap of about 10 miles, in a straight line,

/I' •
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between stations 10 and 11 represents an area very difficult of access from which

no collecting has as yet been done. Specimens of the numbers cited below have

been deposited in the herbaria of the Philadelphia Botanical Club and the Uni-

versity of Pennsylvania.

1. One half mile southwest of Kelly's Point (about 2 miles southwest of Pennsville), October

3, 1934: Fogg No. 7567, Adams No. 1688.

2. Just south of Finn's Point (south of Fort Mott), June 22, 1934: Fogg No. 7002.

3. Two miles southwest of Harrisonville (near mouth of Mill Creek), October 29, 1934: Fogg
No. 7853, Adams No. 1768.

4. Two miles south-«outhwest of Harrisonville (near mouth of Boll's Creek), November 5,

1934 : Fogg No. 7891.

5. Elsinboro Point (about 3J miles southwest of Salem), October 31, 1933: Long No. 42495,

Fogg No. 6289.

6. Elsinboro Point (about i mile south of station 5), October 31, 1933: Fogg No. 6300.

7. Mouth of Straight Ditch (about 3} miles west-northwest of Hancock's Bridge), October

18, 1934: Fogg No. 7760.

8. Between Straight Ditch and Black Ditch (about i mile south of station 7), October 18,

1934: Fogg No. 7748.

9. Below mouth of Black Ditch (about 3i miles west of Hancock's Bridge and ^ mile south

of station 8), May 21, 1934: Fogg No. 6554; October 15, 1934: Fogg No. 7723.

10. Below mouth of AUoway's Creek (about 3i miles west-southwest of Hancock's Bridge and
1 mile south of station 9), October 23, 1934: Fogg No. 7820.

11. Oyster Cove (about \ mile northwest of the mouth of Stow Creek), August 30, 1934:
Fogg No. 7435.

12. Bayside (small island in Delaware Eiver at mouth of Stow Creek), September 6, 1934:
Fogg No. 7479.

13. Near mouth of Jacob's Creek (about f mile south-southeast of Bayside), September 6,

1934: Long No. 44463.

14. Near mouth of Fishing Creek (about li miles south-southeast of station 14), September
6, 1934: Long No. 44465.

15. North-northwest of Sea Breeze, October 28, 1934: Long Nos. 45201 &, 45209.

University of Pennsylvania.
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RESISTANCE OF PINUS SYLVESTRIS TO A
GALL-FORMING PERIDERMIUM^

W. G. HUTCHINS0N2
(Accepted for publication December 31, 1934)

INTRODUCTION

In 1926, York (43) reported that a gall-forming Peridermium was caus-

ing considerable injury to Scotch pine, Pinus sylvestris L., at the Masonic

Summer Camp on Round Lake in the vicinity of Woodgate, New York.

It has yet not been definitely determined^ whether this is a new species

of Peridermium, some atypical, autoecious form of Cronartium quercuum

(Berk) Miyabe (C. cerebrum), or one of the western-United States gall

rusts. Growing among the heavily infected trees in this Woodgate area

are many trees that, although artificially inoculated for 6 successive years,

have shown no gall formation. The present investigation deals with this

phenomenon of resistance as studied from the standpoints of gross mor-

phology, histology, and physiology.

LITERATURE REVIEW

There is a marked paucity of literature, other than observational

accounts, on the resistance of forest trees to fungus disease ; in fact, there

are few recorded attempts to study the basis of resistance in woody plants

of any kind. Most discussions relative to the resistance of plants to the

invasions of parasites point out that resistance may have a morphological

or a physiological basis or a combination of the two. The formation in

the host tissue of a definite layer of cork cells in advance of the invading

mycelium has been considered by several investigators to represent an

attempt to check the spread of the parasite. Conant (9), in studying the

cause of resistance of certain strains of tobacco to Thielavia hasicola (B.

1 A thesis submitted to the Graduate School of the University of Pennsylvania in

partial fulfillment of the requirements for the degree of Doctor of Philosophy in Botany.

2 The writer is indebted to Dr. H. H. York for his helpful advice and criticism dur-

ing the progress of this work.

3 In the recently published Manual of the Rusts in United States and Canada p. 24,

Arthur states *' Another rust on P. sylvestris . . . recently discovered in northern New
York and called * Woodgate Rust '

' Ms *
' now referred to C. quercuum. '

'
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and Br.) Zopf, recorded that such corky areas between diseased and healthy-

tissues successfully prevented the spread of the fungus through the plant.

Other investigators have stated that the resistant character of cell walls

may account for protection against disease. Melander and Craigie (26)

found that varieties of Berberis immune from Pticcinia graminis Pers. were

provided with thicker cuticles and with cell walls more resistant to

mechanical puncture than were those susceptible to infection. In many

instances the products of cell metabolism and their physical and chemical

relationships have been considered to have a very direct bearing upon

resistance and susceptibility. Dufrenoy (14), from a study of Blepharos-

pora camhivora Petri on chestnut, Phytophthora infestans (Mont.) de Bary

on potato, and Colletofrichiim lindemuthianum (Sacc. and Magn.) Br. and

Cav. on bean, has concluded that the accumulation of phenolic compounds

in vacuoles represents a local immunity in the plant. Newton, Lehmann,

and Clarke (29) have suggested a relation between the resistance of wheat

to Puccinia graminis tritici Eriks. and Henn. and the phenolic compounds

present in the plants. Cook and his associates (10, 11) have shown that

tannin may exert an inhibitory action upon the growth of many species

of fungi in culture. A careful biochemical study by Angell, Walker, and

Link (4) has recently shown that resistance of onions to onion smudge is

definitely related to the presence of protocatechuic acid in the outer pig-

mented scales. Dickson, Link, and Dickson (12) have found in the case

of seedling blight that resistant corn seedlings contained 20 per cent more

uronic acids than susceptible seedlings. Ezekiel (16), in an extensive

study of resistance of wheat to Puccinia graminis tritici, has recorded a

correlation between resistance and the growth and branching of germ tubes

of the spores in extracts from resistant and susceptible plants. Thomas

(36) reports that, although the growth of Armillaria mellea (Vahl) Quel,

is inhibited by the extractives of the roots of certain trees, there apparently

is no relationship to resistance. It is conceivable that the cell sap of

certain plants may be uncongenial for fungus growth because of its lack

or excess of hydrogen ions. Many experimental attempts have been made
to demonstrate such a relationship. Comes (8) has found that a rust-

resistant strain of wheat has a greater acidity than susceptible forms.

"When this same strain, however, is grown under different environmental

conditions it becomes susceptible and its cell sap then shows a reduced

acidity. On the other hand, many investigators have failed to find any

such relationship. Hurd (20), as well as Newton, Lehmann, and Clarke

(29), could demonstrate no relation between the pH of cell sap and the

resistance of wheat to Puccinia graminis tritici. Harris and his coworkers

(19) have clearly shown that the osmotic concentration and electrical con

ductivity of sap expressed from phanerogamic parasites are greater than
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those from the host plants. Similar work has been done to determine

whether these physical values were any different in resistant and susceptible

plants. Newton, Lehmann, and Clarke (29) have been unable to demon-
strate any important difference between tissue fluids of wheat plants

resistant and susceptible to Puccinia graminis tritici as evidenced by osmotic

pressure or electrical conductivity.

In addition to the factors considered above, a number of investigators

have found that in plants subjected to infection, especially by rusts, there

may be a type of reaction referred to as
*

^
protoplasmic resistance'' or as

* * hypersensitiveness. " This phenomenon was first observed and studied

by Ward (37, 38, 39). He noted that in resistant plants hyphae were

formed and haustoria penetrated host cells, but that such cells died soon

after invasion, and that the hyphae and haustoria degenerated and appeared

like experimentally starved mycelium. He attributed this reaction primarily

to starvation of an obligate parasite. Marryat (25) studied infection by

Puccinia glumarum Eriks. & Henn. in both resistant and susceptible strains

of wheat. She also considered that resistance was brought about by the

death of host tissue resulting in the death of the parasite from starvation.

She further suggested that there might be a formation of toxin and anti-

toxin perhaps mutually destructive. Gibson (18) studied the early growth

of various rusts that had infected plants other than their natural hosts.

She rejected the starvation hypothesis of Ward, and considered that toxic

substances formed by the host cells might be responsible for the failure

of the hyphae to form haustoria and for the ultimate death of the mycelium.

In natural hosts that were resistant, she found haustoria present, but the

mycelium had degenerated after a few days. This phenomenon of hyper-

sensitiveness in wheat infected with rusts also was studied by Stakman

(33). He found in susceptible plants a ready adjustment of parasite and

host, but an intolerant relationship in resistant plants. The rust hyphae,

although forming few haustoria in resistant plants, brought about the

death of host cells adjacent to them. They continued to grow for a time

and to affect other cells, but soon perished. In some cases haustoria con-

tinued to live after the death of the cells that they had penetrated. He,

therefore, concluded that the reaction is not due primarily to starvation

but to a toxin-antitoxin relationship. Mains (24), investigating infection

in strains of corn resistant and susceptible to Puccinia sorghi Schw., suggested

that the normal symbiosis among cells of the plants is destroyed by the

action of the fungus, causing some of them to parasitize others. He con-

sidered carbohydrates to play an important role in this resistance phe-

nomenon. Allen (1, 2, 3), in a detailed cytological study of wheat resistant

to Puccinia graminis tritici, has regarded Ward's theory of starvation as

''untenable." She has suggested that an antagonistic relationship obtains
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in the cell in that the cell is first killed by toxin produced by the haus-

torium, which in turn is killed by the products of cell degeneration.

The relation of environmental factors to susceptibility and resistance

has received much attention. Eckholt (15) is inclined to consider environ-

mental factors, such as the physical and chemical nature of the soil, soil

moisture, and soil temperature, of more importance in infection of wheat

with Puccinia glumarum than hereditary factors of resistance and sus-

ceptibility. In an extensive study of wheat grown in nutrient solutions,

Doak (13) has recently found that an excess of potassium or lack of

nitrogen increases resistance to Puccinia triticina Eriks.
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Fig. 1. Diagram of plots of Scotch pine trees, o, resistant; ©, susceptible; A,

location of parent tree.

METHODS

Description of plots. In the early summer of 1930, investigations were

begun on 4 plots of Pinus sylvestris at Woodgate, N. Y. (Fig. 1). Some

of the trees in these plots had been inoculated previously by H. H. York.

In plot 1, resistant trees of varying age and height are growing near

susceptible trees of about the same age and height. Plot 2 consists of

*A
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a few trees 8 to 10 years old. About half of these are resistant and half

susceptible. In plot 3, there are several trees 10 to 12 years old, all of

which are apparently seedlings from one tree, the position of which is

indicated by the letter A. This tree, although exposed to natural infection,

never developed galls, but succumbed to Armillaria infection. Every tree

in this plot except one shows marked resistance. Plot 4 consists of numerous

resistant trees about 20 years old growing near groups of susceptible trees.

Inoculations. For 3 consecutive seasons, resistant and susceptible trees

have been artificially inoculated. Quantities of galls with mature aecia

have been collected in June and masses of aeciospores scraped from them.

The terminal portions of branches with the current season's growth were

heavily painted with suspensions of these spores in water. The iceless

refrigerator described by York* was used as a protection about these

inoculated branches. This chamber was removed at the end of 48 hours.

Collections have been made from such inoculated branches at intervals

varying from 48 hours to 6 years after inoculation. Similar collections

have been made from noninoculated trees growing at a distance of 15 miles

from the site of the plots, and also a few collections from healthy trees

at the Arnold Arboretum, Jamaica Plain, Massachusetts.

Preparation of Tissues. In the preparation of tissues for sectioning

several killing and fixing solutions have been used. Formalin alcohol

(4 parts formalin to 100 parts 70 per cent alcohol), Carnoy's solution,

and Schaffner's chromo-acetic-acid solution have given particular success.

Bouin's solution, picro-formol, Fleming's fluid, and Conant's solution also

have been used with success.

Some of the tissues were imbedded in nitrocellulose according to the

technique described by Jeffrey (21) and Wetmore (41), excellent sections

being obtained by this method. In order to obtain serial sections, however,

many tissues were imbedded in paraffin by the butyl-alcohol method described

by Zirkle (45). This procedure has been found invaluable for the cutting

of 1- and 2-year-old stems. Sections, whether cut on the rotary or sliding

microtome, were cut from 8 to 15 microns thick. Transverse sections have

been used largely, but in many instances radial and tangential sections also.

Staining. The sections were stained with several combination stains.

Those intended primarily for the study of normal or abnormal histology

usually were stained with the safranin-haematoxylin combination or

Fleming's triple stain (6). When it was desired to study the sections

for the presence of mycelium and to trace this mycelium through and

between cell walls, the combination of orseillin and anilin blue described

by Strasburger (35) was used with excellent results.

4 York H. H. Celluloid * ^ iceless refrigerator '
* and some results from field inocula-

tions with the aeciospores of Woodgate rust (Peridermium sp.). In manuscript.
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Microchemical tests. In connection with the histological study of sec-

tions prepared by imbedding, a series of microchemical tests was made

on sections freshly cut on the ether-freezing microtome. In most cases the

tissues were sectioned a few minutes after they were removed from the

tree. Starch, tannin, fats, resin, gums, cellulose, suberin, cutin, lignm,

and pectin were identified by means of tests outlined by Eckerson^ or

Stevens (34).
r. a

Physiological studies. Quantitative chemical analyses have been made

of young twigs from both resistant and susceptible trees with regard to

tannin, calcium, and potassium content. Analyses of various samples of

soil collected at the base of both resistant and susceptible trees have been

made with reference to the quantitative determination of calcium and

potassium.

Juices expressed from the twigs of resistant and susceptible trees by

pulverizing the ground twigs with liquid air and subjecting this frozen

mass to a pressure of 200 pounds per square inch for 10 minutes have been

used for determination of osmotic pressure and hydrogen-ion concentration.

An attempt has been made to reproduce in the resistant twigs the patho-

logical changes found following infection. Extractives prepared from galls

and from germinating spores were introduced into the tissues through

small capillary tubes and also by hypodermic injection. Oxalic acid has

been used in the same way, several investigators having reported a rela-

tionship of this acid to the pathogenicity of fungi (5, 22).

FIELD OBSERVATIONS OF HOST REACTIONS

In their response to infection the inoculated trees have shown many

different reactions ranging from highly susceptible to resistant. For the

purposes of this discussion, however, 3 principal types of reaction may be

distinguished. Type A occurs only in susceptible trees. During the first

growing season there may be slight evidence of infection other than small

brownish spots followed by minute swellings. The following spring, how-

ever, marked hypertrophies develop and typical galls soon form (Fig. 2, A).

In the reaction here designated as type B, there is often definite evidence

of infection a few months after inoculation. Isolated discolored areas

become confluent and for several inches along the twigs there will be

reddish-brown discolorations. During the following growing season an

excessive splitting of bark takes place on these twigs, sometimes accom-

panied by a slight resinosis (Fig. 2, B). Occasionally a few abortive or

atypical galls may develop from such areas. In type C reaction numerous

small spots may be noted a few weeks after inoculation (Fig. 2, C). These

are often greenish brown or slightly reddish in the center, sometimes sur-

sEckerson, S. H. Microchemistry. University of Wisconsin. (Mimeographed).
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Fig. 2. A. Twig of susceptible Scotch pine 3 years after inoculation showing gall

typical of type A reaction. B. Partially resistant twig 1 year after inoculation showing

cracked bark characteristic of type B reaction. C. Resistant twig 3 months after inocula-

tion showing spotted areas commonly found in type C reaction. D. Resistant twig 3

years after inoculation showing exfoliation of bark often found in type C reaction.

Photographs by H. H. York.
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of young twigs from both resistant and susceptible trees with regard to

tannin, calcium, and potassium content. Analyses of various samples of

soil collected at the base of both resistant and susceptible trees have been

made with reference to the quantitative determination of calcium and

potassium.

Juices expressed from the twigs of resistant and susceptible trees by

pulverizing the ground twigs with liquid air and subjecting this frozen

mass to a pressure of 200 pounds per square inch for 10 minutes have been

used for determination of osmotic pressure and hydrogen-ion concentration.

An attempt has been made to reproduce in the resistant twigs the patho-

logical changes found following infection. Extractives prepared from galls

and from germinating spores were introduced into the tissues through

small capillary tubes and also by hypodermic injection. Oxalic acid has

been used in the same way, several investigators having reported a rela-

tionship of this acid to the pathogenicity of fungi (5, 22).

FIELD observations OF HOST REACTIONS

In their response to infection the inoculated trees have shown many

different reactions ranging from highly susceptible to resistant. For the

purposes of this discussion, however, 3 principal types of reaction may be

distinguished. Type A occurs only in susceptible trees. During the first

growing season there may be slight evidence of infection other than small

brownish spots followed by minute swellings. The following spring, how-

ever, marked hypertrophies develop and typical galls soon form (Fig. 2, A).

In the reaction here designated as type B, there is often definite evidence

of infection a few months after inoculation. Isolated discolored areas

become confluent and for several inches along the twigs there will be

reddish-brown discolorations. During the following growing season an

excessive splitting of bark takes place on these twigs, sometimes accom-

panied by a slight resinosis (Fig. 2, B). Occasionally a few abortive or

atypical galls may develop from such areas. In type C reaction numerous

small spots may be noted a few weeks after inoculation (Fig. 2, C). These

are often greenish brown or slightly reddish in the center, sometimes sur-

sEckerson, S. H. Microchemistry. University of W'isconsin. (Mimeographed).
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Fig. 2. A. Twig of susceptible Scotch pine 3 years after inoculation showing gall

typical of^type A reaction. B. Partially resistant twig 1 year after inoculation showing

cracked bark characteristic of type B reaction. C. Eesistant twig 3 montlis after inocula-

tion showing spotted areas commonly found in type C reaction. D. Eesistant twig 3

years after inoculation showing exfoliation of bark often found in type C reaction.

Photographs by H. H. York.

INTENTIONAL SECOND EXPOSURE
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rounded by a lighter chlorotic halo. Similar infection spots have heen

found developing on various resistant species of pine artificially inoculated

with this rust (28, p. 199). During the following growing season, it is

not uncommon to find a few swellings developed on these twigs as though

galls were to be produced. These swellings rarely increase m size during

the third year, but, through the growth of the surrounding tissue, they

gradually become indistinct. During the third or fourth year, there can

be noted at the position of these swellings a marked exfoliation of bark

and sometimes a slight atrophy (Fig. 2, D).
^ ., ,

It should be pointed out here that the different reactions described

above are not always definitely segregated to certain trees. For instance,

types B and C both may be found associated with type A on susceptible

trees. Type C, and occasionally type A, may be associated with type B

on what we may call partially resistant trees. However, type C only

is found on the truly resistant trees. This point will be considered later

in connection with the interpretation of the resistant reactions.

Perhaps a brief explanation should be given in connection with the

terms "resistant," "partially resistant," and "susceptible," as used above.

Gall formation is used as a criterion of susceptibility, since it is only those

trees producing galls that show any visible signs of injury. Those trees

may be considered partially resistant in which the majority of infection

centers are prevented from forming galls. The trees that, although they

become infected, are able in some way to check all infection centers and

produce no galls can be considered resistant.

histological studies

A comparative study of serial sections of noninfected twigs of both sus-

ceptible and resistant trees with reference to size of cells and thickness

of cell walls has shown no outstanding difference. A microchemical study

made of such twigs has shown no significant difference in regard to food

storage or chemical character of cell walls. There is considerable varia-

tion in the amounts of tannin and fat, but these substances also vary

widely among twigs of the same tree.

The Normal Twig

This brief description of the normal twig will include only those struc-

tures that have a bearing on penetration and spread of the fungus. The

description applies equally to resistant and susceptible twigs during the

period when they are subject to infection.

The single layer of epidermal cells is covered over by a cuticle averaging

3 M in thickness. The cortex consists of 10 to 20 cell layers, the outer

4 or 5 of which rarely store starch during the season when infection might

^ 7 *

4.>

occur, although the other cell layers may store large quantities. Starch,

often in association with fats and resins, also may be stored in the pith,

medullary and xylem rays, and phloem parenchyma. Tannin, for the

most part, is confined to isolated cells or groups of cells in the cortex,

phloem parenchyma, and pith. It also may be found in and near the

cambium and in the vicinity of leaf traces. A well-developed periderm

may be distinguished during the first growing season. The phellem cells

give tests for suberin when tested with ammoniacal gentian violet. A
continuous layer of sclerenchyma forms directly internal to the periderm.

These cells show a positive lignin reaction. Usually the 3 layers of xylem

elements nearest the cambium are free from lignin.

Penetration

The usual method of entrance of the fungus into the host is through

the young twigs (44). The germ tube of the spore penetrates the cuticle

of susceptible and resistant trees with apparently the same ease (Fig. 3,

F and G). No evidence has been secured to show whether the method of

penetration, is enzymatic or mechanical.

Growth of Mycelium and Host Reactions

Reaction type A. In a susceptible host, the mycelium is frequently

intercellular, forming few or no haustoria for as much as the first month

of its development. The cortex cells adjacent to the advancing mycelium

become abnormally granular and stain more heavily than normal cells

of the same kind. From microchemical tests it can be shown that these

cells contain an abundance of tannin, while those more recently surrounded

by mycelium are more nearly normal (Fig. 4, B). These latter cells,

even at a later stage, do not become so densely granular as do those first

attacked. It appears that the cells gradually lose their ability to produce

or acquire tannins or else the necessity for tannin formation is withdrawn.

It will be noted in figure 4, B, that the haustoria are few and decidedly

stunted.

As the mycelium continues to spread through the cortex, the nutritional

relationship seems to change, for many large haustoria are formed.
^

The

hypha becomes very much constricted as it passes through the minute

opening that it produces in a cell wall to form a haustorium (Fig. 3, A).

The host cells thus parasitized appear in no way to depart from their

normal condition. We have here, then, an example of the almost

mutualistic relationship of host and parasite so often reported in the litera-

ture, especially in the case of rusts (3, 24, 25, 37, 38, 40).

The early reaction to infection is not always like that just described.

Sometimes, in the susceptible host the mycelium forms large haustoria
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Fig 3 A Portion of cortical cell of susceptible host showing mature haustorium.

X 1000
'

B. Portion of cortical region of susceptible host showing intercellular mycelium

and penetration of haustoria. x900. C. Group of epidermal and cortical eeU^ oj ""

sistant host showing formation of small lobed haustorium. x 750. D. Giant eel from

pathological xylem of resistant stem, x 700. E. Tracheid cells of susceptible host

showing haustoria encased in lignified callosities. x930. F. Epidermal cell of suscepti-

ble host showing germ tube which has penetrated the cuticle and is growing over the

surface of the epidermal cell. x950. G. Portion of wan of epidermal cell of -es^tant

host showing the path of penetration of the germ tube through the cuticle, x 1900.
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Fig. 4. A. Portion of transverse section of resistant stem of Pinus sylvestris one

month after inoculation, a. Phellogen below necrotic area showing stimulation. B.

Portion of cortical region of susceptible host directly beneath epidermis. The granular

<iells at the left are those first attacked by the fungus after penetration. These cells con-

tain much tannin. Note stunted haustoria in cells a and b. x 300. C. Diagram of

transverse section of resistant stem three months after inoculation, a. Necrotic area in

cortex and phloem where cells have died following fungus invasion, b. Pseudo-annual

ring formed by inhibited cambium derivatives, c. Eegion of tangentially elongated

tracheids, bending of rays, and excessive formation of secondary rays, x 35.



828 Phytopathology [Vol. 25

Fig 3 A Portion of cortical cell of susceptible host showing mature haustorium.

X 1000
'

B Portion of cortical region of susceptible host showing intercellular mycelium

and penetration of haustoria. x 900. C. Group of epidermal and cortical cells of re-

sistant host showing formation of small lobed haustorium. x 750. D. Grant ce 1 from

pathological xylem of resistant sten,. x 700. E. Tracheid cells of susceptible host

showing haustoria encased in lignified callosities, x 930. F. Epidermal cell of suscepti-

ble host showing germ tube which has penetrated the cuticle and is growing over the

surface of the epidermal cell, x 950. G. Portion of wall of epidermal cell of resistant

host showing the path of penetration of the germ tube through the cuticle, x 1900.
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Fig. 4. A. Portion of transverse section of resistant stem of Pinus sylvestris one

month after inoculation, a. Phellogen below necrotic area showing stimulation. B.

Portion of cortical region of susceptible liost directly beneath epidermis. The granular

cells at the left are those first attacked by the fungus after penetration. These cells con-

tain much tannin. Note stunted haustoria in cells a and b. x 300. C. Diagram of

transverse section of resistant stem three months after inoculation, a. Necrotic area in

cortex and phloem where cells have died following fungus invasion, b. Pseudo-annual

ring formed by inhibited cambium derivatives, c. Region of tangentially elongated

tracheids, bending of rays, and excessive formation of secondary rays, x 35.

INTENTIONAL SECOND EXPOSURE
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directly after penetration of the epidermis. The cortical cU do not

become filled with tannin and, in fact, appear perfectly normal (Fig. 3, B).

I^rch cases there would seem to be an immediate adjustment of parasie

and host without the preliminary hesitation and gradual adjustment as

"rlngtJlatter part of the growing season in which infection occurred

or the beginning of the following season, this

^-^-^^'^^'l^J'lf'Z
becomes somewhat upset in that there is a decided ^'^^^^'''^

\^^
host cells resulting in gall formation. Still m he ^i^^

^P^/^f"'
^f

^^^

change can be noted in recently parasitized cells. A large number of

he cells in the developing gall become gorged with starch and may be

penetrated by haustoria. Starch is not confined to normal storage tissues

but may be found even in thin-walled tracheid cells. Some cells in the

gall have undergone degeneration, and often cells adjacent to these con-

tain much tannin. ^^a ..^

It is notable that in reaction type A the mycelium may spread un-

hindered by any cork barrier. By the end of the season in which infection

occurred, the mycelium has advanced to the cambium Haustoria pene-

trate many of the newly formed nonlignified xylem elements. As these

cells mature the haustoria become surrounded by heavy layers of cell-

wall material (Fig. 3, E), forming structures similar to the lignitubers

described by Fellows (17) ; these protuberances usually stain m the same

manner as lignified membranes. The haustoria embedded withm these

protuberances appear to remain alive, but have not been observed to

break through this heavy encasement. Much more delicate callosities are

apparently formed about haustoria in invaded cortex, phloem, and ray

''^\action Type B. In partially resistant plants the early stage of infec-

tion corresponds to that in susceptible plants in that tannin accumulates

in cells adjacent to the mycelium. Within a few weeks after moculation,

it can be noted that a group of host cells has died. The cell walls are

thickened, and the cells often contain brownish or yellowish globules.

Mycelium can rarely be seen within or between these dead cells, but is

abundant in adjoining areas, where it forms many haustoria. A suberized

layer usually 3 to 4 cells wide, is formed enclosing this necrotic area,

as well as the infected tissue adjacent to it. The mycelium advances to

this layer of wound cork and in many cases breaks through it, infecting

the healthy tissue beyond. As a result, some of these infected cells die,

a second cork layer may be formed, and the progress of the mycelium again

checked Three such alternating layers of necrotic tissue and cork have

been observed in some twigs. When the mycelium finally gams a foot-

hold and is no longer checked, a gall may be developed, but it is often
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aborted or atypical. Usually, however, the mycelium seems to degenerate,
becoming unable to break through the second or third cork barrier, and
finally disintegrates. As the twig continues to grow, the bark is split and
there is an exfoliation of the necrotic areas. This may continue for 2 or 3
seasons and may sometimes be accompanied by a generalized swelling in
this area. This would appear to be due to the stimulation of the cambium
in a manner probably similar to that described under reaction C.

Reaction type C. Sections through the discolored infection spots com-
monly found on all trees after artificial or natural inoculation, but fre-
quently the only symptom of infection in the resistant trees, show small
necrotic areas in which often no mycelium is evident. As soon after pene-
tration as the fungus comes in contact with the subepidermal cells, these
cells respond by becoming intensely granular with tannin, as described
above. They also develop thickened cell walls, at least on the side near
the mycelium. An occasional haustorium (Fig. 3, C) may penetrate
these cells before this response occurs. As the mycelium makes feeble
progress, the cortex cells first attacked continue to develop even thicker
walls, and the cells, instead of remaining granular, become filled with
large globules that, in unstained sections, appear yellowish brown. Micro-
chemical tests would indicate that some of these globules are composed
of gum, and others of oil or fat, both types being in some way associated

with tannin. Haustoria in such collapsed cells occasionally retain nuclei

and appear normal for a short time before their death and disintegration.

Sections examined one month after inoculation, at a time when these

infection spots are visible macroscopically, show definite necrotic areas,

often extending as far as the phellogen (Fig. 4, A). Many cells are col-

lapsed, the majority contain the globules described above, the cell walls

are thick and often lignified, and the entire area takes a very heayy stain

with safranin. The cells adjacent to such areas show a stimulation in

that the nucleus is increased in size and the cells show an increased staining

ability. In the nearby phellogen regions, tangential division of the cells

has occurred to a greater extent than in the normal portions of this tissue.

A search for mycelium or haustoria among this group of dead cells has

been uniformly unsuccessful. These necrotic areas, then, may be con-

sidered similar to those reported in various resistant hosts infected with

rusts (3, 24, 25, 33, 40). These regions of necrotic tissue are soon sloughed

off as the twig continues to develop.

In these resistant twigs, as mentioned above, an occasional swelling may
form, as though galls were to be produced. In the development of such

areas, it would appear that there is a delayed response in the first-attacked

cortex cells. The formation of tannins, the thickening of cell walls, and

Hi
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finally the development of globules and the collapse of the cells do not

accompany the early infection. Consequently some of the hyphae may
progress to other normal cells before they are checked by the death of the

first-invaded tissue. In this way the mycelium is able to reach the cam-
bium during the first growing season. The hyphae are by no means
abundant, but tend to be fragmentary and can be seen only with difficulty.

During the progress of the parasite, the host cells directly back of and
adjacent to the advancing hyphae have died, and there is consequently

formed a wedge-shape area of necrotic tissue extending from the epidermis
to the cambium (Fig. 4, C). The majority of the cells in this area are

dead. Globular contents of cells and excessively thickened cell walls are

evident. Some cells that have not died possess very large nuclei and may
contain much starch or oil. This wedge-shape area is separated from the

normal cortex and phloem by a layer of wound cork. Adjacent to this the
cells show the result of stimulation in that they stain much more heavily
than similar normal cells, and are often gorged with starch. Early in

the growing season following that in which infection occurred, a layer
of sclerenchyma is formed adjacent to the necrotic area and directly ex-

ternal to the wound cork. Any mycelium that may be distinguishable at
this time appears to be dead and disintegrating.

Cambial development during the latter part of the first season results

in the formation of extremely pathological tissue. A portion of the cam-
bium, often embracing half of its circumference around the twig, may
be almost completely inhibited in development (Fig. 4, C), while the rest

of the cambium is developing normally. The few divisions that may
occur in these inhibited cells yield derivatives that fail to mature but
appear to collapse and die very soon after formation. Later in the same
growing season, however, this inhibited tissue may become greatly stimu-
lated. Individual cambial cells increase in size, especially in a tangential
direction, often becoming 4 to 6 times as long as normal cells. The
tracheids, as well as phloem elements derived from such cambium cells,

are also very much elongated tangentially. The stimulus that brings about
this pathological condition often continues to act during the second season
after inoculation, although it appears to be greatly weakened, for the
cambium and its derivatives gradually become normal.

The xylem elements, formed just prior to and during the attack of
the fungus on the cambium, some of which may be invaded by haustoria,
do not complete their differentiation, but in many cases remain thin walled,
retain cytoplasm and nuclei, and may be excessively pitted. Quantities
of starch and oil may be stored in such juvenile xylem cells. Giant cells

are frequently produced (Fig. 3, D) and it is not uncommon to find the
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formation of tylosis-like cells extending through a pit in one tracheid into

another. According to Chrysler (7) this phenomenon in pine is a result

of wounding. Eesin ducts in such areas are filled with tylosis-like cells

in which starch may be stored. Rays developing through such abnormal

areas are composed of abnormally large cells in which also much starch

and oil may be stored. There is a very noticeable bending of these rays

(Fig. 4, C), the change in direction of growth occurring at the point

where the cambium is inhibited and its derivatives killed.

The study of sections through infected areas, cut during the latter

part of the third year after inoculation, usually shows that the stem tissues

have recovered from the effect of the stimulus. The juvenile tracheids

and the layer of dead-inhibited-cambium derivatives in the first-year xylem

compose what appears like a pseudo-annual ring extending half way or

more around the stem (Fig. 4, C). External to this may be a considerable

'

area of tangentially elongated or abnormally large tracheids. The tracheids

of the late second-season and entire third-season growth have become

gradually shorter tangentially, and those nearest the cambium are entirely

normal. The bending of the rays at the position of the pseudo-annual

rin- is evident throughout the abnormal portion of the stem. An unusually

large number of secondary rays arise as the tissues become more nearly

normal (Fig 4 C). The cambium as well as the more recently developed

phloem tissues kppear normal. The wedge-shape necrotic area has become

completely surrounded by wound cork and sclerenchyma. The entire

area stains heavily with safranin, and many of the thickened cell

walls appear to be lignified. During the next growing season this area

is gradually crowded out nearer and nearer to the exterior of the twig.

Portions of it are gradually sloughed off and finally the whole area is thus

removed. The study of the progress of these later stages is often com-

plicated by the fact that there may be a secondary infection, possibly

by a wood-rotting fungus. ^x^^^a^

From the standpoint of pathological anatomy, the juvenile tracheids

that retain cytoplasm and nuclei and are checked in their ^i^--
-^^^^

typify a hypoplasia (23). On the other hand, the formation of enlarged

tracheids, giants cells, and tyloses in tracheids and resin ducts would

represent a hyperplastic condition. The entire area of pathological xylem

can be considered as wound wood.

In view of the large amount of pathological tissue formed m these

stems there might be some doubt about referring to th^m as resistant.

HoweVer, since the fungus is definitely checked in these tissues, never

comes to fruition, and furthermore does not sufficiently stimulate the tissues

to produce a gall, these stems may well be considered resistant.
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Chemical Analyses

Collections of twigs of the current season's growth were made from 12

resistant trees varying in age from 8 to 15 years. Each tree had been

artificially inoculated for several successive years, but had failed to produce

any galls, the reaction to infection being always of type C. These trees

were typical of the entire group under consideration, as they were chosen

from the different plots, some growing in partial shade and others in full

sunlight, some growing on hillsides and others on level ground. Collections

also were made from 12 susceptible trees, 8 to 15 years old and growing

under conditions similar to those described above. Each tree had numerous

mature galls. These collections from susceptible trees were further divided

into one group consisting of twigs without galls and into another group

containing only galls.

The selection of samples for analysis was made by dividing each twig

into several portions and making a random choice of these parts after they

had been thoroughly mixed.

Analyses have been made particularly for tannin,^ potassium, and

calcium.^ The results expressed in per cent by weight are as follows

:

Moisture-free basis

Soluble solids

Non-tannins

Tannin

As plant ash

COj and C free ash

CaO
K2O

Eesistant Susceptible

12.9

8.7

4.2

1.2

29.86

41.40

13.8

9.9

3.9

0.93

33.32

18.09

Galls

16.3

11.2

5.1

Perhaps the two points of significance in these results are the great

excess of potassium in the resistant plants and the higher content in the

galls of both tannin and other soluble solids. It is recognized that these

results should not be given undue weight, as they represent but one deter-

mination. Yet the striking difference in potassium content of these two

carefully chosen samples may be of considerable significance. The role

of potassium in the plant (27) is thought to be closely connected with

the synthesis of carbohydrates and probably of proteins and oils also. If,

6 The tannin analysis was made by the Division of Industrial Farm Products, Bureau

of Chemistry and Soils, United States Department of Agriculture, Washington, D. C.

7 The potassium and calcium analysis was made by Mr. H. J. Hallowell, Consulting

Chemist, Philadelphia, Pa.

•>
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then, resistance may have some nutritional basis, this potassium relation-

ship may be fundamentally related to it. It has been repeatedly shown

(13, 30, 31, 32), that plants grown with a lack of potassium are more

susceptible to disease than those grown with sufficient potassium.

Analyses of samples of soil from both surface and subsoiP collected

from the base of three resistant trees and three susceptible trees growing

under the same conditions in very close proximity have failed to reveal

any significant difference in potassium or calcium content. The following

results are based on air-dried soil

:

Trees

Resistant

Susceptible

Sample

Surface soil

Subsoil

Surface soil

Subsoil

Surface soil

Subsoil

Surface soil

Subsoil

Surface soil

Subsoil

Surface soil

Subsoil

Potassium %
1.24

2.29

2.20

2.29

2.29

2.49

Calcium %

0.60

0.80

0.60

0.73

0.52

0.47

2.65 0.63

2.53 0.94

2.61 0.58

2.69 0.74

2.37 0.62

2.52 0.68

Relation of Cell Sap to Growth of the Fungus

In a further attempt to note some physiological difference between

susceptible and resistant trees, a study was made of the effect on the

fungus of juices extracted as described above from nonnifected susceptible

and resistant trees. Since it has not been found possible to produce

mycelium by culturing rusts on any sort of culture medium, the criterion

of fungus growth could be only spore germination and a comparatively

slight growth of the germ tube. The spores were sown in drops of the

liquids on depression slides and kept at room temperature. In view oi

the fact that tannin has been found in some cases to be a deterrent to

fungus growth, the effect of various strengths of tannm dissolved in

distilled water has been similarly studied. ^
The results of these studies are summarized in table 1. It ^Mll be noted

that the juices from susceptible and resistant trees have approximately

the same relationship to the growth of the fungus. The resistant ,uice

does n™ show the deterring effect that might be expected, but even would
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appear to increase the percentage of germination. The results of the study

with tannin indicate conclusions similar to those reached by Cook and

Taubenhaus (10), i.e., that low percentages of tannin solution may stimu-

late fungus growth, perhaps acting as food, but that higher percentages

may inhibit or prevent growth.

Physico-chemical Constants of Cell Sap

Samples of juices freshly expressed from resistant and susceptible twigs

as described above were used to determine osmotic pressure by means of

the Beckman thermometer, and hydrogen-ion concentration by means of

the potentiometer. The following constants have been secured

:

Sample

Resistant

Susceptible

Osmotic pressure

in atmospheres

13.60

13.69

The rather close correspondence of these figures would indicate very

little difference between the resistant and susceptible trees in these respects.

Injection Experiments

The formation of abnormal tissues in the resistant twigs, even after the

mycelium had been checked and had disintegrated, would indicate that

the stimulation may be due to some chemical formed by the disintegrating

mycelium or host cells. Two sets of injection experiments have been per-

formed to attempt to induce such abnormal changes by chemical means.

An extract was made of mature galls by grinding them with sand and dis-

tilled water and filtering the liquid through a Seitz filter. A portion of

the filtrate was shaken with aluminum hydroxide and refiltered, much

of its brownish color being removed by this process. Another extract was

prepared by germinating spores until the germ tubes had reached their

maximum length. They were then frozen in distilled water so that the

germ tubes were ruptured and the liquid was then filtered.

These three extracts were introduced into the plant tissues, both by

hypodermic and capillary injection.

In the same manner 1 per cent and 0.1 per cent solutions of oxalic acid

were injected into twigs. Controls of injections of distilled water and

simple needle punctures were made on several trees.

During the course of 3 months some of the injected twigs developed

slight swellings and resinosis. Collections were made at intervals of 1

month for 3 months, and the tissues prepared and stained as described

i
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TABLE 1.—Germination and growth of germ tube of spores of Peridermium sp, sown in

various dilutions of tannvn and in juices extracted from susceptible and resistant trees

Medium
No. of

spores
examined

No. of spores

germinated
after 4 hours

Germi-
nation
per cent

Average
length of

10 longest

germ tubes

after 4 hours

Average
length of

10 longest

germ tubes

after 18 hours

Juice extracted from

uninfected resis-

tant trees 1135

Juice extracted from

uninfected suscep-

+iV»1p trpes 1143

Tannic acid— 1% 780

<< '' 0.1% 316

tt << .075% 1060

«< '« .05% 565

It a .025% 1200

<< << .01% 900

Tii«+illpd water 360

Tap water 800

88 7.8

32

185

53

77

40

20

2.8

57 192

68 192.5

17.4

9.4

6.4

4.4

2.5

105

88.2

74.2

30.0

83.8

225

210

above A comparative study of the control twigs and those injected mth

h micals has revealed no cell or tissue abnormality other than couW b

attributed to wounding. Adjacent to the wound '^^^'^ ""^

'^[^''^l^l
tube several cell layers had collapsed and died. Internal to this area a

cttricllayer had formed about the entire wound. For several cell layers

Interna to this there was a decided stimulation of cells in that they s amed

^Jre heavily than similar normal cells and the nuclei were often larger

Tan in normal cells. There appeared to be no stimulation of the cambium

due to the diffusion of the extracts or acid into this tissue.

DISCUSSION

Studies of resistance among plants to parasitic organisms have revealed

the fact that this resistance may be morphological physiological or func-

tionaUn nature. It has further been shown that the resistance of a plan

may depentnot on a single phase, but may perhaps be determined by all

^^T the present study attempts have been made to correlate resistance

witi some morphological feature or with some physiological aspect of the
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plant and, in a study of the reactions of the plants to inoculation, to note

any differences that might help to explain resistance.

Twigs from noninfected resistant and susceptible trees have shown no

histological or microchemical differences that might account for he differ-

ent reactions to invasion by the rust. In relation to the physiological as-

pect, the only outstanding difference noted is the potassium content of the

noninfected twigs. Perhaps too much significance should no be placed

upon this fact. Yet, in view of the generally accepted role of Pota^sium

in the plant as a catalyst in carbohydrate formation, the relationship of the

excess of potassium in resistant trees to their resistance might well be

investigated further. . ...

It is however, from a study of the reactions of the plants to inoculation

that mo'st can be learned in this case about the nature ofjesist^^je- The

fungus in one plant may progress unimpeded and estab ish itself in an

almost mutualistic relationship with the host, while in the tissues of ano her

plant or in the tissues of another portion of the same plant, the host cells

may be killed almost immediately and the fungus partially or completely

checked in its progress. The cause of these markedly different host reac-

tions is not easily determined.
, „

It is well first to consider how the results of this study may be corre-

lated with the starvation hypothesis suggested V Ward (37). The com-

plete checking of the parasite by the collapse and death of invaded host

tiue might be considered to be the result of the inability of the fungus

to secure food from its living host cells, and its further inability to adapt

itself to any saprophytic mode of life.

The occasional spread of the mycelium from such necrotic areas, especi-

ally when the host reaction has been a mild or gradual one, would appear

to depend upon the vigor of the fungus. This vigor is without doubt de-

termined bv the amount of food the hyphae are able to secure before the

necrosis seis in. This food may be transferred to the advancing hyphal

tips which are thus able to grow beyond the dead tissue areas. If the

funffus in its food absorption can keep ahead of the host necrosis it may

be able to advance even to the cambium during the first season. If, how-

ever the host necrosis becomes more rapid, the mycelium may lose its vigor

and degenerate since it is surrounded by dead host tissue. In the suscepti-

ble host the cells would appear to be stimulated to acquire additional food

material for the use of the fungus. The fungus thus increases in vigor and

advances unhampered through the tissues.

True» has noted that even in the most susceptible Scotch pme trees very

heavy inoculations with this same species of Peridermium may result m no

9 True E P. Gall development on Pinus sylvestris attacked by the Woodgate

Peridermium and morphology of the parasite. In manuscript.

r

n
>',%.*
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gall formation, but in the cracking of bark characteristic of reaction type B.

This fact might also be explained on a nutritional basis. The numerous

mycelia spreading from several infection centers may defeat each other in

their struggle to secure food from the host and none may be able to establisn

'

The same explanation may be given for the failure of many infection

centers to develop in the susceptible host, although from one ^^^h «e^t«^

*f
mycelium spreads and produces a gall. The mycelium tha is able to estab-

lish an immediate congenial relationship with the host cells would appear

to secure almost a monopoly on the food supply.
„w f^„m

As Wellensiek (40) has pointed out, starvation may result not onVr from

the entire lack of individual food substances, but may be
^^^^^"^'^^^H

only a slight variation in the quantity of some food material. The appar

^t dkrence in potassium content between suceptible and res-t- t^^^^^^

may indicate some carbohydrate excess or deficiency, as suggested by

^' The^fa*Le to demonstrate by injection experiments the presence of any

toxkmaterial in the fungus should not invalidate an assumption that toxin

^Todu^tion may take place in the living cell invaded ^V^^l^^^^^^
(1) has considered that such an assumption may best account for resistance

n wheat There is evidence that the death of host cells precedes the dea h

St invading haustoria; similar evidence has been obtained b, Al^en a

and Stakman (33). It would thus appear possible

*J^* ^^^^^Jjf
*'^^^^

released by the fungus is responsible for the death of the host cells.
1
ne

rnltri°:-.hrappear that C.Us sU.win, .he res.«n. re.e-

It has been noted that a kyer of co« eel P
^^^^^

tissue in both reaotion types B and C. This » ater to J

.ion of a »»«"rVrbt:S: dTh"
" stTdSirrelation to

e„Ay layer might a «-«;«
«-^f;f,j^„. „.y ,, ,„™,a as a reaetion

distance. Hoj '". «« » •

J ,^,, ^ ^y eollapsing and

to mechanieal ™°"^'"^^- '"j*,"
jed tissues and fnnetion as a psendo-

"iZ^Zlm Th e'Snnons layer of corl. may .hen he eonsidered

Cicatrice layer (t^)-
^^„vc<icnt solely a response to wounding. The

a cicatrice '•^y''^f^2'^j:rrlr^Z^J,^re^ in .he susceptible

1
4 >•>
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host cells are not injured or wounded. Only when the f^-^^.i^^!
J^

vigor and apparently unable to secure sufficient nourishment is it checked

by this cork layer. Thus this layer should be considered only meagerly

related to resistance. ,, ^ . ^^ i ^ i. . +v...

The accumulation of tannin in those cortical cells firs attacked by he

fungus has been found accompanied by at least a partial checking of the

mycelium While tannin also has been observed in abundance m tissues

of wounded control twigs, it would seem to have some bearing upon resis-

tance in this case. As has been pointed out, the mycelium may spread

rapidly in the susceptible host without any accumulation of tannm m the

host cells. In other susceptible twigs the mycelium makes slow progress

until it grows beyond the tannin-containing tissues. In some resistant as

well as some susceptible twigs, the mycelium makes
l^^'lf'"'^'^'''^^}^'

tissues in which tannin accumulates. It is quite probable that other factors

besides tannin accumulation are involved in this partial or complete retard-

ing of the fungus. It is not clear in just what manner tannin may help

to bring about this reaction. Haustoria growing into such tannm-fiUed

cells are not usually killed until the cell itself has died. The study of spore

germination and growth of germ-tubes in various percentages of tannin

might indicate that the action upon the parasite is somewhat toxic

This accumulation of tannin in host cells might well be considered as

representing the "local immunity" suggested by Dufrenoy (14) for similar

accumulations of phenolic compounds.

SUMMARY

A comparative study of stem tissues and extractives of Pinus sylvestris

trees susceptible and resistant to a species of Peridermium has been made

in order to determine the nature of resistance to this parasitic fungus.

No correlation has been found between any morphological feature of the

noninfected host and the resistance to infection.

Three general types of reaction to inoculation may be distinguished:

(1) typical gall formation on the susceptible host; (2) cracking of bark

and slight resinosis sometimes followed by the formation of atypical galls

on the partially resistant host; (3) formation of small necrotic areas on

twigs followed sometimes by swellings that do not increase in size after the

first or second year but are gradually sloughed off.

In the most susceptible plants the mycelium may actively grow in the

host and live in something of a mutualistic relationship. This results in

stimulation of living cells and the formation of a gall.

In the most resistant trees the host cells are killed immediately after

invasion The fungus also soon dies and the necrotic area is sloughed off.

Often, in both resistant and susceptible plants, the first-invaded cells
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may become filled with tannin. This reaction may represent a local

™Yose resistant trees that develop swellings, mycelium grows to the

cambium and then dies. Areas of necrotic tissue extend f'^^ «P^f;^;^^*^
cambium. The cambium becomes stimulated to form quantities of wound

wood including tangentially enlarged tracheids, giant cells, and tyloses m

tracheids and resin ducts. , , ,

In the resistant reaction, the necrotic area becomes
'^^^'^^^^f "^JJ^

and later by sclerenchyma. This probably represents a normal reaction

to the wounding of cells, and may play a small part m resistance.

No Correlation has been observed between the osmotic pressure or hydro-

gen-ion concentration of cell sap and resistance.
^p.istant

A greater amount of potassium has been found m noninfected resistant

stems That in susceptible stems. This is thought to have some possible

relationship to resistance on the basis of nutrition.
haustoria

It is considered that the liberation of toxin into cells by t^« ^"/^
may cause the death of the hypersensitive cells of the resistant host The

fungus is thus deprived of its food supply and soon dies In the W<^^ e

host however, toxin does not kill the cells at once but simply stimulates

them to gall formation.

literature cited

1. AL..K, B.TH F. A cytological study of infection of Baart and Kanred wheats by

Puceinia grammia tntici. Jour. Agr. Ees. 23: 131-152 iyi6.
^...^^

2 Cytological studies of infection of Baart, Kanred, and Mmdum

wheats by pLcJa graminis trituA forms III and XIX. Jour. Agr. Res. 26.

571-604. Ijy^.^^^^.^^^

^^^^.^^ ^^ ,„^^^ 9_ 21^ ,„a 27 of Fv^cinia gr.minis trUici

o. Khapii ™. .0.. Agr. B. 32:
m-J25. ^1^.^^^^^^ ^^ ^^^^^^^^^^^^

'
^'"^Idt^i'vIlrnTe'inlhe onion. Phytopath. 20: 431-438. 1930.

5. BJ,1 D^. Veber einige Sclerotinien -d Sclerotienkran.he.en. Bot. Ztg. 4*.

394-404; 409-126; 433-141; 449-461; 465-4 4 1886_

6 CHAMBERLAIN, CHABi^ J. Methods in plant h.stology. Ed. 4. 349 pp. The

versity of Chicago Press. Chicago, 111. 1924.
„,^ , , _. iaB_9na 1908

8. Comes, O. Delia resistenza dei frumenti aiie rugg
^^3

n. X- A++; T? Tst d'Incorag. Napoli 64: 419-441. lyio.

, CcaTg™ H. migfcalUes^of reLance in tobacco to TU.a.. ...

"t-
/"• iT^t^LZT'T^l'^^i^on of parasitic fungi to the content,

"•
'"^'^^f'ihJi'of -theirpir 1. The toxicity of tannin. Bel. Agr. Exp. Sta.

Bui. 91. 1911.
^f ^^^ j^„^i„ content of the host

"• --^;;;;^iSa:a.Srand'related species. Bot. Ga. 60: 346-361. 1915.

W



842 Phytopathology [Vol. 25 1935] Hutchinson: Gall-forming Peridermium 843

12. Dickson, James G., Karl P. Link, and A. D. Dickson. Nature of resistance of

corn to seedling blight. (Abst.) Phytopath. 23: 9. 1933.

13. DOAK, K. D. Effect of mineral nutrition on the reaction of wheat varieties to leaf

rust. (Abst.) Phytopath. 21: 108-109. 1931.

14. DUFR^NOY, J. L'immunite locale. Congr. Intern. Microbiol. 1, Paris. 1930. 1:

635-641. 1931.

15. EOKHOLT, O. Nochmals : Gelbrosterkrankung des Weizens. Deutsche Landw. Presse.

54: 120. 1927.

16. EzEKiEL, W. N. Studies on the nature of physiologic resistance to Puccinia graminis

tritici. Minn. Agr. Exp. Sta. Tech. Bui. 67. 1930.

17. Fellows, H. Some chemical and morphological phenomena attending the infection

of the wheat plant by Ophioholus graminis Sacc. Jour. Agr. Res. 37: 647-661.

1928.

18. Gibson, C. M. Notes on infection experiments with various Uredineae. New Phytol.

3: 184-194. 1904.

19. Harris, J. Arthur, T. A. Pascoe, and I. D. Jones. Note on the tissue fluids of

Phoradendron juniperinum parasitic on Juniperus utdhensis. Bui. Torrey Bot.

Club 57: 113-116. 1930.

20. HURD, Annie May. Hydrogen-ion concentration and varietal resistance of wheat

to stem rust and other diseases. Jour. Agr. Ees. 23: 373-386. 1923.

21. Jeffrey, E. C. Anatomy of woody plants. 478 pp. University of Chicago Press.

Chicago, 111. 1917.

22. JoHANN, Helen, James K. Holbert, and James G. Dickson. Further studies on

Penicillium injury to corn. Jour. Agr. Res. 43: 757-790. 1931.

23. KiJSTER, E. Pathological plant anatomy. Authorized translation by Frances Dor-

rance. 256 pp. 1913.
*

24. Mains, E. B. The relation of some rusts to the physiology of their hosts. Amer.

Jour. Bot. 4: 179-220. 1917.

25. Marryat, Dorothea C. E. Notes on the infection and histology of two wheats

immune to the attacks of Puccinia glumarum, yellow rust. Jour. Agr. Sci.

2: 129-138. 1907.

26. Melander, L. W., and J. H. Craigie. Nature of resistance of Berheris spp. to

Puccinia graminis. Phytopath. 17: 95-114. 1927.

27. Miller, E. C. Plant physiology. 900 pp. McGraw Hill Book Co., Inc., New York,

N. Y. 1931.

28. New York State Conservation Department. Annual Report 18: (1928). 1929.

29. Newton, R., J. V. Lehmann, and A. E. Clarke. Studies on the nature of rust

resistance in wheat. I—General introduction. II—Physico-chemical properties

of host cell contents. Ill—Culture and injection experiments to demonstrate

inhibitory or accessory substances. Canad. Jour. Res. 1: 5-35. 1929.

30. SCHAARSCHMIDT, W. Einfluss der Ernahrung auf die Empfanglichkeit der Kultur-

pflanzen fur parasitare Krankheiten. Ernahr. Pflanze 26: 265-269. 1930.

31. SCHAFFNIT, E. Aus unserer Versuchstatigkeit mit Wein-, Obst-, und Gartenge-

wachsen. Mitt. Deutsch. Landw. Ges. 47: 471-472, 487-489. 1932.

32. , and A. Volk. Beitrage zur Kenntnis der Wechselbeziehungen

zwischen Kulturpflanzen, ihren Parasiten und der Umwelt. Phytopath. Ztschr.

1: 535-574. 1930.

33. Stakman, E. C. Relation between Puccinia graminis and plants highly resistant to

its attack. Jour. Agr. Res. 4: 193-199. 1915.

^ ^^m^i

^M >

'/

H 'f
^^

34. Stevens, W. C. Plant Anatomy. Ed. 3. 399 pp. P. Blakiston^s Son and Co.

Philadelphia, Pa. 1916.

35. Strasburger, E. Das botanische Praktikum. Ed. 7. Jena. 1923.

36. Thomas, Harold E. Studies on Armillaria mellea (Vahl) Quel., infection, parasi-

tism, and host resistance. Jour. Agr. Res. 48: 187-218. 1934.

37. Ward, H. M. On the relation between host and parasite in the bromes and their

brown rust, Puccinia dispersa Eriks. Ann. Bot. 16: 233-315. 1902.

. Further observations on the brown rust of the bromes, Puccinia38.

39.

dispersa Eriks. and its adaptive parasitism. Ann. Mycol. 1: 132-152. 1903.

. Recent researches on the parasitism of fungi. Ann. Bot. 19: 1-54.

1905.

40. Wellensiek, S. J. The nature of resistance in Zea mays L. to Puccinia sorghi

Schw. Phytopath. 17: 815-825. 1927.

41. Wetmore, R. H. The use of celloidin in botanical technic. Stain Tech. 7: 37-62.

1932.

42. WylIe, Robert B. Cicatrization of foliage leaves. I. Wound responses of certain

mesophytic leaves. Bot. Gaz. 90: 260-278. 1930.

43. York, H. H. A Peridermium new to the northeastern United States. Science, n. s.

64: 500-501. 1926.

44. . The Woodgate rust. Jour. Econ. Entom. 22: 482-484. 1929.

45. ZiRKLE, Conway. The use of n-butyl alcohol in dehydrating woody tissue for

paraffin embedding. Science, n. s. 71: 103-104. 1930.

- ^n

h —



Beprinted from Baetonia, No. 16, 1934

Distribution of Lilaeopsis chinensis in Delaware

Esther L. Larsen

Until recently LUaeopsis chinensis (L.) Kuntze was considered a rare element

in the flora of Delaware. The plant was first collected in Delaware at Augustine

Beach, August 3, 1916, by Dr. F. W. Pennell, who deposited a specimen in the

herbarium of the PhUadelphia Botanical Club. This remained the only record

of the occurrence of the species in the state until the summer of 1929, when the

plant was collected by Robert R. Tatnall at Port Penn, one mile north of Augus-

tine Beach. A number of new stations were discovered by the writer in 1934

which establish the range of the species. It is strange that early botanists, who

frequently collected along the shore should have missed this plant and even more

surprising that Scirpus americanus Pers., a plant with which Lilaeopsis chinensis

is commonly associated, is so poorly represented in collections from Delaware.
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Fig. 1 (above). The irregular peaty shore of Delaware Bay near Fraland Beach.

Fig. 2 (below). Lilaeopsis chinensis, natural size, Fraland Beach, July 15, 1934.

Photographs by K. D. Doak.

Prior to 1933, the herbarium of the Academy of Natural Sciences of Philadel-

phia contained only two specimens of Scirpus americanus collected in Delaware.

The state was not represented by specimens in the herbarium of the Philadelphia

Botanical Club.

Spartina alterniflora Lois., var. pilosa (Merrill) Fern., another plant with

which Lilaeopsis chinensis is associated, is also inadequately represented in col-

lections from the state. Both of these plants are widely distributed in Delaware.

They follow the tidal streams which ramify the marshes. Lilaeopsis chinensis,

on the other hand, is closely confined to the lower shores of the Delaware River

and the upper shores of Delaware Bay.

Lilaeopsis chinensis does not extend inland but remains on the shore of the

Delaware where its physiological requirements seem best satisfied. On the shore,

the colonies form dense mats which rarely extend more than two or three yards

inland from the edge of vegetation. The species extends up the river to Ham-

burg Cove, where it was collected at a point four miles south of Newcastle, and

goes southward along the shore for approximately thirty miles to a point

about one and one-half miles south of Fraland Beach. The plant has been col-

lected at a number of intermediate points, and, within this range, it appears

adapted to the existing conditions. These conditions vary considerably. At

Delaware City and Pea Patch Island, Lilaeopsis formed dense turf-like colonies

on tidal mud beneath Scirpus americanus. Scirpus validus Vahl was also pres-

ent in the association. At Augustine Beach, growing on tidal mud, Scirpus

americanus appeared in a pure stand above the Lilaeopsis turf.

In the upper part of the range, Lilaeopsis chinensis grows best where the tidal

mud is relatively firm and where it maintains a fairly uniform level. Lilaeopsis

does not grow in deep, shifting tidal mud nor in pure sand. The northernmost

colony at Hamburg Cove, which is probably the northern limit of distribution,

was growing on a mixture of sand and mud. Instead of forming a heavy turf,

the colony was made up of a series of plants borne on scattered stolons. A short

distance southward, soil and tidal conditions were more favorable and the colo-

nies formed turf-like stands. Along the northern shore of Delaware Bay, Scirpus

americanus is less conspicuous and Spartina alterniflora, var. pilosa forms a pure

stand above colonies of Lilaeopsis chinensis. A characteristic portion of such an

association is shown in Plate 4, figure 2. Here the roots of the two species were

closely matted and grew not in tidal mud but in peaty material washed by the

tide. Such colonies were formed at a point one-fourth mile north of Collins

Beach and at Fraland Beach. The southernmost colony, one and one-half miles

below Fraland Beach, was similar to those just described but formed a thinner

turf. The area, in which the southernmost colony of Lilaeopsis was found, is

well illustrated in Plate 4, figure 1, which shows the irregular peaty banks cov-

ered with a dense stand of Spartina alterniflora var. pilosa. The shore of Dela-

ware Bay below this point is badly cut by waves and is characterized by perpen-
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Fig. 2 (below). LUaeopsis chinensis, natural size, Fraland Beach, July 15, iy^4.

Photographs by K. D. Doak. »»1'.

Prior to 1933, the herbarium of the Academy of Natural Sciences of Philadel-

phia contained only two specimens of Scirpus americanus collected in Delaware.

The state was not represented by specimens in the herbarium of the Philadelphia

Botanical Club.

Spartina alterniflora Lois., var. pilosa (Merrill) Fern., another plant with

which LUaeopsis chinensis is associated, is also inadequately represented in col-

lections from the state. Both of these plants are widely distributed in Delaware.

They follow the tidal streams which ramify the marshes. LUaeopsis chinensis,

on the other hand, is closely confined to the lower shores of the Delaware River

and the upper shores of Delaware Bay.

LUaeopsis chinensis does not extend inland but remains on the shore of the

Delaware where its physiological requirements seem best satisfied. On the shore,

the colonies form dense mats which rarely extend more than two or three yards

inland from the edge of vegetation. The species extends up the river to Ham-

burg Cove, where it was collected at a point four miles south of Newcastle, and

goes southward along the shore for approximately thirty miles to a point

about one and one-half miles south of Fraland Beach. The plant has been col-

lected at a number of intermediate points, and, within this range, it appears

adapted to the existing conditions. These conditions vary considerably. At

Delaware City and Pea Patch Island, LUaeopsis formed dense turf-like colonies

on tidal mud beneath Scirpus americanus. Scirpus valid\is Vahl was also pres-

ent in the association. At Augustine Beach, growing on tidal mud, Scirpus

americanus appeared in a pure stand above the LUaeopsis turf.

In the upper part of the range, LUaeopsis chinensis grows best where the tidal

mud is relatively firm and where it maintains a fairly uniform level. LUaeopsis

does not grow in deep, shifting tidal mud nor in pure sand. The northernmost

colony at Hamburg Cove, which is probably the northern limit of distribution,

was growing on a mixture of sand and mud. Instead of forming a heavy turf,

the colony was made up of a series of plants borne on scattered stolons. A short

distance southward, soil and tidal conditions were more favorable and the colo-

nies formed turf-like stands. Along the northern shore of Delaware Bay, Scirpus

americanus is less conspicuous and Spartina alterniflora, var. pilosa forms a pure

stand above colonies of LUaeopsis chinensis. A characteristic portion of such an

association is shown in Plate 4, figure 2. Here the roots of the two species were

closely matted and grew not in tidal mud but in peaty material washed by the

tide. Such colonies were formed at a point one-fourth mile north of Collins

Beach and at Fraland Beach. The southernmost colony, one and one-half miles

below Fraland Beach, was similar to those just described but formed a thinner

turf. The area, in which the southernmost colony of LUaeopsis was found, is

well illustrated in Plate 4, figure 1, which shows the irregular peaty banks cov-

ered with a dense stand of Spartina alterniflora var. pilosa. The shore of Dela-

ware Bay below this point is badly cut by waves and is characterized by perpen-
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dicular banks of peat four to six feet in height which drop abruptly to a shifting,

sandy tidal beach. Unfavorable shore conditions, together with increased salin-

ity, appear to prevent colonies of Lilaeopsis chinensis from developing further

south.

A careful study of the lower shores of the Delaware River and the upper

shores of Delaware Bay has led to the conclusion that Lilaeopsis chinensis is a

common element of the flora within the limits of its range. The range of the

species, as previously stated, extends along the shore from Hamburg Cove to a

point one and one-half miles south of Fraland Beach, a distance not exceeding

thirty miles. Within this range, under favorable conditions, colonies were found

forming a characteristic part of the vegetation along the shore.

Because of the fact that the distribution of LUaeopsis chinensis in Delaware

is not generally known to botanists, a complete list of the stations now reported

is given in geographical sequence from north to south as follows

:

Shore of Delaware Eiver, Hamburg Cove, 4 miles south of Newcastle, Dec. 5, 1934:

Larsen 869.

W, side of Pea Patch Island, opposite Delaware City, July 2, 1934
:
Larsen 595.

N. E. eide of Pea Patch Island, July 20, 1934: Larsen 692.

Goal Wharf, Delaware City, July 18, 1934 : Larsen 630.

Port Penn, at village pier, in tidal mud of Delaware Bay, July 4, 1929
:
Tatnall 416.

Port Penn, at village pier, in tidal mud of Delaware Bay, August 22, 1929
:
Tatnall.

Mud of Scirpus amencanus clumps, Augustine Beach, tide water of Delaware Bay,

August 3, 1916: Pennell 7779.

Augustine Beach, tidal mud of Delaware Eiver, i mile below hotel, June 23, 1932

:

Tatnall 1437a.

Augustrue Beach, June 28, 1934: Larsen 564.

i mile N. of Collins Beach, December 2, 1934: Larsen 867.

Fraland Beach, July 15, 1934: Larsen 628.

li miles south of Fraland Beach, Sept. 10, 1934: Larsen 836.

A complete set of specimens collected by the writer has been deposited in the

herbarium of the University of Pennsylvania. Duplicates have been distributed

to the Gray Herbarium of Harvard University, Cambridge, Massachusetts, the

herbarium of the Missouri Botanical Garden, St. Louis, Missouri, and to the her-

barium of the Academy of Natural Sciences, Philadelphia, Pennsylvania.

Botany Department,

University of Pennsylvania.

PEHR KALM'S DESCRIPTION OF MAIZE, HOW IT IS

PLANTED AND CULTIVATED IN NORTH AMERICA,
TOGETHER WITH THE MANY USES OF THIS CROP
PLANT

Introduction and Translation

BY

Esther Louise Larsen

Reprinted from
Agricultural History, Vol. 9, No. 2, April, 1935, pp. 98-117
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Pehr Kalm^s Description of Maize, How It Is Planted and

Cultivated in North America, together with the Many

Uses of This Crop Plant

Among the most important sources for the history of American

colonial agriculture are the accounts left by the few visitors who

were trained scientists. Among these records is an obscure

article by the celebrated botanist, Pehr Kalm, which is here trans-

lated from the Swedish for the first time.^ It appeared in two

parts under the title, '^Beskrifning om Mays, Huru den planteras

och skotes i Norra America, samt om denna Sades-artens m&ng-

faldiga nytta" (Description of maize, how it is planted and culti-

vated in North America, together with the many uses of this crop

plant), in the Kon^J. Svenska Vetenskaps Academiens Handlingar,

12:305-318 (1751); 13:24-43 (1752). As a statement of agricul-

tural practices in the cultivation of corn the article is considered

one of the most complete as well as one of the earliest. Kahn

was extremely enthusiastic about the possibilities of maize as an

economic crop because it could be used so advantageously by

both man and beast.

Although most students of botany know of Pehr Kahn, there is

no readily available biography of him in EngUsh.^ He was born in

1 The translator gratefully acknowledges the assistance of Dr. Conway Zirkle

under whose guidance the translation was undertaken and of Dr. Rodney H.

True in facilitating its publication. She is also indebted to Dr. A. J. Uppvall

and Mr and Mrs. John B. Dale for advice and assistance. Charles Darwin

referred to a manuscript translation of this article in his Variation of AnimaU

and Plants under Domestication, 1:340 (New York, 1897).

* A B Benson, *Tehr Kalm's Journey to North America," in the American-

Scandinavian Review, 10:350-355 (June 1922); H. O. Juel, -Early Investigations

of North American Flora, with Special Reference to Linnaeus and Kalm," m the

Svenaka Linn^-Sdllskapets Arsskrift, 3:61-79 (1920), and "A Revision of Kalm's

Herbarium in Upsala," in ibid., 4:16-23 (1921); H. O. Juel and J. W. Harshberger,

"New Light on the Collection of North American Plants Made by Peter Kalm,
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Angermanland, Sweden, in March 1716. His father, Gabriel

Kalm, was the pastor of "Korsnas Kapell,'' and his mother was

Catharina Ross. Kalm's early education, said to have been

completed with great difficulty, was received at Vaasa. In 1735

he became a student at the University of Abo, where he planned

to study theology. Professor Johan Brovallius, impressed with

Kalm's interest in the natural sciences, recommended him to

Baron Sten Carl Bjelke, who proved a generous patron. In 1740

Kalm traveled through southern Finland at the Baron's expense.

The following year, while traveling in central Sweden, he became

acquainted with Linnaeus, who persuaded him to enter the Uni-

versity of Uppsala where he soon won recognition as one of its

outstanding students. ^ He became a member of the Swedish

Royal Academy in 1745, and the following year he was appointed

lecturer in natural history and economics at the University of

Abo, although he did not have his doctorate at the time. Promo-

tion to a professorship of economics in 1747 made him the leader

of students of natural science and economics in Finland.

Incident to the development of the economic aspects of the

natural sciences, Kalm communicated with Linnaeus. Through

their combined efforts the funds necessary for a journey in

North America were obtained, contributions being made by the

Swedish Royal Academy and the universities of Abo and Uppsala.

While in England on his way to America, Kalm met Peter

CoUinsonwhose
*'arboretum" at Pecham included a large collection

of American plants in cultivation. CoUinson was gardener to the

King and had many correspondents in the Colonies. Kahn's

in the Academy of Natural Sciences of Phiadelphia Proceedings (1929) 81 :297-303;

T O B N Krok, Bihliotheca Botanica Sulcana ah Antiquissimis Temporihus ad

Finem Anni MCMXVIII, p. 337-339 (Uppsala, 1925); P. A. Rydberg, "Scandi-

navians Who Have Contributed to the Knowledge of the Flora of North America,

in the Augustana Library Publications, no. 6, p. 10-13 (Rock Island, 111., 1907)
j

Spencer Trotter, "Notes on the Ornithological Observations of Peter Kalm,

in Auk, 20:249-262 (July 1903), and "Peter Kalm's Travels'," in the Popular

Science Monthly, 71:413-419 (November 1907); J. E. Wikstrom, Conspectus Litter-

aturae Botanicae in Suecia ab Antiquissimis Temporibus Usque ad Finem Anni

mi, p. 113-114 (Holmiae, 1831). .

» J. M. Hulth, "Kalm som student i Uopsala och larjunge till Linn6 Aren 1741-

1747," in the Svenska Linnb-Sallskapets Arsskrift, 7:39-49 (1924).
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^s^i^S^X^-^^ ^anHin. presented o„ Ms

To Ben. Franklin, Philadelphia.

Friend Franklin:
London, June 14, 1748.

I am informed, employed by the Academv nfTT
^^^^^^P^' "'^tion; and is, as

I am thy sincere friend,

P. Collinson.*

Kahn fully appreciated the helpfulness of this kind of letter- inhis journal, under the entry of September 15, 1748?he1aid
'

lieved. How can one estaSfc^rnce :;h\h:r" 'r""'
""^^'^ ""^ ^«-

or heard of? . . . Mr. Benj Franklin fnwLp .

°"^ ''''^ "^^^^ ''^^"'e seen
for its development and well beini a'nd t„^

Pennsylvania is so highly indebted
for many new discoveriesTn efecTrlcHv wJ^rf!

''''""^'' ^'"'"^ '« '"^^bted

- all necessary informationtrdro'^TrL'SVaVor'"''^ '^'^ ^^ '^^

Kahn arrived in America on Seotember 1 "^ .

until February 18, 1751. In Octo£^l74« L ^'Z T^'''''^
to New Ynrlf T?L cj t

YCDODer 1748, he made a short trip

In Canada Kahn was received as the cuest of th. v u
Govermnent, the officials having been nstrSd 1 1^ u

"^

every possible way in return for
,^^'', '"^*™^.<^d ^^ help hmi m

king to certain pfJY. ^ hospitahty of the SwedishKmg to certam French scientists who had visited Sweden. In

^ The quotation is translated from Rp^n TW at^^^ >i

1910)
.

It is on p. 168 in the oriJ^a^^eSlon
^"^""'^ ''' (Helsingfors,
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1750 Kalm explored western Pennsylvania and penetrated north-
ward to Niagara Falls where he visited Fort Niagara and the
Iroquois. On his return to Philadelphia in October he married
Anna Margareta Sjoman, the widow of Johan Sandin.^

Kalm's initial interest on his return to Sweden in I\Iay 1751
was the distribution of seeds for experimental cultivation. He
also prepared several agricultural articles for the Proceedings of

the Swedish Royal Academy, in addition to the one here trans-

lated. In 1753, he began the pubhcation of his famous journal.

En Resa Til Norra America (Stockhohn, 1753-1761. 3v.), which
was later translated into Dutch, English, German, and in part,

into French. Kahn finally returned to Finland, where he spent
the rest of his Ufe at the University of Abo as professor of eco-

nomics. He put the arboretum in order and experimented with
the culture of American plants. His Flora Fennica, published in

1765, is a product of his mastery of the flora of his adopted coun-
try. He died at Abo on November 16, 1779.

Kalm's travels in North America were of the utmost scientific

importance. Although he can not be considered a geographical

explorer, he was one of the first Europeans to study and collect

the plants of this region.

Esther Louise Larsen, translator

Department of Botany and the Morris Arboretum

University of Pennsylvania

[Part 1]

From time immemorial, long before the Europeans discovered America, the

Americans, not only in North America, but also in all parts of the West Indies,

Peru, Mexico, the Continent, etc., planted maize and used it as their food.

Maize is also called Turkiskt Hvete in Swedish. Herbalists refer to the plant

as Zea. For names used by other botanists one may consult Archiater

Linnaeus, Hort[us] Ups[aliensis]y 281, [and his] Hort[us] Cliff[ortianiis], 437.

The Swedes and Dutch in America call the plant Mays and Magis; the French,

B16 delude; the English, Indian Com; the Iroquois, Ohnasta; the New England

savages, Ewdchim-nea^h; and the savages who formerly occupied New Sweden,

but who are now completely and entirely exterminated, Jaiskung.

Although maize was not known in the so-called Old World, i.e., Europe,

* The story of Kalm's marriage is pleasingly told by Rebecca Harding Davis,

**An Old-Time Love Story," in the Century Magazine, 77:21&-221 (December 1908).
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Asia, and Africa, until after Columbus discovered America and the Europeans

introduced the plant for cultivation, it may now be said to be cultivated m all

parts of the world . Some people wish to maintain that the Tnticum Bactnanum

of Pliny, or perhaps his Milium indicum^ which were introduced into Italy

during the time of Nero and described in Plinii [Secundi] Nat{uralis] Hisi[oriae\

Book 18, ch. 7, was maize. Other authorities have definitely disproved the idea

that the plants described by Pliny are maize, and shown that it cannot be the

same, but that it is the African wheat or Hokus Linnaei^

It is equally significant that the American savages had neither cultivated nor

were familiar with the common food crops, such as wheat, rye, barley, oats, and

rice, until these were brought to America by the Europeans. Even today it

would be extraordinary to see a savage plant any of these enumerated crops.

Although he would just as soon eat wheat bread as a European, he prefers to

continue to cultivate maize.

It is difficult to say where the Americans first obtained maize. For that mat-

ter we are stiU in the dark as to how man first obtained our own common culti-

vated crops—wheat, rye, and barley—and where they may now be found

growing wUd. Of all the travelers who have written of America and of those

with whom I am acquainted, there is not one who mentions havmg found maize

growing wild in any part of that Continent. I asked the French in Canada, who

have traveled nearly all over North America from Mexico to Hudson Bay, if they

had found maize growing wild at any place. They all answered "no." It is

possible for maize to replant itself in a field where it has been growing, but such

replanting is also common with our cultivated plants. I also received the same

answer from the savages questioned. When I asked the savages where they

thought their forefathers had first obtained maize, they gave me various answers

based on folklore, which were both fabulous and amusing. I must be permitted

to include one of these stories, which I may take up later in my journal.

According to the legends of some savages, especiaUy those of New England, a

crow brought the first bean, and a maize thief the first kernel of corn. For this

reason these birds are considered sacred . The savages never kill them, although

they often do much damage to their corn lands. The maize thief, which is

described and fau-ly well illustrated in natural colors in Mr. [Mark] Catesby^s

Natural History of Carolina, 1:12, plate 12 [(London, 1731-43)], is a species of

dark-blue starUng, or, to be more exact, a bird having characters intermediate

between the starling and jackdaw.

Although there is only one species of maize, there are several varieties, due

solely to cUmatic and soil conditions. These varieties are divided into two

types, namely, the large and the smaU. The large variety has no special name,

but is simply designated as maize. The small variety is called three-month

maize, because it usually matures in that time or less. OccasionaUy it only

7 Sorghum
8 Sorghum.
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takes ten weeks. The large variety often takes all of six months to ripen. The
large variety, especially in Carolina and farther south, often becomes 18 feet

tall. The smaller variety, in contrast, is usually not over 3 or 4 feet tall. One
does not see a sign of either male or female flowers on the former when the small

variety is in bloom. The large variety diminishes in height as one goes farther

north and finally appears to lose itself in the smaller.

Later there develops a difference in color, although most ears are usually

provided with yellow kernels; others are of white, transparent, blue, brown, red,

mottled, or red and white striped kernels. The farther south one goes the more
kinds of maize one finds. The colors are more numerous, beautiful, and showy.

The condition is quite the reverse in the north in Canada, where one hardly se^
any maize other than white, light, or occasionally blue. The small variety does

not produce so many colors as the large. At times some of the kernels on one

ear are yellow, while others on the same ear are red. This is brought about by

planting. It is to be noted that if yellow and red maize are planted close beside

each other the ears which grow on them have a mixture of red and yellow ker-

nels.® This mixture is due to the fact that the wind blows the pollen from one

to the other at the time of blooming. One might also get a mixture if the

three-month maize were planted beside the tall, although the three-month

maize usually blooms before the other. He who wishes to keep maize unchanged

must be careful not to plant different types of maize next to each other.

In the recent issue of Act[a Sodetatis Regiae Sdentiarum] Upsal[iensis

(1744-50) 5:47-82 (Stockholmiae, 1751)], where Dr. [Cadwallader] Colden lists

all varieties of maize to be found in the English colonies, he even gives one, p. 77,

which he calls Zea semine nudo, a species which does not have the hard mem-

brane, common to all other varieties, covering the kernels.^^ When I was with

him in the summer of 1750 he explained to me that he had been deceived. The

maize which he had received had previously had the hard outer membrane

removed with lye. As he did not realize this, he planted the kernels. He

waited in vain for them to sprout, but they never came up. Later he learned

the truth. The method and purpose for removing the hulls with lye will be

discussed later.

Climate and water have a remarkable effect on maize. The maize which

grows in Virginia at 37° latitude is one and the same as that which grows in

New England at 43° and 44° latitude. Maize obtained from Virginia and

planted m New England at first ripens with great difficulty and, unless the

summer is unusually long, it does not ripen at all. But if one is careful with the

» This crossing of color varieties had been described previously by Cotton

Mather (1716-1721), Paul Dudley (1724), and Benjamin Cooke (1749). It is,

however, one of the earliest records of plant hybridization.

w Cadwallader Colden (1688-1776), one of the leading scientists of the English

colonies in America, was lieutenant governor of New York from 1761 until his

death.

t_-»
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maize in the beginning and succeeds in getting it to ripen, it matures earlier

and earUer, so that after several years it ripens as early as that native to the

region. The same is true if one takes corn from New England to Canada, which

Ues at 45°, 46°, and 47° latitude.

Maize is now planted by both Europeans and savages, but much more by

the former than by the latter, because savages live by the chase the greater part

of the year. When traveling in America one sees miles of nothing but maize

fields. The inhabitants have developed a large trade in this grain, for a large

quantity is shipped to Portugal as well as to South America, in addition to the

amount consumed at home. From a number of the Philadelphia Gazetteer I

learned that 1,300 tierce,^! i.e., 10,464 bushels of maize, were shipped from

Philadelphia, from March 1734 to the same month in 1735. In Philadelphia,

the price of maize per bushel has been as follows: 1719,—Is. 6 to 8d.; 1749,—

2s. 7d. ; and in October 1750, 3s. in Pennsylvania money, which in sterling is at

the ratio of about 100 to 170.

In Carolina, Virginia, Maryland, Pennsylvania, New Jersey, and in the

greater part of New York, the inhabitants use the large maize. The smaller,

or three-month maize, is planted in New England and Canada, although some

large maize is grown. Most of the wealthy colonists, as well as the farmers,

plant a small amount of the three-month maize, as it ripens long before the

other. It is used m part for roasting and in part for cooking, while the kernels

are still soft and not entirely ripe, and is considered a deUcacy. I will discuss

this at greater length later. In Pennsylvania the small maize ripens six weeks

earlier than the large. The savages make considerable use of this three-month

maize. The Swedes in America informed me that they had formerly used the

three-month maize a great deal, but now it has almost entirely been replaced

by the large . The reasons they gave were as follows

:

The large maize produces more gram and straw; the ears are larger and more

numerous; the stalks are taller and produce many more leaves, which are more

desirable for fodder for all kinds of cattle. It is to be noted that the meadows

are still very poor, as no native grass or plants are found in North America

suitable for meadow cultivation. All such plants must be introduced from

Europe. It is true that the smaller or three-month maize is not as productive

as the large. The small maize, which does not require as much space between

the hills as the large, produces in the end ahnost as many bushels per acre as the

large. The three-month maize is used by some people because it produces

flour of a finer, whiter grade than the large.

Now I will relate how maize is planted and cultivated in North America:

The best soil for maize is sandy loam. Maize prefers a Ught soil and does not

do well in clay soils. When the ears of maize growing on sandy soil are about to

ripen, the maize on clay has scarcely produced ears, and the kernels of these

clay-grown ears when mature are of a pale dead color.

" An old measure usually equivalent to 42 gallons.
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In a number of places in America I have seen fine maize growing on poor, dry,

sandy soil, where one would expect nothing to grow because of the extreme
drought and thinness of the soil. The stalks are 4 yards or more tall and very
leafy. Each stalk produced one to four large ears well covered with kernels.

Such poor soil could never be put to better use. If maize were not available for

planting, the inhabitants would find it difficult to live in New Jersey, North
America, where the soil is practically all sand. Although rye is produced in

some places, neither wheat nor barley will grow in such poor, dry soil. The
maize is luxurious where the wheat and rye have withered away. At least

maize stands more drought than any other cultivated plant.

If maize is planted in soil which is too rich, it produces mostly stalks and
leaves, with very few ears and kernels, and ripens very late. Those who wish

to have maize ripen early should not plant it in too rich soil.

Maize is usually plowed in this fashion: In the spring the fields which are to

be planted with maize lie unplowed. They are then plowed up in the following

manner: The ground is not all cut up. Instead here and there a strip of two or

three furrows is plowed, leaving an equal distance between the plowed strips.

The distance between the rows of maize should be about 2 to 3 yards for large

maize and half that distance for the small type. Later, one plows across these

furrows at regular intervals, so the maize may be arranged in quadrates, 2 to 3

yards square for the large maize and half that size for the smaller kind. These

quadrates are marked out by driving across the plowed-up furrows at right

angles with the plow-point, thus making a small line across each furrow, in order

to indicate where the maize is to be planted. In this way the space between the

rows is left unplowed, and one's work is believed to be lightened by half. Several

days later, after planting, when one is not so busy, the strips between the maize

may be plowed and thus plowing is completed. This form of cultivation is

possible where there are few weeds. It is the type of plowing most commonly

used for maize. The most successful farmers plow the entire field evenly at one

time in the spring. Later, furrows about 4 to 6 feet apart are plowed the length

of the field. Afterwards furrows are made across the field in the same manner;

that is, 4 to 6 feet between each furrow for the large type and half that dis-

tance for the small type. At the place the furrows cross, the maize is later

planted.

Some people manure the field before planting, others do not, according to the

condition of the soil. Manuring does much good if rainy weather follows

immediately after planting. If drought follows it is considered to be harmful,

and the maize which was not manured grows faster than that which was. If

the soil is poor, it is convenient to fertilize it in this fashion: A Httle manure is

placed in each maize hill and one need not manure the soil between the hills and

the maize still grows to be quite tall. In New York a type of herring can be

obtained. The farmers of that region place one or two of these fish, which make

an excellent type of fertilizer, in each hill.

The planting time for maize in North America is commonly at the end of
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April, but more often the first of May, or about the tune when barley and oats

are planted. Some people plant maize as late as the middle of the month of

May but not many. One commonly begins to plant maize m the spring, when

one fUs certain that there will be no more heavy night frosts.
.

In South America maize is said to be planted and becomes ripe twice during

the summer. The maize which is planted early in the spring ripens at mid-

summer or a Uttle later and, if the same maize is planted again, it ripens m the

fall. The farmers are not so fortunate in North America; the maize planted

there in the spring does not ripen until fall.
, , ^ <,

This cultivated grain has a great advantage in that the shoots can freeze

during the spring and will revive. At Albany and other localities there have

been examples of this reviving. Occasionally in the spring the shoots have

frozen to the ground several times. In spite of this, they have not only grown

UP from the same roots, but also produced a splendid stand.

Maize is also to be recommended because it can stand much more drought

than wheat, rye, or any other cultivated grain. Maize when ripe is not hkely

to be injured by a long, wet spell, as are other cultivated grains.

Boys and girls from six to fourteen years of age are commonly employed m

the planting and cultivating of maize. They can well carry out this busmess.

provided there is an older person to supervise them.
, . ,

At the intersection of the furrows four or five kernels of maize are planted

partly because one does not know if aU the kernels are good and wi 1 sprout, and

partly because one fears that the crows and maize thieves, as well as squurels,

will pick up some of the planted kernels. If all of these kernels sprout, they

still all have room to grow, as the maize is planted so far apart. Therefore,

one usually sees that each hill produces three to four stalks.

One or two weeks after the savages or Iroquois have planted the maize, they

plant beans in the same place. The maize thus serves as a prop on which the

beans can lean and twine. The Europeans allow the maize to stand alone.

The savages even plant sunflowers with the maize to use as food.

In order to prevent crows, maize thieves, and squirrels from scratching and

picking up the newly planted maize, the foUowing procedure is used: The root

of Veratmm Linn. hort. Cliff 468, which is Helleborus albus J. B.,^' grows in quan-

tities in swamps and small streams. This root is cooked in water and the water

allowed to cool. The maize which is to be sowed is put into the water m the

evening and allowed to stand and soak until morning. The kernels which have

been soaked are then planted. The squirrels, maize thieves, crows, and other

animals destructive to maize, who pick up the planted kernels, become so dizzy

from one or two kernels that they tumble over and frighten the others, who no

longer venture to return. One should be careful to see that maize thus treated

is not eaten by any domestic animal, or it will flee for its life. If chickens or

ducks get just one kernel of this corn, they become quite sick. Maize thus

" Veratrum viride Ait.

{

treated is not injured in any way if it is planted immediately. The maize

plants grown from treated maize-kernels do not develop any injurious qualities.

The kernels are planted 2 or 3 fingers'-breadth deep. Experience has shown

that the kernels grow better if they are barely placed below the surface, but one

is forced to plant deeper to prevent crows and other pests from too easily reach-

ing the kernels. In planting, some farmers drop all the kernels into a hole made

with a garden hoe and allow them to lie on top of each other as they fall. How-

ever, it is considered better practice to make four or five holes beside each other

in the ground and to place one kernel in each hole. As soon as the kernels are

placed in the ground they are covered by hand or hoe with dirt 2 or 3 fingers'-

breadth in depth.

The most successful husbandmen observe the following rules in the planting

of maize: First, they must select the largest and ripest ears for seed to plant the

following spring. If the kernels which are not entirely ripe are planted they

cannot survive a long, rainy season, but mould and rot. Secondly, the kernels

are soaked before they are planted. Soaking causes them to come up several

days sooner. Thh-dly, the kernels are planted 6 inches, deep enough so that

maize thieves and other pests do not reach them. It is believed by some

people that the kernels can be planted even deeper and still come up as long as

they are not covered with stones or turf.

When the maize is about 6 mches tall it is plowed to destroy the weeds, and

at the same time the soil is raked or moved up to the stalks. The plow is the

same as that used for all other crops. A team of horses hitched side by side is

often used in pulling the plow. A special type of small plow pulled by one horse

is used for plowing between the stalks. In plowing, the soil is turned toward

the stalks and made into hills. This process is repeated later during the

summer. If, for example, one plows between the rows from south to north, or

on the east or west side of the row, one banks the soil later with the hoe from

south to north. The next time one plows directly over the first and turns the

soil du-ectly over the first, and turns the soil in the opposite direction from east

to the west side of the row.

Some people do not plant the maize in such widely separated rows, but in-

stead plant them scarcely a yard apart. It is then impossible to cultivate

between the rows with horse and plow. Instead the soil is moved to the stalks

with a garden hoe. The hills around the maize finally become about a foot

high and 2 feet broad at the base and in each hill there are usually three to four

SuaiivS. . • •

[Part 2]

Maize is a food plant, which, more than all others, needs to be kept free from

weeds. In former times the weeds were removed from between the rows with

hoes, but now they are removed by plows, as I have previously described. Some

people cultivate maize with the harrow, and this method should have approxi-
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mately the same result. During wet weather far more plowing is necessary than

during dry weather, as more weeds grow at that time. When the plant has

almost reached its full height, it sends out numerous offsets or stalks, which the

Swedes who live in America call Sugare. These Sugares absorb much sap

from the plant, and as they are useless, they should be torn off. They are

removed by being forcibly pulled from the stalk. The removal of the Sugares

promotes earlier ripening of the grain. As soon as the grains begin to harden in

the ear, one can cut off the tassels or male flowers, which are then withered.

These tassels are desirable food for horses and cattle. If the tassels are cut off,

however, when the kernels are still in the milk, i.e., before they begm to harden,

the ears generally dry up and do not ripen.

When the maize is nearly ripe, some people usually go out into the fields and

pull back the stiff, hard leaves, which surround and cover the ear, in order to

see how far it has advanced. The more intelhgent farmers, however, avoid this

untimely curiosity, because the exposed ears soon attract maize thieves.

In the northern part of the country the maize ripens during the latter part of

August; farther south it ripens from the middle to the end of September; and

in the other places it does not ripen until the middle or end of October. The

ripe ears are taken from the fields; for this process no knife or sharp implement

is needed; one merely takes hold of the ear or the husk which contains it, and

pulls on it a little, bending downward ; both the ear and the husk loosen immedi-

ately. Some take the trouble to separate the husks from the ears in the field;

others carry the ears home and then separate them. When the ears have been

picked, if the weather conditions permit, they are allowed to lie a day or more in

the sunshine under the open sky to dry out a little before they are stored; but if

they have stood in the field long enough to be quite dry, they can be stored

immediately, without any further airing or drying. It is safer, however, to

allow them to lie for a time, provided the weather permits.

Various methods are used in preserving maize when it is ready for storage.

In the English colonies the maize is stored in small houses especially built for

this purpose. These houses, similar to our hay sheds, are constructed of small

slats. The structure is open in order that the air may pass through freely to

keep the ears dry. The length of these houses is approximately 3 fathoms, the

width scarcely 2 to 3 feet. If the shed is too wide, the results are likely to be

disastrous, since the air cannot circulate freely, except in the case of ears which

lie near the outside. The height of the shed depends entirely on the amount of

maize. Under the maize the floor is of the same open construction. Above, the

shed is covered with boards or other material. It is usually built at a distance

from the other buildings, in order that the air may circulate more freely on all

sides. Often both rain and snow whirl in, but the maize is not injured by it,

as the air dries it mimediately. Another difficulty in storing corn is to be found

in the necessity of coping with rats and mice, which have easy access to these

maize storehouses. Some people hang the ears up in large lofts or spread them

out and leave them to dry, allowmg the air to blow in. This practice seems to

^^

be better than the first. It has been shown by long experience that when the

maize is preserved on the ear, as described, it can be kept for many years and
still be good for planting.

The savages allow their maize ears to dry in a moderate smoke, and afterward

hang them up under the ceiling in their huts. The ears remain good for many
years, both for food and planting. At the time of the arrival of the Swedes in

North America, savages lived all over the territory called New Sweden. They
used to preserve their maize for several years in this fashion: They dug a deep

pit in the ground in a dry place, covered the bottom and walls, or sides, with

dry bark, and put dry grass on the bark at the bottom. Then they placed the

maize in the pit. They also put dry grass at the sides next to the bark and then

covered the top with soil. The grass, Lagurus spicis ohlongis pedunculatis e

singula ala plurihuSy Linn. Hort. CI. 25^^^ which they utiUzed, is even today called

savage grass by the Swedes in America. The same method of preserving maize

is still utilized by savages in a number of places in North America. A savage

during war time generally has several such pits. In case the enemy should

raze one the others would remain secure and undisturbed. Even when he goes

away during peace times with his whole family on a hunt which often lasts for

half a year, he preserves the maize at home in similar pits. Wide experience

has taught him that maize in this condition remains fresh and unimpaired for

many years.

Now I will come to the uses of maize, which are so numerous. I doubt if

any other species of grain exists which alone may be used for so many purposes

both for man and animals.

To begin with, it is one of the most productive plants in the whole world,

wherefore it is called by some "the lazy man^s crop.'* I have counted on a

single ear 650 clean and healthy kernels, and on each stalk commonly two to

three ears. An ear is rarely found which has less than 300 kernels. In addi-

tion, this crop has this advantage—the kernels do not spill away as m the case

of rye and other grains. On the contrary, great difficulty is apt to be encoun-

tered in loosening the kernels. In America this crop is considered a failure if

it does not yield two hundred times the corn planted. It is to be noted that a

large household seldom plants over 2 bushels," in fact, rarely this much in order

to raise food for an entire year, and in addition, some for other purposes.

Let us recall what has previously been discussed: Maize can freeze several

times during the spring and still come up from the same root; it stands more

» ^'Linnaeus treated the Lagurus spicis ohlongis^ etc., as an Andropogon in

Species Plantarum 1046 (1756). Since the Linnean conception of species in An-

dropogon was very vague, it is probably not easy to tell exactly which one of the

now recognized species or varieties he may have meant, but one can guess offhand

that it was probably some variation of Andropogon scoparius.''—M. L. Fernald

in a private communication to the translator.

1* A bushel is an English measure somewhat less than a ''half span." (Pehr

Kalm's footnote.)

i
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heat and drought than any other crop plant; it grows in much poorer soil; it

grows rapidly in dty and sandy places; it is not subject to injury by excess

moisture as other crops, etc.
, ., ., ..,1 „™

If the leaves of maize are removed from the stalk while they are still green,

i.e., before they have dried by themselves in the sun, and put together in a

covered stack, they will provide food for horses and cows, which is preferable to

ctover or oth;r good hay. On the other hand, if the leaves dryby themselves

out on the stalks, the horses and cattle will not eat them, unless they lack all

other food. Warm water poured on maizeleaves which are dried green makes a

fodder which provides the cows with both food and drink, and mcreases the

amount of mUk considerably. During the winter these leaves are cut in pieces,

just as we cut straw for provender for horses. Horses prefer this fodder to

clover hay When the maize ears are large, but the kernels on them still soft,

it is customary to remove the ears from the stalks on which they are growing m

the field. The husks covering the kernels are torn off. The ears are then

Placed in front of a fire to roast until they become light brown. These ears are

considered a delicacy by both Europeans and savages. The savages plague

strangers and guests who visit them at that time by offering them roasted ears.

It maize had been known to the Israelites, I would say that these ears were the

same as the dried ears mentioned in the Bible. But here there is no room for

conjecture. Later in the season the savages do not roast the green ears, but

cook and eat them, and they actually taste quite good. It is ^yen customary

with many to take these green ears where they stand in the field and eat them

immediately, raw as they are. I have often done so myself, and to my taste,

the kernels are as good as sweet-sugared milk.
. ,. • 1

While the maize stalks are green, and before the ears are ripe, there is a clear

water between the nodes of the stalk, which is assweet as sugar. Various people

have made both syrups and sugar from maize, but this conversion has not been

considered profitable. I have seen the Europeans, as well as the American

savages, cut off the maize stalks in the field, chew them to pieces between their

teeth akd suck out the sweet juice. [John] Lawson, m his Desmpiton [t.e

Eizi^A 0} Carolina, p. 75 [(London, 1714)], says that some people crush the

stalks and make from them a very palatable drink.

Maize kernels are tightly fastened to the cob (the stalk of the ear)
.

To pick

them loose with the fingers would be difficult and rather slow work. The

kernels would not come loose by threshing. Therefore, when one needs the

maize kernels loose from the ear, either for grinding or for other purposes, one

takes a tub or any vessel, puts a long thick hinge or any other ?'««« «f

/^J^*^
an edge directly over the vessel. This piece of iron is bound fast to the vessel

"both ends. Against the edge of the iron the side of theear is Pl-e<land hu

the kernels are scraped off. They fall down into the tub or vessel. A Mtle

technique is required before one can do this easily. Others use a slower method.

They loosen the kernels by means of placing the ears in a large wooden mortar

and pounding them slowly. Neither the Europeans nor the savages separate

Vlf
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the kernels from the ear before they need them for food or other purposes, as

they keep better when attached to the cob.

In most of the EngUsh colonies the farmers make their bread from maize.

In Maryland even the aristocracy and the wealthy eat hardly any other bread.

If a stranger comes to them, they place before him both wheat and maize bread,

allowing him the freedom to choose whichever he prefers; they themselves prefer

the maize bread. But if the bread is made entirely of maize, one does not find

it so good. The best is made of rye and maize flour mixed. From wheat and

maize flour one also gets fine bread. In America this bread is commonly baked

in the form of large loaves. It is a very wholesome bread and always keeps the

howels well regulated. I know that various people, describers of plants as well

as travelers, who have written about maize, have said that too much maize for

food causes constipation, and even skin eruptions, scurvy, and itch. This I

had read and heard discussed, here at home in Sweden, before I left for America.

I had also read those who claim that maize had been unjustly criticized. When

I reached America and observed people who ate almost nothing but maize and

looked as well and happy as thotie who eat the best and cleanest rye or wheat

bread, I often told them what I had read and heard about maize. At the same

time I asked them if it did not cause constipation and skin eruptions. They

answered all of one accord that no more wholesome food exists and that they

had never had these symptoms which are attributed to maize. I then deter-

mined to experiment on myself. Maize was a food which I had scarcely seen,

much less tasted. I had just come to a strange climate ; it should certainly show

its effect on me. I ate, then, during the whole first winter I was in America

hardly any other bread, only maize alone or maize and rye flour mixed. How-

ever, I had no digestive disturbances, at least not more than usual. I found no

such effects as those attributed to maize—quite the opposite. I can never

wish to be in better health than I was at that time. The boy, Jungstrom, who

accompanied me, reacted similarly. Others who have written of North America

attribute to maize the same laxative quaUty which I found and for that reason

they recommend that it be mixed with wheat, to counteract the binding consti-

pating effect of the latter. The results attributed to the use of maize are

due either to chmate or to some other factor, which man has not carefuUy

investigated.

Occasionally people make bread of different kinds of pumpkin and maize

mixed. This bread is very fine and sweet. Usually the maize flour is scalded

first and the pumpkins cooked, and then both are kneaded together. When

bread is made of rye flour, a mush is first cooked of the maize flour, which must

stand until cool, then the rye is kneaded in.

The savages make their maize bread in a different manner. They grind the

maize in a large dry wooden mortar to grits or coarse flour, of which I shall speak

later. Then they make a dough which they fiU either with American blue-

berries, blackberries or wUd grapes, which they collect and dry in great quantities

during the summer for this purpose. From this dough small cakes are baked the
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size and shape of our blood cakes. These are first cooked in water hke dumplings

and then roasted and baked on a hot stone, or only cooked in water without the

later baking and roasting. They are sometimes wrapped in leaves and blades

of herbs and buried in ashes. A fire is built over them and in this manner they

are baked. This is a dish especially used for important celebrations and big

feasts, when they have some stranger for whom they wish to show then- highest

respect. Such bread tastes good and is usually eaten while it is warm. When

strawberries are ripe, they make bread in the same way from maize and

strawberries.

Most mush which is used in America is cooked from maize flour, and although

nothing is added except water, it is very white and similar to our mush cooked

with milk. To my taste its flavor is more delicious than the mush cooked from

any other flour. During the time I spent with the Dutch who live north of

Albany, I never had any other food in the evening but maize mush and milk,

and scarcely any other breakfast but the same maize mush, either browned in

butter or warmed in sweet milk. The Dutch ate nothmg else for long periods.

During the previous summer, when I was with them, they cooked part mush,

part gruel, from maize flour and buttermilk mixed together, which tasted well

enough to the hungry stomach. From grits of maize a mush or gruel is made

which is cooked with water, buttermilk or sweet milk, and all of these types of

gruels or mush almost vie with that cooked of rice. Occasionally syrup or

sugar is mixed with the buttermilk to make it more tasty. Maize mush is

quite nourishing.

From the American savage the Europeans have learned to make a grit soup

of maize, which is generally esteemed as a deUcacy. The French call it Saga-

mite; the EngHsh and several savage tribes, Hommony] the Swedes and some wild

tribes, Sapaan. It is made in the following manner: As many of the maize

kernels are taken out as needed and placed in a vessel. A little water is poured

over them, enough to cover the maize. It is allowed to stand for a time, after

which the maize swells somewhat. Then this maize is put in a large wooden

stump, standing perpendicular and hollowed out at the top. In this wooden

mortar the maize is pounded slowly with a wooden pestle, until the hulls loosen

and separate from it. After that the huUs are washed away. Only the heart

remains, which has been weU broken up by the slow crushing, not into flour, but

into coarse pieces like coarse grits. These maize grits are placed in a kettle

and cooked with water for a time. Later meat is added (for maize grains re-

quire longer cooking than the meat) ; and when it is thoroughly cooked the kettle

is lifted from the fire. Maize thus prepared is good food and, according to my

taste, has a flavor resembUng a soup of grits or peas. When this soup cools, it

can be warmed again if desired. If it becomes too thick, sweet milk may be

added, which I believe improves the flavor.

For a more convenient method of pounding and preparing this grain, the

upper end of the pestle is bound to a pole, which is at the same time fastened to

the ceiling, like the pole of a turning lathe. The resiUence and elasticity of the
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pole manipulates the pestle in such a manner as to cause a slow crushing. Some
people remove the hulls in the following manner: They make a lye solution from

ashes and soak the maize kernels in it for a short time. The hulls disintegrate

and fall off. The maize is then washed several times in clean water in order to

remove the taste of lye. The maize kernels thus obtained are entirely whole

and not crushed to pieces. They are used in the same manner as SagamiUj

which was previously described. I have already told how Dr. Golden came to

name such hulled maize Zea semine nudo.

Some people in America make near beer from maize. They commonly con-

sider blue maize to be better and more productive for this purpose than any

other kind of maize. Maize malt is prepared in the same manner as any other

malt, but malting takes longer. If much near bear is to be produced the maize

should be allowed to sprout until the shoots are quite green. Malting maize

should be washed thoroughly once a day in order to prevent moulding. The

malt of maize tastes exactly like that of barley. A quantity of blue maize is

planted by some people solely for the purpose of making this drink. The ale

brewed from maize is not inferior in strength and flavor to that which is brewed

from barley. This near beer has a quaUty which vies with other near beer. A
near beer is also made of broken-up maize bread. In addition to the fact that

blue maize is considered to be more suitable for making near beer, it has the

advantage of ripening in a week or fourteen days. Fine spirits are distilled

from maize, although this is a property of less importance.

In Canada most of the inhabitants travel widely in an attempt to buy fur

articles for trade. They must seek the distant savage nations. It would be

impossible to carry the food necessary for such a long journey, because there are

long stretches over land where it is necessary not only to carry boats, but also

the articles they are going to sell. They journey two to three years, and are

often in places where they would not have access to food. They have therefore

discovered a different type of food, which in small quantities can still give a

great deal of nourishment, and has in certain cases the same use as the herbs

which the Dutch used in former times on their long trips, or the herbs which the

Scotch Highlanders use, even today, for the same purpose. For concentrated

food, maize is used. It is either baked in hot sand or ashes or in an oven after

the bread is removed. When the maize is baked it is put in a wooden mortar

such as previously described, pounded to pieces with a wooden pestle until it is

like coarse grits. Later it is taken out and the hulls are washed away. After

that the finer maize grits are mixed with other material, either sugar from the

sugar maple or somethmg else, according to how sweet one prefers it. The

sugar and parched corn are well mixed and kept either in a sack or some other

kind of container. If a traveler is on a journey and gets hungry, he takes a

half or whole handful of this flour mixture, puts it in a shell or another vessel

with water, stirs it and thus it is eaten. The maize which is put in ashes to bake

is not on the ear, but in loose kernels. The traveler makes a pit in the sand or

ashes, covers the kernels with sand or ashes, builds a fire over them, and there

y
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they are baked. The American savages, who do not have ovens, take advantage

of this method in preparing this concentrated food. If fat is added, it becomes

even more nourishmg. Some people take the coarsest part of the ground maize

and put it in a sack for themselves and eat it mixed with fat. People of quality

mix maize flour or grits with sugar, but this is chiefly a food used by the wealthy

on journeys. Those who cannot afford sugar use only maize for a concentrated

food The outer hulls are removed with lye and the grains are dried These

grains are taken on journeys. They are cooked in a pail or kettle; a bttle fat,

such as one can obtain on a journey, is added, either of bear, deer, or somethmg

else. Then it becomes a very good food.
„ , r> •,

This concentrated food, which the savages first invented, is caUed Qmlzera

bv the Iroquois. Captain Buttler, an Englishman, informs me that when he

accompanied the English army and the Iroquois in 1710 on an expedition

through the wilds to make a conquest of Canada, nearly each and every soldier

had some of this concentrated flour with him. A Uttle concentrated flour was

placed in the impure water which was to be had in the wilderness. The water

was thus improved and they had no ill results. In contrast, those who did not

bother to do this were nearly all sick.

Horses Uke maize quite weU. One must be on guard, however When the

maize kernels are still green and in the milk, they are not especially healthful

for horses They claim in America that when the maize is ripe a horse gets as

much nourishment from a bushel of maize as from 2 bushels of oats. Yet maize

is considered better for a horse which is to be fattened, and oats better for one

which is to be ridden on a journey. The kernels of maize are pounded from the

ears in a mortar, as previously described. One or two of these mortars are to

be found on each farm. The kernels are pounded loose from maize ears espe-

ciaUy for journeys so the horses may eat them more quickly. A few whole ears

are mixed in for the horses. Although it goes slowly the horse must take the

trouble to chew the kernels loose. If a horse gets into a field of maize, when the

ears have formed, he leaves the most desirable grass and clover pasture and

turns entirely to picking maize ears. This I myself have seen.
_

Nothing is better for fattening cows and oxen than maize bran and maize

flour, which are frequently mixed. Sheep are unbeUevably greedy for rnaize,

as I have observed in amazement many times. For swine, maize is considered

to be the best fodder, in that it is very fattening and the flavor of the meat is far

superior to that produced by any other fodder.
^v.- i

Chickens, doves, ducks, and geese prefer this feed to aU others. Chickens

also lay better when they are fed maize. In a word, without exception I know

of no cultivated plant which is so universally and greedily sought by all domestic

'''' How deUcious this food is to aU sorts of animals is to be inferred from this:

I hardly know of any cultivated plant which has so many enemies as maize from

the time it begins to ripen, and even after it is stored. For example, rats and

mice leave wheat, rye and all other foods untouched as long as they have access

4

to maize in the field or storehouse. Crows also prefer maize to all other types of

food. Maize thieves are of three types—the gray and black American squirrels,

ground squirrels, or those which Uve for the most part in the soil and do not

climb trees. Woodpeckers of various sorts, and other birds, are so greedy for

maize that it is almost impossible to scare them away from the field by any

method of frightening or trapping. The birds are present during the day and

the squh-rels during the night. In a few nights, if undisturbed, squirrels can

cart away from the granary half a tub or more to their nests. When the maize is

ripe, but still in the fields, I have myself seen a farmer with his gun go to the

end of the field and shoot at the maize thieves, who do not allow themselves to

be frightened from the delicious maize. Finally, the whole swarm of them

move forward from one end of the field to the other. When the farmer returns,

they fly back to the part of the field where they were before, and so they switch

from one end of the field to the other, entirely according to how the farmer pur-

sues them. They ahnost wear the farmer out before he is able to scare them

away, although now and then he shoots one of them. In order to rid the maize

of all these destructive pests, the governing bodies in all parts of that country

have been called upon to set a definite bounty to be paid on squirrels, crows,

maize thieves, woodpeckers, and other pests. An almost inconceivable sum

was paid in Pennsylvania alone for squirrel heads for a single year, namely, from

January 1, 1749, to that same date, 1750. When the representatives from all

regions in Pennsylvania met at the beginning of 1750 to make necessary laws,

they received complaints from all regions that the treasuries were empty solely

because of squu-rels. Previously a law had been enacted that 3d. (which

is about 12 to 14 ore kopp:mt) should be paid from the general coffers for

each squirrel head. So high had the spirit of vengeance gone against these

animals, that during the one year £8000 in Pennsylvania currency had been

paid This is 40,000 platar in our money. When I heard this discussed above

all else in the city, it was inconceivable to me until Mr. Franklin, who has gone

so far in experiments with electricity, and who is one of their outstandmg legis-

lators, convmced me of the truth directly from the documents. The high

expenditure was attributed to the fact that when one received 3d. for each

squirrel it paid to go into the woods to hunt these creatures. Many young

people in particular gave up all other work and went to the woods to shoot

squirrels. The legislature was therefore forced to repeal the law and change

it from 3d . bounty to half that sum for a head

.

A very similar law was passed against maize thieves in New England. As a

result, the maize thieves were ahnost wholly and entirely extermmated. Dur-

ing the summer of 1749, a multitude of grass worms spread over the entire

country, destroying all the hay crop for that year. The inhabitants were forced

to write to England for a ship loaded with hay. They began to regret that they

had been so hard on the maize thieves because they beUeved, as they had

previously observed, that the maize thieves for a good deal of the summer before

the maize ripened, Uved on these insects and thus hindered then: mcrease. The
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people of New England were conscience-stricken because they believed this to

be a punishment for meddling in the providence of the Almighty Creator.

For swellings the following is used : A mush of maize meal and milk is cooked

While the mush is on the fire suet or other fats are added. The mush is spread

on a cloth and is placed on the swoUen part as hot as one can stand it. It shouia

remain until cold. This is held to be an unequalled aid in the treatment of

swellings, for it relieves the ache, brings down the sweUing, or ripens the swell-

ing if it is a boU, so the pus drains out. I have tried both. With my own eyes

I hkve seen others obtain relief by using this treatment for sweUings caused by

toothache or colds. ^ • . »

Thus I have described what I was able to observe durmg my trip to America

in part the cultivation of corn, in part its manifold uses. I have also described

how its ripening depends largely on the climate. Where the summers are long,

it does not ripen quickly; quite the reverse in the north where the summers are

shorter, it has become accustomed to ripening in three months tune or even

less I think, therefore, that I have the right to believe that it. namely the

small type or three-month maize, could ripen here. It must be sown m sandy

soils, which it prefers, not in clay. It requires a great deal of sun. Even though

it would ripen with difficulty in the beginnmg, I beUeve it would adapt itself

to our cUmate. In my brief discussions on the uses and cultivation of the plants

which have been brought home from America, I have pointed out how cotton

as weU as maize has graduaUy been moved farther and farther north I now

wish to add that even tobacco, which also comes from America, does not always

ripen seeds at a latitude of 40° in its native home. Experience has shown us

that our tobacco commonly ripens its seed even as far north as Savolal^ and

Osterbotten, although our seed was originaUy brought to Sweden from a latitude

of 37° and 39° in North America. Why then should maize which is able to

ripen in North America at a latitude of 48°, where the length of the summer and

winter differ in no way from those of Sweden, not reach maturity, and become

adapted to ripening in Sweden? I am referring to the smaU kmd. This is

the three-month maize, which is not as productive as the larger kmd, but givra

whiter and better flour. I cannot say whether or not the larger kmd would

adapt itself to our climate.
_ . , , , n

He who wishes to know what others write about maize should by aU means

read [Jos6 de] Acost[al, Hvstloire] Nat[vrelle et Moralle des] Ind[es, tant OnentaUea

qu'] OcddlentalUs], Book 4, ch. 16; and [Rembert] Dod[oens], FrvrmrUlorvm

Legvminvm, Palvstrivm et Aqvatilivm Herbarvm, ac Eonm, Qme eo Pertinent,]

Histloria], 73 [(Antverpiae, 1566)]; Kasp[ar] Bauhin, ripa^
.f^^'^^'i^'

^"'7"]',

25 [(BasUeae, 1671), and his] fheatr[i Botanid], 490 ((Basikae 1658); John]

Parkins[on], Theatrlum Botanicvm: The Theater of PlanU], 1138 [(London, 1640)

;

John) W, Hist[oria] Plantlarum], 1249 [(Londini 1686-1704) ;Thomj^l

Campani[us-Hobn, Kort] BeskrWning] om [Provincien] Nya Swenge S2l{.btock-

hohn. 1702); John] Lawson, Description [i.e.. History] of Carolina, 75 [(London,

1714)- Pierre Fran9ois Xavier de] Charlevoix, Hist[oire et Description Generate]

de la Nouv[eUe] France, 6:44[-48 (Paris, 1744); Francisco] Hernandez, [Mark]

Catesby, [William] Dampier, and others who write about it, as I have de-

scribed only what I myself observed. In the [Philsophical] Transactions [of

the Royal Society of London, 12:] 1065[-1069 (1683)], a short description of

the cultivation and uses of this food plant is also to be found.

Pkhr Kalm.

December 14, 1750.
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Beprintod from Proceedings of the Pennsylvania Academy of Science
Vol. IX, 1935, p. 86.

AN ABNORMAL AMANITA MUSCARIA

By Alfred G. Lisi and K. D. Doak

(Abstract)

On two successive years abnormal, reticulately gilled specimens of

A. muscaria have been found in a portion of the Morris Arboretum of

the University of Pennsylvania. The gills are intimately anastomosed
so that they present a reticulated appearance rather than the normal
free, spoke-like arrangement. Cultures made of the abnormal form
exhibited more rapid surface growth but less aerial hyphae than cul-

tures from normal A. muscaria. A study of external characters plus

a comparison of the spores indicates that this form is closely related to

A. muscaria.



Separately printed, without change of paging, from Bulletin of the Torrey

Botanical Club 62: 479-489, November, 1935.

Recent changes in the composition of a local flora

Rogers McVaugh

In view of the interest now attaching to plant distribution, and to

changes taking place in local distribution through clearing of woods, graz-

ing, etc., it has seemed worth while to study certain early Usts of plants of

eastern New York State, to discover, if possible, the relations of the pres-

ent local floras to those of a century figo. The following paper is an at-

tempt to do this for the vicinity of Kinderhook, Columbia County, New

York, by a study of two Usts of plants pubUshed in the 52nd and 53rd

Annual Reports of the Regents of the University of the State of New York

(1839 and 1840), by W. V. S. Woodworth, Principal of the Ladies' De-

partment in Kinderhook Academy.

The first Ust, entitled '^A Catalogue of Indigenous Plants Found Grow-

ing in the Vicinity of Kinderhook Academy, and Analyzed by the Botanic

Class in this Institution, during the Summer of 1838," bears the final note

that ''many plants had escaped notice until the most favorable season for

examining them had past." The later Ust has essentially the same title,

with the note that '' the above catalogue embraces most of the plants which

are found in this vicinity, and, with few exceptions, would show the bo-

tanic features of Columbia County." The second list contains about one

and one-half times as many names as the first, but many of the same

plants are given in both, and the two catalogues may be considered to-

gether. A total of 247 species is recorded; these are merely in the form of

Usts, with no data as to the plants themselves, their habitats, or the

authors of the binomials. No indication is given as to methods of identi-

fication, but it seems probable that use was made of Eaton's "Manual of

Botany" (7th Ed. Albany 1836), as this work was in use in a majority of

the Academies of the state at the time, and the nomenclature of Wood-

worth's Usts foUows it closely.

In the foUowing discussion, nomenclature wiU foUow the seventh edi-

tion of Gray's Manual, with some exceptions, as pubUshed in House's

''Annotated List." No attempt wiU be made to give the names as pub-

Ushed by Woodworth except in the case of critical species, or where there

is some doubt as to the meaning of a name; at such times the names as

originally pubUshed wiU be given in parentheses.

The writer spent most of the summer of 1933 in the field, in and around

Kinderhook, and aU the species mentioned below, unless otherwise noted,

are represented by herbarium specimens either in the New York State

herbarium, at Albany, or in the herbarium of the University of Pennsyl-

vania, at Philadelphia, or in both.

479
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rial sand plain, which, ou«d.
*'J^^f^' '^TthrKnderhool. Creek,

apple orchard. South and eas^ o *-
f^' ™\,^ <^„„„,,, beyond the

which is ot some size, and drains a large p ^^^_
creek lies a rather '>">''XX-nltbedteas. Practically all the

rii'rhHXS'^'e*-^ '=
-'' '"

-=«°"' -«^' ^°-' °'
*'

alluvial land =^=1 '"^"P- ^; Woodworth, it may be seen that about

''

'tKofrtet^d ar common (or locally so) near Kinderhook

seven-eights of the species <iic

rr^nvenience in the following

which the plants are found growing at the present day.

I. PLANTS TYPICAL OF LOW

Arisaema triphyllum (L.) Schott.

Uvularia grandiflora Sm.

Uvularia perfoliata L.

Oakesia sessilifolia (L.) Wats.

Erythronium americanum Ker.

Smilacina racemosa (L.) Desf.

Polygonatum pubescens (Willd.) Pursh

Medeola virginiana L.

Trillium erectum L.

Hypoxis hirsuta (L.) Coville

Cypripedium pubescens Willd.

Habenaria psycodes (L.) Sw.

Populus deltoides Marsh.

Juglans cinerea L.

Carya cordiformis (Wang.) K. Koch

Corylus americana Walt.

Ulmus americana L.

Ulmus fulva Michx.

Polygonum virginianum L.

Claytonia virginica L.

Ranunculus abortivus L.

Ranunculus recurvatus Poir.

Thalictrum dioicum L.

Anemonella thalictroides (L.) Spach.

Anemone quinquefolia L.

Coptis trifolia (L.) Salisb.

OR MOIST WOODS

(Convallaria biflora)

(Cypripedium pubescens)

(Habernaria fimbriata)

(Populus angulata)

(Carya amara)

(Ranunculus hirsutus)

k

(Actea americana)

Cimicifuga racemosa (L.) Nutt.

Actaea alba (L.) Mill.

Actaea rubra (Ait.) Willd.

Podophyllum peltatum L.

Sanguinaria canadensis L.

Dentaria diphylla Michx.

Ribes floridum L'Her.

Geranium maculatum L.

Zanthoxylum americanum Mill.

Acer rubrum L.

Impatiens biflora Walt.

Impatiens pallida Nutt.

Viola pubescens Ait.

Circaea lutetiana L.

Aralia racemosa L.

Sanicula marilandica L.

Nyssa sylvatica Marsh.

CoUinsonia canadensis L.

Pedicularis canadensis L.

Galium tinctorium L.

Solidago flexicaulis L.

SoUdago altissima L. (Solidago canadensis)

SoUdago canadensis may occur, but S. altissima is the common species

here.

II. PLANTS TYPICAL OF SWAMPY OR BOGGY LAND OR MUCK

(Nyssa multiflora)

(Pinus pendula)

(Typhilla latifolia)

(Sagittaria sagittifolia)

Larix laricina (DuRoi) Koch

Typha latifolia L.

Sagittaria latifolia Willd. var.

Calla palustris L.

Symplocarpus foetidus (L.) Nutt.

Acorus Calamus L.

Juncus effusus L. var. solutus Fern. & Wieg. ^The common form of the species

especially southward in the state—'' (House).

Iris versicolor L.

Spiranthes cernua (L.) Richard.

Alnus rugosa (DuRoi) Spreng. (Alnus serulata)

Polygonum arifolium L.

Polygonum sagittatum L.

Polygonum punctatum Ell.

Caltha palustris L.
,. , . .1. ^ . »

Viola cucuUata Ait. *ln wet places . . . common throughout the state

(House).

Cicuta bulbifera L.
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Cicuta maculata L.

Cornus stolonifera Michx.

Rhododendron viscosum (L.) Torr.

Kalmia angustifolia L.

Kalmia polifolia Wang.

Vaccinium corymbosum L.

Steironema ciliaturn (L.) Raf

.

Fraxinus nigra Marsh.

Menyanthes trifoliata L.

Scutellaria galericulata L.

Chelone glabra L.

Galium trifidum L.

Cephalanthus occidentalis L.

Lobelia Kalmii L.

Eupatorium perfoliatum L.

(Cornus alba)

(Kalmia glaucus)

(Scutellaria cordifolia)

III. PLANTS TYPICAL OF MEADOWS, USUALLY MOIST ONES

Lilium canadense L.

Smilacina stellata (L.) Desf

.

Polygonatum commutatum (R. & S.) Dietr.

Sisyrinchium gramineum Curtis.

Anemone canadensis L.

Penthorum sedoides L.

Saxifraga pennsylvanica L.

Geum rivale L.

Spiraea latifolia Borkh.

Spiraea tomentosa L.

Veronica virginica L.

(Sisyrinchium anceps)

(Spirea salicifolia)

IV. PLANTS GROWING IN LAKES AND PONDS

Pontederia cordata L.

Castalia odorata (Ait.) W. & W.

Nymphaea advena Ait.

V. PLANTS OF STREAM BANKS

Ranunculus repens L.

Platanus occidentalis L.

Acer saccharinum L.

Teucrium canadense L.
,^,. , n t7 „

Stachys tenuifolia Willd. var. aspera (Michx.) Fern.

Lycopus americanus Muhl.

Mimulus ringens L.

Veronica americana Schwein.

Lobelia cardinalis L.

(Acer dasycarpum)

n.

(Lycopus europeus)

(Veronica anagallis)

it:
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VI. PLANTS OF OPEN WOODS AND THICKETS
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Smilax herbacea L.

Populus tremuloides Michx.

Polygonum scandens L.

Phytolacca americana L.

Clematis virginiana L.

Fragaria virginiana Duchesne

Geum virginianum L.

Rosa Carolina L. (Rosa parviflora) ^Tre-

quent or common, outside the higher Adirondacks, across the state"

(House).

Rubus idaeus L. var. aculeatissimus (Mey.) R. & T. (Rubus strigosus)

Rubus occidentalis L.

Rubus sp.? No doubt a high-bush Blackberry.

Prunus virginiana L.

Epilobium angustifolium L.

Vaccinium vacillans Kalm.?

Vaccinium pennsylvanicum Lam.?

Cuscuta Gronovii Willd.

Verbena hastata L.

Verbena urticaefoHa L.

Diervilla Lonicera Mill.

Sambucus canadensis L.

VII. PLANTS OF DRY WOODS

(Rubus villosus)

(Vaccinium virgatum)

(Vaccinium tenellum)

(Cuscuta americana)

Pinus rigida Mill.

Pinus resinosa Ait.

Pinus Strobus L.

Tsuga canadensis (L.) Carr.

Maianthemum canadense Desf.

Epipactis pubescens (Willd.) A. A. Eaton.

Carya ovata (Mill.) K. Koch

Ostrya virginiana (Mill.) K. Koch

Betula lenta L.

Betula lutea Michx. f

.

Fagus grandifolia Ehrh.

Castanea dentata (Marsh.) Borkh.

Quercus alba L.

Quercus velutina Lam.

Hepatica americana (DC.) Ker.

Anemone virginiana L.

Aquilegia canadensis L.

Sassafras variifolium (Salisb.) Ktze.

Saxifraga virginiensis Michx.

(Pinus canadensis)

(Carya alba)
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Mitella diphylla L.

Hamamelis virginiana L.

Amelanchier canadensis (L.) Medic.

Prunus serotina Ehrh.

Acer pennsylvanicum L.

Acer saccharum Marsh.

Tilia americana L.

Aralia nudicaulis L.

Osmorhiza longistylis (Torr.) DC.

"Frequent or common northward across the

Cornus canadensis L.

Cornus florida L.

Chimaphila umbellata (L.) Nutt.

Pyrola americana Sweet.

Monotropa uniflora L.

Rhododendron nudiflorum (L.) Torr.

Gaultheria procumbens L.

Gaylussacia baccata(Wang.) Koch

Lysimachia quadrifolia L.

Trientalis americana (Pers.) Pursh

Fraxinus americana L.

Asclepias quadrifolia Jacq.

Iledeoma pulegioides (L.) Pers.

Aureolaria virginica (L.) Pennell

Veronica officinalis L.

Galium lanceolatum Torr.

Mitchella repens L.

Sambucus racemosa L.

VIII. PLANTS or DRY FIELDS

(Aronia botryapium)

(Acer saccharinum)

(Uraspermum claytonia)

state." (House).

(Vaccinium resinosum)

(Gerardia flava)

Pteridium latiusculum (Desv.) Maxon.

Equisetum hyemale L. var.

Juniperus virginiana L.

Spiranthes gracilis (Bigel.) Beck.

Betula populifolia Marsh.

Rubus villosus Ait. ? Dewberry.

Baptisia tinctoria (L.) R. Br.

Lupinus perennis L.

Oxalis stricta L.

Oenothera biennis L.

Apocynum androsaemifolium L.

Asclepias amplexicaulis Sm.

Asclepias syriaca L.

Isanthus brachiatus (L.) BSP.

(Equiseum hyemale)

(Juniperus cinerea)

(Rubus trivialis)
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Solanum nigrum L.

Penstemon hirsutus (L.) Willd.

Lobelia inflata L.

Krigia virginica (L.) Willd.

IX. introduced species: mostly weeds
Populus nigra L. var. italica DuRoi.
Ulmus campestris L.

Rumex Acetosella L.

Polygonum Persicaria L.

Fagopyrum esculentum Moench.
Agrostemma Githago L.

Ranunculus acris L.

Chelidonium majus L.

Robinia Pseudo-Acacia L.

Aesculus Hippocastanum L.

Hypericum perforatum L.

Conium maculatum L.

Ligustrum vulgare L.

Lithospermum arvense L.

Nepeta Cataria L.

Prunella vulgaris L.

Lamium amplexicaule L.

Datura Stramonium L.

Verbascum Thapsus L.

Linaria vulgaris Hill.

Veronica agrestis L.

Tecoma radicans (L.) Juss.

Inula Helenium L.

Achillea Millefolium L.

Chrysanthemum Leucanthemum L. var.

Arctium minus Bernh.

Cirsium arvense (L.) Scop.

Cirsium lanceolatum (L.) Hill.

Taraxacum officinale Weber.

(Populus dilatata)

(Hypericum perfoliatum)

(Bignonia trumpicans)

(Arctium lappa)

About one-half of the remaining species are plants no longer found, so
far as known, in the vicinity of Kinderhook:

Abies balsamea (L.) Mill.

Lilium philadelphicum L.

Lilium superbum L.

Smilacina trifolia (L.) Desf.

Cypripedium arietinum R. Br.

Habenaria flava (L.) Gray

(Pinus balsamea)

(Convallaria trifolia)

(Orchis flava)
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(Azalea arborescens)

(Vaccinium dumosum)

(Vaccinium frondosum)

(Convolvulus repens)

Habenaria orbiculata (Pursh) Torr.

Juglans nigra L.

Rubus setosus Bigel.

Oxalis Acetosella L.

Hippuris vulgaris L.

Rhododendron maximum L.

Kalmia latifolia L.

Gaylussacia dumosa (Andr.) T. & G.

Gaylussacia frondosa (L.) T. & G.

Convolvulus Sepium L. var. pubescens (Gray)

Fern.

Houstonia caerulea L.

Campanula americana L.

Cirsium altissimum (L.) Spreng.

To complete the list we have (a) five species, which, if they ever grew

here, were no doubt introductions, and are not now known to grow in

Kinderhook: j. . u \

Taxodium distichum (L.) Richard (Cupressus disticha

Chamaecyparis thyoides (L.) BSP. Cupressus thyoides)

Belamcanda chinensis (L.) DC. dxia chinensis)

Indigofera tinctoria L.

Sida spinosa L.

and (b) eight names which are too doubtful in their application to be made

use of in this paper. They include those cases in which synonymy is ob-

scure or in which a name seems to have been wrongly apphed to a plant

which grew in the area under discussion:

Convallaria latifolia

Arenaria glabra

Arenaria serphyllum

Arenaria stricta

Cerastium hirsutum

Cerastium semidecandrum

Crategus coccinea

Oenothera parviflora

CONCLUSION

Since about seven-eights of the species mentioned by Woodworth are

seen to be common or locally so about Kinderhook at the present time,

we may conclude that no great changes have taken place in the flora

during the last century. This is borne out by the fact that numbers of

species in the arbitrary habitat groupings which the writer has made

above agree very well with relative numbers of species in the same habi-
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tats today. The above conclusion is perhaps to be expected, since the vil-

lage was settled by the Dutch about 1640, and reference to old maps and

deeds shows that farm boundaries have existed, much as they are at pres-

ent, for many years. The greatest single change in the aspect of the

vegetation has been in the cutting of several small areas of first-growth

timber, mostly White Pine and Hemlock, some of which was standing as

late as 1900.

A closer study of Woodworth 's list, however, seems to indicate that

the northern or high-altitude elements of the flora were more pronounced

formerly than now ; the following selection of plants noted by Woodworth

consists of those species having decidedly northern affinities, or, in this

part of the Hudson Valley, typical of cold bogs or the elevations of the

Taghkanic Mountain region to the eastward

:

*Pinus resinosa Ait.

*Larix laricina (DuRoi) Koch

Abies balsamea (L.) Mill.

*Calla palustris L.

Lilium philadelphicum L.

Smilacina trifolia (L.) Desf.

Cypripedium arietinum R. Br.

Habenaria flava (L.) Gray

Habenaria orbiculata (Pursh) Torr.

*Coptis trifolia (L.) Salisb.

Rubus setosus Bigel.

Oxalis Acetosella L.

*Acer pennsylvanicum L.

Epilobium angustifolium L.

Hippuris vulgaris L.

*Cornus canadensis L.

Kalmia latifolia L.

*Kalmia angustifolia L.

Kalmia polifolia Wang.

*Menyanthes trifoliata L.

Houstonia caerulea L.

At the present time none of the above species is even locally common

near Kinderhook; the ten marked with a star are rare in the vicinity and

the rest are unknown. The ten species now growing here are known from

only two to three stations at most. Accordingly it seems probable that

the plants in the above short list occupied a somewhat more prominent

place in the flora of a hundred years ago than they do now, if they were

all to be recorded in a catalogue which is made up mostly of fairly common
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plants. These species may have found conditions favorable to their growth

in the deeper, colder forests of which only the stumps remain; forests

which still persist to some extent in the more thinly settled portions of

Columbia and Rensselaer counties, and in which are found in more or less

abundance most of the plants noted above.

It also seems worth while to add a short list of species, now rare or

unknown in the vicinity of Kinderhook, which may have been frequent or

occasional in their occurrence at the time of Woodworth. This is largely

speculative, but is in part supported by ranges of species as published in

the manuals, and by references to various species by authors of local

floras such as Hoffmann, Hoysradt, Stebbins, Wright and Hall, and others:

Uvularia grandiflora Sm.

Lilium superbum L.

Epipactis pubescens (Willd.) A. A. Eaton

Juglans nigra L.

Lupinus perennis L.

Nyssa sylvatica Marsh.

Rhododendron maximum L.

Gaylussacia dumosa (Andr.) T. & G.

Gaylussacia frondosa (L.) T. & G.

Convolvulus Sepium L. var. pubescens (Gray) Fernald.

Isanthus brachiatus (L.) BSP.

Campanula americana L.

Cirsium altissimum (L.) Spreng.

No effort has been spared to prevent errors in transcribing the above

catalogues, but some have undoubtedly crept in. While such an article as

the present one is largely of local interest, it is felt that it shows the

general trend of plant associations well enough to merit general publica-

tion. In the preparation of the manuscript the writer has availed himself

of the help of several friends, and he wishes especially to thank Dr. Homer

D. House, the State Botanist of New York, and Dr. John M. Fogg, of the

University of Pennsylvania, for their generous assistance at all times.

Botanical Laboratory,

University op Pennsylvania
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Studies on the Spores of some Northeastern

Ferns

Rogers McVaugh

During the winter of 1931-1932, while studying the

fern-flora of Columbia County, New York, the writer

became impressed by the scarcity of published data re-

lating to spore-characters of native ferns. The stand-

ard manuals of the flora of the northeastern states make

no use of spore-characters in bringing out relationships.

Furthermore, fern literature as a whole seems very

barren in this respect : Sadebeck, in Engler and Prantl

(1902), includes a few spore drawings, but there is no

sign that he made any comparative study. D. C. Eaton,

in his beautifully illustrated ^^ Ferns of North America"

( 1893 ) , is equally vague about spores.

The only paper bearing on the above, which has come

to the writer's attention, is that of C. B. Weaver (1896),

in which he gives rather poor drawings of the spores of

59 species of North American ferns, together with aver-

age measurements, presumably in millimeters, of the

spores of some 30 specimens. He makes no attempt to

point out generic relationships.

While they are not in any sense comparative studies,

mention may be made here of Butters' (1917 a) paper

on Pellaea as well as the (1917 b) paper by the same

author on Aihyrium (see also F. L. Pickett, 1914 and

[Volume 25, No. 2 of the Journal, pages 33-72, plates 3 and 4,

was issued June 22, 1935.]
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Ilevea latex possess both hydrophilic and hydrophobic properties. Freund-

lich and Hauser (1925), with the aid of microdissection, found that the

Ilevea latex particle is composed of three layers: (i) a viscous core of liquid
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1917). In these papers spore characters are used, among
others, as diagnostic ones.

It has accordingly been thought worthwhile to under-
take a comparative study of the spores of the ferns native

to the northeastern United States, with the idea of deter-

mining whether or not spore characters can be relied on
as a basis for distinguishing genera or species. Twenty-
one genera were studied, including 47 species. The
spores were obtained in nearly all cases from dried mate-
rial in the herbarium of the University of Pennsylvania,

at Philadelphia.

It was found early in the study that only in certain

cases could different species in the same genus be dis-

tinguished by their spore-differences, but in most cases

the various genera could be separated by well-marked

and seemingly constant characters. It must be remem-
bered that these results were obtained with spores of

dried material: we cannot say surely that they can be

applied to fresh or living plants. Nevertheless, since in

the bulk of the material examined the spores of any given

species were found to be practically identical, regardless

of the habitat of the plant or the age of the specimen,

it is hoped that some value may attach to the characters

as determined.

The main spore-differences w^hich can be made use of

are as follows: color, size, shape, markings of the exo-

spore, and condition and structure of the perispore (epi-

spore), if present. An artificial key is here appended,

which should help the observer pick out the essential

points. It is regrettable that in several cases only one

species of a genus could be examined, but this is due to

the lack of other species in the region under considera-

tion. We are unable to say, for example, that the spore-

characters seen in Adiantum pedaticm are constant for

the whole genus.

Spores of Northeastern Ferns

ANALYTICAL KEY
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(The arrangement follows, in general, that of Diels

(1902), and Carl Christensen (1905)).

Family 1. Polypodiaceae
I. Perispore wanting or appearing as minute scales (A).

A. Spores smooth or practically so ; tetrahedral, somewhat flat-

tened
;
yellowish, practically transparent. Ca. 25 mu thick

by 30-35 mu in diameter Adiantum pedatum L.

AA. Spores tuberculate, roughened, scaly, echinate, or ridged (a),

a. Spores echinate, dark brown, 20-30 X 30-40 mu.
Cystopteris.

The spores of C. fragilis tend to be larger, wtih more
prominent spines, than those of C. hulhifera.

aa. Spores tuberculate : i.e., covered with wart-like eleva-
tions ; verrucose ; not scaly (1).

1. Spores oblong-oval, bilateral, somewhat kidney-
shaped, colorless or light yellow ; 30-42 X 48-05
mu Polypodium virginianum L.

1. Spores roundish, tetrahedral, usually marked by a
tri-radiate line (2).

2. Projections on spore-wall scanty
;
present on one

side only ; spore somewhat flattened, light

brown, translucent, 30-35 X 20-25 mu.
Dennstaedtia punctilobula (Mx.) Moore.

2. Projections covering most of the surface of the
spore ; spores prominently tetrahedral, some-
what flattened ; tri-radiate line conspicuous ;

yellow-transparent, 30-35 X 40-48 mu.
Cryptogramma Stelleri (S. G. Gmel.) Prantl.

aaa. Spores variously roughened, generally presenting a
scaly appearance; not typically verrucose (3).

3. Spores small, dark yellowish to nigrescent, 25-32
mu in diameter.

Pteridium latiusculum (Desv.) Hieron.
3. Spores larger ; irregularly round to oval, covered

with prominent scales which give them a ragged
appearance; not green (4).

4. Spores round to oval, yellow-brown ; scales con-

spicuous ; 45 X 50-60 mu.
Pellaea atropurpurea (L.) Link.

4. Spores oval to reniform, yellow, with inconspicu-
ous scales ; smooth in appearance, 45-GO
X 60-80 mu Pellaea glabella Mett.

4. Spores round, yellowish, 40 mu in diameter.
Cheilanthes lanosa (Mx.) Watt.

II. Perispore present ; sometimes obscurcL or easily shed ; appearing as

projections, ridges or wings on the spores (A).

A. Perispore obscure, inconspicuous ; spores smooth or sparingly

papillose, yellowish, 24-30 X 30-39 mu.
Athyriiim angustum (Willd.) Presl.

AA. Perispore evident (sometimes not so in Phegopteris group)

a. Perispore loosely attached ; often not found in her-

barium material, thus giving the spores a perfectly

smooth appearance. Spores yellowish to brownish.
Woodwardia.

Spores 35-50 X 40-60 mu.
IV'. areolata (L.) J. E. Sm.

Spores much smaller. .W. virginica (L.) J. E. Sm.
aa. Perispore not as a rule so loosely attached (1).

1. Spores translucent, light greenish-gray, 30-45 X 35-
50 mu. Perispore forming a prominent wing;
spores noticeably light in color.

Polystichum acrostichoides (Mx.) Schott.

1. Spores yellowish- or greenish-brown to nigrescent

(2).
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lich and Hauser (1925), with the aid of microdissection, found that the

Ilam latex particle is composed of three layers: (i) a viscous core of liquid
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2. Wrinkles of perispore not forming continuous
ridges or wings (3).

3. Spores light brown or yellowish-brown.

Dryopteria (Phegopteris group)

Spores light greenish-brown, to 60 mu
long D. Phegopteris (L.) C. Chr.

Spores greenish-brown, 20-27 X 30-50 mu.
D. hexagonoptera (Mx.) C. Chr.

Spores light brown, 15-22 X 25-39 mu.
D. Linnaeana C. Chr.

3. Spores dark brown ;
protuberances large,

smooth, close together ; spores 20-27 X 30-
39 mu.

Dryopteria marginalia (L.) A. Gray.
2. Wrinkles of perispore forming what appear to be

more or less continuous ridges or wings (4).

4. Spores nigrescent, angular, wrinkled in ap-
pearance rather than with a wide wing.
Average, 24 X 29 mu.

Athyrium aaplenioidea (Mx.) Desv.
4. Spores light or dark brown (5).

5. Folds of perispore forming a wide, con-
spicuous wing completely around the
spore, or nearly so (6).

6. Spores brown, 25-30 X 27-35 mu.
Camptosorus rhizophyllua (L.) Link.

6. Spores dark brown, usually opaque,
with heavy, thick fringes; 35-45
X 45-60 mu.

Pteretia noduloaa (Mx.) Nieuwl.
6. Spores brown or light brown ; ridges

sometimes not wholly continuous.
Woodaia.

Spores brown, 35-40 X 40-50 mu.
W. glabella R. Br.

Spores light brown, 35 X 50 mu.
W. ohtuaa (Spreng.) Torr.

Spores light brown, 30 X 50 mu.
W. ilvenaia (L.) R. Br.

For distinguishing characters, see
Figs. 37-39.

5. Folds of perispore forming broken or nar-
row ridges or wings about the spore
(7).

7. Ridges showing a tendency to anasto-
mose ; thin rather than rounded or
obtuse.

Spores brown, 30 X 35-45 mu.
Athyrium acroatichoidea

(Sw.) Diels.
Spores brown, 22-23 X 27-40 mu.

Athyrium pycnocarpon
(Spreng.) Tidestrom.

Aaplenium is also to be sought
here.

Spores brown, 30-40 X 35-55 mu.
A. Rutormuraria L.

Spores brown, 30-40 X 35-45 mu.
A. platyneuron (L.) Oakes.

The spore of A. Trichomanea
L. is practically identical with
that of A. platyneuron; that of
A. montanum Willd. is slightly
smaller ; ridges less anastomos-
ing.

* D. Phegopteria is marked like D. hexagonoptera, or ridges may
sometimes be formed, as in Fig. 26.
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7. Ridges consisting of more or less ob-

tuse or irregular wrinkles and pro-

tuberances ; anastomosing little or

not at all.

*Dryopteria (subgenus Eudryopteria
C. Chr.)

Spores brown, 30-40 X 40-60 mu.
D. criatata (L.) A. Gray.

Spores brown, 25-30 X 30^0 mu.
D. Goldiana (Hook.) A. Gray.

Spores 25-35 X 30-44 mu.
D. apinuloaa (Muell.) O. Ktze.

Dryopteria (subgenus Lastrea)

Spores brown, 25-30 X 33-45 mu.
D. novehoracenaia (L.) A. Gray.

Spores brown, 25-35 X 30-57 mu.
D. Thelypteria (L.) A. Gray.

The spore of D. aimulata Dav.
is brown, similar in size to that

of D. Thelypteria, but marked like

D. novehora^ienaia.

Family 2. Schizaeaceab

Perispore wMit^ng^^
or pocked ; smoothly symmetrical, oval^ith many

small shallow pits; yellowish-gray ; large (45^5x60-90
^y \ Schizaea puailla Pursh.

AA. Spores roughened,* plainly tetrahedral, yellow-translucent, thin-

walled, marked with irregular scattered projections
;
50-60

mu diam Lygodium palmatum (Bernh.) bw.

Family 3. Osmundaceae

Spores globular, green, marked with numerous small irregular flat to

spiny projections.
Oamunda

Spores 60 mu in diameter. *,.•,• /wm/i ^ a rmv^
0. regalia L. var. apectahtlia (Willd.) A. Gray.

Snores 40-50 mu in diameter. , ^ ^, ^ •opores tyj-oKj
^ cinnamomea L. and 0. Claytoniana L.

Family 4. Ophioglossaceae

Perispore wanting.

^- T%l^eltnehVo"Viox 40 mu, marked coarsely with pits,
a. spores rouguijr uv

, ^ Ophioglossum vulgatum L.

aa. Spores roundish or somewhat tetrahedral, 20-25 X 25^0
mu Botrychium ailaijoltum fresi.

AA Snores tuberculate ; i.e., covered with wartlike elevations :
verru-

^
cose; not 8^^^^^^^ Roundish, with inconspicuous tri-radiate

^Botrychtum

Spores 35-50 mu in diameter B. aimplex Hitchc.

Spores 25-35 mu in diameter.
/t> jt xt \ TTprn^^

B. anguatiaegmentum (P. & M.) Uern.

Spores 25-35 mu in diameter. .B. matri<;ariaefolium A Br.

Spores 2&^35 mu in diameter B. vvrgtmanum (L.) Sw.

* The Phegopteria group may also be sought here: subgenus Laatrea

l^e%^o\rc^d"^"^r si^l inh%\\^r ^.eST^Tel tS'S^'k

pitted spore : B. ailaifoUum is apparently at the end of a series.

i

\

,^o..»iuc.ciu.c CV.UC..CC ..as uce.. picsoieu lu snow tnat tne particies tn
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iich and Hauser (1925), with the aid of microdissection, found that the

Ilevea latex particle is composed of three layers: (i) a viscous core of liquid
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The consideration of the above grouping, together with

the plates, brings out several interesting features ; spore-

characters in general bear out studies of relationships

made in other ways.

Let us first consider the Polypodiaceae, in which there

are seen several groups. The genus Woodsia seems a

close-knit one, and very similar to the related Pteretis.

Cystopteris, which is often placed near Woodsia, is mark-

edly different in spore-characters, and Dennstaedtia

seems more closely allied to the Pteroid ferns, such as

Adiantum.

The Pteroid ferns as a whole, comprising those genera

with marginal elongate sori, show similar characters,

although variations in size and degree of scaliness indi-

cate looseness of relationships. The considerable differ-

ences between Pellaea and Cryptogramma indicate the

reasonableness of their generic segregation, while Chei-

lanthes seems much closer to Pellaea.

The spore of Polypodium, with its bean-shape, and

bilateral symmetry, differs markedly from all others. It

is worthwhile emphasizing here that evolution in ferns

has been definitely along reticulate lines, and not in a

straight chain. The spore of an advanced type such as

Polypodium has little relation to the spore of the Asple-

nieae, for example : advancement has been along different

lines.

The spores of the Asplenium group (sorus elongate;

indusium lateral-superior) seem quite uniform. The

genera Asplenium and Athyrium are separated with dif-

ficulty, while close similarity of spores seems to favor the

retention of Woodwardia areolata and W. virginica in

the same genus. The genus Camptosorus, sometimes

placed in Asplenium, generally shows a more conspicuous

perispore **wing'^ than the Asplenia. However, espe-

cially in view of its tendency to hybridize with A. platy-

i -,4-r
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neuron, there is a question as to the advisability of main-

taining it as a separate genus.

In the last group of the family {Aspidieae of Diels

(1902) ; sorus circular, indusium superior or wanting)

the spores of Polystichum differ plainly from those of

Dryopteris: the color differs, as well as the markings.

The group of Phegopteris (subgenus Lastrea (Bory) C.

Chr.) seems to form a unit differing, by a lighter spore-

color and a less wrinkled perispore, from Dryopteris as

a whole. The peculiar spore of D. marginalis is quite

easily recognized, and is quite similar to that of the re-

lated western D. arguta, though smaller. D. Filix-mas,

on the other hand, seems to be related more closely by

spore-characters to the spinulose ferns. The writer has

seen a few sheets of the two last, through the kindness of

Mr. C. A. Weatherby, but the above conclusions should

be tested by further observations. The rest of the com-

prehensive genus Dryopteris would be hard to separate

;

the three related species, D. simulata, D. noveloracensis,

and D. Thelypteris (also subgenus Lastrea), are espe-

cially closely similar to each other.

Going from the Polypodiaceae to the Ophioglossaceae,

we see signs of family affinity within the latter family.

The spores are alike in lacking a perispore, and in the

generally pitted or tuberculate character. Within the

genus Botrychium the various species seem to be related

much as Prantl (see Bitter, G. (1902)) arranges them.

It is both unnecessary and unwise, however, to place

much stress upon these resemblances, without further

study.

The present study is admittedly very incomplete.

Certain groups, such as the Appalachian Asplenia, have

hardly been touched ; certain genera, such as Onoclea and

Polystichum, have been neglected. Dryopteris would

repay much more study: the list might be much pro-

^uusiuc.au.c cv.uc.cc i.cis ucc. p.cse.iicu lu s.iow iiiai trie particies in

Ilei'ea latex possess both hydrophilic and hydrophobic properties. Freund-

lich and Hauser (1925), with the aid of microdissection, found that the

Ilevea latex particle is composed of three layers: (i) a viscous core of liquid
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longed. It is hoped, however, that this paper will be of

interest to students of the ferns, and will stimulate

further work to test the correctness of the views herein

expressed.

In conclusion, the writer wishes to extend his sincere

thanks to Dr. J. M. Fogg, with whose help the work on

spores was carried out, and to Dr. E. T. Wherry, who

made many helpful suggestions during the course of the

work.
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' Part II.

Explanation op Plates

The outlines of the figures were made in all cases with the aid of

a camera lucida; artificial light was used, with a compound micro-

scope equipped with a jflO eyepiece and a 4 mm. objective. The

spores were mounted in water. The figures are enlarged approxi-

mately 425 times.

Plate 5. Fig. 1. Ophioglossum vulgatum L. ; Fig. 2. Botry-

chium angustisegmentum (P. & M.) Fern.; Fig. 3. B, matri-
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lich and Hauser (1925), with the aid of microdissection, found that the

Ilam latex particle is composed of three layers: (i) a viscous core of liquid
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cariaefolium A. Br.; Fig. 4. B. virginianum (L.) Sw.; Fig. 5. B.

silaifolium Presi; Fig. 6. B. simpieo; Hitchc; Fig. 7. Osmt^nda

regalis L. var. spectahUis (Willd.) A. Gray; Fig. 8. 0. cmna-

momea L.; Fig. 9. Schizaea pusUla Pursh; Fig. 10. Lygodium

palmatum (Bernh.) Sw.

Plate 6. Fig. 11. Pellaea atropurpurea (L.) Link.; Fig. 12.

Cheilanthes lanosa (Mx.) Watt; Fig. 13. Cryptogramma Stelleri

(S. G. Gmel.) Prantl; Fig. 14. Pteridium latiusculum (Desv.)

Hieron.; Fig. 15. Polypodium virginianum L.; Fig. 16. Cystop-

teris hulhifera (L.) Bernh.; Fig. 17. Adiantum pedatum L.; Fig.

18. Dennstaedtia punciilohula (Mx.) Moore.

Plate 7. Fig. 19. Dryopteris crisiata (L.) A. Gray; Fig. 20.

P. Goldiana (Hook.) A. Gray; Fig. 21. P. spinulosa (Muell.) O.

Ktze.; Fig. 22. P. marginalis (L.) A. Gray; Fig. 23. D. Thelyp-

teris (L.) A. Gray; Fig. 24. D. novehoracensis (I>.) A. Gray; Fig.

25. D. Linnaeana C. Ghr.; Fig. 26. D. Phegopteris (L.) C. Chr.;

Fig. 27. Dryopteris hexagonoptera (Mx.) C. Chr.; Fig. 28. Athy-

rium acrostichoides (Sw.) Diels; Fig. 29. A. asplenioides (Mx.)

Desv.; Fig. 30. A. angustum (Willd.) Presl; Fig. 31. Polystichum

acrostichoides (Mx.) Schott.

Plate 8.. Fig. 32. Camptosorus rhizophyllus (L.) Link; Fig. 33.

Athyrium pycnooarpon (Spreng.) Tidestrom; Fig. 34. Asplenium

platyneuron (L.) Oakes; Fig. 35. A. Ruta-muraria L.; Fig. 36.

Pteretis nodulosa (Mx.) Nieuwl.; Fig. 37. Woodsia ilvensis (L.)

R. Br.; Fig. 38. W, ohtusa (Spreng.) Torr.; Fig. 39. W, glabella

R. Br.; Fig. 40. Woodwardia areolata (L.) J. E. Sm.; Fig. 41. W.

virginica (L.) J. E. Sm.

Botanical Laboratory,

University of Pennsylvania,

December, 1934.
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ON THE SURFACE COMPOSITION OF CERTAIN
LATEX PARTICLES

Laurence S. Mover

(Received for publication October 26, 1933)

It has been known for many years that aqueous colloidal suspensions

can be classified into two principal groups, as hydrophilic or hydrophobic

sols depending upon whether or not their surfaces show an affinity for the

dispersion medium (Freundlich, 1923; Gortner, 1929; Kruyt, i93o). It

was generally considered until recently that the members of the hydrophilic

class were subject to different laws from those governing the hydrophobic

sols. In 1922, Kruyt and de Jong first made clear the essential similarity

of the two classes. The theory was further amplified by de Jong (1923.

1924 1927) in his studies on leather tanning and summarized by Kruyt

(1930) and by Kruyt and Tendeloo (1929)- Kruyt and de Jong showed by

means of careful electrophoretic and viscosity measurements that there are

two factors capable of stabilizing colloids, the electrokinetic potential and

hydration. Hydrophobic colloids are stabilized by their potential, which

may be readily depressed by electrolytes of opposite sign. Hydrophilic

sols in addition to a potential of the same magnitude, generally possess

polar surfaces similar in character to the water in which they are dispersed.

In some manner, this water is held by the surfaces and hence they are

hydrated (Kruyt, 1930). Possibly this hydration is due to the formation

of cybotactic complexes, as Kistler (1932) has recently suggested or the

causative factor may be different in different cases (Gortner. 1929). This

hydration may be removed by alcohol or tannin (de Jong, 1923. 1924). and

then the potential becomes the sole stabilizer; or the potential may be de-

pressed by electrolytes, leaving the sol protected by hydration. If. how-

ever, both are removed, flocculation ensues.
,

. , t^.

Among the natural colloid systems occurring in plants is latex. 1 he

nature of the surfaces of latex particles has always been somewhat con-

iectural. As a rule, workers in this field have been forced to rely upon

indirect methods such as chemical analysis, coagulation of the latex with

electrolytes, and, to some extent, electrophoresis. Furthermore, with the

exception of Hevea brasiliensis, few laticiferous plants have been investi-

^""^Considerable evidence has been presented to show that the particles in

Ilez'ea latex possess both hydrophilic and hydrophobic properties^ Heund-

lich and Hauser (1925), with the aid of microdissection, found that he

Ilevea latex particle is composed of three layers: (i) a viscous core of liquid
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caoutchouc, (2) a nearly solid elastic shell, and (3) an adsorbed layer,

chiefly of proteins, on the surface. It is this layer that imparts to the

latex its hydrophilic properties, since latex from which this protein has been

removed is markedly hydrophobic. In addition to these proteins, water-

insoluble "resins" are present (van Harpen, 1931; Whitby, 1920). In

the words of Hauser (1930), *'One cannot go wrong by considering the

disperse phase of Ilevea latex as a protected hydrophobic colloid." These
results would classify it as an intermediate type. The evidence leading to

these conclusions has been well summarized by Hauser (1930), van Harpen

(1931), and van Rossem (1932).

Freundlich and Hauser (1925) also investigated the structure of Ficus

elastica latex particles with the same methods and found that they are

composed of liquid rubber throughout, forming a true emulsion. Hauser

(1930) notes the small amount of protein and the large proportion of resinous

material found by analysis. He concludes from ultramicroscopic observa-

tions that there is a thin layer on the surface probably consisting of adsorbed

resins. The particles are relatively large, possessing a maximal diameter

of 5 /x. Beadle and Stevens (1912) likewise decided that the Ficus latex

particle is a liquid, upon observing the fusion of particles under the micro-

scope.

The structure of Musa latex has been investigated by Lloyd (1928), who
found it to be a large suspensoid, sometimes attaining a diameter of 50 n.

Moyer (1934a) has recently investigated the electrokinetic potential of

Euphorbia latex particles with a modified Northrop-Kunitz microelectro-

phoresis apparatus. Isoelectric points and mobility curves (in )u/sec./volt/cm.

plotted against pH) were determined for over twenty species of this genus.

It was found that these isoelectric points and curves (which were constant

for each of the species investigated [Moyer, 1934c]) could be arranged into

several difi'erent groups, depending upon their position and shape. These
families of isoelectric points and mobility curves of latex particles correspond

to the taxonomic groups already established for the genus. In addition

(Moyer, 1934b), chromosome numbers of poinsettias were correlated with

the grouping exhibited in the electrophoretic investigations. Since such

striking agreement was found between taxonomic relationships and the

variation of electrokinetic potentials, it was thought desirable to investigate

the surfaces of latex particles more completely. Electrophoretic methods
yield little information concerning the other factor governing stability

—

the hydration. They do indicate, however, that some species of Euphorbia

latex are almost completely stabilized by a single protein, some by several

proteins or a mixture of proteins with other ampholytes, while other species

seem to have an almost completely non-protein surface.

As stated above, most of this evidence is the result of indirect methods.

It seemed that a method which would enable one to investigate the surface

of the latex particle while actually observing it under the microscope would
be of great value. Such a technique has been devised.

xW''

\k\

</tT^*^

In 1924, the immunologists, Stuart and Emily Mudd, described an

interfacial technique for studying the surfaces of bacteria or other living

cells. A droplet of oil and a droplet of the solution containing the cells are

placed side by side on a microscope slide (fig. i) and a long cover-slip is

carefully lowered upon them, spreading both droplets into a film meeting in

a line across the slide. This oil-water interface is then observed under the

high-power magnification of a microscope, preferably with dark-field con-

denser. The oil film tends to spread and surround the water, and thus the

Fig. I. Diagram of the Mudd interfacial technique. After Nugent (1932).

cells are swept into the interface as it progresses across the field. Here

their wetting properties in both oil and water may be observed. Likewise,

some information in regard to the fluidity and plasticity of the cell may be

gained from its resistance to interfacial stresses.

This technique has yielded valuable results concerning the surfaces of

bacteria in their normal state and after undergoing sensitization by specific

immune sera (Mudd and Mudd, 1924a, 1924b, 1925, 1927a, 1927b, 1927c).

These workers have also investigated the wetting properties of blood cells

and spermatozoa and their deformability under interfacial forces (1926,

1927c, 1931). The chylomicron emulsion of fat in the blood stream has

been subjected to the interfacial technique by Ludlum, Taft, and Nugent

(1931), who were thus enabled to discover the nature of the protective

protein film around each globule. Recently Nugent (1932) has applied

the Mudd technique to the study of protein films stabilizing oil-in-water

emulsions.

Clerk Maxwell (1891) and, more recently, Mudd and Mudd (1924b,

1 931) have discussed the physical principles involved in the interfacial
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behavior of colloidal particles. Let us consider a solid spherical particle,

5 (fig 2), at an interface between an organic phase, 0, and an aqueous

phase W The line of contact of the sphere with the interface will be a

circle 'in a plane normal to the plane of the paper. Let P be a point on

this line of contact and let 9 be the angle of contact between 5 and the

interface, with origin at P. From the point P there arise three separating

surfaces OW, the oil-water interface, SO, the solid-oil interface, and SW,

the solid-water interface. Each surface is the seat of free interfacial energy.

For each of these free energy values there may be substituted a tension

Organic Phase

Aqueous Phase

Fig. 2. Tensional relationships arising in the interfaces between a particle and an organic

and aqueous phase. After Mudd and Mudd (1931).

equal to it in magnitude and parallel to the surface—the interfacial tension

(Adam, 1930). Let the corresponding tensions in the surfaces meeting at

P be Tow, Tso, and Tsw. At equilibrium,

Tso = Tsw + Tow . cos 0.

If, however, Tsw > Tso + Tow, the line of contact will be dragged toward

the aqueous side until the particle lies completely in the oil. Likewise, if

Tso > Tsw + Tow, the line of contact will be displaced toward the organic

phase until the particle is enveloped by water. For equilibrium in the

interface it is necessary that Tso < Tsw + Tow and Tsw < Tso + Tow.

Only the theoretical behavior of solid particles is discussed here, since

the majority of the investigated latices did not seem to be altered in shape

while passing through the interface and hence behaved as non-deformable

bodies. However, in certain species the latex particles were deformed.

For these, the theory is essentially the same. Coghill and Anderson (1923)

and Mudd and Mudd (193 have presented theoretical treatments covering

the behavior of deformable particles in interfaces and find their reactions to

be controlled by the same factors as those influencing solids.

Since means are not available for the measurement of solid-liquid

tensions, only values for Tow are known at present. However, certain

conclusions in harmony with the observations can be drawn. Suppose the

solid has a low tension with the water so that 9 is small and the interface

is pulled to the organic side. Such a reaction indicates a low value of Tsw

i ml

^ *J

l>

relative to Tso; in other words, the solid exhibits marked preferential wetting

by the water. This strongly indicates a hydrated surface.

Mudd, Nugent, and Bullock (1932) point out that "the greater the state

of hydration of a given surface, the more the surface resembles the aqueous

dispersion medium and presumably the less the free interfacial energy."

As Harkins (1925) remarks, ''The greatest of all solubility rules is that

like dissolves like, wherein the likeness is that of the electromagnetic stray

fields (presumably largely electrical) around the molecules."

In addition to this, Harkins, Brown, and Davies (1917) state, "Polar

liquids are in general mutually soluble. Also slightly polar liquids such as

hexane or octane are soluble in other slightly polar liquids, but they are not

soluble in very polar liquids."

Hence one would expect that hydrophilic surfaces in a hydrous condition

would show preferential wetting by water and not by oil, while hydrophobic

substances would demonstrate the reverse effect. This has been shown

to be the case. Protein-coated surfaces resist passage into oil to a variable

extent, depending on their hydration (Nugent, 1932). Mudd and Mudd

(1926) have demonstrated that cellulose, starch, and other hydrophilic

surfaces likewise resist passage. On the other hand, lipoid-coated particles

are swept into the oil. One must remember, however, that only relative

values of Tsw and Tso are shown and not the value of Tsw alone. This

fact must be kept in mind when interpreting interfacial phenomena of

I'his character

The present paper is an attempt to demonstrate differences in the

surface composition of the latex particles of Euphorbia and other genera

which may account for their electrophoretic behavior.

MATERIALS AND METHODS

The Mudd interfacial reaction. A clean microscope slide (illustrated in

fig. I) is placed on the stage of a microscope with oil immersion contact

between its lower surface and a Zeiss cardioid condenser. A droplet of a

suitable oil is drawn across the slide (fig. i, i), and near-by, at right angles

to it, is spread a droplet of the suspension to be investigated A 3-mm

platinum bacteriological loop, which has been alternately flamed and dipped

into distilled water several times, is used to convey the droplet of the sus-

pension to the slide. A carefully cleaned 24 X 40 mm. cover-slip is brought

into contact with the oil droplet and then slowly lowered (fig. i, 2) so that

the two drops spread into films and meet in an interface across the slide.

The water droplet should not be so large that it covers the entire under-

surface of the cover-slip. The oil moves to displace the water in the direc-

tion shown by the arrow in figure i , J. This moving interface is kept under

continual observation with a mechanical stage. A Zeiss dark-field HI60

objective with an iris diaphragm and a Zeiss 15 X ocular were found to be

satisfactory. A Zeiss Incandescent Micro Lamp adapted for dark-field
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investigations was used as a light source. When viewed under da k-field

Zm nation the interface appears as a bright line with interference fnnges,

liTelatTx particles appear as shining spheres against a black background.

Cae hoJd'b taken to distinguish between the oil-water interface and he

interfaces at the surfaces of air bubbles, which are generally much brighter.

with more interference bands.
tt- -^ • ^^

EZZphoresis iechnnue. A modified form of Northrop-Kumtz m.cro-

elecTrophoresis apparatus mounted over a dark-field condenser was used

^Mudd Luck6. McCutcheon. and Strumia. 1928). For details the reader

s refer;ed to an earlier paper (Moyer, 1934a). Dilute suspensions of latex

were prepared and thdr isoelectric points determined in the stationary

Tevels which lie at 0.211 and 0.789 of the inside depth of the electrophoresis

cJl The qu^nhydrone method was used to determine potent.ometncally

''^'al'^Hants growing in the greenhouses of the University of Pennsyl-

vania were used as sources of the latex. These were ob ained -m -nou

sources as indicated previously Moyer, 1934a, I934b). A leaf or other

suitab ; par was nicked with a clean razor blade, and a drop of the exuding

a ex was permitted to fall into approximately 3 cc. of suspending medium

fo^thl interface reaction, or into 20 cc. for electrophoresis. Observations

were always made within a few minutes after tapping.

ctllre. Slides and cover-slips are first boiled in soap -d distilled

water then rinsed, and soaked for at least a week in d'ch^^^t^-*'^

Tcid cleaning fluid After this treatment they are rinsed well m d.s .
ed

watr Tn seLal changes of alcohol, and finally in dust-free, re-distiUed

Ilcohol They are removed from this solution by metal forceps provided

with a clamp Jnd suspended over a clean electric hot-plate until dry. Slides

are stored in dean dry staining dishes, resting on clean filter paper^ Cov^r

slios are leaned against the sides of clean dry specimen jars. These likew se

est o'cSn filter paper. It is not advisable to store slides or covers for

Lnv leng h of time in distilled water during the cleaning process. Scru-

pufous care ^as also taken regarding the cleanliness of all other glassware

This m thod of cleansing is due to Mudd and Mudd.' To msure agains

contaminated surfaces and hence fallacious results, it is necessaiy that the

^'TJ^LTl:.^ '/^/S^- The following oils have been used In th s

investlgaton: triolein (Kahlbaum), trlcaprylln (Eastman, re-distiUed),

ZU\ oil (Squibb), cyclohexanol (Eastman), and sperm oil (source un-

known It shotild be noted that oils from various sources may y.e d

dZent results. For the Interface reaction, distilled water was usualhj

used as the suspending medium. Since the particles are small, it is of

advantage to observe the behavior of clumps in addition to single particles.

Mnl frequently present on latex particles (Whitby, 1920), are in-

I Personal communication.
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soluble in distilled water and flocculate (Gortner, 1929)- Phosphate or

borate buffers were not used because of the considerable amounts of calcium

present in Euphorbia latex (Mollsch, 1901). Most other buffers are not

sufficiently removed In pH value from the isoelectric point of the latex

particles, a point at which proteins show little resistance to wetting by oil

(Nugent 1932). Some observations were made with latex in 2 per cent

NaCl, but this proved to be less satisfactory than distilled water. As

reported before (Moyer, 1934a), M/50 acetic acid-sodium acetate butters

were used exclusively in the electrophoretic investigations.

RESULTS

General types of behavior

Nugent (1932) has illustrated by a chart the different general types of

behavior observed when emulsion globules are wet by oil. It was found

that the behavior of single latex particles or clumps of particles could be

well depicted by such a diagram with, of course, certain modifications due

to the differences in the size and deformabillty of emulsion g ob^les and

latex particles. Euphorbia latex particles in general are so small that their

fate after passage into the oil could not be determined. H^^^^^;- '^eu-

modes of resistance to wetting could be easily classified. Figure 3 repre-

sents these general types of behavior. In the case of certain genera pos-

sessing larger particles (e.g., Ficus), slight modifications must be made.

Th loes not, however, vitiate the use of the chart for the -aprity o the

soecies investigated. In each of the eight types the circles represent single

rtr;rideTor dumps of particles. These are depicted as white on the

aqueous side and black on the organic side of the '"^erface which s^shown

in the successive positions as an advancing vertical line. The vertical line

on the left repreLnts the Interface approaching the partide (or clump

and the second position the Instant of contact with the particle^ The hr

c ^.^. {f,cr 1 A B C D) apply to suspended particles, while the last

f^r (fig
3^ I' F, t H) Uiuftratfthe behavior of partldes attached to the

^de In iht ca e ^f floating partldes, no attempt has been made in the

dlagJ to distinguish between particles pushed ahead of the interface and

those directly In it. Each type will now be described in detail.

F^TTA This represents the extreme type of hydrophobic behavior.

ImrnedifteVy upon contact with the advandng Interface, the particle is

ZinS the organic phase. After its passage It becomes -distinct or

disappears. The theoretical rdatlonships for this behavior are that

Cfrtesin"a Snirof'equLlum where the inequality
^^^^^^^

+ Tow is small and where Tsw > Tso. The particles are ^hgh^ly Prote^^^^^^

fTom wetting by the oil. They are swept ahead of the interface for a second

or two and then pass in.
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Fig. 3. General types of behavior observed in the investigation of latex particles by means

of the Mudd interfacial technique. Modified diagram from Nugent (1932).

Fig. 3, C. Here the particles appear to be more hydrophilic. The

time of carry on the interface is longer, and in some cases the particle may

go either wav. Most of the latex particles falling into this group are carried

for an indefinite length of time but may finally escape into the aqueous

phase. Such particles frequently clog up the advancing interface, slidmg

along it. They usually exhibit rapid Brownian movement. If work is

done upon a particle as a result of collision with a fixed object upon the

slide, it may be readily pushed into the oil, where it disappears. The

tensional relationships probably correspond to Tso < Tsw + Tow slightly

and Tso > Tsw. ....
Fig. 3, D. This class comprises suspended hydrophilic particles.

There is no equilibrium between the tensions, and consequently the particles

remain in the water and show no tendency to be wet by the oil. Thus

Tso > Tsw + Tow, with varying degrees of magnitude for the inequality,

increasing as the hydrophilic character of the surface increases.

Fig. 3, E. This represents the hydrophobic fixed particle. Such

\y

particles show little Brownian movement and adhere to the slide singly or in

clumps. When the advancing interface strikes such clumps it frequently

"reaches ahead" due to a local depression of Tow and sweeps them into the

oil. As in figure 3, A, Tsw > Tso + Tow. There is no resistance to

wetting by the oil.

Fig. 3, F. A slight tendency to resistance is noted in this group. A

noticeable interval of time is needed for the interface to wet the particle,

and local advance as in figure 3, E, is never seen. Retraction of the inter-

face is, however, very slight. Probably Tsw < Tso + Tow and Tso < Tsw

Fig. 3, G. The interface is strongly retracted by the clump or particle.

Finally it snaps like a bowstring, leaving the particle wet by the oil. In

this case Mudd and Mudd (1927c) suggest that Tsw < Tso and that the

inequality Tsw < Tso + Tow is large. On the other hand, Tso < Tsw

+ Tow is quite small.

Fie 3 H No equilibrium with the interface is observed in this class,

which includes strongly hydrophilic particles. Such particles resist passage

to an extraordinary extent. The interface, unable to wet the particle

flows around it, leaving the particle in the oil, surrounded by a thm sheath

of water. The clinging particle often retracts the interface so greatly that

it becomes drawn out into threadlike extensions as shown in figure 3- ^^•

These extensions may persist until the interface proper is more than 0.2 mm^

from the particle. Finally the connection breaks and the particle or clump

s left intact in the oil, surrounded by a small drop of water This behavior

strongly indicates a maximal degree of surface hydration. It is represented

by the inequality Tso > Tsw + Tow.

Distribution of behavior types among the species investigated

Soecies from four genevBi-Asdepias, Euphorbia, Ficus, and Musa--

werffnwst gated. It was found that these latices range in their wetting

^ro'erties from particles readily wet by oil to those P-
--^-"yj.f .^^^y.

water To some extent, this behavior appears to be related to their so

dectric poh^ts and taxonomic classification. Starch grains gave a reaction

o? he typ Sown in figure 3. H or 3. D, in every species where they were

observed This corroborates the results of Mudd and Mudd (1926).

MM differences were noted in the behavior of particles with various

oils The interfacial tensions of some of these oils in dynes per cm are as

^Ls minSal oil. 55-32 (Harkins and Feldman^ ^92^^-;^^^
cartridge and P-ers^^")

--^i^^^;^-^^^^^^^^^^ trf^^i

st'eXg fore;, more easily d-pted protective hydro^

result is in harmony with the findings of Mudd and Mudd (1931) and Nugent

» Kindly determined by Dr. M. E. Powell.
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(iq^2). Cyclohexanol would not wet most latex particles upon which it

was tried, but caused them to swell to approximately ten times their size

before the interface overtook them. This phenomenon was probably due

to absorption of cyclohexanol dissolved in the water Once swollen the

particles were not wet by the oil but were carried ahead ^"definitely Th s

oil was therefore unsatisfactory. However, sperm oil and triolein (Kahl-

baum) were found to yield good results. The sample of sperm oil used was

brown in color and appeared to be fairly viscous. Although results obtained

with it checked closely with those noted with triolein, its source unfortu-

nately could not be ascertained.

The intensities of flocculation of the diluted latices in distilled water were

noted immediately after tapping and again after 24 hours. The results

are shown in table i. Intensities of flocculation are indicated as follows.

O, clear; ±, slightly opaque; +, small clots; + + ,
clots m suspension;

+ + +, flocculated in part; +++ + ,
flocculated completely. It is possible

that flocculation in distilled water indicates a globulin or other water-

insoluble protein surface (Gortner, 1929); such dumped particles usually

adhere to the microscope slide. The ninhydrin and xanthoproteic reactK^ns

were also used as rough indicators of proteins. It is probable that these

tests are obscured to some extent by non-protein constituents of the lat.ces.

Of the two reactions, the ninhydrin test is believed to be the more reliable.

Intensities are indicated in table i in the following manner: o, no reaction;

+ , very weak; ++. pale color; + + + ,
good color; + + + + ,

deep color.

Since in some cases only 10 or 20 drops of latex were available, other, more

accurate, tests could not be used. Only the reactions with triolein and

sperm oil are tabulated, but results with other oils will be described in the

more detailed results. Free and fixed particles are listed separately in each

case. Isoelectric points (I.P.) are believed to be accurate to at least

-h o I pH. Interfacia! reactions are lettered as in figure 3- In many cases

all particles on a slide did not behave identically (possibly because of

different degrees of dispersion). If both types occurred with nearly equal

frequency, they have been separated by a dash; if one was more infrequent

than the other, it has been enclosed in parentheses.

The species investigated will be discussed in detail at this point. It is

to be understood that unless otherwise specified all latices were suspended

in distilled water. Many of the isoelectric points have been previously

reported by the author (1934a, I934b, I934c). Unfortunately, some of

the species for which electrophoretic data have been published were not

available for interfacial investigations.

ASCLEPIAS

The I P of the latex from A . syriaca L. was found to lie at pH 3.9, a

value close to that of A. curassavica L. at pH 4.1. Protein reactions are

high in these species, in correspondence with their flocculation intensity

b
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rtable I) The interfacial reaction with both triolein and sperm oil indicates

a surface possessing a high degree of hydration and marked resistance to

rutr^nder interfaLl forces. These
r^fp^-;-^^<^:^:^Zf

tricaprylin, in which case the reaction was G and C for both species.

EUPHORBIA

Section X: ^ Tricherostigma

is Drobably incomplete or else easily torn off by interfacial stresses. 1
nis

Is tone out by experiments with mineral oil and tricaprylin, which yielded

the same reaction as in table i

.

Section X V: Poinsettia

The reaction of E. pulchenima Willd. and its varieties a»a and red oak,

is sLtrto that of partially sensitized acid-fast bacteria as- ot^^^^^^^^^^

Mudd and Mudd (1925). Tricaprylin gave the
.f

"^^./^P^
.f.
J^^^^^

with E. pulchenima var. red oak as did the other o.ls. It ^^ n^^^he

^^^^^^^

Tdlv hvdrophilic nor hydrophobic but an intermediate case. The f^lm is, how-

etr mtrcomplete or else more tightly adsorbed here than on the particks

of E TZns This intermediate condition is confirmed by the fairly low
of E.Julgens ini

^^^ incomplete degree of

ro:rtion.^s pr:vSuSy rUe/b^y the writer i^;^^^;^
curve of E. pulchenima helps to substantiate the view that here the pro ein

colling is incomplete. E. geniculata Orteg. and E. heterophyUa L. exh bited

approximately the same reactions as E. pulchemrm,h.tt^^^
^nd increltd

are characterized by smoother mobility curves, higher I.P. s and increas d

cohesion It must be remembered, however, that E. heterophyUa possesses

56 chromosomes, while the other species investigated in this section have

but 28 (Meyer, 1934^)-

Section XIX: Dicanthium

(a) Splendentes. With sperm oil and triolein, E.
^f"^^'f ^^^^^

exh b ts a very slight degree of resistance to wetting, a reaction which was
exniDits d veiy s 6

at oH ^ 8 is in the protein range (al-

Z X)'-^' i» " ttsfev^i-the^presence ol p'roteins. Us floc-

„"t n I.^hesion, and adhesion are, however lower *- the prey.ou

species Particles were often torn loose from the slide and trapped in the

interface, where they slid up and down for a time.

(b) Trigonae. As noted before (i934a), the shape o the curve
^^^

position of'the LP. of E. lactea Haw. (from the East 1^^-) a^

ent from those of the South African species, £. grandidens Haw. and h,

3 The classification of EuphorUa follows Boissier (i866).
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grandicornis Goebel, although all are closely related taxonomically. Its

protein reactions are markedly higher, as shown in table i. With sperm oil

E. lactea showed a moderate degree of resistance to wetting, for work usually

had to be done on the particles in order to wet them. This was not shown

by triolein, possibly because of the higher value of the Tow. Brownian

movement, which at first was rapid, gradually stopped as particles adhered

to the slide. On the other hand, E. grandicornis and E. grandidens exhibit

low I.P.'s (at pH 3.4 and pH 3.5, respectively), similarly shaped mobility

curves, low protein reactions, and absence of fiocculation in distilled water.

As expected from these results, their latex particles were preferentially wet

by sperm oil, triolein, and tricaprylin (£, .4). No resistance was shown.

Section XXII: Tirucalli

E. tirucalli L. possesses a non-protein mobility curve and a low LP.

(pH 3.2), gives little, if any, protein reaction, and does not flocculate in

distilled water. Under the microscope its latex particles were seen adhering

to the slide. Mineral oil, tricaprylin, triolein, and sperm oil readily wet

their surfaces. This indicates surfaces with low hydration. E. tirucalli

latex is, however, capable of adsorbing egg albumin. Its particles were

found to be markedly positive in a i per cent solution of egg albumin at

pH 4.1, a pH value below the LP. of egg albumin and above the LP. of

normal E. tirucalli latex. To some extent such particles suspended in

distilled water also showed resistance to wetting by sperm oil.

Section XX VI: Tithymalus

10. Esulae

E virgata W. and Kit. (LP. at pH 4.0), E. cyparissias L. (pH 4.2), E.

esula L. (pH 3.9), and E. salicijolia Host (pH 3.8) have been shown in a

previous publication (Moyer, 1934a) to be closely allied by curve shapes,

taxonomic relationships, and I.P.'s. Their surface reactions were also

quite alike—no flocculation in distilled water, low to medium protein re-

actions, and slight, if any, resistance to wetting by oil. From these results

it appears probable that little protein is on the surfaces of these particles,

an interpretation in harmony with their irregular mobility curves.

II. Myrsiniteae

From this group but one species, E. myrsinites L., was investigated.

Its latex showed low protein reactions, absence of flocculation, a low position

of the I P (pH 3.4), a peculiar mobility curve (Moyer, 1934a), and pref-

erential wetting ^by oil. Brownian movement was slight and particles

adhered to the slide. These facts make it evident that the surfaces of E.

myrsinites latex particles are relatively hydrophobic.

ill

i'l
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FICUS

The globules of latex from Ficus elasHca L. are large enough to be easily

observe! in the interface, where each particle looks very much hke an od

droplet from an emulsion. The I.P^ of these

f^^f^l^l^^^ ^^^
near pH 2.7. Since this is below the range of the M/50

^^f^^\°^l^
svstem various dilutions of hydrochloric acid were used to produce the pH

va ueT'dlsTred At pH 2.7 a nearly equal number of positively and nega-

IfveTy cha ged globules were seen. For the interfacial .-action several

drots of latex were tapped from the plant and suspended jn d.t.^ed wate^-^

With sperm oil. globules were carried almostf^fi^f^f[f '"^^^'^^'^f
position in the interface as the hypothetical particle, S,^nf.^ure 2^JU
however a oarticle met a f^xed object while being carried, it was pushed

Lto the oU wh re it "exploded." Remnants of the globule were seen in

"he cinor alhort time a's a cloud of

^^^r^T t^t:roiTXt
This explosion is an additional evidence of the liquid nature of the latex

narticles of F elastica. Particles adhering to the slide passed n after

particles ot p. eia

^^pjoded. With tricaprylin or triolein the
great resistance (G) and also expioueu. t-s

,.^;^i„:n ^Hherent
result appears to be different. When met by a film of triolein adherent

particles greatly resisted wetting (G). The globule was stretched into a

nelr shaped body, then the interface snapped forward, leaving it in the 01

.

HtreTt ekher exploded or regained its spherical form and remained intact,

"e I Ig an ndis inct outline. In some cases the particles were torn loose

andclrried ahead of the oil (C). When they finally passed - many o

hem ke" their integrity. With tricapi.-lin less resistance of fixed partic

was noted (F) and more were pulled loose from the slide^ Loose particles

were carried for an indefinite length of time. A higher percentage of

"explosions
• was noted, although some globules remained unbroken by

The latex of Musa ensete L. was found to be very dilute in comparison

with the other latices. On this account the plants were brought into the

Taboratory and a loopful of fresh undiluted latex was used. Particles in

und° uteJ^latex are more readily observed and behave the same as in the

Tluted state It might be thought that their properties would change after

high dtluSn with distilled water; such does not appear to be the case. The

Sfal reaction was carried out within two minutes after tapping. The

narlle of this latex are extremely variable in size; some are small with a

sharp image under dark-field illumination, while others are large and

ndstincT differentiated from the background. This latter type is more

ctracte Itic of hydrophilic colloids. With sperm oil. triolein, and m.nera

on tTe adherent Jumps and single particles offered a maximum degree of

resistance to the oil. Behavior with triolein and mineral oil was as shown

n fiture 3 //. M. ensete latex also underwent pear-shaped deformation

during passage through the interface. The interface then advanced.
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leaving the particle in the oil surrounded by a refractive droplet of water.

Clumps were pulled apart in mineral oil preparations and scattered in the

aqueous phase as suspended particles. Once suspended, none of the oils

used seemed capable of wetting them (D), Because of the extremely small

quantity of latex available, the LP. for this species could not be determined.

DISCUSSION

It is clearly seen from these results that latex particles differ widely in

their surface properties. Some are preferentially wet by oil and are ap-

parently hydrophobic in character, while others resist wetting greatly and

exhibit hydrophilic surfaces. The results in general correspond to the

data obtained by electrophoresis. In many cases, however, the small size

of the particles prevents any conclusions concerning the nature of their

cores.

Asdepias latex particles appear to be completely coated by hydrated

proteins which strongly resist tearing. When clumped, they do not lose

their individuality, for upon meeting the interface the original particles are

redispersed, a result in harmony with the experimental evidence in Ilevea

(van Rossem, 1932).

On the other hand, latex particles of Euphorbia differ greatly in their

surfaces among different species. Even when protective coatings are

piesent and probably complete, their resistance to disruption appears to be

fairly low. The greatest degree of protection from the oil was found among

the poinsettias, while other forms, as noted, varied in behavior from slight

resistance to none at all. When the divergence in morphology between the

various members of the genus Euphorbia is considered—from cactoid types

to mesophytic forms—the variation in particle surfaces is not surprising.

The interfacial results correspond to the conclusions drawn from electro-

phoresis (Moyer, 1934a, 1934b) and agree with the evidence obtained with

Hevea (van Rossem, 1932), a member of the same family. Species which

showed non-protein surfaces by electrophoresis in every case exhibited little

resistance to wetting by oil.^ Species whose latex mobility curves and

isoelectric points are characteristic of proteins showed resistance in passing

through the interface into the oil.

In some instances, protein reactions were fairly high; yet only a minimum

resistance was noted (e.g., E. lactea, E. fulgens, and E. splendens). It is

possible that in these cases a condition is present which is analogous to the

behavior of mammalian erythrocytes. These cells, although present in a

medium of high protein concentration, behave independently of the medium

and do not adsorb proteins to any appreciable extent (Abramson, 1930;

Mudd and Mudd, 1926, 1931). Jones (1928) has also shown by immu-

* In the author's earlier papers the suggestion was made that such surfaces might be

composed of sterols, substances with low isoelectric points and hydrophobic properties.

Later experiments have revealed that sterols and latex particles of this type are markedly

similar in electrokinetic behavior (Moyer, 1934^, I935)-
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nolo^ical techniques that collodion particles incompletely adsorb proteins

nological techniques
,j^j particles were added successively to

'::l::^^Tso^ZJZf^::Js and then centrifuged and used as

antSens In,mune sera for each of the proteins used were prepared by

'ZZ:i^uZ T;L"ZXLr. .h/surtace, a„ incomp.eje,,

coaT I. appears more probable, however, from the electrophorefc data

S The surLce ia usually complete when proteins are present •»«*'''"'

ruantit". but these miy be lo«ely held and easily disrupted by the

'"'xhe'smairTe of &,/..r*i<. and Asciefias latex particle, prevents
ine small bi^c u ^ nature No deformation of

conclusions concerning their

'^^^^^^J^^^J^^'^^, internal pressure,

these particles was ever observed in an interlace ine h

P of a liquid droplet with radius, r, is given by the expression P'^^^'

where r I the interfacial tension. Since P vanes inversely with
,

the

Tnternal pressure values for small droplets may become exceedingly large

Sue toS h.^h pressures, small particles, although liquid, might not

be deformed in an interface and would thus behave as sohds

The behavior of Ficus elastica latex confirms the results ot previous
ine oenaviu

AUhoueh the surfaces are strongly pro-

workers as to its liquid nature. Aitnougn lue

t^^t^H from wettine by oil, previous workers have reported that little

tected from wetting oy J . Their conclusions appear
protein is present (Molisch, 1901

,
Hauser ly^o;

.portions two
to be based for the most part, on the xanthoproteic and MiUon reactions, two

tes^s
g"

ng n gative or doubtful results with Ficus. Since these reagents

are es Ifor certain amino acids or radicals, a negative result does not mean

absene of proteins. On the other hand, the ninhydrin reaction is specific,

fn the absence of the ammonium radical, for proteins and split products

contallg a free carboxyl and «-amino group. The ammonium group, if

present is so slight in concentration that little or no reaction was given by

NessTeX reagent. The definite ninhydrin test could only be ascribed to

fhe presence of proteins or protein split products. However, the ow

positbHf the isoelectric point (pH 2,) indicates an extremely acid pro^em

-that is if this value is the LP. of the protein. As yet, the chemica

natur of' he particle surface is problematical. The frequent passage of

Tntact particles into the oil after deformation in the interface strongly

suggests thlt thev are surrounded by a film composed of a liquid of high

4coSy or a plastic solid. Such plastic solids as films on surfaces have

Teen suggested by Wilson and Ries (1923). Mudd and Mudd (1926, I93

and Nugent ^932) have also described the formation of these "oil-in-oil
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emulsions after passage through the interface. The pear-shaped deforma-

tion of the particles appears to be the same as the behavior of protected

emulsion droplets (Nugent, 1932).

The latex particles of Musa ensete are more highly resistant to wetting

than any other particles investigated. Their behavior indicates a maximum
degree of hydration. The core of the larger particles, at least, appears to

be liquid in nature. Molisch (1901) reports a high concentration of tannins

in the latex of Musa. Lloyd (1928) has pointed out the absence of coagula-

tion with acids and confirms the high proportion of tannins. Although de

Jong (1923) noted that tannin was a strong dehydrating agent at low con-

centrations, he also found that high concentrations of tannins produced a

strong re-hydration of carbohydrates and proteins until such surfaces were

markedly hydrophilic (1927). Possibly the latex particles of M. ensete are

stabilized by tannins in similar concentrations. This would account for

their hydrophilic behavior. More work must be done before these doubtful

points can be settled.

SUMMARY

1. The wetting properties of the latex particles from 18 species of

laticiferous plants have been investigated in a moving oil-water interface

by means of the Mudd interfacial technique.

2. The species investigated are Asclepias curassavica, A syriaca, Eu-

phorbia fulgens, E. pulcherrima, E. pulcherrima var. red oak, E. pulcherrima

var. alba, E. geniculata, E. heterophylla, E. splendens, E. lactea, E. grandidens,

£. grandicornis, E. Hrucalli, E. virgata, E. cyparissias, E. esula, E. saHcifolia,

E, myrsinites, Ficus elastica, and Musa ensete.

3. In addition to the values already reported, the isoelectric points of

the latex particles of Asclepias curassivica, A. syriaca, and Ficus elastica

have been determined in a Northrop-Kunitz electrophoresis apparatus.

4. Marked resistance to wetting by oil was noted in all of the investi-

gated species from Asclepias, Ficus, and Musa. This strongly indicates a

hydrophilic surface for the latex particles of these species.

5. Latex particles from Euphorbia varied greatly from species to species.

Species of Euphorbia with low isoelectric points and non-protein electro-

phoretic mobility curves showed preferential wetting by the oil. Species

possessing surfaces whose electrokinetic properties corresponded more

closely to those of proteins resisted passage into the oil.

6. Evidence for the liquid character of the latex globules of Ficus

elastica and Musa ensete is presented.

7. The Mudd interfacial technique is suggested as a valuable tool in the

investigation of the surfaces of latex and other colloidal particles.

The author is indebted to Professor Stuart Mudd for his kind suggestions

and critical reading of the manuscript.

Botanical Laboratory,
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Protoplasm becomes highly elastic, glutinous and fibrous,

exhibits syneresis and changes from yellow to orange at the

anode of an electric circuit. At the cathode, all properties

are the opposite of those at the anode; the protoplasm

becomes soft, lacks elastic, glutinous and fibrous qualities,

shows no syneresis and becomes green in color. The change

from the normal, which is intermediate, is due to the acid

condition set up at the anode and the alkaline condition

set up at the cathode. The anomalous (non-Newtonian)

behavior of protoplasm, as well as its other characteristic

jelly properties (imbibition, syneresis, coagulation, thixo-

tropy, etc.) are attributed to the structural continuity

which is responsible for the elastic qualities.

THE protoplasm of slime-moulds reacts in

one of two definite and characteristic ways

when traversed by an electric current. At the

cathode the protoplasm becomes a fibrous mass,

highly elastic (extensile), glutinous (adhering

tenaciously to the dissection needle), resists the

passage of a needle through it as would an

entanglement of threads, gives every indication

of possessing structural continuity, and under-

goes syneresis. At the anode, the reverse situation

arises in every particular. The protoplasm there

becomes plastic (in the sense of lacking elastic-

ity), resembles soft butter, is devoid of rigidity

and extensibility, shows no tendency to adhere

to a dissection needle, offers little resistance to

the passage of a needle and exhibits no syneresis.

Normal protoplasm is intermediate between

these two conditions, i.e., it possesses all of the

properties above enumerated as effects of the

cathode, but to a less degree.

The material in the present experiments was

the living protoplasm of Physarum polycephalum;

the current came from a 4-volt dry cell; the

electrodes were fine platinum needles.

A further striking change which takes place at

both cathode and anode gives a clue to the cause

of the other changes. This particular slime-

mould, Physarum, contains a yellow pigment

(possibly a lyochrome) which is an excellent pH
indicator, with a color range from brilliant green

through yellow to deep red orange, corresponding

to a pH range of from 8 to 1.5.^ At the cathode,

the normally yellow protoplasm (pH= 6.2) be-

comes bright green {pH=S); at the anode, it

becomes a rich gold {pH=3.S to 1.5).

When electrodes project into an electrolytic

solution, an alkaline condition arises at the

cathode and an acid condition arises at the anode.

It is obvious then that alkalinity and acidity may

be the factors involved in causing the above

enumerated changes in protoplasm.

Most, though not all, of the changes produced

by the current (i.e., the acid and alkaline con-

ditions established by the current) are duplicated

through the addition of acids and alkalies to the

protoplasm. In the main, the "current" effects

are reproduced by HCl, NaOH and NH4OH;
thus, when either of these two alkalies is added,

the protoplasm becomes green in color, fibrous

C'stringy"), tenacious, and highly elastic; and

when HCl is added the protoplasm becomes

orange in color, butter-like, and poorly extensile.

(Other acids, acetic, phosphoric, etc., do not

duplicate the situation so well.)

iW. Seifriz and M. Zetzmann, Protoplasnia 22 (in

press) (1935).
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Protoplasm is an extremely heterogeneous
system so that it is impossible to state which of

its constituents is primarily responsible for the

changes here recorded. It can only be said that a

lyophilic material exists within it which reacts in

two diametrically opposite ways to acids and
alkalies.

The nearest approach to an analogy in the non-

living world is the gelation and solation of

colloidal systems by an electric current. Freund-
lich and Rawitzer^ found that an electric current

solidifies the thixotropic iron-oxide sol, while

Karrer^ found it to liquefy a thixotropic clay

paste. That acid and alkali are responsible here

also, and not the current as such, seems likely, as

the iron-oxide is positive and would be affected

by the negative OH" ion, while the clay is

negative and would respond to the positive

H+ ion.

The best analogy which helps toward an
interpretation of the existence of such diverse

qualities in the same substance when under
different influences, is that of two soaps.^ Two
samples, from different manufacturers, of pre-

sumably the same kind of soap (sodium stearate)

proved to be quite different in their physical

properties. One, when of low concentration and
low viscosity, supported within itself a small

metal particle, and proved to be highly elastic;

the other, at a much greater concentration and
viscosity, would not support the particle and was
wholly inelastic. Microscopic examination of the

elastic soap revealed long, slender crystals within

the thin solution, while similar examination of

the inelastic soap showed it to be composed of

irregularly shaped granules. The elastic soap

possessed a certain degree of rigidity due to a

fibrous structure, while the inelastic soap lacked

this quality because it was granular. The case of

protoplasm is similar; the highly extensile

protoplasm at the cathode exhibits rigidity and
has a fibrous structure, while the butter-like

protoplasm at the anode gives no indication of

such a quality or structure. In short, elasticity in

organic colloidal systems rests upon a fibrous

framework of linear and crystalline units. Upon

2 H. Freundlich and W. Rawitzer, Kolloid Zeits. 41, 102
(1927).

3 E. J. Karrer, J. Rheologv 3, 334 (1932).
* W. Seifriz, Colloid Sym. Monog. 3, 285 (1925).

this structure do typical jelly qualities depend-

—

elasticity, rigidity (particularly evident in firm

gels where the solid content is low, 0.2 percent, in

proportion to the amount of water), imbibition

(the taking in of water with swelling), thixotropy,

syneresis and anomalous (non-Newtonian) be-

havior.

There have been attempts to regard the

fundamental structure of protoplasm as that of

an emulsion, just as was formerly done for non-
living colloidal jellies, a misconception which
gave rise to the misnomer "emulsoid.'' Proto-

plasm has also been regarded as a true solution

because no yield value was discovered. Both are

impossible conceptions of a system which
exhibits all of the properties of jellies (the dry
weight of protoplasm is 55 percent protein).

It has been maintained that the structural

framework responsible for the elasticity of

lyophilic solutions, such as thin solutions of

proteins, soaps, etc., is not necessarily responsible

for their deviation from Poiseuille's law of true

viscous flow, because other non-Newtonian
systems are not elastic. Theoretically, viscosity

and elasticity are independent variables, but
they do not appear to be so experimentally, in

that no colloidal system is known which is

elastic and yet exhibits true viscous flow. In a
mathematical discussion of this problem, Weis-
senberg^ indicates the complexity of the situation.

He defines three types of pure systems and
develops therefrom three theories based on the

three pure properties of relaxation, elasticity,

and friction. He points out that only when these

properties are pure (i.e., alone and functioning

separately) can the linear relationships (the

single constant laws of Maxwell, Newton, and
Hooke) hold. The laws of viscosity and elasticity

were developed for homogeneous bodies only,

and, therefore, hold in such systems only, e.g.,

viscosity in glycerine and elasticity in steel.

When they are combined, the situation becomes
exceedingly complex, and is impossible of precise

mathematical interpretation.

The claim that there is no reason to believe

certain non-Newtonian hydrocarbon oils to be
elastic, would have to be verified. The work on

<1>
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synthetic rubber by Carothers^ and others,

shows certain hydrocarbon oils to be elastic. The
natural rubber hydrocabron can be purified by
methods of extraction to such a point that it has
only an exceedingly minute nitrogen content.

This purified product retains practically all of the

properties of rubber. Some synthetic rubbers
may be obtained in the form of pure hydro-
carbons

; for example, isoprene can be polymerized
merely by heating it or exposing it to very high

pressure. The product is definitely rubber-like,

i.e., highly elastic, and essentially pure hydro-
carbon. The commerical synthetic rubber, du-

prene, is made from a chlorine containing

compound, chloroprene, which is structurally

analogous to isoprene. This pure synthetic rubber
has the composition C4H5CI, and hence is not a

hydrocarbon, but it can be obtained in a form
which shows a typically rubber-like behavior

without the addition of any protein to it, or any
other materials that might in themselves confer

an elastic structure.

All recent work on colloidal jellies indicates

that they are built up of long, tenuous, crystalline

fibers which interlock to form an elastic frame-

work, or, as in the case of cellulose, the linear

units (molecules, micelles, or crystallites) may be

• »W. H. Carothers et al., J. Am. Chem. Soc. 53, 4203
(1931).

arranged in an orderly fashion, as in ramie, or at

random as in cellophane.^"^

It is of further interest and of fundamental

significance that sinew, keratin, hair, silk,

muscle, nerve, and brain (the last three are

protoplasm) give spectrograms (x-ray diffraction

patterns), thus indicating a crystalline character.

In this connection polarization studies reveal

some facts of interest. While they have not shown
protoplasm in general to be anisotropic, they

have shown that striped muscle and all other

contractile tissue is anisotropic. Scarth^^ has

demonstrated that chlorophyll, a common con-

stituent of some plant cells, is anisotropic.

Protoplasm is a system closely comparable to

gelatin, albumin, and similar lyophilic systems.

It possesses all the properties of organic jellies

(elasticity, thixotropy, etc.). These properties

exist in virtue of a continuity in structure.

They are greatly accentuated in protoplasm by
the addition of alkalies, and reduced (often

wholly eliminated) by the addition of certain

acids, whether these are added separately or

produced at the cathode and anode of an

electric circuit.

7 W. H. Carothers, Chem. Rev. 8. 353 (1931).
* K. H. Meyer and H. Mark, Der Aufbau der Hoch-

polymeren Organischen Naturstoffe, Leipzig (1930).
9 W. Seifriz, Protoplasma 21, 129 (1934).
" G. W. Scarth, Quart. J. Exp. Physiol. 14, 99 (1924).

^K. Weissenberg, Mitt. d. deut. Materialprufuncfsan-
stalten 19, 54 (1932).
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SKETCHES OF THE VEGETATION OF SOME SOUTH-
ERN PROVINCES OF SOVIET RUSSIA

VI. THE FLORA OF THE SOUTH-EASTERN SLOPES
OF MOUNT ELBRUS AND THE UPPER

BAKSAN VALLEY, CAUCASUS

By WILLIAM SEIFRIZ.

(With Plates X-XII and one Map in the Text.)

The Caucasus Mountains extend in an easterly-westerly direction from the
Black Sea to the Caspian. On the north side, near the western end, is the
province of Balkaria. Within Balkaria lie the eastern and south-eastern slopes
of Mount Elbrus and the northern slopes of the western half of the main
Caucasus Range (Map 1). The largest of the rivers of Balkaria is the Baksan,
which has its source in three of the glaciers of Elbrus. Along its upper length
the Baksan is fed by a number of tributaries, notably the Irik River on the
north, which also springs from Elbrus, and the rivers Dongus-Orun, Uzengi,
and Adyl-Su on the south. The last three rise in the main Caucasus Range.
It is the plant life of the slopes of these mountains and the valleys of these
rivers with which this article deals.

The base from which excursions into this region may be made is Tegenekli,
a small native Balkar village, where a house with primitive accommodation
is maintained by the Soviet Government. Huts for travellers are now fairly

numerous throughout the Caucasus, so that this country, until recently
inaccessible and dangerous, has become a safe playground for alpinists and
naturalists. Danger from attack is now practically non-existent, the last

severe outbreak having occurred four years ago. The greatest problem in

planning a journey into the Caucasus at present is food, most of which must
be taken along, as even such larger towns as the tourist resort of Nalchik,
130 km. from Tegenekli, have little to offer beyond daily meals. At the alpine
bases plain meals and a limited food supply for trips into the mountains are
to be had if one possesses a Government food card, an almost indispensable
necessity when off the beaten track in present-day Russia.

Tegenekli is situated on the Baksan River south-east of Mount Elbrus
(Map 1). It rests at the foot of Elbrus at an altitude of 1780 m. (5785 ft.).

The mountains immediately surrounding Tegenekli are very precipitous and
rise to maximum heights of 2700-3500 m. Few are snow capped. Behind
those on the south side of the valley are the peaks of the main Caucasus
Range. At the head of the valley to the west rises Elbrus, with its two peaks
of 5631 m. (18,470 ft.) and 5594 m. (18,347 ft.), the highest in Europe. Ad-
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joining Elbrus on the south are the three Azau peaks. The Dongus-Orun

(4452 m.) comes next, and then the high peaks of the main range to the

south-east.

The northern slopes, that is to say, the slopes with northern exposure,

which form the valley of the upper Baksan, are heavily wooded with an almost

pure stand of Pinus hamata, a variety of the European pine, P. silvestris
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Map 1.

(PL X, phot. 1). Whether or not this pine is to go under the name of

P. hamata need not be gone into here, as the question has already been dis-

cussed in detail in a former article (1). Bush has suggested the name P. cau-

casica for the Caucasian pine.

The south-facing slopes of the mountains on the opposite side of the valley

are almost devoid of trees (PI. XI, phot. 1), though they contain some pine.

They are covered with an herbaceous growth among which two low woody

forms are.abundant, a Berberis and a prostrate juniper.
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(PI. X, phot. 1). Whether or not this pine is to go under the name of

P. hamata need not be gone into here, as the question lias already been dis-

cussed in detail in a former article (1). Bush has suggested the name P. cau-

casica for the Caucasian pine.

The south-facing slopes of the mountains on the opposite side of tlie valley

are almost devoid of trees (PL XI, phot. 1), though they contain some pine.

They are covered with an herbaceous growth among which two low woody

forms are abundant, a Berberis and a prostrate juniper.
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None of the common deciduous lowland trees, such as Fagus orientalis,

Fraxinus excelsior, Carpinus betulus, Acer campestre, A. trautvetteri, Prunus
avium, and Ostrya carpinifolia occur in the Baksan Valley. The altitude is

apparently a little too high for them, although Acer trautvetteri goes to 2000 m.
in the Minor Caucasus. The most surprising omissions are the spruce and the

aspen. When one recalls the fine specimens of Picea orientalis in the Minor
Caucasus (2), and the relics of former forests of Populus tremula at Kasbek (1)

in the North-east Caucasus, and further considers, as we shall do later, the

abundance of both of these trees in Svanetia just over the mountain tops

from Tegenekli to the south, their absence here on Elbrus and the northern
slopes of the western end of the main range is difficult to understand.

Another conspicuous ecological problem of the upper Baksan and its tribu-

taries is the distribution of the pine and birch. In general, the pine is found
in the Caucasus on slopes facing south. This is true of the Baksan Valley and
its tributaries only in so far that what trees there are on the south-facing

slopes are pine; but these slopes are sparsely covered, and pine is more
abundant on the north-facing slopes (PL XI, phot. 1) though the birch is

abundant here, and predominates at higher altitudes (PI. XI, phot. 2). The
valleys which branch off to the south from the Baksan, those of the three

rivers, Dongus-Orun, Uzengi, and Adyl-Su, seem to confuse still more the

situation in regard to the distribution of pine ; but when the direction of the

valleys is noted—the Uzengi to the south, the Adyl-Su to the south-east, and
the Dongus-Orun to the south-west—and it is further remembered that

southerliness and northerliness, not easterliness and westerliness, deter-

mine distribution, then it is found that the flora of these valleys fits into the

general scheme. But there are more difficulties elsewhere in Russia; thus, in

Svanetia, just over the main Caucasus range from Balkaria, in a country

where vegetation is prolific and where the fir, Abies nordmanniana, grows
excellently, there is little pine. If we summarise the distribution of the pine

in Russia, from observations made beyond the Arctic Circle (3), here in the

North Caucasus, in Svanetia^, and in the Minor Caucasus (2), we obtain the

following facts:

Kola Peninsula (Arctic region) : pine is on dry, sandy, or rocky soil; spruce,

its chief competitor, is on clay or wet sand. Determining factors, other than
soil, are: the fire hazard, from which spruce suffers most; low temperature,

which pine seedlings resist better; root systems, which in the pine go deeper;

and vigour, spruce being the more vigorous.

Balkaria (North Caucasus) : pine is on south-facing slopes with no compe-
tition, dryness being the determining factor.

Svanetia (south side of the main range) : there is very little pine, as com-
petition is great, owing to abundant moisture on all slopes; the chief compe-
titors are fir and poplar, both of wide distribution.

1 "The plant life of Svanetia, Trans-Caucasus" (to follow this article).

JOURNAL OF ECOLOGY Vol. XXIII, Plate XI
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> Phot. I. North-facing (left) and south-facing (right) slopes of the Upper Baksan;

the former heavily forested with pine and birch; the latter almost barren, a

few small pine, some Berberis, and prostrate juniper.

Phot. 2. A pure stand of birch in the Uzengi Valley.

Phot. 3. Tree-line of birch on the moraines of the Bash-Kara of the Main Caucasus

Range in the Valley of the Adyl-Su.
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None of the common deciduous lowland trees, such as Fagus orientalis,

Fraxinus excelsior, Carpinus betulus, Acer campestre, A. trautvetteri, Prunus
avium, and Ostrya carpinifolia occur in the Baksan Valley. The altitude is

apparently a little too high for them, although Acer trautvetteri goes to 2000 m.
in the Minor Caucasus. The most surprising omissions are the spruce and the

aspen. When one recalls the fine specimens of Picea orientalis in the Minor
Caucasus (2), and the relics of former forests of Populus tre^nula at Kasbek (1)

in the North-east Caucasus, and further considers, as we shall do later, the

abundance of both of these trees in Svanetia just over the mountain tops

from Tegenekli to the south, their absence here on Elbrus and the northern

slopes of the western end of the main range is difficult to understand.

Another conspicuous ecological problem of the upper Baksan and its tribu-

taries is the distribution of the pine and birch. In general, the pine is found
in the Caucasus on slopes facing south. This is true of the Baksan Valley and
its tributaries only in so far that what trees there are on the south-facing

slopes are pine; but these slopes are sparsely covered, and pine is more
abundant on the north-facing slopes (PL XI, phot. 1) though the birch is

abundant here, and predominates at higher altitudes (PI. XI, phot. 2). The
valleys which branch off to the south from the Baksan, those of the three

rivers, Dongus-Orun, Uzengi, and Adyl-Su, seem to confuse still more the

situation in regard to the distribution of pine ; but when the direction of the

valleys is noted—the Uzengi to the south, the Adyl-Su to the south-east, and
the Dongus-Orun to the south-west—and it is further remembered that

southerliness and northerliness, not easterliness and westerliness, deter-

mine distribution, then it is found that the flora of these valleys fits into the

general scheme. But there are more difficulties elsewhere in Russia; thus, in

Svanetia, just over the main Caucasus range from Balkaria, in a country

where vegetation is prolific and where the fir, Abies nordmanniana, grows

excellently, there is little pine. If we summarise the distribution of the pine

in Russia, from observations made beyond the Arctic Circle (3), here in the

North Caucasus, in Svanetia^, and in the Minor Caucasus (2), we obtain the

following facts:

Kola Peninsula (Arctic region) : pine is on dry, sandy, or rocky soil; spruce,

its chief competitor, is on clay or wet sand. Determining factors, other than

soil, are: the fire hazard, from which spruce suffers most; low temperature,

which pine seedlings resist better; root systems, which in the pine go deeper;

and vigour, spruce being the more vigorous.

Balkaria (North Caucasus): pine is on south-facing slopes with no compe-

tition, dryness being the determining factor.

Svanetia (south side of the main range) : there is very little pine, as com-
petition is great, owing to abundant moisture on all slopes; the chief compe-

titors are fir and poplar, both of wide distribution.

1 "The plant life of Svanetia, Trans-Caucasus" (to follow this article).

JOURNAL OF ECOLOGY Vol. XXI II, Plate XI
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miot. I. North-facing (left) and south-facing (riLi;ht) slopes of the I'pper Baksan;

the former heavily forested with pine and birch; the latter almost l)arren, a

few small pine, some Berbevis, and prostrate juniper.

Phot. 2. A pure stand of birch in the Uzengi \'alley.

Phot. 3. Tree-line of birch on the moraines of the J^ash-Kara of the Main Caucasus

Kange in the Valley of the xVdyl-Su.
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Bakunani (South Caucasus) : pine is on the south-facing slopes, where it

IS abundant at low altitudes and the sole tree at high altitudes, due to its

ability to withstand dryness and low temperatures, and its preference for
light.

Armenia (farther south): pine is on the north-facing slopes because the
south slopes are too dry for any tree, and the north ones have just sufficient

moisture for pine, with very little competition.

The situation in Armenia, where the pine occurs on north-facing slopes
contrary to the rest of the Caucasus, resulted in an amusing and heated con-
troversy between the foresters of the two regions, when the question of re-

forestation arose. Naturally, each group of foresters held out for its respective
pine-covered slopes, north in Armenia and south in the Minor Caucasus
(Borchom and Bakuriani). The minimum annual precipitation necessary for

pine is about 350 mm., that for most other trees is over 500 mm. The former
value is the yearly rainfall on the southern slopes of the Minor Caucasus where
pine, having no competition, grows to the almost complete exclusion of other
trees. The northern slopes receive 700 mm. and harbour a rich mixed forest.

The Armenian mountains, on the other hand, have an annual precipitation

of 250 mm. on the southern side and 500 mm. on the northern. The former is

too little for any form of arboreal vegetation. Grass, therefore, covers the
southern slopes. The 500 mm. on the north side is sufficient for pine but barely

enough for other trees. As a result, pine is on the north slope in the Armenian
mountains and on the south slope in the Minor Caucasus.

Smaller arboreal forms in the upper Baksan are Prunus, Salix, Sorbus

aucuparia, and a prostrate juniper. Sorbus, so typical of Russian mountains,

is but poorly represented in the Upper Baksan. The shrubs have their chief

member in Berberis which is very abundant on the open southern slopes.

In the lower pine forests of the secondary valleys, the typical North Caucasian

member of the Elae^gnaceae, Hippophae rhamnoides, grows well.

The plants on the forest floor at 1800 m. are those characteristic of north

temperate evergreen forests. The small woody shrubs Rubus saxatilis, Vac-

cinium vitis idaea, F. uliginosum, and Empetrum nigrum are abundant, with

an occasional Rosa. The more moist localities support several species of Pirola,

including P. uniflora and P. secunda.

Sub-alpine life starts at about 1800 m., the altitude of Tegenekli. The
roadside herbs here are a mixture of lowland and sub-alpine forms. The
following were collected in the neighbourhood of Tegenekli^

:

Lichens

Ochrolechia parella

Usnea cavernosa
Alectoria chalybeiformis

* I was assisted in the identification of the higher plants by a number of Russian taxonomists

of Leningrad. The mosses were identified by Mr R. S. Williams and the lichens by the late

Prof. G. G. Plitt. My thanks are due to all for their courtesy.

Physcia pulverulenta
Parmelia bitteriana

P. vittata

Cladonia silvatica

C. pyxidata neglecta
Lecanora cinerea
L. cartilaginea

Peltigera canina
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Bryophytes.

Porella platyphyllum
Pleurozium schreberi

Dicranum strictum
D. scoparium
Dicranoweisia crispula

Tortula ruralis

Tortella tortuosa
Didymodon rubellus

Grimmia ovalis

G. apocarpa
Encalypta ciliata

Funaria hygrometrica
Bryum capillare

Webera cruda
Polytrichum juniperinum
Hedwigia albicans

Rhytidium rugosum
Hylocomium proliferum
Drepanocladus uncinatus
Cirriphyllum cirrosum
Camptothecium lutescens

Pteridophytes.

Cystopteris fragilis

Asplenium trichomanes
Dryopteris robertiana
B. liimeana
Athyrium filix femina
Polypodium vulgare
Equisetum arvense
Selaginella helvetica

Angiosperms.

Polygonum aviculare

Allium victorialis (A. ursinum)
Platanthera chlorantha
Salix triandra

S. pseudomedemii
S. caprea
Betula raddeana
B. alba (B. pubescens)

Stellaria (Alsine) media
Minuartia inamaea
Arenaria rotundifolia

Lychnis alba
Thalictrum foetidum
Aconitum nasutum
Anemone albana var. violacea

Berberis sp.

Cardamine uliginosa

Sedum spurium (S. roseum)
Sempervivum pumilum
Saxifraga punctata
S. sibirica

S. cotyledon
Ribes grossularia

Sorbus aucuparia
Rubus idaeus

R. saxatilis

Fragaria vesca
Potentilla pimpinelloides

Rosa sp.

Trifolium strepens

Anthyllis boissieri

Lotus ciliatus

Vicia variabilis (V. angustifolia)

Geranium silvaticum

Oxalis acetosella

Euphorbia sp.

Viola rupestris

V. arvensis

Daphne mezereum
Hippophae rhamnoides
Carum lomatocarum
Pirola secunda
P. rotundifolia

Vaccinium vitis idaea

Swertia punctata
Echium rubrum
Echinospermum(Lappula) patulum
Thymus sp.

Euphrasia sp.

Melampyrum arvense

Galium verum (G. verosimile)

G. cruciata

Lonicera coerulea

L. caucasica

Valeriana alliariaefolia

Campanula sibirica

Psephellus dealbatus

Tanacetum vulgare

Lagoseris (Pterotheca) orientalis

Antennaria dioica

Artemisia vulgaris

Senecio renefolius

Lampsana (Lapsana) grandiflora

Crepis sp.

Hieracium sp.

Taraxacum sp.

Sonchus palustris
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North of Tegenekli is the mountain spur, Buka-Bashi, rising above the

Eiver Irik. It offers a superb vista of the main Caucasus Range. West of

Tegenekli is the upper end of the vaDey of the Baksan (PL XII, phot. 1).

One branch of the valley leads to Krugozor, a small plateau on the slope of

Elbrus (PI. XII, phot. 2). Both of these regions support an interesting sub-

alpine flora. More prolific, however, is the high grass vegetation in the valleys

of the Adyl-Su, Uzengi, and Dongus-Orun, valleys of supreme beauty headed

by majestic peaks and glaciers. The glaciers descend to 2500 m. (PL X,

phot. 2) and thus eliminate alpine fields in the valley proper, as these usually

do not occur below 2600 m. The subalpine pastures extend from 2250 to

2400 m. ; beyond them lie moraines and then ice. In the high grass of these

five regions the following subalpine forms were collected:

•'• J^4-^mm.'

^.!*»
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Cystopteris fragilis

Juniperus communis depressa

Calamagrostis anindinacea
Silene inflata

S. commutata
Aconitum orientale

Allium paniculatum
Bistorta sp.

Rumex sp.

Polygonum alpinum
P. bistorta

Dianthus liboschitzianus

Sempervivum pumilum

Saxifraga scleropodia

S. cartilaginea

Potentilla sp.

Alchemilla retinervis

Trifolium ambiguum
T. alpestre

Coronilla varia

C. vulgaris

Onobrychis viciaefolia

Astragalus galegiformis

Geranium renardi

Viola lutea

Daphne sp.

Epilobium montanum
Chamaenerion (Epilobium) angus-

tifolium

Astrantia helleborifolia

Chaerophyllum aureum
Heracleum sp.

Gentiana caucasica

G. septemfida
Cuscuta sp.

Myosotis alpestris

Aquilegia olympica
Ranunculus oreophilus

Alyssum murale

Phot. I. The upper end of the Baksan Valley with its river, seen from Krugozor on the side

of Mt Elbrus.

Phot. 2. The two domes (18,470 ft. and 18,347 ft.) of Mt Elbrus seen from the Krugozor

Plateau with the last area of soil adjoining one of Elbrus' glaciers.

Phot. 3. Mt Dongus-Orun from the Pass of the same name: Balkaria to the north (left), and
Svanetia to the south (right)
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Bryophytes.

Porella platyphyllura
Pleuroziutn schrobcri

Dicraiiuiu strictum

D. scoparium
Dicranoweisia erispula

Tortula rumlis
TortoUa tortiiosa

Didymodon rubellus

Griinmia ovalis

G. apocarpa
Encalypta ciliata

Funaria hygrometrica
Bryum capillare

Webera cruda
Polytrichum juniperinum
Hedwigia albicans

Rhyti(lium rugosuin
Hylocomiuin proliferum
Drepanoc'ladus uncinatus
Cirriphyllum cirrosum
Camptotheeium lutescens

Pteridophyles.

Cystopteris fragilis

Asplenium trichomaues
Dryopteris robertiana
1). linneana
Athyrium Hlix femina
Polypodium vulgare
Equisetuin arvense
jSelaginella helvetica

Angiosperms.

Polygonum aviculare

Allium victorialis (A. ursinum)
Platanthera chlorantha
8alix triandra

8. pseudomedemii
S. caprea
Betula raddeana
B. alba (B. pubescens)

Htellaria (Alsine) media
Minuartia inamaea
Arenaria rotundifolia

Lychnis alba

Thalictrum foetidum
Aconitum nasutum
Anemone allmna var. violacea

Berberis sp.

Cardamine uliginosa

Sedum spurium (8. roseum)
Sempervivum pumilum
Saxifraga punctata
S. sibirica

S. cotyledon
Ribes grossularia

Sorbus aucuparia
Rubus idaeus

R. saxatilis

Fragaria vesca
Potentilla pimpinelloides

J^osa sp.

Trifolium strcpens

Anthyllis boissieri

Lotus ciliatus

Vicia variabilis (V. angustifolia)

Geranium silvaticum

Oxalis acetosella

Euphorbia sp.

Viola rupestris

V. arvensis

Daphne mezereum
Hippophae rhamnoides
Carum lomatocarum
Pirola secunda
P. rotundifolia

Vaccinium vitis idaea

Swertia punctata
Echium rubrum
Echinospermum( Lappula) patulum
Thymus sp.

Euphrasia sp.

Melampyrum arvense

Galium verum (G. verosimile)

G. cruciata

Lonicera coerulea

L. caucasica

Valeriana alliariaefolia

Campanula sibirica

Psephellus dealbatus

Tanacetum vulgare

Lagoseris (Pterotheca) orientalis

Antennaria dioica

Artemisia vulgaris

Senecio renefolius

Lampsana (Lapsana) grandiflora

Crepis sp.

Hieracium sp.

Taraxacum sp.

Sonchus palustris

North of Tegenekli is the mountain spur, Buka-Bashi, rising above the

River Irik. It offers a superb vista of the main Caucasus Range. West of

Tegenekli is the upper end of the valley of the Baksan (PL XII, phot. 1).

One branch of the valley leads to Krugozor, a small plateau on the slope of

Elbrus (PL XII, phot. 2). Both of these regions support an interesting sub-

alpine flora. More prolific, however, is the high grass vegetation in the valleys

of the Adyl-Su, Uzengi, and Dongus-Orun, valleys of supreme beauty headed

by majestic peaks and glaciers. The glaciers descend to 2500 m. (PL X,

phot. 2) and tlms eliminate alpine fields in the valley proper, as these usually

do not occur below 2600 m. The subalpine pastures extend from 2250 to

2400 m. ; beyond them lie moraines and then ice. In the high grass of these

five regions the following subalpine forms were collected:
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Cystopteris fragilis

Juniperus communis depressa

Calamagrostis aruridinacea

Silene in fiata

8. commutata
Aconitum orientale

Allium paniculatum
Bistorta sp.

Rumex sp.

Polygonum alpinum
P. bistorta

Dianthus liboschitzianus

fcjempervivum pumilum

Saxifraga scleropodia

S. cartilaginea

Potentilla sp.

Alchemilla retinervis

Trifolium ambiguum
T. alpestre

Coronilla varia

C. vulgaris

Onobrychis viciaefolia

Astragalus galegiformis

Geranium renardi

Viola lutea

Daphne sp.

Epilobium montanum
Chamacnerion (Epilobium) angus-

tifolium

Astrantia helleborifolia

Chaerophyllum aureum
Heracleum sp.

Gentiana caucasica

G. septemfida
Cuscuta sp.

Myosotis alpestris

Aquilegia olympica
Ranunculus oreophilus

Alyssum murale
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Phot. I. The upper end of the Haksau \'alle\' witli its river, seen from K'nijj^ozor on llie side

of Mt P:ihriis.

Phot. 2. The two domes (18,470 ft. and 18,347 ft.) of ^It JCIhrus seen from llie Ixru^^ozor

Plateau with the last area of soil adjoiiiini^ one of IClbrus' i^^laciers.

Phot. 3. Mt Dongus-Orun from the Passof the same name: UalUaria to the north (left), and
Svanetia to the south (right)
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Hesperis matronalis

H. uncinata

Sedum sp.

Onosma stellulatum

Betonica grandiflora

Teucrium orientale

Nepeta grandiflora

Origanum vulgare

Rhyncocorys orientalis

Veronica gentianoides

William Seifriz

Plantago media
Scabiosa caucasica

Cephalaria caucasica

Podanthum campanuloides

Campanula rapunculoides

C. hohenackeri

Linosyris vulgaris

Erigeron pulchellus

E. orientalis

145

Artemisia sp.

Anthemis rudolphiana

Achillea millefoUum

Senecio sp.

Cirsium obvallatum

Jurinea arachnoidea

Centaurea fischeri

Mulgedium albanum

Tragopogon reticulatus

,nica gentianoides
Vallev one enters a

Just before tke glaciers are reached m '^' ^^-^^^fZrhj mountain

forest of birck, such as forms the tree-hne «!^
7^*;^;^^^^^^^^^^^ J, ^he Bash-

thus halt the birch at a relatively low -^*;^-^; (\^^^^^^^^^^ ,, ^600 m. Within

non-glaciated slopes, -^<^^ f^TZlt^olt^^^e. subalpine flora and

these high birch forests one finds the

^'l'^^^^'^''^^^^^^^,_ /orming a rich

the beginnings of an alpine «-•
^7^^^/^^j;jt^^^^^^^ The first rhodo-

following were collected:

Cladonia pyxidata neglecta

Parmelia sulcata

Alectoria jubata prolixa

Ochrolechia parella

Physcia aipolia

Usnea sp.

Dicranum scopanum
Hypnum uncinatum

Dicranoweisia crispula

Hylocomium proliferum

H. proliferum var. alpmum

Webera nutans

Polypodium vulgare

,m aipolia

(3200 m) plateau on the south slope of

Krugozor is a smaU but high (3200 m.) p
^^^.^^ ^^.^.^^

Elbrus. A ten minute walk ^^-g^
"^^ ^^^^^^^^

the Azau Glacier). Krugozor is an 1^ Wometrejo^^
^^^ ^^,^^

last three kilo-tres being a severe^^w^^^^^^^^^^ ^^^ ^^^^.^^ ^^^

Government has estabhshed ^^^"^^^J^ ^^^ (420O m.) situated on a rocky

One may climb higher to the Tent^f^^--
^^int thi final climb to the

protuberance surrounded ^^ ">"'

^^ ^^ Krugozor, with the exception of

Lmmit of Elbrus is made. All

^^^ ^J''^^^^^^^^
^maces and slopes sur-

*
'Z'^llCSo" rn^me flora represented by the following species:

rounding the hut narooui a ^
. ^ . , Bistorta camea

•Mr:^-.-,ar^.ia. imbricata ^ 1 i„«;„iia

Botrychium lunana

Polystichum lonchitis

Drvopteris filix mas

Anthoxanthum odoratum

Avena pratensis

A. versicolor

Festuca ovina

Carex caucasica

Crocus sp.

Gymnadenia conopea

Salix apoda
Minuartia caucasica

M. vema

Minuartia imbricata

Arenaria lychnidea

Saginasp.
Silene lychmdea

Sedum tenellum

Saxifraga sibirica

S. moschata

S. exarata

S. cartilaginea kolenatiana

Polygala alpestris

P. anatolica

Empetrum nigrum

Bistorta vivipara

Bistorta carnea

Daphne glacialis

Chamaenerion palustre

C. caucasica

Carum carvi

Rhododendron caucasicum

Vaccinium vitis idaea

Primula ruprechti

P. farinosa var. algides

Gentiana pyrenaica

Pedicularis sp.

Valeriana alpestris

Campanula tridentata
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Aetheopappus pulcherrimus
Gnaphalium supinum
Antennaria dioica
Anthemis iberica
Alchemilla caucasica

Potentilla oweriniana
Trifolium polyphyllum
Astragalus daghestanica
Geranium albanum
Senecio nanus

Senecio primulifolius
Leontodon histilis

Hieracium sp.

Pleuragjme carinthiaca

Veronica gentianoidos
Scabiosa ochroleuca
Campanula saxatilis

C. tridentata
C. saxifraga

Aetheopappus pulcherrimus
Aster alpinus
Taraxacum ceratophorum

Astragalus daghestanica is an interesting and newly named species, with
1 cm. long balloon-like fruits.

Fifty metres higher (3250 m.) lies a second small plateau immediately
adjoining the Krugozor Glacier and moraine (PI. XII, phot. 2). This plateau
is a typical high altitude tundra. From it were collected the following plants

:

Woodsia sp. g. moschata
Festuca ovina S. flagellaris
Bromus sp. Potentilla oweriniana
Mmuartia oreima Trifolium polyphyllum
Draba begardes var. imbricata Polygala alpestris
Saxifraga exarata Viola biflora var. caucasica
b. juniperifolia Myosotis sp.
S. cartilaginea Lamium tomentosum
S. sibu:ica Ziziphora sp.

Nearby rocks yielded the lichens

:

Parmelia pubescens
Gyrophora cylindrica
G. proboscidea
Rhizocarpon geographicum
Lecidea pantherina

The journey to the Dongus-Orun Pass takes one to a maximum altitude
of 3180 m. Here plant life is essentially the same as that at Krugozor. The
Pass (PI. XII, phot. 3) is one of several possible routes from Balkaria over
the Caucasus Eange to Svanetia. Botanically, the route is intensely inter-
esting. One leaves, on the north, a rocky and rugged country with few forests,
and enters, on the south, a floristicaUy rich country with magnificent forests!
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[Reprintedfrom the Journal of Ecology,

Vol XXI11. No. I. February, 1935.]
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SKETCHES OF THE VEGETATION OF SOME
SOUTHERN PROVINCES OF SOVIET RUSSIA

VII. THE PLANT LIFE OF SVANETIA,
TRANS-CAUCASUS

By WILLIAM SEIFRIZi.

iyfith, Plates XIII-XVI and two Maps in the Text.)

The Trans-Caucasian province of Svanetia, now a political division of the

Soviet Republic of Georgia, lies just south of the western portion of the

Caucasus Mountains (Map 1). Upper or Free Svanetia follows the River Ingur
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Map 1.

between the central Caucasus Range and the Laila Mountains. Lower or

Dadiani's Svanetia, so-called because it was conquered by the Georgian,

^ The present article is the seventh and last of a series on the plant life of Southern Russia

which has appeared in this Journal.
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Dadiani, adjoins upper Svanetia on the south, being separated from it by the

Laila Mountains. Upper Svanetia is a deep valley 160 km long and 30 km. wide

with a total area of 3051 sq. km., and a population of 13,000 The natives,

like the Balkars of North Caucasus, lead primitive lives, with little culture

and no written language, though they are, withal, an interestmg and in-

telligent people.
. ^ ^i ta

This article deals with the plant life of Upper Svanetia, from the Dongus-

Orun Pass and the Nakra valley at the extreme western end, to the eastern

boundary where Svanetia and Ossetia meet (Map 2). The region lies between

43° and 43° 15' N. latitude and 42° 15' and 43° E. longitude.

The first problem which confronts the visitor to Svanetia is that of the

route to be taken into the comitry. Lying in a deep valley, bounded by

glaciated peaks on the north and south, and with but slightly less impregnable

mountains at its narrow eastern and western ends. Upper Svanetia held back

invaders for many centuries. All journeys into and through Svanetia must

be made on foot or horseback, as there are no wagon roads. The most used

route into the vaUey is the Latpar Pass at the eastern end, reached feom

Kutais and Tiflis. Second in importance, and the shortest route, is that

entering at the western end, up the valley of the Eiver Ingur from Zugdidi,

the terminus of the railroad on the shore of the Black Sea. This way brmgs

one to the small Svanetian village of Lahamuli. Another route, now becoming

popular with alpinists, enters Svanetia at its north-west corner, over the

Dongus-Orun Pass from Balkaria. This route was followed on the botanical

trip here described.

The next problem is that of food. This question will obviously change from

year to year during these formative days of the Soviet regime, so that any

advice given now may be useless for even the near future. The winter of

1930-1 was one of the most severe in the history of modern Russia. There

was a great shortage of food, particularly bread, which, in the Russian mmd,

is synonymous with food. The Crimea especiaUy, with several other southern

provinces, suffered greatly. As a result, travellers, during the summer of 1931,

were advised to take along all food necessary when entering Svanetia, but

the advice for that year was unnecessary as simple food proved to be reasonably

plentiful in the smaller villages, butter, chicken, eggs, mutton, milk, and

matzoni or airon (the healthful sour milk of the Caucasus) bemg usually

obtainable, but no bread, except at the tourist bases. The numerous stations

established by the Government in the Caucasus serve as places to stop for

the night. The accommodation is primitive and the food, when supplied, likely

to be rather plain. This is, however, in part compensated for by the natural

courtesy of the Russians; they do what they can and give what they have.

Simple as is the accommodation, it at least makes possible a journey which,

only a few years ago, none but the most courageous dared attempt.

The final problems are luggage and a guide. They are best solved by
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purchasing a donkey for the former and dispensing altogether with the

latter. One may lose the trail for a time, but the deep valleys clearly indicate

the general direction. The native guides are mostly unreliable, especially the

Balkars, who are an independent and sullen people. A Balkar guide is likely

to be more interested in using his profession as a means to smuggle horses

from Balkaria into Svanetia at a profit of 200 roubles, than he is in the welfare

of his tourist clients. As a result, he takes the expedition into his own hands,

once over the Pass. The Svans, while no more reliable than the Balkars, and

less energetic, are a more friendly and courteous people. The killing of a Svan

guide by a Balkar, and later retaliation by a Svan, added to the guide problem

in 1931. All of these difiiculties will diminish as more and more tourists enter

Svanetia, and the plans of the Soviet Government to make the country more

accessible advance. At present, independent and extensive travel anywhere

in Russia requires full equipment from abroad, ample funds, and untold

patience.

Any student of the Caucasus should possess that most excellent of all

publications on the region by Douglas W. Freshfield (1), if for no other reason

than to have the map, which exceeds any other in accuracy and convenience.

Unfortunately this superb publication is now to be had only as a rare find.

Entering Svanetia from the north-west, by the Dongus-Orun Pass, has the

advantage of affording the opportunity to study first the plant life of the North

Caucasus, for comparison with the flora of Svanetia, which is quite different

in many respects. The start is made from Tegenekli, which serves as a base

for trips into the valley of the upper Baksan River and the southern slopes

of Elbrus (described in the sixth article of this series^). The journey into

Svanetia proceeds by foot or horseback up the Dongus-Orun River, a tributary

of the Baksan. The valley of the former is one of the most picturesque and

botanically interesting regions of Balkaria. A not difficult climb of 15 km.

from Tegenekli brings one to the ''North Home," which in 1931 consisted of

tents only, but they were being replaced by a substantial hut. The night is

spent here at an altitude of 2530 m., near the base of the magnificent peaks

of the Uzengi Chat Bashi. An early morning start is made in order to reach

the glaciers while the snow is still hard. Two hours journeying upward over

the glaciers brings one to the summit of the Pass, where the first view into

Svanetia is to be had from an altitude of 3180 m. Before one lies the valley

of the Nakra River extending directly south (Map 2). The ridge above it on

the west marks the western boundary of Svanetia. The landscape of the gorge,

the valley of the Nakra, is less severe, more densely forested, and more inviting

than the rugged country of Balkaria to the north. No native hut is met imtil

the ''village" of Nakra is reached, 20km. from the Pass. One may spend

the night at "Babash," a government-built cabin 15 km. from the Pass (this

is the point marked "South Tent" on present government maps), or one may
* See pp. 140-146 of this issue.
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proceed until sunset and spend the night in the open. The village of Tavrari
over the Kva Ridge, can be reached in one day from the Pass, but only with
considerable eiFort.

The valley of the Nakra, through which one journeys from the Dongus-
Orun to Tavrari, is one of great interest and beauty. It offers an extraordinary
luxuriance of vegetation and a great diversity of species. A more profuse
growth of herbaceous plants than that in the high grass region of this valley

cannot be imagined. Equally fine is the forest of Abies which follows.

The descent from the Dongus-Orun Pass is at first very rapid, over moraine
rock, parts of which are covered with ice, thus leaving but few areas where
alpine plants could exist. At the Pass, Minuartia imbricata, Myosotis alpestris,

Saxifraga flagellaris, S. exarata, S. moschata, and the moss Polytrichum

piliferum were collected at an altitude of 3180 m. The rapid descent quickly

brings one to a subalpine vegetation.

On the east and west slopes of the Nakra Valley the alpine flora, which
tops the subalpine at about 2500 m., is dominated by Rhododendron. It

grows in great abundance, covering extensive areas. Just below the Rhodo-

dendron, at 2200 m., are large expanses of the fern, Athyrium filix femina.

So luxuriant a growth of a single species of fern is seldom to be seen.

The presence of such dense stands of fern intermixed with Rhododendron is

in strong contrast to the complete absence of the latter and the scarcity of

the former immediately over the ridge in Balkaria. At a slightly lower

altitude, Athyrium and Rhododendron form an association with birch and

willow.

At 2000 m. the high grass association commences and continues down to

1600 m. It consists of a dense growth of herbaceous flowering plants in which

the tall Campanula lactiflora, with its large, pale blue flower, predominates,

although its darker cousin. Campanula latijolia, whose deep blue bells may be

5 cm. in length, is almost as abundant, as is also Inula grandiflora, with its

conspicuous, rich, yellow flowers. A giant Umbellifer of the genus Heracleum,

constitutes a striking feature of the herbaceous flora; it attains a maximum
height of 3 m. Geraniums and Polygonums are profuse. Also abundant are

the purple Centaurea nigrofimbria, the Boraginaceous Nonnea intermedia,

Anemone aurea, Pedicularis nordmanniana, Draba hispida, the parasite Oro-

banche, Ranunculus crassifolius, R. oreophilus and Rhododendron caucasicum.

The bright orange-coloured Crocus flavus is frequently to be seen, more so

than in the North Caucasus. The grasses, Poa longifolia and Phleum alpinum,

are the most plentiful of the Gramineae. The absence of Scabiosa caucasica

here and throughout Svanetia is difficult to understand in view of its abun-

dance on the north slopes of the Main Caucasus Range (2), and in the Minor

(South) Caucasus (3).

Before the rich herbaceous growth has wholly disappeared, Sorbus aucu-

paria, a small Salix, and a Betula begin to make their appearance, forming a
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very typical and widespread association with Rhododendron and the fern

Athyrium, in which also occur:

Aconitum orientale

Cardamine seidlitziana

Alchemilla hirsutiflora

Geranium sp.

Pedicularis atropurpurea
Aster caucasicus

Inula grandiflora

Senecio platyphyllus

Mulgedium abietinum

Where snow has persisted low in the valley, one may see the interesting

sight of neighbouring willows in various stages of development, the least

advanced having leafless twigs and young catkins on August 22nd (PI. XIII,

phot. 1). The melting snow had uncovered the plants but ten days or two

weeks before. The adjoining willows were just leafing out, while those farther

back were in full foliage. Growing at the edge of the snow and in full flower

was Primula farinosa, which probably had not been uncovered more than a

week. Thriving under an overhanging shelf of melting snow was the grass

Colpodium caucasicum (PI. XIII, phot. 2).

The dwarf 1 m. high willow is the forerunner of the upper small-tree forest

of Salix, Sorbus aucuparia, Fagus orientalis and Acer trautvetteri, all low tree-

shrubs at this altitude (1600 m.).

A hundred metres lower, Abies nordmanniana makes its first appearance,

though it climbs higher out of the valley on the neighbouring mountain slopes.

Soon one is within a superb forest of giant firs which attain a trunk diameter of

2 m. and reach up to 50 m. Here again we have a striking contrast with the North

Caucasus, where pine is the sole tree-forming conifer. In addition to fir on the

south Caucasian slopes, there is also spruce which is lacking on the north side.

The first native huts in the Nakra Valley are met at the lower edge of the

Abies forest. The place is named Nakra or Naka. Here agriculture begins.

Throughout Svanetia wheat is the chief agricultural product, with millet,

potatoes, squash, beans, grapes, hemp {Cannabis saliva), oats, and barley

completing the list of cultivated plants.

The trail into the valley of the upper Ingur River, that is to say into

Svanetia proper, leaves the Nakra shortly before the two rivers join, and then

turns east over the Kva Ridge. The first glimpse of Svanetia, with the little

village of Tavrari and its lone tower in the foreground, is one long to be

remembered. The Valley of the Ingur is of unsurpassed beauty (PL XIII,

phot. 3). The slopes are covered with fir and spruce. The intervening hills are

forested mostly with deciduous trees of the genera Fagus, Quercus, Tilia, and,

lower, Juglans. Among them are specimens of Ilex aquifolium, and Prunus

laurocerasus. The tree-shrub Corylus avellana is also abundant, and at a higher

altitude Betula and Sorbus occur. The small fern Asplenium septentrionale was
collected en route.

The presence of Juglans regia and Vitis vinifera indicate the mild climate

of Svanetia. No exact meteorological data are available, but from the natives

the information is gained that the winters in Svanetia are of moderate tem-

perature, and free from severe winds and much snow. My own experience bears
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Phot. I. Dwarf Salix in the Nakra Valley, recently (lo days) uncovered from snow; leafless,

with catkins on 22nd August.

Phot. 2. The grass Colpodium caucasicum growing under a shelf of melting snow in the

Nakra Valley.

Phot. 3. Valley of the Ingur, slopes covered with fir and spruce.

SEIFRIZ—Sketches of the Vegetation of some Southern
Provinces of Soviet Russia. VII. Plant-life of Svanetia,

Trans-Caucasus
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very typical and widespread association with Rhododendron and the fern

Athyrium,, in which also occur:

Aconitum orientale

Cardamino seidlitziana

Alchemilla hirsutiflora

Geranium sp.

Pedicularis atropurpurca
Aster caucasieus

Inula grandiflora

Senecio platyphyllus

Mulgedium abietinum

Where snow has persisted low in the valley, one may see the interesting

sight of neighbouring willows in various stages of development, the least

advanced having leafless twigs and young catkins on August 22nd (PL XIII,

phot. 1). The melting snow had uncovered the plants but ten days or two

weeks before. The adjoining willows were just leafing out, while those farther

back were in full foliage. Growing at the edge of the snow and in full flower

was Primula farinosa, which probably had not been uncovered more than a

week. Thriving under an overhanging shelf of melting snow was the grass

Colpodium caucasicum (PI. XIII, phot. 2).

The dwarf 1 m. high willow is the forerunner of the upper small-tree forest

of Salix, Sorbus aucuparia, Fagus orientalis and Acer trautveUeri, all low tree-

shrubs at this altitude (1600 m.).

A hundred metres lower, Abies nordmanniana makes its first appearance,

though it climbs higher out of the valley on the neighbouring mountain slopes.

Soon one is within a superb forest of giant firs which attain a trunk diameter of

2 m. and reach up to 50 m. Here again we have a striking contrast with the North

Caucasus, where pine is the sole tree-forming conifer. In addition to fir on the

south Caucasian slopes, there is also spruce which is lacking on the north side.

The first native huts in the Nakra Valley are met at the lower edge of the

Abies forest. The place is named Nakra or Naka. Here agriculture begins.

Throughout Svanetia wheat is the chief agricultural product, with millet,

potatoes, squash, beans, grapes, hemp {Cannabis saliva), oats, and barley

completing the list of cultivated plants.

The trail into the valley of the upper Ingur River, that is to say into

Svanetia proper, leaves the Nakra shortly before the two rivers join, and then

turns east over the Kva Ridge. The first glimpse of Svanetia, with the little

village of Tavrari and its lone tower in the foreground, is one long to be

remembered. The Valley of the Ingur is of unsurpassed beauty (PL XIII,

phot. 3). The slopes are covered with fir and spruce. The intervening hills are

forested mostly with deciduous trees of the genera Fagus, Quercus, Tilia, and,

lower, Juglans. Among them are specimens of Ilex aquifolium, and Pru7ius

laurocerasus. The tree-shrub Corylus avellana is also abundant, and at a higher

altitude Betula and Sorbus occur. The small fern Asplenium septentrionale was
collected en route.

The presence of Juglans regia and Vitis vinifera indicate the mild climate

of Svanetia. No exact meteorological data are available, but from the natives

the information is gained that the winters in Svanetia are of moderate tem-

perature, and free from severe winds and much snow. My own experience bears
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Phot. I. Dwarf .SV^//> in the Nakra Valley, recently (lodays) uncovered from snow
;
lealless,

with catkins on 22nd August.

Phot. 2. The grass Colpodium caucasicum growing under a sliclf of melting snow in the

Xakra Valley.

Phot. 3. Valley of the Ingur, slopes covered with fir and spruce.
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Phot. I. An almost pure stand of Populus tremula at Tavrari.

Phot. 2. Approaching Betcho, with Mt Ushba in the left background; slopes covered with
Picea, Abies, Populus, Betula, Quercus, Acer, etc.

Phot. 3. Picea-Abies forest on the Zagari Ridge, Mestia.

Phot. 4. Popuhis-Picea-Abies association on the Zagari Ridge, Mestia.
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witness to an intensely hot midday in August. Precipitation is 600-700 cm.

annually. Irrigation is generally practised.

It is at Tavrari that one first realises how conspicuous a feature of the

Svanetian forests is Populus tremula. It usually occurs scattered among ever-

green trees, its tall pale grey trunk and crown of delicate green foliage standmg

out in strong contrast to the dark colour of the conifers, though it may often

form almost pure stands (PI. XIV, phot. 1).

The night, if not several days, should be spent at Tavrari, food permittmg;

the Soviet Base, housed in the school, supplies nothing except roof and

mattress. One may proceed to the nearby and larger village of Lahamuh,

where living conditions are but little better, though the village is very pic-

turesque. The journey of 25 km. from Tavrari to Betcho, easily made ma
day, is one of magnificent scenery with Picea-Abies forests covermg the

northern slopes of the Ingur Valley throughout the way.

The large fern Struthiopteris with its interesting fruiting frond, later to be

met with in abundance, borders the trail to Betcho, with an occasional

specimen of Vincetoxicum officinale. At Betcho, a stay for the mght or longer

should be made, if for no other reason than to admire the majestic summit of

Mount Ushba (4700 m.), a favourite peak among the natives and visitors, its

massive monolith having been ascended but four times (PI.

^J^;^?^^;-
^^

The plant life at Betcho is very fine, almost equalling that of the Nakra

Valley The trail continues to Mestia, the capital of Svanetia. It is a village

of striking appearance with its many towers (PI. XV, phot. 1) but it lacks

the charm of the smaller villages and suffers from some of the less desirable

features of civilisation. It is the starting point for a number of trips of con-

siderable botanical interest. ^ .^r- j ^-xT-i^f;,.

At Mestia, I had the pleasure of meeting Professor Paul Vinogradoff-Nikitin

of the Institute of Forestry at Tiflis,who continued the journeywith us. Much of

theinformationgivenhereinregardtotheidentification,distribution,andecology

of the trees of Svanetia and the Caucasus in general was received from him.

The following is a list of the trees and tree-shrubs of Svanetia. (Synonyms

are in parentheses.)

Taxus baccata
Picea orientalis

Abies nordmanniana
Pinus excelsa (P. caucasica, P.

haiuata)

Juniperus oblonga var. reflexa

J. nana
Tamus communis
Populus tremula

SaUx caprea
Ulmus elliptica

Berberis integerrima

Pirus communis
P. malus
Sorbus glabra

Crataegus sp.

Prunus officinalis

P. avium
P. divaricata

Ilex aquifolium

Acer pseudoplatanus

A. trautvetteri

A. platanoides

A. campestre

A. laetum
A. hyrcanum
Juglans regia

Corylus avellana

Betula pubescens (B. pendula)

Alnus barbata

A. incana

Fagus orientalis

F. orientalis var. microphylla

Quercus iberica

Q. pontica

Q. sessiliflora

Rhamnus microcarpa

R. frangula

Tilia caucasica

Comus australis

Rhododendron caucasicum

R. ponticum
R. flavum (Azalea pontica)

Fraxinus excelsior

F. oxycarpa
Lonicera caprifolium
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J*Ii()l. J. An almost pure stand of Popu/its tycniitla at Tavrari.

Phot. 2. Approaching Hctcho, witli ^It I'shba in the left background; slopes cijvered with
Picca, Abies, Popit/its, Ih'tiila, OuercKs, Acer, etc.

Phot. 3. Picea-Abies forest on the Zagari Ridge, Mestia.

Phot. 4. Populus-Picea-Abies association on the Zagari Kidge, Mestia.
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witness to an intensely hot midday in August. Precipitation is GOO-700 cm.

annually. Irrigation is generally practised.

It is at Tavrari that one first realises how conspicuous a feature of the

Svanetian forests is Poj)ulus tremula. It usually occurs scattered among ever-

green trees, its tall pale grey trunk and crown of delicate green foliage standmg

out in strong contrast to the dark colour of the conifers, though it may often

form almost pure stands (PI. XIV, phot. 1).

The night, if not several days, should be spent at Tavrari, food permittmg;

the Soviet Base, housed in the school, supplies nothing except roof and

mattress. One may proceed to the nearby and larger village of Lahamuli,

where living conditions are but little better, though the village is very pic-

turesque. The journey of 25 km. from Tavrari to Betcho, easily made in a

day, is one of magnificent scenery with Picea-Ahies forests covering the

northern slopes of the Ingur Valley throughout the way.

The larcre fern Struthiopteris with its interesting fruiting frond, later to be

met with In abundance, borders the trail to Betcho, with an occasional

specimen of Vincetoxicum officinale. At Betcho, a stay for the mght or longer

should be made, if for no other reason than to admire the majestic summit of

Mount Ushba (4700 m.), a favourite peak among the natives and visitors, its

massive monolith having been ascended but four times (PI. XIV phot 2).

The plant life at Betcho is very fine, almost equalling that of the Nakra

Valley The trail continues to Mestia, the capital of Svanetia. It is a village

of striking appearance with its many towers (PL XV, phot. 1), but it lacks

the charm of the smaller villages and suffers from some of the less desirable

features of civilisation. It is the starting point for a number of trips of con-

siderable botanical interest. _ , ,,. . ^ x-i •^•

At Mestia, I had the pleasure of meeting Professor Paul Vinogradoff-Mkitn

of the Institute of Forestry at Tiflis, who continued the journey with us. Much ot

theinformationgivenhereinregardtotheidentification,distribution,andecology

of the trees of Svanetia and the Caucasus in general was received from aim.

The following is a list of the trees and tree-shrubs of Svanetui. (Synonyms

are in parentheses.)

Taxus baccata

l*icea orientalis

Abies nordnianniana

Pi 11 us excelsa (P. eaucasica, P.

hamata)
Junipcrus oblonga var. reHexa

J. nana
Tamus communis
Populus tremula

Salix caprea

Ulmus eUiptica

Bcrberis integerrima

Pirus communis
P. malus
Sorbus glabra

Crataegus sp.

Prunus officinalis

P. avium
P. divaricata

ilex aquifolium

Acer pseudoplatanus

A. trautvetteri

A. platanoides

A. campestre
A. laetum
A. hyrcanum
Juglans regia

Corylus avellana

Betula pubescens (B. pendula)

Alnus barbata

A. incana

Fagus orientalis

h\ orientalis var. microphylla

Quercus iberica

Q. pontica

Q. sessilitiora

Khamnus microcarpa

\i. frangula

Tilia eaucasica

Cornus australis

Rhododendron caucasicum

R. ponticum
R. Havum (Azalea ])ontica)

Fraxinus excelsior

F. oxycarpa
Lonicera capritblium
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With few exceptions all of the above plants are to be found in the neigh-

bourhood of Mestia, particularly on the Zagari Ridge (PL XIV, phot. 3-4).

This latter ridge is an isolated spur lying on the south side of the valley. As
one views the ridge at a distance, Populus tremula is again the most con-

spicuous tree.

A close examination of the Zagari Ridge reveals the following details.

Dispersed over the lower fields near the village of Mestia, at an average altitude

of 1400 m. are wild apple and pear trees, Pirus malus and P. communis, some
of great age. With them is the birch, Betula pubescens, which is at its best in

the wet canyon of the river. Its pronounced drooping branches have caused
it to be distinguished by the name of B. pendula. Other woody forms are

Fraxinus excelsior, F. oxycarpa, Tilia caucasica, Salix amygdalena, Alnus
barbata (which is replaced at higher altitudes by A, incana), Corylus avellana

(in abundance), Berberis integerrima (even more prolific) and Crataegus sp.

The hawthorns, so numerous throughout the Caucasus, are kept by the
Russian botanists within a few species, and not divided into many species

as has been done by the American botanists. The small spiny prostrate juniper,

Juniperus oblonga var. reflexa is abundant. A little farther up, growing at the
edge of the forest, are two small trees with brilliant red fruits hanging in

clusters. One of these is immediately recognised as Sorbus, not the familiar

S. aucuparia, but instead, S. glabra] the other is Viburnum lantana. V. opulus
is almost as numerous ; the smaller F. orientale occurs less often.

The most conspicuous and prolific of the field plants in the fields at the
base of the Ridge and around Mestia in general are Digitalis ferruginea, and
the thorny weed, Xanthium strumarium. The disagreeable Urtica, U, dioica

(not the expected U. urticans) is present and often infested with Cuscuta. An
interesting member of the Papilionatae is Anthyllis vulneraria; its common
name, sandy Trifolium, suggests another genus. Erigeron acris is an American
weed which found its way into Russia about forty years ago. Other members
of the lowland flora are the yellow-flowered Impatiens nolitangere, the very
small hemi-parasite Euphrasia officinalis, a Euphorbia, Verbascum orientale,

Artemisia absinthium. Origanum vulgare, Mentha, Linaria, Plantago saxatilis,

Achillea millefolium, Alcea ficifolia, Lotus ciliatus and a Chenopodium.
One does not climb far up the Ridge before meeting the first maples. Three

of the six Svanetian species are represented : Acer campestre with quite small
leaves, A. trautvetteri, the most common, with medium leaves, and A. plata-

noides, with very large leaves ; the fruits of the species also differ. The small-
leaved A. campestre is typically a low altitude form, so that its presence in

Svanetia at 1400 m. is rather unexpected. A. platanoides is the maple of all

Europe, and, while characteristically a tree of the lowlands, it is often found
at higher altitudes, as here. A, trautvetteri, on the other hand, is a high
altitude form only. It cannot be made to grow at low altitudes (e.g. in the Tiflis

Botanic Gardens).
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With the maples in the lower open forests, on the Zagari Ridge, are

Carpinus betulus, Prunus avium, and the two shrubs, Rhamnus frangula and

Lonicera caprifoKum.

Before climbing higher to the Picea-Populus association, a glance at the

deciduous forest floor reveals some interesting small woody forms and her-

baceous plants. Very abundant here and throughout Svanetia is Rhododendron

flavum, a softer-leaved species than its better known relative, R. caucasicum.

The latter is sharply restricted to alpine regions, but R. flavum grows at all

altitudes in Svanetia. This species was formerly called Azalea pontica and is

not to be confused with R. ponticum, a low altitude form.

The distribution of these three rhododendrons, R. caucasicum, limited to

high altitudes, R. ponticum to low altitudes, and R. flavum, doing well at all

altitudes, brings up the usual question of why three such closely related

species should show so definite and characteristic a distribution. Temperature,

light, moisture, soil, and acidity are possible factors, but Professor Vinogradoff-

Nikitm called attention to another factor, brought to light by attempts to

grow a mountain rhododendron (named for him) at low altitudes. R. wmo-

gradoff-nikitin failed to grow in the Tiflis Botanic Gardens after several

attempts at transplantation, until someone planted a specimen near the labo-

ratory and watered it with ram water. The plant grew well for several years

and then a new caretaker watered the- plant by means of the garden hose

connected to the usual water supply from the river, and the plant died.

Apparently, the rain water was more nearly like the water received by the

plant in its natural mountain habitat than was the Tiflis river water. Soil

water on mountain tops is practically free of salts. As it seeps through the

soil its salt content becomes greater and greater, being obviously greatest at

sea level. Rain water would differ little in salt content from the soil water

of mountain summits, while the river water of Tiflis possesses a high salt

content.
i j- xi, -7 •

Berries are well represented in the lower open woods of the Ziagari

Ridge by the two blackberries Rubus caucasicus and R. tenuidentatus. The

former is the usual thorny blackberry, and the latter probably a hybrid (it has

glandular hairs, no thorns, and has been introduced for culture). Another

berry is the raspberry, Rvbus idaeus. R. raddeanus also occurs. An mterestmg

vine is the large-leaved Dioscoreaceous Tamus communis. Rosa is represented

by a species with huge (3 cm.) fruits; there are fifty species of Rosa m the

The white, star-flowered Parnassia, which grows throughout the Caucasus

and north of the Arctic Circle (4), is a member of the herbaceous undergrowth;

others are:

Polygonatum sp.

Paris octopetala

Goodyera repens

Fragaria vesca

Vicia aurantia

Impatiens nolitangere

Lythnim salicaria

Pirola sp.

Gentiana asclepiadea

Swertia punctata

Scutellaria altissiraa

Digitalis ciliata
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The following mosses and ferns were also collected here

:

Dryopteris phegopteris

m

Dicranum scoparium
D. bonjeani

Calliergon turgescens
Webera nutans

As one climbs upward into the dense forest of large trees, Picea and Abies
begin to make their appearance in substantial form (PI. XIV, phot. 3). Slightly
higher the first large poplars occur, so that at about 1750 m. one finds a well-
developed Picea-Abies-Populus association (PL XIV, phot. 4). The fir does
not attain here the huge size that it does in the pure Abies forest in the Nakra
Valley, but the spruce and poplar do well, the former reaching a maximum
diameter of a metre or more and a height of 50 m., while the poplar is almost
as large.

Occurring with Picea, Abies, and Populus, and constituting the remainder of
the deciduous trees of the association, are Betula pubescens, whichhere rivals the
poplar in size and abundance, Fagus orientalis, Quercus iberica, andSorbus glabra.

The oak ranks third after Populus and Betula as a prominent member of
the deciduous trees of Svanetia. It is widely distributed but stays high, above
1500 m. For those of us who are familiar with the oak in the lowlands of the
temperate zone, it is a surprise to find it so far up in the mountains, and never
at lower altitudes in the Caucasus. This is, to be sure, also true of the tropics,

where, however, the causes are evident; but why the Caucasian oaks are all

high altitude forms is less easily explained. Of the four identified Svanetian
species, Quercus iberica is the most common. The other three are, Q. pontica,
occurring always above 1800 m., Q, sessiliflora, and Q, hartwissiana (or

Q. iberica hartwissiana). Another synonym for the latter is Q. armeniaca,
though this oak grows in Georgia and not in Armenia. The oak has played an
ethnological and nutritive role in the history of Russia and Transcaucasia.
The fruits of Q. suber {Q, subera) and Q. ilex are edible. At one time the
Georgians made fiour from acorns, as the Armenians still do. The latter make
their bread from a mixture of the flour of sweet acorns and wheat. The lan-

guage demonstrates the relationship between the oak and food; ''Muka" is

Georgian for ''oak" and Russian for ''flour," while "Queri" is Georgian for

"dough." (Sanskrit is the origin of the Georgian language as it is of Latin.)

The forest floor at 1750 m. takes on a different aspect and is characterised
by Vaccinium, of which the small F. myrtillus is most common, though the
larger F. arctostaphylos, the Caucasian blueberry, is more typical of Svanetia.
The latter is the largest of the Vacciniums, averaging 1 or 2 m. with a maxi-
mum of 4 m. and a stem diameter of 8 cm. It is not solely a mountain form,
for it grows on the edge of the Black Sea at Batum. Unlike the three other
Vacciniums it is not found in the north. Formerly, when private trade existed
in Russia, F. arctostaphylos was a dishonest substitute for tea, not because of

similarity in taste, but simply because the leaves of the two look alike, the
only difference being a notch in the tip of the leaf of Thea, while the Vaccinium
leaf is pointed.
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Phot. I. Mestia; with Picea forests in background.

Phot. 2. The Valley of the Tuibri (at the base of the Latral Dash) near Mestia; Picea forest
in background; subalpine high grass with specimens of giant Heracleum (maximum lo ft.)

in foreground.

Phot. 3. Main Caucasian Range appearing above a forest of Acer, Fagus and Quercus, the
last trees before the subalpine fields.

The Zagari Ridge at Mestia is one of the few localities in the Svanetian

valley where pine occurs in any abundance. The conifer does not, however,

dominate the arboreal vegetation of the Ridge. This honour is held by Populus

tremula. The scarcity of pine in Svanetia is due to competition, which is

especially keen because of heavy precipitation everywhere, as demonstrated by

the luxuriance of plant life and the successful agriculture of Svanetia in com-

parison with the relative barrenness of Balkaria. (Svanetia supplies Balkaria

with hay.)

The Latral Dash is an unglaciated peak on the upper Tuibri River at the

foot of the Chalaat and Leksur glaciers ; it is reached in an easy two-hour walk

up the left bank of the Tuibri from Mestia. As it is part of the Main Cau-

casus Range, it rises to much greater heights than does the Zagari Ridge

^

which we have just been considering. The slopes of the Latral Dash support

a luxuriant high grass association (PL XV, phot. 2), above which is an

excellent growth of ''Krummholz" with alpine fields. Berberis, Crataegus, Betula,

Ilex aquifolium, and a few scrub pines and spruces constitute most of the bush

and small tree vegetation along the river. Before emerging from the low woods

the mosses Dicranoweisia crispula and Pogonatum urnigerum were collected.

At 1600 m., near the foot of the glacier where the river has its source, the

steep ascent of the Latral Dash begins.

The first plant to greet one in the prolific growth of high grass is Campanula

lactiflora, 1 m. high, with its large, pale blue flowers. It is exceedingly

abundant, as is also a Papaver with blossoms of rich orange colour. Higher up,

the giant weed Heracleum is again met with, standing here fully 2 m. high,

with stalks 3-4 cm. in diameter. (There are several mammoth species of this

genus, all unidentified.) The following are the plants of the highgrass community

collected between 1600 and 1800 m. on the slopes of the Latral Dash.

Athyrium filix femina

Aspidium lonchitis

Crocus suwarowianus
Betula pubescens
Polygonum alpinum
Silene commutata
S. compacta
Dianthus liboschitzianus

Aconitum nasutum
Papaver oreophilum

Sedum involucratum

S. maximum
S. pallidum
Aruncus Sylvester

Rosa sp.

Alchemilla acutiloba

Trifolium ambiguum
Lotus ciliatus

Vicia variabilis

Lathyrus pratensis

Geranium robertianum
Euphorbia iberica

Acer trautvetteri

Epilobium montanum
Chamaenerium palustre

Astrantia helleborifolia

Chaerophyllum aureum
Monotropa hypopitys

Vaccinium vitis idaea

Heracleum sp.

Myosotis alpestris

Symphytum asperum
Betonica grandiflora

Valeriana alliariaefolia

Knautia heterotricha

Campanula lactiflora

C. latifolia

Jasione sp.

Pyrethrum macrophyllum
Senecio nemorensis

S. platyphyllus

Mulgedium albanum
Lapsana grandiflora

At 1700 m. there starts a low, bushy growth of the maple, Acer trautvetteri,

2-3 m. tall. Somewhat higher, the maple is replaced by a similar shrubby

growth of Fagus orientalis. This tree, with its varietal form, F. microphylla,

grows throughout Svanetia, forming large trees, though here at 1750 m. it is

typical " Knieholz." It often outclimbs all other trees in the Southern Caucasus.

SEIFRIZ—Sketches of the Vegetation of some Southern
Provinces of Soviet Russia. VIL Plant-life of Svanetia,
Trans-Caucasus
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J^liot. I. Mestici; witli Picca forests in ])ackgr()iind.

Pilot. 2. 'Hie Valley of the 'i'uibri (at the base of the J.atral Dash) near Mestia; Picea forest
in backj^n-ound; subalj)ine high grass with specimens of giant llcviiclcitiii (maximum lo ft.)

in foreground.

Phot. 3. Main Caucasian Range appearing above a forest of Acer, i'cii^us and Oitcrcits, the
hist trees before the subalpine lields.
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The Zagari Ridge at Mestia is one of the few localities in the Svanetian

valley where pine occurs in any abundance. The conifer does not, however,

dominate the arboreal vegetation of the Ridge. This honour is held by Populus

tremula. The scarcity of pine in Svanetia is due to competition, which is

especially keen because of heavy precipitation everywhere, as demonstrated by

the luxuriance of plant life and the successfid agriculture of Svanetia in com-

parison with the relative barrenness of Balkaria. (Svanetia supplies Balkaria

with hay.)

The Latral Dash is an unglaciated peak on the upper Tuibri River at the

foot of the Chalaat and Leksur glaciers; it is reached in an easy two-hour walk

up the left bank of the Tuibri from Mestia. As it is part of the Main Cau-

casus Range, it rises to much greater heights than does the Zagari Ridge,

which we have just been considering. The slopes of the Latral Dash support

a luxuriant high grass association (PI. XV, phot. 2), above which is an

excellent growth of "Krummholz" with alpine fields. Berberis, Crataegus, Betula,

Ilex aquifolium, and a few scrub pines and spruces constitute most of the bush

and small tree vegetation along the river. Before emerging from the low woods

the mosses Dicranoweisia crispula and Pogonatum urnigerum were collected.

At 1600 m., near the foot of the glacier where the river has its source, the

steep ascent of the Latral Dash begins.

The first plant to greet one in the prolific growth of high grass is Campamda

lactiflom, 1 m. high, w^ith its large, pale blue flowers. It is exceedingly

abundant, as is also a Papaver with blossoms of rich orange colour. Higher up,

the giant weed Hemcleum is again met with, standing here ftdly 2 m. high,

with stalks 3-4 cm. in diameter. (There are several mammoth species of this

genus, all unidentified.) The following are the plants of the high grass commtmity

collected betw^een 1600 and 1800 m. on the slopes of the Latral Dash.

Athyriuni filix fcmina

Aspidium lonchitis

Crocus suwarowiaiius

Bctula pubescens

J*olygonum alpinum
Silene commutata
S. compacta
Dianthus liboschitzianus

Aconitum nasutum
I*apavcr oreophiliim

Scdum involucratum

S. maximum
S. pallidum
Aruncus Sylvester

Rosa sp.

Alchemilla acutiloba

Trifolium ambiguum
Lotus ciliatus

Vicia variabilis

Lathyrus pratensis

Geranium robertianum
Euphorbia iberioa

Acer trautvetteri

Epilobium montanum
Chamaenerium palustro

Astrantia helleborifolia

Cliaerophyllum aureum
Monotropa hypopitys

Vaccinium vitis idaea

Heraclcum sp.

Myosotis alpcstris

Symphytum asperum
Betonica grand itiora

Valeriana alliariacfolia

Knautia heterotricha

Campanula laet itiora

C. latifolia

.Jasione sp.

Pyrethrum macrophyllum
Senecio nemorensis

S. platyphyllus

Mulgedium albanum
Lapsana grandiiiora

At 1700 m. there starts a low, bushy growth of the maple, Acer trautvetteri,

2-3 m. tall. Somewhat higher, the maple is replaced by a shnilar shrubby

growth of Fagus orientalis. This tree, with its varietal form, F, microplnjlla,

grows throughout Svanetia, forming large trees, though here at 1750 m. it is

typical " Knieholz." It often outclimbs all other trees in the Soutliern Caucasus.

SEIFRIZ—Sketches of the Vegetation of some Southern
Provinces of Soviet Russia. VIL Plant-life of Svanetia,
Trans-Caucasus
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Above the shrubby Fagus are three types of plant communities, low grass,

rhododendron thicket, and heath. The first contains typically,

Ranunculus boissieri

Solidago virga aurea
Gentiana asclepiadea

Polygonum bistorta (Bistorta carnea)

Hieracium sp.

This small group, with Geranium and Anemone (Pulsatilla) is of wide distri-

bution, occurring throughout the Caucasus, usually intermediate between the

high grass (subalpine) and the truly alpine associations. It invariably contains

and is usually characterised by the tall pink-flowered Polygonum bistorta.

On the edge of this alpine wood of shrubby Fagus was a most interesting

association of plants that is tjrpical of the far north. Within a foot of each other,

on rocky ground, were Vaccinium vitis idaea, Linnaea borealis, Empetrum

nigrum, Goodyera repens and Pirola secunda, plants commonly growing together

on the arctic moors at Hibini in latitude 69° (4).

The trail leads on from Mestia to the small villages of Kal and Ushkul, at

which point one may turn southward and leave the valley by the high Latpar

Pass. Or one may retrace one's steps from Mestia to Lahamuli and leave

Svanetia at its western end through the valley of the River Ingur to the

south.

The journey from Mestia to Kal is a day's horseback ride and takes one

through excellent forests of Abies, Picea, Acer and Alnus, with the woodland

herb Gentiana septemfida abundant along the way. The fern Struthiopteris also

grows in great profusion. Sambucus is met with in the form of S. nigra, a small

woody tree, later to be replaced by its herbaceous cousin S. ebulus in Lower

Svanetia. Parasitic on Abies is Viscum album.

Kal is of no great interest except to serve as a base while making the

two and a half hours' journey to Ushkul. This last bit of the Svanetia Valley

takes one through an almost pure deciduous forest (PL XV, phot. 3) con-

sisting of Betula pubescens, Populus tremula, Acer trautvetteri, Sorbus, Prunus

avium, P. divaricata, Corylus avellana, Salix caprea, S. pseudomedemii, Ribes

petraeum, Fagus orientalis, Quercus iberica hartwissiana (Q. armeniaca), and

the woody shrubs Lonicera xylosteum and Viburnum opulus. The fern Dryo-

pteris linnaeana was noticed. No Abies, only an occasional Pinus and but

little Picea are here.

Beyond and above the picturesque village of Ushkul lie alpine fields

(PI. XVI, phot. 1) where Rhododendron (R. caucasicum) thickets, the small

willow, Salix arbuscula, and the birch, Betula pubescens, crown the hill tops.

The altitude of the village of Ushkul is sufficiently great (2080 m.) for its

immediate surroundings to harbour an alpine and subalpine flora, consisting

in the main of the following

:

Athyrium filix femina
Avena fatua

Calamagrostis arundinacea
Polygonatum polyanthemum
Crocus scharajani var. flavus

Betula sp.

Bistorta camea
Dianthus liboschitzianus

Anemone aurea
Pulsatilla sp.
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Phot. I. The Ushkul Valley.

Phot. 2. Rhododendron caucasiciim thickets above Kal-Ushkul, approaching the Latpar Pass.

Phot. 3. Alpine fields of Geranium pasterns with scattered Rhododendron patches near the
Latpar Pass, with the greater part of the main Caucasian Range in view; Shkara is on the
right, and Tetnuld on the left.
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Aconitum nasutum
Sedum sp.

Saxifraga moschata var. exarata

Cotoneaster pyracantha
Potentilla tormentilla

Trifolium ambiguum
T. pratense

Geranium sylvaticum

Malva neglecta

Helianthemum chamaecistus

Daphne glomerata
Astrantia helleborifolia

Pimpinella rhodantha
Seseli libanotis

Vaccinium myrtillus

Gentiana septemfida

G. caucasica

Betonica grandiflora

Brunella vulgaris

Veronica gentianoides

Alectorolophus major

Pedicularis condensata
Chamaemelum caucasicum

Scabiosa ochroleuca

Podanthum campanuloides

Campanula coUina

C. alliariaefolia

C. rapunculoides

Erigeron pulchellus

E. caucasicus

Solidago virga aurea

Anthemis regiscens

A. rudolphiana
Artemisia sp.

Rhynchocorys orientalis

Senecio nemorensis

Centaurea fischeri var. ochroleuca

C. nigrofimbria

Cirsium colchicum

C. macrocephalum
Hieracium sp.

Beyond Ushkul is the superb glaciated ridge of Shkara in the Mam Range,

and the conical, ice-capped peak of Tetnuld, the " Jungfrau" of the Caucasus

One returns to Kal for the night, although at Ushkul there is shelter with

a caretaker, but without accommodation. From Kal the journey out of Upper

Svanetia begins. Happy is the traveller who has good weather, for the trip is

one of great splendour. On leaving Kal the trail mounts through a deciduous

forest of Acer trautvetteri, Fagus orientalis, Quercus hartwissiana and Prunus

padus. In these woods the foUowmg mosses were collected:

Drepanocladus uncinatus

Pogonatum alpinum

Pogonatum umigerum
Dicranoweisia crispula

Polytrichum juniperinum

P. alpinum

At the edge of the forest one finds Colpodium variegatum, Alopecurus

nagratus, Cerastium purpurascens, Anemor^ aurea, Inula ghndulosa and

Daphne mezereum (with longer and more delicate leaves than D^ glomeraia)

Crocus suwarowianus is first met with on emerging from the forest. It is

distinguished from its close relative Crocus flavus by its colour, the latter

Sa rich orange and the former a light yellow. 0. flavus is abundan m all

alpTmeadows from Elbrus to the Latpar Pass. Cohk^cuM autumnale also

"''?^; approach to the Latpar Pass takes one through extensive alpine fields

No high ^ass precedes them. On leaving the deciduous fores one soon comes

upon large areas of RModendron cau^si^urn (PI. XVI phot. 2). These con-

tTue, a fernating with an herbaceous growth in which ^--^
^^f^J^

Zjuhsa are conspicuous. Shortly before the Pass is reached he last

Rhodod ndron patches are left behind and Geraniun. pasterus takes fu 1 pos-

fe^on of the fi'elds; its foliage, in autumnal colour of pale^^^^^^^ tints t^e

mountain slopes for hundreds of metres around (PI. ^VI, P^t.
3)

Jhe only

other nlant occurring with Geranium in any quantity is a small Dryas

Among the less 'abundant herbs at the Pass are Tara^un., AUhen^la

seriZ, iyosoiis alpestris and Saxifraga sibirica. The most common grass is
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Phot. T. The T'shkul Valley.

J^hol. 2. RJiododciulrou caucasicitin thickets above Kal-Ushkul, approaching^ the Latpar Pass.

Phot.
-J,

Alpine lields of (kranium pasteyus with scattered RliO(lodciidvo}i patches near the
Patpar Pass, with the j^reater part of the main Caucasian Range in view; Shkara is on the
right, and Tetnuld on the left.
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Aconitum nasutum
Sedum sp.

Saxifraga moschata var. exarata

Cotoneastcr pyracantha
Potentilla tormentilla

Trifolium ambiguum
T. pratense

Geranium sylvaticum

Malva neglecta

Helianthemum chamaecistus

Daphne glomerata
Astrantia helleborifolia

Pimpinella rhodantha

Seseli libanotis

Vaccinium myrtillus

Gentiana septemfida

G. caucasica

Bctonica granditiora

Brunella vulgaris

Veronica gentianoides

Alectorolophus major

Fedicularis condensata
Chamaemoluni caueasicum

Scabiosa ochroleuca

Podanthum eampanuloides

Campanula collina

C. alliariaefolia

C. rapunouloides

Erigeron pulchollus

E. caucasicus

Solidago virga aurca

Anthemis regiscens

A. rudolphiana
Artemisia sp.

Khynchocorys orientalis

Senecio ncmorensis

Centaurea fischeri var. ochroleuca

C. nigrotimbria

Cirsium colchicum

C. macrocephalum
Hicracium sp.

Beyond Ushkul is the superb glaciated ridge of Shkara in the Main Range,

and the conical, ice-capped peak of Tetnuld, the " Jungfrau" of the Caucasus

One returns to Kal for the night, although at Ushkul there is shelter with

a caretaker, but without accommodation. From Kal the journey out of Upper

Svanetia begins. Happy is the traveller who has good weather, for the tTip is

one of great splendour. On leaving Kal the trail mounts through a deciduous

forest of Acer Imutvetleri, Fagm orientalis, Quercus harttvissiana and Prums

padus. In these woods the following mosses were collected:

Dropanocladus uncinatus

Pogonatum alpinum

Pogonatum urnigcrum

Dicranoweisia crispula

Polytrichum junipcrinum

P. alpinum

At the edge of the forest one finds ColpodiMm variegatum, Alopecurus

nagratus, Cerastium purpurascens, Anemone aurea, Inula ghnMosa an.l

Dapln. mezereu,. (with longer and more delicate leaves than ^. .flo>nerata>^

Crocus suwarowianus is first met with on emerging from the forest. It is

distinguished from its close relative Crocus flavus by its colour, he latte

bSng a rich orange and the former a light yellow. C. flavus is abundan m all

al^be x^Lows from Elbrus to the Latpar Pass. CokMcum autu>,.u.U also

"''ihe approach to the Latpar Pass takes one through extensive alpine fieUls.

No highTass precedes them. On leaving the deeuluous forest oi. soon comes

uDon large areas of Rhododendron caueasicum (PI. X\L P^ot. .). Ihese con

tTue a ternating with an herbaceous growth in which Arr^mone and Inula
tinue, aiternawuj,

au^^tlv before the Pass is reached the last

qlandulosa are conspicuous. Shortly betore tne ra

llhododendron patches are left behind and Geramum pa.terus takes full pos

fe^on of the fields; its foliage, in autumnal colo- ^f P.^-^^^^^ ^^^
mountain slopes for hundreds of metres around (P

.
X^^' P^^«

-i.^J/'
'""'^

other Dlant occurring with Geranium in any quantity is a small D> yas

"mong the less abundant herbs at the Pass are Taraxaeum, Alckennlla

seriTa, Myosotis alpestris and Saxifraga sibvrica. The most common grass is
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Briza minima. On the rocks within the Pass, the moss Dicranoweisia crispula

was collected. There is a slight depression in the meadow at the Pass where

Crocus flavus grows in extraordinary profusion.

The altitude of Latpar Pass is 2835 m. No high mountains lie between it

and the Main Caucasus Range, so that one has an unobstructed view from

Shkara, the second highest of the Caucasus mountains, on the right (east),

to Ushba on the left (PI. XVI, phot. 3). The panorama is one of unsurpassed

beauty, the ruggedness of Shkara's rocky ridge softened by freshly fallen snow,

and the white cone of Tetnuld, the most graceful of the Caucasian peaks,

glistening in all its splendour. At one's back, to the south, lies the more serene

pastoral landscape of Lower Svanetia.

4.. H

i
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Reprinted from The Botanical Review, January, 1935, Vol. 1, No. 1

THE STRUCTURE OF PROTOPLASM
WILLIAM SEIFRIZ

Professor of Botany, University of Pennsylvania

Rol? vl'"r T^ ?."
r^^toplasm, done by such pioneers as

^iTulJ^ °^'^ *' ^"'•'^ °^ '^'- ^y*°l«g'«t^ o" fixed

s™ud!"sno.fhr^.
;"*''''* ""^ ""'"^ ^""'^^d fr^'" these latter

or^ iis T^^^ T' ^^.^'^^^^-^^ -d the phenon^enonot mitosis. The new century ushered in a "new cytology" and withIt not only a return to living material, but a new view point b"d
^JatuH^'f"' r' ?^™"' interpretations. ThrclLnge^me about for a number of reasons. The now old cytology found

^^L^::S'r'l' ^" r^ ^^ '^^^ *^^ chemfsts^reZ
of Zl f * '" ^''* substantial contributions to the study

le tot^^^^^^^^
P^'^-'-; i^"-; and the cytologist had'come to realize that if he went no further than what he could see in

th XTcirhia^rr "?
''' ''-' ^"^ --^ *^" -^'^ s;

model ot,?^ J?K '' ^*^* ^^ ^*^"'d s^^ -"d make a

regions of1"1 f'

"'"' '°™"^*^^ '''' "^'^^-^I -ter-

EevLh T phenomena during the nineteenth century,

whth" t ^u .^'^' ^^y *° interpretations based on behavio^whether the behavior of electrons, colloidal systems, or protoprsmOne can not rest content with visible structure
P^^^toplasm.

pZ^r^^Tllr ^^ ^^- '-^ ^^-th1h?:o^^^ ofTR^froctoron. The Structure of Orjanic Jellies" (34)
Protoplasm was viewed by the older workers either as a fin.rtanular suspension or as a framework of libers hi atterfola co„t,„„ous

. or an entanglement of discolll «s°™''^in 1924 BntscMi advanced his alveolar hypothesis of nrot„

ateTofs:: , "v'°r"^ *= --'^ "'*°^" °> ^"
»«nbi,^rsri :e^tnrtrir^'^ *t* '--

:ra:.rr-t™as':^-L5?~---
P^oplasm. The alveoiar '^^^.^relTrLSyXtT^
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emulsion, the globules of which are numerous, compact and under

pressure; they, therefore, assume an angular and uniform shape

and are symmetrically arranged, as in the case of the "cells" of a

honeycomb.

There is no truth to the contention often made that the alveolar

structure of protoplasm is always an artifact. It is clearly and

perfectly presented in the ectoplasm of certain protozoa, e.g.,

Euplotes, but it is not of universal occurrence, nor of fundamental

significance, as Biitschli maintained.

The emulsion hypothesis of protoplasmic structure is accepted by

many (8, 9) though unfortunately not, in the author's opinion,

wisely so. In its coarser structure, protoplasm, as seen through

the microscope, is an emulsion, a dispersion of globules of varying

size and distribution in an aqueous medium. When the globules

are numerous, compact, angular and symmetrical, alveolar proto-

plasm results. When the globules are relatively large, uniform and

spherical, they are termed alveolar spheres (55). When the

globules appear to be "cavities" of the nature of small sacks, the

structure is termed vacuolar (6) . But it is impossible to differ-

entiate clearly between a vacuole, a sack, a globule, an alveolus, or

an alveolar sphere. All of these structures are but modifications of

one and the same thing, namely, a globule ; they all become, there-

fore, the dispersed phase of an emulsion.

One of the most interesting and significant among recent contri-

butions to our knowledge of the protoplasmic emulsion is an ob-

servation by Spek (46, 48) who observed the fusion of several of

the most minute of protoplasmic granules to form larger liquid

globules with discernible contours. Thus does the "granular"

structure fall under the heading of an emulsion. (Some solid

granules occur in protoplasm, e.g., crystals). We, therefore,

recognize one main type of visible structure in living protoplasm,

namely, an emulsion. The various distinctive names which have

been given to this structure indicate, in part, the actual particular

configuration assumed by the emulsion and, in part, the author's

interpretation of it as it exists in the particular material he has

investigated.

The emulsion hypothesis.

There is no doubt that protoplasm, superficially viewed, is an

emulsion. Doubt exists only as to the function and fundamental

i

%•



20 THE BOTANICAL REVIEW
THE BOTANICAL REVIEW 21

nature of this emulsion. The emulsion hypothesis got a firm hold

in biology for two reasons. First, protoplasm as seen through the

microscope is quite evidently an emulsion and the colloidal struc-

ture of jellies was once thought to be a fine emulsion. The latter

idea gave rise to the misleading word "emulsoid.'' It was very

natural, therefore, for biologists to assume that the ultimate and

hidden structure of protoplasm is an emulsion like the coarser and

visible one, only finer. Let us first recall what happened to the

emulsion hypothesis of the structure of jellies. Ellis (12) found

that fine and pure emulsions are "model suspension colloids*' and

not of the jelly type at all. Hatschek (20), in a search for a pos-

sible mechanism in emulsions which would explain such gel prop-

erties as elasticity, analyzed the situation mathematically and con-

cluded, "the theory that gels consist of two liquids must be pro-

nounced untenable."

The first substantial contribution to the emulsion hypothesis of

protoplasmic structure was that of Clowes (8) who evolved an

ingenious theory of protoplasmic permeability. He assumed that

the outer layer of protoplasm is an ultramicroscopic emulsion near

the reversal point. When the emulsion swings slightly to one side

or the other, toward the oil-in-water or water-in-oil state, it be-

comes more or less permeable to water soluble substances such as

salts. The hypothesis nicely explains certain features of the

permeability of protoplasm. Particularly convincing is Clowe's

discovery that the proportion of sodium and calcium which keeps

an emulsion at the reversal point is exactly that which exists in sea-

water, in blood and other physiological solutions.

A second substantial support to the emulsion hypothesis of pro-

toplasmic structure, in reference to the surface layer, came from

Dixon and Clark (10). They found that an electrical stimulus

affects emulsions in the same way as it does protoplasm. An

electric current will cause an emulsion, originally almost im-

permeable to ions and water soluble substances, to become fairly

permeable, which is the same effect that electric stimuli have on

living tissues, namely, they increase permeability. Dixon and

Clark conclude, therefore, that an hypothesis which explains two

such apparently unconnected and remarkable phenomena of the

antagonistic action of ions on permeability, the hypothesis of

Clowes, and the permeability changes produced by electric stimuli,
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the work of Dixon and Clark, deserves serious consideration. This

is true, yet it may simply mean that two rather diverse types of

systems, an emulsion and a living jelly, show similar responses to

the same environmental changes.

We are forced to discard the emulsion hypothesis of mem-

brane control, in spite of two substantial facts in its support, that

of Clowes and that of Dixon just cited, because of the following

reasons. There is no direct evidence whatever of a phase reversal

of the protoplasmic emulsion. Electrical conductivity measure-

ments reveal that the conductivity of protoplasm is the same at all

viscosity values. Blood also shows no change in conductivity in

spite of a great increase in viscosity as a result of coagulation.

This is true also of gelatin when it sets from a solution to a gel, and

on this basis McBain (26) denied the possibility of phase reversal

when soap jellies are formed. The whole idea of phase reversal

has been discarded as a property of gel-forming systems of which

protoplasm is one. It is very unlikely that protoplasm could exist

as a living substance if fat were the continuous phase
;
metabolic

reactions take place in aqueous media. As the stability of an

emulsion increases with decrease in size of the dispersed particles,

an ultramicroscopic emulsion will be extremely difficult to reverse,

owing to a great increase in the surface tension of the stabilizing

membrane. The amount of fat in the dispersed globules of an

ultramicroscopic emulsion is probably insufficient to enclose the

aqueous medium. There are, further, some very characteristic

properties of protoplasm which cannot be explained on the basis of

an emulsion structure. Protoplasm is elastic and emulsions, when

pure, are not. Protoplasm coagulates and emulsions do not. When

milk coagulates, it is a protein, caseinogen, which coagulates and not

the emulsion of butter-fat.

The visible protoplasmic emulsion has it own important role to

play. In addition to its nutritional properties, it presents a multi-

tude of surfaces, and it is at surfaces chemical reactions take place.

The microscopic protoplasmic emulsion may be present even when

it is not visible with ordinary optical methods. That this is true is

indicated by observations made with the Spierer lens (44, 49).

This optical system is a Ziess 1/12'' f.l., 1.25 n.a. (.8 n.a. with ins

closed), 90x, oil-immersion objective, on the lower lens of which a

small metallic mirror has been placed which reflects all direct light,
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thus permitting illumination of the material from below, as is cus-

tomary in ordinary microscopic observations, yet giving a dark-

field. The principle of the lens is based on the fact that the light

scattered by a colloidal particle is most intense in the direction of

the illuminating ray, according to the formula of Rayleigh (43).

The Spierer objective is thus a complete dark-field system in itself,

but it is used to advantage with a cardioid condenser. All struc-

tures seen with the Spierer lens in both protoplasm and cellulose

have also been seen with cardioid and light-field optical systems, but

less distinctly so. This statement is made because, as dark-

field pictures owe their existence to diflfraction phenomena, i.e., to

the scattering of light, as do X-ray spectrograms, it is natural that

question should arise in regard to the reality of structures revealed

by dark-field, whether with the cardioid condenser or the Spierer

objective. The first fact of significance is that no optical system

can reveal structure of any type in a structureless space. The mere

presence of diffraction phenomena is evidence of structure. While

the structure revealed by diffraction phenomena may not be an

exact counterpart of the actual structure, yet a linear orientation

of parts in the picture must correspond to linear units in the object,

while points indicate either a granular structure or a segmented

linear one. A diffraction grating of 10,000 lines per inch viewed

with ordinary light field and a \/2" oil immersion objective, and

also viewed with the Spierer lens, shows the same number of lines

per linear unit in both cases. There is no duplication by the

Spierer lens. In the same manner, the Spierer lens changes nothing

in the structure of protoplasm ; it merely brings to light what is

poorly seen by other methods. Obviously, diffraction lines, halos

and like optical effects occur in all optical systems at times, particu-

larly with dark-field illumination.

When apparently homogenous hyaline protoplasm is viewed

through the Spierer lens it often presents the picture of an emul-

sion in which one, the dispersed, phase is brightly illuminated while

the other, dispersion medium, remains dark. When the protoplasm

is quiet the two substances present a mottled picture, a mosaic. The

plant cell nucleus is of a similar mottled appearance ; here the struc-

ture is often to be seen with ordinary direct illumination. When
the protoplasm is under tension, as when formed into a thread, or

when streaming, the emulsion assumes a striated appearance due

4 1^
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to a parallel arrangement of the illuminated and now elongated

emulsion globules. Under stress, the globules become distorted

into rods which are oriented end to end, sometimes so close as to

appear to form a continuous thread. This structure, first brought

out in detail and with strong contrast by the Spierer lens, had been

previously revealed, less distinctly though definitely so, by ordinary

light-field methods. A photograph by Scarth (36) shows the same

structure in the streaming protoplasm of Spirogyra.

"Dispersed phase" and "dispersion medium" would be sufficient

to designate the two parts of this emulsion, yet it seemed worth

while (44), if for no other reason than to be certain that they will

be definitely reckoned with, to give Greek names to the parts of

this delicate visible protoplasmic emulsion. The brightly illumi-

nated dispersed phase has been termed phaneroplasm {phaneros =

evident), and the invisible, optically empty background or con-

tinuous phase, cryptoplasm {cryptos = hidden)

,

A number of other terms have been used which may possibly

apply to phaneroplasm and cryptoplasm, though the authors of

them seem to have reference to parts more comparable to the old

idea of a "spongioplasm" (framework) and an "enchylema" (inter-

vening substance). Examples of these are the terms coined by

Strasburger, "kinoplasm" or active plasm and "trophoplasm" or

nutritive plasm, terms which have been brought back into use by

Lloyd & Scarth (23).

The more closely one approaches the ultimate structure of proto-

plasm, the less easy is it to differentiate vitally between the relative

importance of its constituents, but if we attempt to distinguish be-

tween phaneroplasm and cryptoplasm from the view-point of their

vital significance, then, discontinuity of the former and active

streaming of the latter suggest that cryptoplasm, the continuous

phase, is the more fundamental of the two.

The protoplasmic framework.

There has long persisted in the minds of biologists the thought

that there must exist a continuous framework of some sort which

is the structural background of protoplasm. Life in a dispersion

(solution) of isolated units, no matter how complex the mixture,

is inconceivable. Both this theoretical concept and actual observa-

tions on fixed and stained material indicated the presence in proto-

1
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plasm of a structure, variously described, but in all instances con-

sisting of a meshwork or entanglement of fibers, forming a three-

dimensional net or sponge. The idea of continuity in proto-

plasmic structure is thoroughly sound and is supported by ample

evidence, but much, though by no means all, of the cytological sup-

port, based on fixed material, given to it, is faulty. The fibrillar

hypothesis, advanced by Flemming and others, ascribes to proto-

plasm the structure of an entanglement of fibrils. Flemming ele-

vated these fibrillae, as did Altmann his granules, above the lowly

station of mere structural units and viewed them as the seat of the

energies on which life depends. The drawings of Flemming of

connective tissue, of Heidenhain of muscle and spinal ganglion cells,

and preparations of Strasburger (41) depict a fibrillar structure.

Such a structure is characteristic of and visible in certain living tis-

sues. Ettisch (13), with the aid of dark-field illumination, finds

the construction of sinew to be that of an aggregation of minute

fibers.

The fibers so far referred to are of microscopic dimensions but

are built up of finer ultramicroscopic, invisible fibers, probably

present in living tissue generally.

Linear structural units may be oriented so as to form an en-

tanglement such as exists in a brush-heap, or they may be arranged

in a more orderly manner in the fashion of a three-dimensional net.

Earlier controversies often centered on the question whether proto-

plasmic fibers are discontinuous or whether they anastomose to

form a reticulum. The meshes of the supposed protoplasmic net

were said to be from 1/2 to 2 p in size. Whether the purely

anatomical framework or the hyaloplasm, "enchylema," which

bathes it, is the real living substance, was judged in the favor of

the latter.

The concept of a reticulum as the structural framework of proto-

plasm has persisted in medicine in the widely recognized stroma in

the red blood cell. The stroma is presumed to be a delicate web-

like net, peripherally located. Microdissection studies fail to reveal

any such framework either in the large (nucleated) amphibian

erythrocyte or in the human corpuscle (39). While the concept of

a continuous framework is a justifiable one and finds ample evidence

in other material, the red blood cell is simply a sack.

^1^

The reticular, fibrillar, net and sponge-like structures seen in

fixed protoplasm may be true fibrous coagula or pictures of an

emulsion caught in a coagulum ; for example, "chromatin granules"

on a "linin thread," a structure which has played a prominent role

in modern cytological and genetical theories of nuclear behavior, is

readily produced by a distorted emulsion of large globules with a

minimum of dispersion medium (42). The "granules" would

then be the points where several globules approach each other and

the "linin thread" would be the connecting strands of the dispersion

medium. This is shown by comparing a typical drawing of

chromatin material, showing "chromatin granules" on a "linin

thread," with one or more of the possible configurations of an emul-

sion. The symmetrical arrangement of the phases of an emulsion

might well pass for the picture of a net or reticulum.

With the older concept of a framework as the structural basis

of protoplasm in mind but with the realization that the eariier

evidence for it is not always sound, let us turn to modern theories.

The ultramicroscopic structure of protoplasm.

The ultramicroscopic structure of protoplasm, like that of non-

Hving matter, is obviously not visible, but theories pertaining to it,

as to molecular and atomic structure, are based on sound though

indirect evidence. We can best approach our problem by a simple

analogy. Of two soap solutions, one of low concentration and low

viscosity, and one of high concentration and high viscosity, the

former was elastic and the latter not ; the former held a small metal

particle in suspension, while the latter could not support the same

particle. It would seem, therefore, that the elastic yet thin soap

solution possessed a structure which would account for its elastic

qualities and for its ability to support a metal particle, while the

thicker yet inelastic soap lacked such a structure. This supposition

was supported by microscopic examination. The elastic soap solu-

tion contained long and slender crystals, while the other soap re-

sembled chalk dust. We have in the behavior and structure of

these two soaps the basis of all generally accepted hypotheses of

the structure of jellies. Elastic colloidal systems are built up of

linear crystalline units. Their intermeshing gives elasticity and

rigidity to liquids which yet flow freely and smoothly. This is

structurally possible if we regard the framework of fibers as not
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fixed but labile, capable of readjustment and comparable to a

loosely put-together brush-heap. A brush-heap is elastic ; a sand

pile is inelastic.

Before carrying the story of the fibrous structure of protoplasm

over to cellulose, investigations on which have yielded much in re-

gard to gel structure in general, let us see how the intermeshed

fibrous structure is associated with the protoplasmic emulsion.

Milk illustrates the situation almost perfectly. Viewed through

the microscope, milk is an emulsion of butter-fat in an aqueous

medium. More than this is not visible. When milk coagulates the

emulsion plays only a passive part. It is the casein in milk which

coagulates. The fluid whey, an aqueous solution of salts, sugars,

etc., separates from the casein coagulum. There are thus in milk

three quite distinct systems, intimately associated, namely, an

emulsion of fat, a dispersion of fibrous units capable of forming a

coagulum, and a solution, of salts, etc., permeating the whole. So

it is with protoplasm.

Investigations on the structure of cellulose give the best possible

insight into modern interpretations of the mechanism underlying

the behavior of colloidal jellies, including protoplasm.

The structure of cellulose.

The cellulose molecule is now thought to be a chain built of rings

of anhydrous glucose (CeHioO^) (28, 50, 51). This latter group

has long been known to be the basic unit of cellulose and all higher

carbohydrates, but the number and arrangement of the rings in the

larger cellulose molecules were not known. It is now believed that

in cellulose each ring is joined to its neighbor by an oxygen bridge,

and every alternate ring is the reflected image of the one on each

side of it, i.e., it is rotated through 180''. Two such rings consti-

tute an anhydrous molecule of the sugar cellobiose (CiaHgzOn).

Some forty or more of these rings, so-called glucose "residues,"

joined in a continuous chain, form the cellulose molecule. The

length of the chain is not fixed. It it capable, stoichiometrically at

least, of reaching any length. One can not, therefore, speak of a

cellulose molecule in the strict sense if by molecule is meant a unit

of fixed weight and constitution. A length of forty glucose re-

sidues, or twenty times the length of the cellobiose molecule (10.3

A. U.), represents a chain length of about 200 A. U. This is a

fs

T

-^A W^

k-'j

*>

minimum. Two or three times this probably more closely repre-

sents an average. The "macro-molecule" of the cotton fiber ap-

pears to be the longest, 1000 A. U. Physically, the molecules

must be regarded as comparatively stiff threads.

The linear cellulose molecule has at each end an apparently un-

satisfied valence bond. There is little likelihood that such a free

carbon bond actually exists ; it rather indicates where our knowl-

edge ends. The bond is possibly satisfied by a univalent (OH)

group or joined to an adjoining chain.

The molecular weight of this long chain molecule is now put at

30,000 to 40,000. Stamm (52) obtained the latter value by centri-

fuging in a high speed Svedberg centrifuge. As the length of the

chain varies, the molecular weight will vary.

There are many polymeric materials which are constituted on the

same principle as cellulose in that their molecules are characterized

by a chain of recruiting structural units; rubber is such a sub-

stance.

With this information as a starting point—though it was at the

time less precise than now—the problem was carried forward by

the X-ray workers (25, 29, 51). The spectrograms obtained indi-

cate clearly that the structure of cellulose is symmetrical, that is to

say, crystalline.

The long cellulose chains are aggregated into bundles of some

sixty chains each. These bundles, being molecular aggregates,

satisfy Nageli's definition of a micelle. We shall recall that the

botanist Nageli postulated a so-called micellar structure for all

gels, including protoplasm, the unit of the structure being a micelle

or aggregate of molecules, i.e., a colloidal particle. As the cellulose

micelle is symmetrical in structure and, therefore, crystalline, it

has received the name of crystallite. An association of cellulose

crystallites, oriented much as are bricks in a wall, presumably con-

stitutes the colloidal structure of cellulose (45).

The precise orientation of the micelles is of significance in such

properties as electric conductance, tensile strength, and elasticity.

Mark (25) depicts two extremes, one in which there is perfect

parallelism, and one in which there is a random or brush-heap dis-

tribution of the micelles, the former represented by native ramie

and the latter by cellophane. The cellulose of flax displays an

\
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excellent orientation of micelles parallel to the fiber axis, and has

a tensile strength comparable to the best steel.

Carothers (S) adds another possibility, namely, that of pro-

nounced overlapping of the molecules of one bundle with those of

another, a very likely condition in that the molecular chains of a

cellulose micelle are of different lengths. Such an arrangement

would provide maximum strength in the direction of the fiber

axis, because the mutual cohesive force of the long chains would

be fully utilized. In regeneration cellulose (cellophane), says

Carothers, there is random orientation. The molecules are brought

into an ordered arrangement by mechanical stress. The strength of

a sheet of cellophane which is initially the same in all directions,

can be so changed by stretching that its strength along the axis of

stretch is increased several times.

If we turn for a moment to other substances of an organic nature

which have been subjected to X-ray study and found to be crys-

talline in nature, with linear units in often orderly arrangement,

we find that the list is a long one ; it includes starch, gelatin, chitin,

rubber, silk, hair, keratin, sinew, muscle, nerve, and brain. It is

but a step from these to protoplasm; indeed, muscle, nerve, and

brain are protoplasm.

Frey-Wyssling (17, 18) has carried out extensive polarization

studies on the cell walls of plants. The method is that of immer-

sion in liquids of known index of refraction, and observation

through Nicol prisms. By this means he showed that in cell walls

there are submicroscopical (colloidal) rod-shaped particles which

he identifies with the Nageli micelles. The long axis of each

micelle corresponds to the direction of the greatest refractive index

;

the latter value, therefore, gives the orientation of the micelles in

the wall.

Photographs of cellulose taken with the Spierer lens add further

evidence to the general conclusion that cellulose possesses a col-

loidal structure of symmetrically arranged rods (43). The lens

reveals parallel striae which appear to be composed of microscopic

units or super-micelles, oriented end to end. The striae form

lamellae or plates which in their turn combine to produce the mass

of cellulose. The same striated and articulate structure persists

in bituminous coal as shown by Thiessen (53).

4

~«i

^\\A

«4

fcU

Question has arisen over the superficially similar structure shown

by the Spierer lens in protoplasm and in cellulose. In both cases

the structure is that of short rods, linearly oriented in parallel

striae. That this confusion should arise is understandable, but the

resemblance is purely superficial. If rolling country adjoining the

sea, where large waves for the moment exist, is viewed from a dis-

tance, both land and sea would present the picture of parallel

ridges, yet the material of which they are made and the forces

responsible for their existence are entirely different in the two

cases. So it is with protoplasm and cellulose in their finer micro-

scopic structure. The punctated striae in the case of cellulose are

built of oriented short rods, or super-micelles, of solid material.

The punctated striae in the case of protoplasm are built of dis-

torted, rod-shaped, liquid droplets, the dispersed phase of an

emulsion under tension.

The exceedingly delicate macroscopic fibers of which wood is

composed are built of ultramicroscopic and molecular fibrils, such

as those to which we have referred. The wood fibers in their turn

build up the larger fibers characteristic of plant cellulose, e.g., cot-

ton fibers. Natural cellulose thus consists of units of ever increas-

ing size, all of which, from chain molecules to visible wood fibers,

are of linear form. The orientation of these units determines the

physical properties (elasticity, tensile strength, etc.) of the

material. ,. ., i j

Probably no other force in nature is so widely distributed and

plays so great a role in the behavior of systems, from molecules

to organisms, as does polarity. The term expresses any situation

where the two ends or sides of an object are different, but in the

strict chemical sense polarity should be limited to objects the ends

of which are electrically unsymmetrical. Given long and polar

molecules, molecules with ends electrically dissimilar, it is possible

to picture their orientation in mass and to obtain a type of structure

which is presumably typical of gels, and which at least has the

virtue of giving a mechanical basis upon which to interpret the

behavior of gels. Any linear molecule with unsatisfied terminal or

lateral bonds, such as amino acids with ionized NH; and COQ-

groups or protein molecules with side chains, presents the possibil-

ities of weak unions along the main chain. So-called internal salt

!*».-•*,
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formation in proteins, and the many examples of tautomeric shifts,

are similar cases. Such a situation meets the structural require-

ments of a brush-heap of loose construction, capable of constant

readjustment. It is well illustrated in gels which exhibit the

phenomenon known as thixotropy (15) which is a very typical

property of protoplasm. The term refers to the sudden collapse of

a gel from a firm body to a thin fluid as a result of mere mechanical

disturbance. In ideal thixotropic systems, ferric oxide sol, ben-

tonite, etc., the gel is reformed, again and again. Possibly all sud-

den changes in protoplasmic consistency, if not also muscular action,

are instances of thixotropic change.

Viscosity measurements of protoplasm (40) have played a

prominent part in protoplasmic structure, not so much because of

the values obtained, but rather because of the discrepancy in values.

Among the reasons for this discrepancy is the non-Newtonian

(anomalous) behavior of protoplasm. It does not exhibit true

viscous flow. This is denied by some workers who believe proto-

plasm to be a true solution with no "yield value" such as is char-

acteristic of colloidal lyophilic solutions. Other reasons which may

explain the divergence in values of protoplasmic consistency are

methods in measuring, failure to realize that protoplasm under-

goes very rapid changes in viscosity, and that, with possible rare

exceptions, all parts of the cell are not of the same consistency.

Many workers have studied protoplasmic consistency because of

its important bearing on physiological reactions, such as proto-

plasmic streaming, amoeboid movement, metabolic activity and

muscular contraction. Where the change in viscosity is exceedingly

rapid, thixotropy, rather than a simple viscosity change, is prob-

ably responsible.

Pure liquids, e.g. glycerine, and pure solutions have one viscosity

value at all pressures. Lyophilic colloidal solutions, e.g. a gelatine

sol, have different viscosity values at every pressure at which they

are measured. They are said, therefore, to be non-Newtonian, be-

cause Newton's law of viscous flow does not apply. The fact that

they deviate from this and Poiseuille's laws, indicates that there are

structural features which interfere with pure viscous flow. The

non-Newtonian or anomalous behavior of colloidal solutions is one

of the best indicators we have of a continuity in structure. All

such substances, proteins, etc., possess a yield value, i.e., they re-
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quire the application of a force to start flow. If they lack a yield

value they are Newtonian and show true viscous flow. The single

constant laws of Newton, Maxwell, and Hooke do not apply

rigidly to non-Newtonian systems nor do the laws of Stoke and

Poiseuille. As protoplasm is elastic, exhibits thixotropic behavior,

and contains a high proportion of protein, it is inconceivable that it

should show true viscous flow. It will approach this latter condi-

tion when thin.

A number of apparently inconsistent results pertaining to proto-

plasmic consistency are capable of interpretation on a structural

basis. One worker, by observing the Brownian movement of

particles, obtains a low value for the viscosity of protoplasm. The

particles may be in minute vacuoles (24) and the values, therefore,

applicable only to the fluid aqueous medium within and not to the

protoplasmic mass as a whole. Osmotic measurements, which

suggest that protoplasm is a true solution, may apply only to the

aqueous dispersion medium which bathes the protoplasmic frame-

work. Such observations tell nothing of the structural features of

protoplasm as an entity, of those features which are necessary to

account for thixotropic behavior, elastic qualities, and immiscibility

in water. Protoplasm imbibes, i.e., takes up, water; it does not

dissolve in water ; this implies structural continuity. Such prop-

erties of protoplasm are the best criteria we have of protoplasmic

structure.

Scarth (36) says that protoplasm is characteristically elastic

and the impression of fluidity is illusory. He cites the case of active

streaming in freely suspended protoplasmic strands, which is pos-

sible only if there is a structural framework. Spek (46) is of the

same opinion. So apparently is also E. B. Wilson (55) when he

states that the "continuous substance" is the most constant and ac-

tive element of protoplasm and forms the structural basis of the

system. E. G. Conklin (9) adds that protoplasm is composed of a

more fluid and a more viscid portion. He bases his statement on

experiments in centrifuging the eggs of Crepidula where he found

that the more fluid portion of protoplasm may be readily moved but

the more viscid portion is not so readily moved ; the more viscid

part of the protoplasm holds the nucleus in definite relation to the

periphery of the cell and brings parts back to their normal positions

when once they have been displaced by centrifuging.

\
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Another property which is typical of elastic jellies is that of

syneresis, or the squeezing out of some of the aqueous medium by a

slow contraction of the gel. The property is nicely exhibited in

protoplasm, being most pronounced when abnormal conditions

arise.

If we now list those properties of protoplasm which force us to

recognize it to be essentially a jelly, a lyophilic colloidal system,

whether firm or fluid, they are: elasticity, rigidity, extensibility,

imbibition, water-immiscibility, thixotropy, syneresis, and coagula-

tion.

One of the obstacles to the universal acceptance of structural con-

tinuity in protoplasm has been the notion that a framework is

inconsistent with the evident fact that protoplasm flows. So do

thixotropic solutions flow, but they immediately build up again into

firm gels. The framework of protoplasm is constantly changing.

The linear structural units undergo continuous readjustment, due

possibly to tautomeric shifts.

It is significant for the problem of protoplasmic structure to

realize that while polarization studies of protoplasm have not shown

living matter generally to be anisotropic yet they have shown

striated muscle, types of connective tissue generally, and chlorophyll

to be anisotropic. Furthermore, muscle, nerve, and brain, which

are protoplasm, have yielded spectrogams (X-ray diffraction pat-

terns) as have sinew, hair, silk, etc., indicative of a crystalline

nature.

Support for linear units in protoplasm comes from a considerable

diversity of observations. Fibrous structures are typical of fixed

cells. Living protoplasm is often of a "stringy" appearance and

is of high tensile strength. Protoplasmic strands may snap with

great suddenness and recoil. Muscle is fibrous ( 13) . Nerve tissue

is a bundle of threads. A. R. Moore (30) finds that plasmodia

when forced through moderately fine sieves do not live, but they

may of themselves flow through exceedingly fine sieves. Forcing

crushes the long protoplasmic fibers, while in flowing naturally

the protoplasm can take the fibers through very fine pores. Moore

believes the microfibrils to be of the order of 5 x 10"' mm. in

diameter and 2,000 times as long. Peters (33) has postulated

similar but finer molecular threads in protoplasm. Needham (32)

discusses the importance of the problem.
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The possible significance of cytoplasmic structure in physiological

behavior is indicated by A. R. Moore (31) who finds that neither

sperm nor egg nucleus of echinoderms has any effect on segmenta-

tion tempo, the reactions of the cytoplasm alone determining it.

The eternal question of how it is possible for protoplasm to carry

on so many different processes simultaneously, without one inter-

fering with the other, within the confines of a single cell, may be

answered by the justifiable supposition that delicate membranes,

consisting of nothing more than firm protoplasm, traverse the cell

in all directions. An excellent example of this is to be had in a

myxomycete Plasmodium where there are set up temporary chan-

nels or arteries of protoplasmic flow. These arteries guide the

protoplasm along definite routes which are broken down and re-

established as the Plasmodium progresses. The streaming proto-

plasm does not pass beyond the ephemeral boundaries of the arter-

ies, though the latter are also of protoplasm. Their formation and

temporary maintenance are undoubtedly made possible by a struc-

tural (fibrous) framework which endows the membranes with

the required degree of rigidity.

Protoplasmic organization.

Whatever life may be and however much we may try to explain

it on the basis of relatively simple phenomena, there always remains

that greatest of all bodily and protoplasmic qualities, organization.

To fully interpret cellular or protoplasmic organization in phys-

ical terms is, in the present state of our knowledge, impossible.

The living system is too intricate ; it is life itself. We believe, how-

ever, that the most fundamental characteristic of organization is

structure. A study of chemical constitution alone will go no further

in revealing the mechanism of even the simplest processes in proto-

plasm than it has in non-living systems. Structure, as well as

chemical constitution, and the dynamics resulting from both, are

necessary. The structure responsible for protoplasmic organiza-

tion and most other physical properties of protoplasm, is a con-

tinuous but labile framework. Life in a discontinuous system is

inconceivable. Aggregation, not dispersion, is the rule in living, as

it is in non-living, colloidal phenomena. The harmonious function-

ing of a cell, which is but another name for life, is possible only

because of the structural continuity of protplasm.
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No. 2127, page 336.

AUTOMATIC FLOW-METER FOR DRIP

SOLUTIONS IN PLANT NUTRI-
TIONAL STUDIES

Various means have been utilized for providing a

constant nutrient flow to plants growing in pot cul-

tures. It has been realized that definite conclusions

from such studies need to be based on several pots in

each series. The drip-nutrient method, when used for

several large series, necessitates a system which is

simple in construction and requiring a minimum of

time for refilling the nutrient reservoirs. Bearing

these facts in mind, an apparatus embodying an ap-

parently new principle of construction wa^ devised

where twelve eight-inch pot cultures were used in a

single series. As a matter of fact, a larger number

of pots may be used.

Fig. 1 illustrates the salient points of the system.

Fig. 1
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The nutrient chamber (A) is a five-gallon bottle cali-

brated and wrapped in paper to exclude light. A
narrow slit in the paper exposes the liter calibration

marks. A siphon tube (D) of 12 mm bore is for

delivery of the fluid into chamber B. The flow-meter

(B) was constructed in order to provide a constant

flow from chamber A regardless of the height of the

liquid in it. Chamber B is a soil percolater of 300

cc capacity. It is provided with a 12 mm bore tube

for connection with the siphon tube (D), a 4 mm bore

tube for connection with the air line (C) and a small

curved glass tube for the entrance of air. Experi-

mentation showed that glass tubing of these sizes pro-

vide the most efficient operation. The air tube (C)

may be of either glass or rubber tubing.

As a flow-meter, chamber B operates automatically

to control the rate of flow from chamber A to the feed

line (E). Explanation of the automatic action of the

chamber is as follows : as the level of the liquid rises

in chamber B, the flow ceases from A when the tip of

the air tube (C) becomes submerged. The escape of

the solution into the main feed line (E), also of 4 mm
bore, permits air to enter chamber A through tube C

and flow is resumed until again automatically stopped.

The nutrient solution reaches the pots through capil-

lary tube F. This tube is of 5 mm bore and is slightly

bent at the tip, where it is suspended by a wire sup-

port.

The rate of drip into the pot (G) may be twice

controlled, namely, by changing the elevation of the

tip of tube F, and by raising or lowering the air tube

(C) in the flow-meter (B). The latter controls the

"head" of the fluid held in this chamber, thus directly

regulating the pressure on the feed line (E). In this

conjunction, as the nutrient requirements of the plants

increase with growth, one may by simply raising the

X
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height of tube C in flow-meter B permit a faster drip

into the cultures.

Two points of construction to be borne in mind are

that the base of the flow-meter (B) should be at least

four inches lower than that of chamber A, and all con-

nections in the rubber stopper in A be airtight. A
cork stopper may be used in chamber B.

This system in comparison with other drip-culture

apparatus has the following advantages : no shifting

of adjustments is encountered while refilling the

nutrient supply chamber; it provides a uniform flow

of the nutrient solution ; it permits the use of double-

deck benches, thus saving greenhouse space ; it reduces

the labor of maintenance to a minimum; it is easy to

clean, and it is cheap in construction.

Robert E. Wean
University of Pennsylvania
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Fern Field Notes, 1934

Edgar T. "Wherry^

Adiantum tricholepis.—Early in the year a trip was

taken to Texas, primarily to study Phloxes, under the

guidance of Miss Eula Whitehouse, of the State Uni-

versity. On April 23rd the route led across Medina

County, and in the valley of the Medina River below a

large dam I noticed some moist limestone cliffs along a

brook, and proceeded to spend a few minutes in fern-

hunting. Several species well known in that region

were present, notably Anemia mexicana, Cheilanthes

alahamensis, and Adiantum Capillus-veneris. The last

received scant attention until I noticed that associated

with it there were two or three plants of another mem-

ber of the genus, having more rounded and hairy pin-

nules Although the locality lies east of the hundredth

meridian, no such species was listed in Small's Flora of

the Southeastern States, nor in any other work on east-

ern ferns at hand. On comparison with the specimens

in the herbarium of the Academy of Natural Sciences of

Philadelphia, it was finally found to be Adiantum

tricholepis Fee.

This Mexican fern, characterized by Eaton^ as the

rarest of the North American species of Maidenhair,

-
1 Contribution from the Botanical Laboratory and Morris Arbo-

return of the University of Pennsylvania. T'^e fleld tr sj^^^^^^^

referred to were made possible by an award of funds from the

Board of Graduate Education and Itesearch.

2 Ferns of North America 2 : 104, pi. 59. 1880.

[Volume 24, No. 3 of the Journal, pages 65-96, plates 4 and

5. was issued Sept. 19, 1934.]
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had been collected by Bigelow of the Mexican Boundary
Survey party ^*near the mouth of the Rio Pecos in west-

ern Texas/' and subsequently by Ferriss according to

Clute^ at the same place. Apparently, however, it has

never been found elsewhere in the United States.

Enough material was taken to make one herbarium sheet

for the Philadelphia Academy, and extra fronds have

been sent to the Gray and National Herbaria.

Opportunity may here be taken to dispose of a sup-

posed record of this species in California. Eaton (loc.

cit.) stated that **A single specimen in the Herbarium

at Kew is marked by Mr. Nuttall:

—

^ Adiantum *dila-

tatum, Nutt., Monterey, Cal. ' I cannot learn that any-

one has found it in California since his time, nor does

the specimen accord perfectly with the type of the spe-

cies. '* (Hooker'* had referred the specimen in question

to A. chilense G. K. 3 hirsuUim.) NuttalFs own
specimen is in the herbarium of the Academy of Natural

Sciences of Philadelphia, and represents what was sub-

sequently validly published as A. jo7^dani C. Mueller, a

well-known Californian plant.

AsPLENiUM BRADLEYi.—As a rulc this fern is so

sparsely represented at any one station that the collect-

ing of enough to fill out a herbarium sheet would mean
annihilation of the colony. Accordingly, I have long

looked forward to visiting the mountains of Gaston

County, North Carolina, where it occurs in some abun-

dance. On June 12th there was an opportunity to do

so. Leaving highway No. 74 at the east edge of the

town of Kings Mountain, I drove southward on No. 215,

which crosses the mountain of that name at Stepps Gap.

On a spur about half a mile north of the gap some west-

facing cliffs were seen, at an altitude of 1000 to 1200

feet, and in their crevices numerous plants of this species

3 Fern Bull. 12 : 44. 1904.

* Species Filicum 2 : 43. 1858.
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were growing. The only other rock fern observed, A.

platyneuron, was actually much scarcer here. The rock

is a ferruginous sandstone, and the soil reaction, as in

most other occurrences of A. bradleyi, is mediacid.

A few miles to the southeast, across the line in York

County, South Carolina, a small mountain could be seen

standing out from the piedmont plain, its name proving

to be Henry Knob. The next day a visit was made to

this, and a few plants of Asplenium bradleyi were found

on the west-facing cliffs near its summit, also at 1000 to

1200 feet. This is apparently the second record of the

species from the state, and the first of typical material,

for that from the station near Hartsville, Darlington

County, is so aberrant as to deserve varietal, if not

specific, separation.

Asplenium resiliens.—A still further extension of

rann-e can now be added to those reported last year.^ On

August 13th, accompanied by Mr. W. S. Lapp, I visited

the limestone cliffs along the abandoned canal, about

half a mile north of the highway bridge, 2| miles south-

west of Sharpsburg, Washington County, Maryland.

Several small colonies of this fern were soon discovered

here, and interestingly enough it occurred near trees of

Thuja occidentalis, a frequent associate further south.

A new state can thus be added to the list for this fern,

and its known eastern limit extended to longitude 77

48'

At numerous localities of this fern, from northwestern

Florida to central Texas and to northern West Virginia,

it has always been observed to occur on limestone. In

western North Carolina it is also on that rock, but I have

Ion- been puzzled by its recorded occurrence at the

Falls of the Yadkin, in Stanly County, toward the mid-

dle of this state, where no limestone is known to exist.

While this locality has now been stripped of native vege-

"

5 AMER. FERN JOURN. 23: 112. 1933.
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tation by the construction of a large dam and power

plant, a visit and examination of fragments showed the

schistose rock there to contain appreciable amounts of

calcium carbonate. The presence of a calcicolous fern is

therefore not so remarkable after all, although one can-

not help marveling at the ability of its spores to travel

more than a hundred miles from the next nearest colony,

and find a small isolated outcrop of calcareous schist.

Ophioglossum ENGELMANNL-While the widc-sprcad

deficiency of rainfall made this an unfavorable year to

look for a plant which needs moisture to stimulate its

growth, three counties have been added to the Virginia

list First it was found by Professor A. B. Massey

about two miles east of Blacksburg, in Montgomery

County Then in June Mr. Lewis E. Anderson, a grad-

uate student at the University of Pennsylvania, joined

me in a search for it in the northern part of the Shenan-

doah Valley. We extended its previously known range

considerably to the east by finding it near a school 2

miles south-southwest of Nineveh, near the northeast

corner of Warren County. Subsequently a few wither-

in- plants were found along Highway No. 11 just east

of^Cedar Bluff Creek or Rocky Run, 2 miles north of

Indianrock, in Botetourt County. A summary of the

occurrence of this species in Virginia is to be published

in the new mimeographed journal, Claytonia,

Pellaea GLABELLA.—On August 16th this oftcu ovcr-

looked species was found on bare perpendicular lime-

stone cliffs along the Potomac River 1 mile east of

Shepherdstown, Jefferson County, AVest Virginia. The

following day it was collected in a similar situation on

the opposite side of the river, along the old canal half

a mile above the highway bridge, 2f miles southwest of

Sharpsburg, Washington County, Maryland. Definite

stations are thus established in two states, in which only

vague reports of this fern had previously been made.

WooDSiA scoPULiNA.—In the interest of simplicity the

name scopulina is here applied to both eastern and west-

ern occurrences of this fern, leaving the question as to

possible geographic segregation open. During the year

visits have been paid to stations for it in Arkansas and
:

in Ontario, a new one has been found in Virginia, and

best of all, the colony on White Oak Mountain, Polk

County, North Carolina, referred to last year as doubt-

ful, has been rediscovered.

The occurrence on Magazine Mountain, Logan County,

Arkansas, discovered by E. J. Palmer^ ten years ago, was

visited in April, under the guidance of Professor D. M.

Moore of the University of Arkansas. Nothing was

observed to add to the excellent account of the locality

given by Palmer, but some habitat photographs were

taken, one of which is reproduced herewith as Plate 6,

figure 2.

A colony along the Cowpasture River in Alleghany

County, Virginia, discovered by A. N. Leeds and re-

ported in this journaF two years ago represented at that

time its northernmost known Appalachian station. In

June of the present year it was found on the east bank

of the same river about 5 miles further north ;
as this is

in Bath County, it should be referred to the nearest

named place within that county, and recorded as 10

miles southwest of Millboro Springs. Professor A. B.

Massey of Blacksburg, Virginia, advises me that he has

found it also in Craig County in that state, this consti-

tuting the sixth known station there.

Many years ago this Woodsia was collected in Algon-

quin Park, Ontario, by Professor Frank Morris of Peter-

borough, and in August of the present year I had the

privilege of visiting the locality under his guidance.

6AMER. Fern Journ. 14: 39. 1924.

7 Amer. Fern Journ. 22 : 84. 1932.
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Fig. 2. Fig. 3.

Eastern Colonies of Woodsia scopulina: 1, in Ontario; 2, in

Arkansas; 3, in North Carolina.

accompanied by Dr. Horace G. Richards of Philadelphia,

who is engaged in research work on Pleistocene problems.

As has been pointed out by Professor M. L. Fernald,^

the isolated stations of Cordilleran plants now known to

exist in northeastern North America are frequently

located in areas which appear to have escaped glaciation

by the last (Wisconsin) ice sheet, and a study of the

locality in question from this standpoint, seemed desir-

able.

The fern was found to grow on a west-facing cliff of

granite-gneiss about 50 feet up from the water-level of

a small lake, tributary to Cache Lake. Scarcely fifteen

living plants could be seen there, although there were
remnants of a number of dead ones, indicating that* the

colony is dwindling if not dying out. Professor Morris

stated that it was indeed much larger at the time he first

discovered it, but that a diminution in summer rainfall,

erosion of material from the cliff, and encroachment by
the forest have all combined to reduce its size. Care was
accordingly taken to collect only a limited number of

fronds, a few from each clump, so that its shrinkage

would not be accelerated. A photograph of this colony

is here reproduced as Plate 6, fig. 1.

Unfortunately, no definite evidence bearing on the

glacial history of the locality could be obtained. The
slight extent of the weathering shown by the granite-

gneiss outcrops and by the till which occurs at lower lev-

els in the vicinity certainly suggested relatively recent

glaciation. We were therefore inclined to favor the

view that, as in the case of isolated stations for certain

plants on Isle Royale, Lake Superior, the region was
devegetated by Wisconsin ice, and the Woodsia has come

in subsequently. However, more field work will be

necessary before the matter can be regarded as settled.

Last year an unsuccessful attempt had been made to

8 Mem. Amer. Acad. Arts Sci. 15: 241. 1925.
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accompanied by Dr. Horace G. Richards of Philadelphia,

who is engaged in research work on Pleistocene problems.

As has been pointed out by Professor M. L. Fernald,^

the isolated stations of Cordilleran plants now known to

exist in northeastern North America are frequently

located in areas which appear to have escaped glaciation

by the last (Wisconsin) ice sheet, and a study of the

locality in question from this standpoint, seemed desir-

able.

The fern was found to grow on a west-facing cliff of

granite-gneiss about 50 feet up from the water-level of

a small lake, tributary to Cache Lake. Scarcely fifteen

living plants could be seen there, although there were
remnants of a number of dead ones, indicating that the

colony is dwindling if not dying out. Professor Morris

stated that it was indeed much larger at the time he first

discovered it, but that a diminution in summer rainfall,

erosion of material from the cliff, and encroachment by
the forest have all combined to reduce its size. Care was
accordingly taken to collect only a limited number of

fronds, a few from each clump, so that its shrinkage

would not be accelerated. A photograph of this colony

is here reproduced as Plate 6, fig. 1.

Unfortunately, no definite evidence bearing on the

glacial history of the locality could be obtained. The
slight extent of the weathering shown by the granite-

gneiss outcrops and by the till which occurs at lower lev-

els in the vicinity certainly suggested relatively recent

glaciation. AVe were therefore inclined to favor the

view that, as in the case of isolated stations for certain

plants on Isle Royale, Lake Superior, the region was
devegetated by Wisconsin ice, and the Woodsia has come
in subsequently. However, more field work will be

necessary before the matter can be regarded as settled.

Last year an unsuccessful attempt had been made to

8 Mem. Amer. Acad. Arts Sci. 15: 241. 1925.
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rediscover the reported colony of Woodsia scopulina in

the Craggy Mountains, so it was decided this year to look

into its reputed occurrence on White Oak Mountain, in

Polk County, North Carolina. On September 18th a

party consisting of Messrs. J. E. Benedict, Jr., Frank

M. Crayton, William A. Knight and myself drove up

this mountain as far as the road would permit, and then

walked out along the granite-gneiss ledges. On south-

facing rocks we found only Woodsia ohtusa, Cheilanthes

lanosa, C. tomentosa, etc., but on those which faced

northwest we soon came upon a number of plants of the

fern we sought (see Plate 6, fig. 3). As its only known

previous collection there had been that by E. C. Town-

send in 1897, we had rediscovered a colony which repre-

sented the first find of this dominantly western fern in

the eastern United States, but which had been lost to

science for 37 years.

Philadelphia, Pa.
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Native Orchids
Our Eastern Orchids and Their Cultivation

7. The Spiral Orchids*

Edgar T. Wherry

Three diflferent names are avail-

able for this genus of orchids, Gyro-

stachys, Ihidium, and Spiranthes.

Since the last has been accepted by
international botanical congresses, it

will be used here. About a dozen

species are recognized to occur in the

eastern United States, and will here

be discussed, in the sequence followed

in Small's Manual of the Southeastern

Flora.

White Spiral - orchid, Spiranthes

beckii Lindley.

While this species is common in the

Coastal Plain and occasionally ex-

tends into more inland physiographic

provinces, it is not readily cultivated.

For one thing, it grows naturally in

pinelands, and requires a higher de-

gree of acidity than can usually be

supplied in the garden. Again, if

transplanted at flowering time, it often

has too little vitality to survive the

following winter. If moved in early

spring, before the winter rosette of

tiny round leaves has vanished, it can

sometimes be brought to bloom the

following August. Its fleshy root is

much esteemed, however, by pine

mice and other creatures, and they

must be excluded if it is to survive

long.

Green Spiral - orchid, Spiranthes

gracilis (Bigelow) Beck.

This widespread species is probably

the easiest to cultivate. It grows in

but slightly acid grasslands nearly

throughout the eastern states and

^'Contribution from the Botanical Laboratory
and Morris Arboretum of the University of

Pennsylvania.

southern Canada, though replaced

along the Gulf Coast by a relative

with yellow instead of green-centered

flowers which I have ventured to

name Ihidium floridanitm. The winter

rosette stage is the best for transplant-

ing it, although it can also be grown
from seed, sown in turf, reaching

blooming size in about three years.

Since it bears several roots from each

crown, the pests are less likely to an-

nihilate it.

Giant Spiral-orchid, Spiranthes

longilabris Lindley.

As the flowers of this species are

twice as large as those of the preced-

ing one, it should be even more de-

sirable for cultivation. Occurring as

it does, however, only along the Gulf

Coast, it would scarcely be hardy in

northern gardens. The same may be

said of the Rush-leaf Spiral-

orchid, Spiranthes tortHis (Swartz)

Richard, and the Lace-Lip Spiral-

orchid, 5'. laciniata (Small) Ames.
They are, however, worthy of further

experiment on the part of anyone who
has sufficiently acid soil available.

Grass-leaf Spiral-orchid, Spiran-

thes praecox (Walter) Watson.

The nomenclature of this plant is

in a state of confusion. It is often

said to have the lip glabrous beneath,

in contradistinction from a Spiranthes

vcrnalis with pubescent lip, but when
one examines them in the field no

such difference can be found to exist.

The species named vernalis is also

sometimes applied to a hybrid be-

tween certain other species, but the



name was apparently originally used
for the species earlier named praecox.
There do seem to be several variants
of this plant, differing somewhat in

degree of pubescence on the stem and
in blooming time, but no differences
of specific rank have as yet been rec-

ognized, so they will here be kept to-

gether.

Ranging from Florida to New
Mexico and north to Kansas and
New Jersey, the Grass-leaf Spiral-
orchid is evidently adaptable as to

climatic conditions. The moist grass-
land in which it grows varies from
neutral to decidedly acid in reaction.
By transplanting it at the time the
seeds had ripened and the foliage was
turning yellow, I once grew it for a
short time, but it was unable to with-
stand the attack of fungi, slugs, and
rodents more than one season.

Ladies - tresses, Spiranthes cernua

( Linnaeus ) Richard.

Like the next-preceding, this spe-
cies comprises several variants; these
may differ in number of rows of
flowers in the raceme, intensity of
fragrance, and perhaps other charac-
ters. It grows nearly throughout
eastern North America in a great va-
riety of habitats, from dry sterile

though neutral grassland to wet, in-

tensely acid sphagnum bogs. Of all

the species it is the one most fre-

quently listed by dealers, but it rarely
survives in gardens more than a year
or two, being all too susceptible to
destruction by parasitic fungi and
other pests. The Lesser Ladies-
tresses, S. ovalis Lindley, is even
shorter-lived.

Sweet Ladies - tresses, Spiranthes

odorata (Nuttall) Lindley.

Although classified in Small's Man-
ual as a mere variant of S. cernua,
this orchid differs markedly in aspect
and in horticultural significance, and

may well be maintained as distinct.

It grows in moist acid soil in coastal

swamps from Texas to Virginia, and
plants from the more northern part of

this range can withstand winter tem-
peratures far below freezing. In Sep-
tember it produces, at the summit of

a two-foot stalk, a three-rowed raceme
of creamy white fiowers exhaling an
intense, pleasing fragrance, consisting
chiefly of cumarin, but modified by
accessory constituents so as to suggest
the scent of jasmine. It is apparently
fairly resistant to fungus attack, and
can be readily grown in a cool green-
house in a fiat of acid peat, increasing
by rootstocks to form considerable
clumps.

Broad-leaf Ladies-tresses, Spiran-

thes lucida (Eaton) Ames.

This species differs from its rela-
tives in blooming in spring and in its

flowers having a broad yellow lip. It

also prefers less acid soil, even grow-
ing in marl bogs toward the northern
end of its range, which extends from
Virginia to Ontario, and from Wis-
consin to Maine. Though accordingly
not difficult to suit in respect to cli-

mate and soil conditions, garden pests
usually overwhelm it before it can re-
cover from transplanting.

Hooded Ladies-tresses, Spiranthes

romansoffiana Chamisso.

While most of the species of this
genus are dominantly southern in
range, the last in the list is a typical
northern plant, not thriving south of
central New York, but spreading
across the continent from Alaska to
Newfoundland, and even reaching Ire-
land. It grows in both strongly acid
sphagnum bogs and in marly areas
where the reaction is neutral, but the
soil is always sterile. It blooms in
summer, and exhales a pleasing cuma-
rin scent, and its cultivation might
well be attempted by anyone who has
a cool bog available.

Reprinted from The American Orchid Society Bulletin, December, 19^4
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Native Orchids
Our Eastern Orchids and Their Cultivation^

8. Our Smaller Broad-leaved Species

Edgar T. Wherry

Four genera will be covered in this

installment, their names being Good-

yera (also known as Perainiiim or Epi-

pactis), Listera (otherwise Ophrys),

Malaxis (synonyms Microstylis or

Acroanthes) , and Liparis (once termed

also Leptorchis).

Downy Rattlesnake-orchid. Good-

yera pubescens R. Brown.

Contribution from the Botanical Labora-

tory and Morris Arboretum of the Univer-

sity of Pennsylvania.

In many books the members of this

genus are called ''Rattlesnake-Plan-

tains," but as I can see no reason for

associating a delicate orchid with a

rank weed, I prefer the root-name

Orchid instead. The adjective refers to

the markings on the leaves, which

somewhat resemble those on the rattle-

snake. The present species ranges

from Florida to Minnesota, Ontario,

and Maine, so is evidently adaptable to

widely divergent climatic conditions. It

is accordingly fairly easy to cultivate,
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Goodyera pubcsccns

although its soil must be maintained in
a state of high acidity, and slugs be
kept away if it is to remain in the
garden long.

Northern Rattlesnake-orchids,
Goodyera mensiesii, repens ophioi-
des, and tessclata.

These three species apparently sur-
vived the Glacial Epoch in high moun-
tains south of the ice limit, and after
deglaciation spread far north into Can-
ada. They require soil of high acidity
like the more widespread species first

discussed, but unlike it demand in ad-
dition that the soil be kept cool, and so
are not to be successfully cultivated in

lowland gardens.

Southern Twayblade, Listera aus-
tralis Lindley.

This tiny orchid ranges from Flori-
da to Louisiana and locally northward,
having been able since the last ice sheet
retreated to migrate as far north as
central Ontario. So far as climatic con-
ditions are concerned, then, it should

be adaptable to cultivation almost any-
where. It requires, however, a moist,
intensely acid soil which is rarely avail-
able in gardens, and moreover is highly
susceptible to attack by parasitic fungi,
and slugs.

Allegheny Twayblade, Listera
smallii Wiegand.

The occurrence of this Twayblade
both in the southern Alleghenies and in
eastern Asia shows that before the
Glacial Epoch it had an extensive
range. Its more northern colonies were
destroyed by the ice, and since the last
sheet melted away it has not succeeded
in migrating north of south-central
Pennsylvania. Like preceding species
it needs an intensely acid soil, and its

most frequent habitat is in the litter of
decomposing leaves under Rhododen-
dron bushes. If a pest-free garden is

available, its cultivation should be tried.

Northern Tw^ayblades, Listera au-
riculata, convallarioides, and cordata.

While more adaptable to variable soil

reactions than the species already dis-
cussed, these three are apparently un-
able to withstand much heating up of
their soil in the Summer, and so could
only be cultivated if provision were
made for keeping their bed cool. They
are better left to grow undisturbed in
the northern swamps.

Green Malaxis, Malaxis unifolia
Michaux.

In the books this genus of orchids is

assigned the common name ladder's
mouth, but their flowers are so wholly
different in shape from, and so much
smaller than, any adder I have ever
seen that I can not accept it, and favor
the use of the technical name instead.
This species ranges from the Gulf
Coast to central Canada and to New-
foundland, so is highly adaptable as to
climate, but it is restricted to soils of
such intense acidity that its cultivation
is difficult. Moreover, rodents will eat
Its bulbs whenever found, and these
animals are good finders.

4*>

White Malaxis, Malaxis brachypoda
(Gray) Fernald.

This American plant has been con-

fused with the European Malaxis mo-
nophyllos, but the flowers of the two
are so dissimilar in shape and position

that their distinctness must be ad-

mitted. It ranges from Texas to Que-
bec, so is nearly as indifferent to cli-

matic extremes as its relative. Since,

unlike that relative, it prefers circum-

neutral soil, its cultivation is easier, al-

though unfortunately it too has an edi-

ble bulb.

Brown Malaxis^ Malaxis s pi c at a

Swartz.

Though discovered in the West In-

dies and for years supposed to be whol-

ly tropical, this member of the genus

is now known to range as far north as

Virginia, and accordingly to be able to

withstand freezing weather. It usual-

ly has two leaves placed alternately on

the stem, and its flowers are orange-

brown in color. Like the next-preced-

ing, it thrives in circumneutral soil, and

may be capable of cultivation in a ro-

dent-free environment.

Green Flat-lip Orchid, Liparis

loeselii (L.) Richard.

The common name Twayblade is

often applied to this genus of orchids,

but quite erroneously so—as far as pos-

sible a name should be limited to one

genus, and to that genus for which it

is actually commonly used, in this case

Listera. Here I prefer not to translate

the technical name, which would lead

to the term Shining Orchid, but to use

a really descriptive term instead. The

present species is wide-ranging both

as to climate (Alabama to Nova Sco-

tia) and as to soil reaction (slightly

alkaline to decidedly acid). In the gar-

M'^ild Floiver Preservation Society

Liparis liliifolia

den it may not persist long, since such

plants as are missed by mice are likely

to be found by slugs.

Brown Flat-lip Orchid, Liparis li-

liifolia (L.) Richard.

Even more tolerant than its relative

as to temperature and acidity, this odd

little orchid is one of the easiest to cul-

tivate. Its bulbs should be shallowly

set in leaf-litter, and if protected from

destructive agencies will soon increase

by offsets to form large clumps. It can

also be raised from seed sown in the

same litter, reaching blooming size in

three or four years. Unfortunately,

however, such superficial bulbs do not

long escape the attention of hungry

animals.

^^^-^^
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Goodyera pubescens

although its soil must be maintained in
a state of high acidity, and slugs be
kept away if it is to remain in the
garden long.

Northern Rattlksnake-orchids,
Goodyera menaiesii, repeus ophioi-
des, and fesselata.

These three species ai)parently sur-
vived the (jlacial Epoch in high moun-
tains south of the ice limit, and after
deglaciation spread far north into Can-
ada. They require soil of high acidity
like the more widespread species first

discussed, but unlike it demand in ad-
dition that the soil be kei)t cool, and so
are not to be successfully cultivated in
lowland gardens.

Southern Twayblade, Listera aus-
fralis Lindley.

This tiny orchid ranges from Flori-
da to Louisiana and locally northward,
having been able since the last ice sheet
retreated to migrate as far north as
central Ontario. So far as climatic con-
ditions are concerned, then, it should

be adaptable to cultivation almost any-
where. It requires, however, a moist,
intensely acid soil which is rarely avail-
able in gardens, and moreover is highly
susceptible to attack by parasitic fungi,
and slugs.

Allegheny Twayblade, Listera
smaUil Wiegand.

The occurrence of this Twayblade
both in the southern Alleghenies and in
eastern Asia shows that before the
Glacial Epoch it had an extensive
range. Its more northern colonies were
destroyed by the ice, and since the last
sheet melted away it has ncjt succeeded
in migrating north of south-central
Pennsylvania. Like preceding species
it needs an intensely acid soil, and its

most frequent habitat is in the litter of
decomposing leaves under Rhododen-
dron bushes. If a pest-free garden is

available, its cultivation should be tried.

Northern Tvvayblades, Listera au-
ricidata, coiivallarioides, and cordata.

While more adaptable to variable soil

reactions than the species already dis-
cussed, these three are apparently un-
able to withstand much heating up of
their soil in the Summer, and so could
only be cultivated if provision were
made for keeping their bed cool. They
are better left to grow undisturbed in
the northern swamps.

Green Malaxis, Malaxis unifolia
Michaux.

In the books this genus of orchids is

assigned the common name iadder's
niouth, but their flowers are so wholly
different in shape from, and so much
smaller than, any adder I have ever
seen that I can not accept it, and favor
the use of the technical name instead.
This species ranges from the Gulf
Coast to central Canada and to New-
foundland, so is highly adaptable as to
chmate, but it is restricted to soils of
such intense acidity that its cultivation
IS difficult. IVIoreover, rodents will eat
Its bulbs whenever found, and these
animals are good finders.
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White Malaxis, Malaxis brachypoda
(Gray) Fernald.

This American plant has been con-

fused with the European Malaxis mo-
nophyllos, but the flowers of the two
are so dissimilar in shape and position

that their distinctness must be ad-

mitted. It ranges from Texas to Que-
bec, so is nearly as indifferent to cli-

matic extremes as its relative. Since,

unlike that relative, it prefers circum-

neutral soil, its cultivation is easier, al-

though unfortunately it too has an edi-

ble bulb.

Brown Malaxis, Malaxis s p i c at a

Swartz.

Though discovered in the West In-

dies and for years supposed to be whol-

ly tropical, this member of the genus

is now known to range as far north as

Virginia, and accordingly to be able to

withstand freezing weather. It usual-

ly has two leaves placed alternately on

the stem, and its flowers are orange-

brown in color. Like the next-preced-

ing, it thrives in circumneutral soil, and

may be capable of cultivation in a ro-

dent-free environment.

Green Flat-lip Orchid, Liparis

loeselii (L.) Richard.

The common name Twayblade is

often applied to this genus of orchids,

but quite erroneously so—as far as pos-

sible a name should be limited to one

genus, and to that genus for which it

is actually commonly used, in this case

Listera. Here I prefer not to translate

the technical name, which would lead

to the term Shining Orchid, but to use

a really descriptive term instead. The

present species is wide-ranging both

as to climate (Alabama to Nova Sco-

tia) and as to soil reaction (slightly

alkaline to decidedly acid). In the gar-

11"^ lid I'hnvcr Preservation Society

Liparis liHijolia

den it may not persist long, since such

plants as are missed by mice are likely

to be found by slugs.

Brown Flat-lip Orchid, Liparis li-

liifolia (L.) Richard.

Even more tolerant than its relative

as to temperature and acidity, this odd

little orchid is one of the easiest to cul-

tivate. Its bulbs should be shallowly

set in leaf-litter, and if protected from

destructive agencies will soon increase

by offsets to form large clumps. It can

also be raised from seed sown in the

same litter, reaching blooming size in

three or four years. Unfortunately,

however, such superficial bulbs do not

long escape the attention of hungry

animals.

INTENTIONAL SECOND EXPOSURE
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Fairy-slipper, Cythcrca bulbosa

(Linne) House. (Calypso)

This lovely little northern orchid is

doomed as far as the United States is

concerned, tliough it may survive in

the wilds of interior Canada somewhat

longer. The eastern plant prefers

neutral soil, the western (possihly a

distinct species) moderately acid conif-

erous humus; hoth, however, must

have shade, moisture and especially a

low temperature around their shallow

-

ly seated corms. Cutting of the for-

ests kills out many of these plants hy

letting in too much light and heat,

hurning over the litter destroys most

of the rest. Finally, vandals comj^^lete

the ruin hy picking any flowers in

sight and digging u]) all the roots that

can he found, for transi)lanting to more

southern gardens, where one summer

is enough to kill them, if the mice do

not get there first. It might be possible

to grow them at more southern lati-

tudes or lower altitudes by installing

an air-conditioning machine, set to keep

the temperature around 60 degrees and

the humidity 75 per cent, with an at-

tachment for electrocuting any rodents

or slugs attracted by the prospect of a

meal. Far better, however, would it

be for some one to set aside as a pre-

serve an area where they still grow,

and each year pay a late spring visit

to see them in their natural setting.

Puttyroot Orchid, Aplcctnun hyemalc

'(Muhlenberg) Torrey.

Unlike its relatives just discussed,

Puttyroot can stand a wide range of

climatic conditions, for it is native

from the uplands of Georgia to Sas-

Rcprintcd from The American Orc

Fairv-slipper, Cythcrca bulbosa. Bruce

Co., Ontario. Early June, 1926,

katchewan and \^ermont. Moreover, it

is relatively inditTerent to soil reaction,

thriving best in rich woods loam but

withstanding moderate acidity. The
single white-striate leaf is evergreen,

and the plants can l)est be found when

a light covering of snow is on the

ground. They can readily be trans-

planted to a shaded garden, and will

produce leaves year after year until

discovered by one of the pests which

feeds on bulbous-rooted i:)lants. In

nature only about two or three plants

out of every hundred are likely to

l)loom in any one year, so flowering is

not to be expected often, if but a small

group is cultivated. Contrary to the

statements sometimes published, the

])looming season is late spring.

HID Society Bulletin, March, 1935
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Fairy-sli])])er, Cythcvca bulhosa

(Linne) House. {Calyf>so)

This lovely little northern orchid is

(loomed as far as the United States is

concerned, though it may survive in

the wilds of interior Canada somewhat

longer. The eastern ])lant ])refers

neutral soil, the western (])ossil)ly a

distinct sj^ecies) moderately acid conif-

erous hunuis; l)oth, however, must

have shade, moisture and es])ecially a

low tem])erature around their shallow-

ly seated corms. Cuttinj^ of the for-

ests kills out many of these ])lants hy

lettint( in too much light and heat,

hurning over the litter destroys most

of the rest. Finally, vandals comi)lete

the ruin hy lacking any flowers in

sight and digging u]) all the roots that

can he found, for transi)lanting to more

southern gardens, where one summer

is enough to kill them, if the mice (lo

not get there first. It might he ])ossil)le

to grow them at more southern lati-

tudes or lower altitudes hy installing

an air-conditioning machine, set to kee])

the tem])erature around 60 degrees and

the humidity 75 ])er cent, with an at-

tachment for electrocuting any rodeiits

or slugs attracted hy the i)ros|)ect of a

meal. Far hetter, however, would it

be for some one to set aside as a ])re-

serve an area where they still grow,

and each year pay a late si)ring visit

to see them in their natural setting.

Puttvroot Orchid, . Iplectrum hycmalc

'( Muhlenberg) Torrey.

Unlike its relatives just discussed.

Futtyroot can stand a wide range ()t

climatic conditions, for it is native

from the ui)lands of (ieorgia to Sas-

Rcprinlcd from The Amkrican Ok(

I'air\-slippcr, Cytlicrca hitlbosa. Hrucc

Co., Ontario. Early June. 1^>26.

katchewan and X'ermont. Moreover, il

is relatively indifferent to soil reaction,

thriving best in rich woods loam hvX

withstanding moderate acidity. T h v-

single white-striate leaf is evergreen,

and the ])lants can l)est hv found when

a litdit coverinir of snow is on the

ground. They can readily 1)e trans-

planted to a shaded garden, and will

])roduce leaves year after year until

discovered by one of the pests wliich

feeds on Indbous-rooted ])lants. In

nature only about two or three ])lants

out of every lumdred are likely to

bloom in any one year, so flowering is

not to be exi)ecte(l often, if but a small

grouj) is cultivated. Contrary to the

statements sometimes pul)lished, the

blooming season is late spring.

Tiiii SociF.TV r.ri.i.KTix. MarcJi, 1^K^3
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Crane-fly Orchid, Tipularia discolor

(Piirsh) Nuttall.

In habit this species is much Hke the

preceding, but the single evergreen leaf

is less striate and is deep purple col-

ored on the back. The brownish flow-

ers are produced in mid-summer, after

the leaves have vanished; here, too,

only a small fraction of the plants in

any colony bloom. It is a southern spe-

cies, ranging from Florida to Texas
and northward, but is hardy enough

to reach latitude 40 degrees locally.

One marked difference is the prefer-

ence of Tipularia for acid soil, and
often it grows in pine-needle humus,
but there is no difference in the eager-

ness with which the mice, that unfor-

tunately also occupy such habitats,

seek out its corms.

Coral-root Orchid, Corallorrhiaa spp.

Saprophytes in general can not be
transplanted successfully, because they

are so delicately adjusted to their en-

vironment that the mere disturbance of

the soil upsets the equilibrium and the

plants soon die. Moreover, in the case

of the coral-roots, the effort of bloom-
ing and producing seed so weakens
the vitality of the plant that they fall a

prey to parasitic fungi, and disintegrate

completely by the time the seeds are

dispersed. They can be grown from
seed and I found the Fall Coral-root

( Corallorrhiza odontorhisa \ Willd. ]

Nutt.) to reach blooming size in four

years, but only one out of many thou-

sand seeds was able to run the gaunt-

let of competitors and pests and reach

maturity.

With this installment the series of

articles on cultivating our eastern na-

tive orchids, started in volume 1, No.
4, January, 1933, comes to an end.

Should further data on any particular

species be desired, the writer will be

glad to furnish on request any infor-

mation available.

Our Native Phloxes and Their Horticultural

Derivatives*

H

•.^J-

) Ai

Edgar T. Wherry

The genus Phlox comprises about

50 species, all natives of North Amer-
ica, although one Alaskan species

grows also in Siberia. Many of

them produce attractive floral dis-

plays, and a few have found their

way into horticulture. Showing as

they do marked variability, as well

as considerable intergradation be-

tween species, their taxonomy is dif-

ficult to work out, and many misun-

derstandings as to their relationships

have arisen. Several names have

come to be used by horticulturists in

quite different senses than by taxo-

nomic botanists, resulting in much

confusion. During the past few years

field and herbarium studies of these

plants have been made, leading to

the bringing of some degree of order

out of this state of chaos, and the

results of significance from the horti-

cultural standpoint will be published

here.

The Eastern Narrow-leaved

Phloxes (Section Subulatae)

In this section the stems are woody,

trailing or decumbent, and often much

branched, with latent shoots well de-

veloped on the leaf-axils at flowering

time. The leaves are small, ranging

from subulate to linear-lanceolate or

rarely oblong in outline, and many are

more or less evergreen. The inflores-

cence consists of a cyme of a few rela-

tively long-pedicelled flowers. One

member of this section, Phlox stibu-

lata, is widely used in rock gardens,

but the other two, P. nivalis and P.

"•^A Contribution from the Botanical Laboratory

and Morris Arboretum of the University ot

Pennsylvania.

bifida, are not so well known as they

deserve to be.

Phlox subulata L. Moss Phlox.

The dispersal-center of this species

lies in the Appalachian mountain re-

gion of eastern West Virginia. From
there the plant spread to upland

North Carolina, central Kentucky,

the Great Lakes region, and across

New Jersey to Long Island. It has

also escaped from cultivation in

many places both within and beyond

this range. Its usual habitat is a dry

rocky or sandy slope, the soil-reac-

tion varying from slightly alkaline

to strongly acid, indicating essential

indifference to this factor.

While the dominant corolla-color

is phlox-purple, most colonies show

marked variability in this respect,

ranging from intense purple through

intermediate light purple, rose, and

lilac hues to pure white. Lavender or

light violet colors are less frequent,

but appear occasionally. The eye is

often marked by a group of ten ra-

diating striae, which vary both in

hue and intensity, sometimes coales-

cing into a purple ring, and again

becoming obsolete. Corolla-lobe out-

line varies from narrowly cuneate to

broadly obovate, with a terminal

notch up to 2 mm. deep; our figure

represents a colony in New Jersey

where two plants growing intermin-

gled showed marked contrast in this

respect. The calyx and pedicels are

downy, and toward the northern side

of the range the hairs are usually

sharp-pointed, while toward the

south they tend to be gland-tipped,

[209]
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Phlox subulata

although there may be exceptions in

both regions.

On December 10, 1745, John Bar-

tram wrote to Peter Collinson in Eng-
land that he was sending him *'one sod

of the fine creeping spring Lychnis,"

by which he meant the plant subse-

quently named by Linnaeus Phlox

subulata. This is the earliest record

we have of the introduction of the

species into horticulture, a date

which Farrer suggested "ought in-

deed be kept as a horticultural fes-

tival." It persisted in Collinson's

garden, and was catalogued by him
as "Lychnidea ser^pervirens flore

rubro"—the evergreen false-lychnis

with red flowers. From there it

found its way into other gardens, but

apparently received no particular at-

tention for over a hundred years.

The first color-form to be picked

out from its numerous variants and

specially propagated was white with

rose-purple eye-striae, the leaves be-

ing unusually broad ; this was orig-

inated by J. G. Nelson in 1852 and

was duly named horticultural variety

nelsoni. Many others have since been

developed, the most popular in the

United States being hort. var. grandi-

flora. This has a rather raucous ma-
genta corolla-color, but is valued be-

cause of the relatively large size and
abundance of its flowers. Hort var.

atropiirpurea has a more intense and
redder color, but is less widely used.

Some of the horticultural varieties

produce viable seed, but others are

sterile clones which must be propa-

gated vegetatively. No attempt will

be made to list them here, but a brief

discussion may be given of the status

of certain "specific" names often used
in connection with this Phlox.

australis. A geographic variety,

ranging from western North Caro-
lina to southern Ohio, characterized

by glandular hairs on the inflores-

cence-foliage.

brittonii. Originally described as a

distinct species, but scarcely more
than a variety, occurring in the Ap-
palachians of Virginia and West Vir-
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ginia, and extending down the Poto-

mac valley to the Fall-line. Differs

from variety australis in having a

somewhat smaller corolla of lavender

to white color.

ciliata. The northern geographic va-

riety, with the hairs normally gland-

less. The plants sent by Bartram to

Collinson belonged here, and so ac-

cordingly do the horticultural varie-

ties which arose from that original

source.

nivalis. Sometimes applied to pure

white forms of P. subulata, but these

are preferably termed horticultural

variety alba, since the name nivalis

really belongs to the species discussed

next.

setacea. This name was applied by

Linnaeus to a depauperate fragment

of P. subulata, and has no taxonomic

standing. It is sometimes used in

British horticultural writings in place

of the accepted name for this species,

and again for P. nivalis, but should

be discarded.

stcllaria. Although proposed by

Gray for a variety of another species

{P. bifida), this name has come to be

used for horticultural varieties of P.

subulata with more or less star-like

corollas. Such dual significance for

a name is undesirable.

Phlox nivalis Loddiges. Trailing

Phlox

Because of similarity in foliage, this

Phlox has been confused with P. sub-

ulata, but they differ so markedly in

their reproductive organs that they

are to be regarded as distinct species.

In P. subulata the stamens are so long

that the anthers of several of them are

visible at the corolla-tube orifice, and

the style is also elongate. In the

plant here under consideration even

the longest stamen is normally deep

within the corolla-tube, and the style

is so short that the stigmas scarcely

reach the level of the sepal-tips. The

corolla, too, tends to be larger and

paler in color, and its lobes, more shal-

lowly notched. The name nivalis,
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Phlox subulata

although there may be exceptions in

both regions.

On December 10, 1745, John Bar-

tram wrote to Peter Collinson in Eng-
land that he was sending him ''one sod

of the fine creeping spring Lychnis,"

by which he meant the plant subse-

quently named by Linnaeus Phlox

subulata. This is the earliest record

we have of the introduction of the

species into horticulture, a date

which Farrer suggested "ought in-

deed be kept as a horticultural fes-

tival." It persisted in Collinson's

garden, and was catalogued by him
as "Lychnidea sei'^pervirens flore

rubro"—the evergreen false-lychnis

with red flowers. From there it

found its way into other gardens, but

apparently received no particular at-

tention for over a hundred years.

The first color-form to be picked

out from its numerous variants and

specially propagated was white with

rose-purple eye-striae, the leaves be-

ing unusually broad ; this was orig-

inated by J. G. Nelson in 1852 and

was duly named horticultural variety

nclsoni. Many others have since been

developed, the most popular in the

United States being hort. var. grandi-

flora. This has a rather raucous ma-
genta corolla-color, but is valued be-

cause of the relatively large size and
abundance of its flowers. Hort var.

atropurpurca has a more intense and
redder color, but is less widely used.

Some of the horticultural varieties

produce viable seed, but others are

sterile clones which must be propa-

gated vegetatively. No attempt will

be made to list them here, but a brief

discussion may be given of the status

of certain ''specific" names often used

in connection with this Phlox.

australis. A geographic variety,

ranging from western North Caro-
lina to southern Ohio, characterized

by glandular hairs on the inflores-

cence-foliage.

hnttonii. Originally described as a

distinct species, but scarcely more
than a variety, occurring in the Ap-
palachians of Virginia and West Vir-
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Phlox nivalis

ginia, and extending down the Poto-

mac valley to the Fall-line. Differs

from variety australis in having a

somewhat smaller corolla of lavender

to white color.

ciliata. The northern geographic va-

riety, with the hairs normally gland-

less. The plants sent by Bartram to

Collinson belonged here, and so ac-

cordingly do the horticultural varie-

ties which arose from that original

source.

nivalis. Sometimes applied to i:)ure

white forms of P. subulata, but these

are preferal)ly termed horticultural

variety alba, since the name nivalis

really belongs to the species discussed

next.

sctacca. This name was applied by

Linnaeus to a depauperate fragment

of P. subulata, and has no taxonomic

standing. It is sometimes used in

British horticultural writings in place

of the accepted name for this species,

and again for P. nivalis, but should

be discarded.

stcllaria. Although proposed by

Gray for a variety of another species

(P. bifida), this name has come to be

used for horticultural varieties of P.

subulata with more or less star-like

corollas. Such dual significance for

a name is undesirable.

Phlox nivalis Loddiges. Trailing

PlILOX

Because of similarity in foliage, this

Phlox has been confused with P. sub-

ulata, but they differ so markedly in

their reproductive organs that they

are to be regarded as distinct species.

In P. subulata the stamens are so long

that the anthers of several of them are

visible at the corolla-tube orifice, and

the style is also elongate. In the

plant here under consideration even

the longest stamen is normally deep

within the corolla-tube, and the style

is so short that the stigmas scarcely

reach the level of the sepal-tips. The

corolla, too, tends to be larger and

paler in color, and its lobes, more shal-

lowly notched. The name nivalis,
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Phlox bifida

which means snowy, was indeed ap-

plied to it because the flowers of the

particular clump under observation

were so white that a plant in full

bloom looked as though snow-covered.

The rule of priority requires that this

name be used, even though it was
later recognized that pink, rose, and

purple color-forms also exist.

Phlox nivalis is more southern in

range than its relative, its dispersal-

center lying in the Piedmont of South

Carolina and adjacent states. From
there it has spread to the shores of

Tampa Bay, in western peninsular

Florida, to the sand hills of eastern

Texas, and to the Piedmont of south-

ern Virginia. It grows chiefly in acid

soils on thinly wooded dry sandy

slopes, or rarely in moist pineland.

Stock obtained from the more southern

portions of this range is not very

hardy, but that from further north

can stand temperatures of 15 to 20

degrees below zero without injury.

Two additional names often used

for this species require discussion:

hentzii. Applied to this Phlox by

Nuttall 11 years after the publication

of the name nivalis; to be reduced to

synonymy in accordance with the rule

of priority.

setaeea. In 1798 Curtis used this

name by mistake for a cultivated

clump of Phlox nivalis, which had
been collected by Fraser in the Caro-

linas and sent to England 10 years be-

fore. Owing to the prestige of the

Botanical Magazine, in which his plate

appeared, his usage is followed by
many British horticulturalists to this

day. According to the rules of bo-

tanical nomenclature, however, setaeea

is an obsolete synonym of subulata,

and does not apply at all to any other

species.

Hybrids of P. subulata and P. nivalis

(X -P. jrondosa)

Judging from the intermediate

lengths of their stamens and styles,

several clones commonly classed as

horticultural varieties of P. subulata

are the result of hybridization between
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that species and P. nivalis. Since the

earliest name applied to this cross

was apparently Phlox jrondosa Hort.,

such plants should be referred to it.

The two most notable are:

X Phlox jrondosa hort. var. Vivid.

A plant of compact growth bearing an

abundance of flowers of a lovely bright

rose color.

X P' jrondosa hort var. Perjection.

A vigorous, spreading plant with large

flowers which are pink with purple

eye-spot.

Phlox bifida Beck. Sand Phlox.

This is a plant of the interior, its

range centering in southern Illinois,

and extending from there to northern

Arkansas, northwestern Oklahoma and

perhaps adjacent Texas, northeastern

Iowa, southwestern Michigan, central

Kentucky and Tennessee. While the

common name refers to the fact that

it frequently occurs on sandy banks,

it also grows on rocky slopes and

even on bare cliffs. Thriving alike on

limestone where the gravel is dis-

tinctly alkaline and in peaty sand

where at least moderate acidity de-

velops, it is to be classed as indiffer-

ent to soil reaction, and as adapted

to cultivation in rather barren situa-

tions, at least where the soil is not

clayey or compact.

The foliage of this species is rather

different from that of the other mem-

bers of the section, the leaves being

fewer in number and considerably

longer. Calyx and pedicels vary from

densely hairy to glabrous, the hairs

being usually gland-tipped in the more

northern colonies. The corolla-color

is normally paler and more violet

than in the other species, ranging

from white to lavender and rarely to

lilac or rose. Some forms have the

corolla lobes so deeply cleft that there

appear to be ten instead of five petals,

although others resemble P. subulata

in pattern.

Phlox bifida was discovered in Illi-

nois and Kentucky about 1820, and

was early brought into cultivation in

wild flower gardens of that region.

There is no record as to when or

by whom it was first sent to Europe,

and it is apparently not extensively

cultivated there.

The only name which requires dis-

cussion in connection with this spe-

cies is stellaria. This was first used

by Gray in 1870 for a specimen of P.

bifida which was unusual in two re-

spects, namely in having glabrous

foliage and very shallow notches in

the corolla-lobes. The colony in

Kentucky from which it came has

since been rediscovered, and the plant

proves to vary from glabrous to mod-

erately pubescent with non-glandular

hairs. This plant is but little known

in horticulture, and the name has

come to be applied to various forms

of P. subidata or to hybrids between

it and P. bifida. To avoid confusion

such names should be limited to ma-

terial similar to that for which they

were originally proposed.

Hybrids of P. subulata and P. bifida

{X P' lilaeina Hort.)

Clones variously known as P. subu-

lata hort. vars. lilaeina, stellaria and

G. F. Wilson {or wilsoni) possess

such large leaves and lavender-hued

flowers that they are inferred to be

hybrids of these two native species.

The preferable form of the last name

is X P- lilacina hort. var. G. F. Wil-

son.

The Eastern Short-styled

Phloxes (Section Divaricatae)

Four perennial species are com-

prised in this Section, although only

one of these is extensively cultivated.
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Phlox bifida

which means snowy, was indeed ap-

plied to it because the flowers of the

particular clump under observation

were so white that a plant in full

bloom looked as though snow-covered.

The rule of priority requires that this

name be used, even though it was
later recognized that pink, rose, and

purple color-forms also exist.

Phlox nivalis is more southern in

range than its relative, its dispersal-

center lying in the Piedmont of South

Carolina and adjacent states. From
there it has spread to the shores of

Tampa Bay, in western peninsular

Florida, to the sand hills of eastern

Texas, and to the Piedmont of south-

ern Virginia. It grows chiefly in acid

soils on thinly wooded dry sandy

slopes, or rarely in moist pineland.

Stock obtained from the more southern

portions of this range is not very

hardy, but that from further north

can stand temperatures of 15 to 20

degrees below zero without injury.

Two additional names often used

for this species require discussion

:

hcntzii. Applied to this Phlox by

Nuttall 11 years after the publication

of the name nivalis ; to be reduced to

synonymy in accordance with the rule

of priority.

sctacca. In 1798 Curtis used this

name by mistake for a cultivated

clump of Phlox nivalis, which had

been collected by Fraser in the Caro-

linas and sent to England 10 years be-

fore. Owning to the prestige of the

Botanical Magazine, in which his plate

appeared, his usage is followed by

many British horticulturalists to this

day. According to the rules of bo-

tanical nomenclature, however, sctacca

is an obsolete synonym of suhulata,

and does not apply at all to any other

species.

Hybrids of P. suhulata and P. nivalis

(X ^. jrondosa)

Judging from the intermediate

lengths of their stamens and styles,

several clones commonlv classed as

horticultural varieties of P. suhulata

are the result of hybridization between

1"

4 T •»

that species and P. nivalis. Since the

earliest name applied to this cross

was apparently Phlox jrondosa Hort.,

such plants should be referred to it.

The two most notable are

:

X Phlox jrondosa hort. var. Vivid.

A plant of compact growth bearing an

abundance of flowers of a lovely bright

rose color.

X P. jrondosa hort var. Pcrjcction.

A vigorous, spreading plant with large

flow^ers which are pink with purple

eye-spot.

Phlox bifida Beck. Sand Phlox.

This is a plant of the interior, its

range centering in southern Illinois,

and extending from there to northern

Arkansas, northwestern Oklahoma and

perhaps adjacent Texas, northeastern

Iowa, southwestern Michigan, central

Kentucky and Tennessee. While the

common name refers to the fact that

it frequently occurs on sandy banks,

it also grows on rocky slopes and

even on bare cliffs. Thriving alike on

limestone where the gravel is dis-

tinctly alkaline and in peaty sand

where at least moderate acidity de-

velops, it is to be classed as indiffer-

ent to soil reaction, and as adapted

to cukivation in rather barren situa-

tions, at least where the soil is not

clayey or compact.

The foliage of this species is rather

different from that of the other mem-

bers of the .section, the leaves being

fewer in number and considerably

longer. Calyx and pedicels vary from

densely hairy to glabrous, the hairs

being usually gland-tipped in the more

northern colonies. The corolla-color

is normally paler and more violet

than in the other species, ranging

from white to lavender and rarely to

lilac or rose. Some forms have the

corolla lobes so deeply cleft that there

appear to be ten instead of five petals.

although others resemble P. suhulata

in pattern.

Phlox hifida was discovered in Illi-

nois and Kentucky about 1820, and

was early brought into cultivation in

wild flower gardens of that region.

There is no record as to when or

by whom it was first sent to Europe,

and it is apparently not extensively

cultivated there.

The only name which requires dis-

cussion in connection with this spe-

cies is stcllaria. This was first used

by Gray in 1870 for a specimen of P,

hifida which was unusual in tw(3 re-

spects, namely in having glabrous

foliage and very shallow notches in

the cor(jlla-lobes. The colony in

Kentucky from which it came has

since been rediscovered, and the plant

proves to vary from glabrous to mod-

erately pubescent with non-glandular

hairs.' This plant is but little known

in horticulture, and the name has

come to be applied to various forms

of P. suhulata or to hybrids l)etween

it and P. hifida. To avoid confusion

such names should be limited to ma-

terial similar to that for which they

were originally proposed.

Hybrids of P. suhulata and P. hifida

(X ^^ Idaclna Hort.)

Clones variously known as /'. suhu-

lata hort. vars. lilacina, stcllaria and

G. F. Wilson (or icdsoui) possess

such large leaves and lavender-hued

flowers that they are inferred to be

hybrids of these two native species.

The preferable form of the last name

is X F- lilocina hort. var. C. P. H'//-

son.

The Eastern Short-stvled

Phloxes (Section Divaricatae)

Four perennial species are com-

prised in this Section, although only

one of these is extensively cultivated.

intentional second exposure
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Phlox divaricata Phlox pilosa Phlox floridana

The stems are herbaceous, and axil-

lary shoots are inconspicuous; most
of the moderately large leaves are

deciduous, but a few may winter over.

A number of rather short-pedicelled

flowers make up the inflorescence,

which is cymose or somewhat panicu-
late. The most important diagnostic

character is the shortness of the sta-

mens and styles, the longest stamen
normally lying well below the corolla-

tube orifice, and the ends of the stig-

mas but little surpassing the calyx-

tube.

Phlox divaricata L. Blue Phlox.

There are two geographic varieties

of this species ; the eastern one, var.

canadensis, has its dispersal center in

Kentucky, and from there ranges to

Georgia, to the western boundary of

Indiana, to central Michigan and to

northwestern Vermont. Variety lap-

hami, the western representative, has

spread out from the Ozarks to western
Florida, eastern Texas, southern

Minnesota, and the east edge of Illi-

nois. Both occur in deciduous wood-
land, in circumneutral soil, often on
river flood-plains, but sometimes on
steep slopes and even limestone cliffs.

They are accordingly readily culti-

vated in rich garden loam.

As the common name implies, the

corolla-color of this species often

tends toward blue, although strictly

speaking it should be termed light

violet or lavender; and it occasionally

ranges to lilac or light purple. Pallid

and pure white forms are also fre-

quently met with. The eye may be
white or suffused with rose, although
definite striae are rarely developed.

Corolla-lobe outline varies markedly,
but the two geographic varieties are
distinguished chiefly on one feature

of it; the eastern one usually has dis-

tinct notches in the ends of the lobes,

while in the western one these are
almost entire or mucronate instead.

As to foliage characters, it may be
noted that the crowns produce in sum-
mer prostrate sterile shoots which tend

Ai

to persist through the winter, and

that the upper herbage is somewhat

viscid with gland-tipped hairs.

John Bartram is to be given credit

for the introduction of this Phlox in-

to horticulture, for while it was listed

by Plukenet as early as 1700 (from

''Virginia"), the preserved corre-

spondence between Collinson and Bar-

tram shows that the latter obtained

it along the Susquehanna River pre-

sumably in Pennsylvania, and sent it

to England, where it first bloomed on

May 5, 1740. Linnaeus based the

species on a plant cultivated in the

botanical garden at Upsala, and it has

found a place in European gardens

ever since; more recently it has be-

come popular also in America. No

important horticultural varieties ap-

pear to have been produced, but some

remarks are called for here as to the

proper usage of the two varietal names

already referred to.

canadensis. Often used in catalogs

as though it were the species name,

but this usage is not correct; should

be used instead to designate the va-

riety of divaricata with notched cor-

olla-lobes. No other diagnostic char-

acters of the variety have been recog-

nized, although its color on the whole

tends more toward the purple or lilac

side.

laphami. This is the varietal name

which belongs to plants in which the

corolla-lobes are entire or apiculate,

rather than notched. The growth is

often rather more vigorous, and the

color more violet or lavender, or the

eye more deeply colored, than in the

first-named variety.

For albino forms the names alba,

albiflora, and Candida have all been

used.

Phlox pilosa L. Downy Phlox.

Starting from a dispersal-center in

the Ozark region, this Phlox has at-

tained a wider range than any other

species, and has also become differen-

tiated into a larger number of geo-

graphic varieties. It is abundant in
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Phlox divaricafa Phlox pilosa Phlox jloridana

The stems are herbaceous, and axil-

lary shoots are inconspicuous ; most
of the moderately large leaves are

deciduous, but a few mav winter over.

A num])er of rather short-pedicelled

flowers make u]) the inflorescence,

which is cymose or somewhat panicu-

late. The most im])ortant diagnostic

character is the shortness of the sta-

mens and styles, the longest stamen
normally lying well below the corolla-

tube orifice, and the ends of the stig-

mas but little surpassing the calvx-

tube.

Phlox divaricata L. Bluk Phlox.

There are two geographic varieties

of this species ; the eastern one, var.

canadensis, has its dispersal center in

Kentucky, and from there ranges to

Georgia, to the western boundary of

Indiana, to central ^lichigan and to

northwestern Vermont. Variety lap-

hami, the western representative, has

spread out from the Ozarks to western

Florida, eastern Texas, southern

Minnesota, and the east edge of Illi-

nois. Both occur in deciduous wood-
land, in circumneutral soil, often on
river flood-plains, but sometimes on
steep slopes and even limestone cliflfs.

They are accordingly readily culti-

vated in rich garden loam.

As the common name implies, the

corolla-color of this species often

tends toward blue, although strictly

speaking it should be termed light

violet or lavender; and it occasionally

ranges to lilac or light purple. Pallid

and pure white forms are also fre-

quently met with. The eye may be
white or suffused with rose, although
definite striae are rarely developed.
Corolla-lobe outline varies markedly,
but the two geographic varieties are

distinguished chiefly on one feature

of it; the eastern one usually has dis-

tinct notches in the ends of the lobes,

while in the western one these are

almost entire or mucronate instead.

As to foliage characters, it may be
noted that the crowns produce in sum-
mer prostrate sterile shoots which tend

VTr
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to persist through the winter, and

that the upper herbage is somewhat

viscid with gland-tipped hairs.

John Bartram is to be given credit

for the introduction of this Phlox in-

to horticulture, for while it was listed

by Plukenet as early as 1700 (from

''Virginia"), the preserved corre-

spondence between Collinson and Bar-

tram shows that the latter obtained

it along the Susquehanna River pre-

sumably in Pennsylvania, and sent it

to England, where it first bloomed on

May 5, 1740. Linnaeus based the

species on a plant cultivated in the

botanical garden at Upsala, and it has

found a place in European gardens

ever since ; more recently it has be-

come popular also in America. No

important horticultural varieties ap-

pear to have been produced, but some

remarks are called for here as to the

proper usage of the two varietal names

alreadv referred to.

canadensis. Often used in catalogs

as though it were the species name,

but this usage is not correct; should

be used instead to designate the va-

riety of divaricata with notched cor-

olla-lobes. No other diagnostic char-

acters of the variety have been recog-

nized, although its color on the whole

tends more toward the purple or lilac

side.

laphami. This is the varietal name

which belongs to plants in which the

corolla-lobes are entire or apiculate,

rather than notched. The growth is

often rather more vigorous, and the

color more violet or lavender, or the

eye more deeply colored, than in the

first-named variety.

For albino forms the names alba,

albiflora, and Candida have all been

used.

Phlox pilosa L. Downy Phlox.

Starting from a dispersal-center in

the Ozark region, this Phlox has at-

tained a wider range than any other

species, and has also become differen-

tiated into a larger number of geo-

graphic varieties. It is abundant in

<

»
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all of the states bordering on the Gulf

of Mexico, and extends from central

Texas north to the vicinity of Winni-
peg, Manitoba, and from the Tampa
Bay region in Florida northeast to

Connecticut. Though perhaps most
frequent in moist but rather sterile

grassland, it also grows in open

woods, and on rocky slopes, showing
no particular preference as to soil

reaction.

From Phlox divaricata the present

species is distinguished by its failure

to produce decumbent sterile sub-ever-

green shoots, its linear to lanceolate

leaf-outline (ranging in one variety to

oblong or ovate), the frequent pres-

ence of pubescence on the outer sur-

face of the corolla-tube, the lack of

any tendency to notching of the cor-

olla-lobes, and bright purple corolla-

color, ranging to lilac and white only

occasionally. The herbage may be

densely pubescent with glandular or

glandless hairs, or in some varieties

nearly or quite glabrous. Though
varying in scent as in most other

characters. Phlox pilosa tends to be

sweet-scented, and in some colonies

is markedly so, the fragrance suggest-

ing that of cloves or of jasmine.

Phlox pilosa is but little known
horticulturally. It is said to have
been first introduced into English gar-

dens by John Eraser in 1806, and has
been grown to some extent ever since,

usually under the name P. aristata.

In recent years a phase with pale lav-

ender flowers and unusual vegetative

vigor from the south shore of Lake
Michigan, named by Clute and Fer-

riss P. argillacea has been brought in-

to cultivation on both sides of the At-
lantic, and has received favorable

comment and even medal awards. The
status of these and other varietal

names may now be considered.

amplexicaulis. A geographic va-

riety from the Mississippi valley with

the herbage bearing coarse but egland-

ular hairs.

argillacea. Since the plant so-

named does not differ in any respect

of taxonomic significance from the

original P. pilosa, the name should

certainly not be given independent
rank. Because of its horticultural

value, however, it may be classed as

P, pilosa hort. var. argillacea. Its

distinctive features are pale lilac or

lavender corolla-color, and long

blooming-season.

aristata. Although widely used in

horticultural literature this name has

no taxonomic standing, since it was
proposed by Michaux under a misap-
prehension as to the identity of P.

pilosa, and is a simple synonym of the

latter name.

detonsa. A geographic variety,

characterized by its glabrous leaves.

jiilgida. The Interior Plains va-

riety, with the herbage lustrous-pube-

scent with glandless hairs.

osarkana. A newly recognized va-

riety occurring in the Ozark region,

having large oblong or ovate upper
leaves, and often a compound inflores-

cence of especially showy flowers.

This deserves trial as to its horticul-

tural value.

virens. The varietal name of the

most wide-ranging representative of

the genus. As this is the only va-

riety found in the northeastern states,

it is the one generally cultivated.

Hybrids of P. divaricata and P.
pilosa (X P' glntinosa)

A native Phlox named by Buckley
P. glutinosa lies so exactly interme-

diate between the two species just dis-

cussed that it is regarded as a natu-
ral hybrid between them. Similar ma-
terial sold by a few nurseries under
the name P. pilosa appears to repre-

sent the result of artificial crossing of

vi

Phlox amoena

the same parents, and should bear the

name of the hybrid instead.

Phlox floridana Bentham

This species is a rare endemic of

the Apalachicola valley in western

Florida and adjacent parts of Alabama

and Georgia. So far as known it is

not hardy northward, and has never

been brought into cultivation outside

of its native area. Through some mis-

understanding, particularly inexcusable

since the type specimen of the species

is preserved in the herbarium at Kew,

British horticultural writers have

transferred the name floridana to a

Phlox belonging to a diiTerent sec-

tion, (P. glaherrima, discussed be-

low) and the name is almost uni-

versally misapplied. Actually P.

floridana in the sense of its original

describer, Bentham, is a close relative

of P. pilosa, differing chiefly in that

its upper leaves are gradually and reg-

ularly reduced in size, and lie ap-

pressed against the stem. This spe-

cies name should be withdrawn from

horticultural literature unless and un-

til the plant which bears it is definitely

brought into gardens.

Phlox amoena Sims. Hairy Phlox.

This species name forms the out-

standing example of confusion result-

ing from different usage on the part

of taxonomists and horticulturists. It

was originally applied by Sims to a

plant collected in South Carolina by

Eraser in 1786, characterized by hav-

ing small oblong leaves and bright

purple flowers in a compact cyme sur-

rounded by bracts, the herbage being

coarsely hairy without any suggestion

of glandularity. Owing to an error

made by Asa Gray in the fifth edition

of his Manual of Botany (1868),

which he corrected only two years

later, horticulturalists consistently mis-

apply the name to a hybrid between

two entirely different species, one of

them P. subulata, already discussed,

and the other P. stolonifera, which
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all of the states bordering on the Gulf

of Mexico, and extends from central

Texas north to the vicinity of Winni-
peg, Manitoba, and from the Tampa
Bay region in Florida northeast to

Connecticut. Though perhaps most
frequent in moist but rather sterile

grassland, it also grows in open
woods, and on rocky slopes, showing
no particular preference as to soil

reaction.

From Phlox divaricata the present

species is distinguished by its failure

to ])roduce decumbent sterile sul)-ever-

green shoots, its linear to lanceolate

leaf-outline (ranging in one variety to

oblong or ovate), the frequent pres-

ence of pubescence on the outer sur-

face of the corolla-tu])e, the lack of

any tendency to notching of the cor-

olla-lobes, and bright purple corolla-

color, ranging to lilac and white only

occasionally. The herbage may be
densely pubescent with glandular or

glandless hairs, or in some varieties

nearly or quite glabrous. Though
varying in scent as in most other

characters. Phlox pilosa tends to be

sweet-scented, and in some colonies

is markedly so, the fragrance suggest-

ing that of cloves or of jasmine.

Phlox pilosa is but little kncnvn
horticulturally. It is said to have
been first introduced into English gar-

dens by John Fraser in 1806, and has
been grown to some extent ever since,

usually under the name P. aristata.

In recent years a phase with pale lav-

ender flowers and unusual vegetative

vigor from the south shore of Lake
Michigan, named by Clute and Fer-

riss P. argillacca has been brought in-

to cultivation on l)oth sides of the At-
lantic, and has received favorable

comment and even medal awards. The
status of these and other varietal

names may now be considered.

amplcxicaulis. A geographic va-

riety from the Mississippi valley with

the herbage bearing coarse but egland-

ular hairs.

argillacca. Since the plant so-

named does not differ in any respect

of taxonomic significance from the

original P. pilosa, the name should
certainly not be given independent
rank. Because of its horticultural

value, however, it may be classed as

P. pilosa hort. var. argillacca. Its

distinctive features are pale lilac or

lavender corolla-color, and long

blooming-season.

aristata. Although widely used in

horticultural literature this name has
no taxonomic standing, since it was
l)roposed by Michaux under a misap-
prehension as to the identity of P.

pilosa, and is a simple synonym of the

latter name.

dctonsa. A geographic variety,

characterized by its glabrous leaves.

jidgida. The Interior Plains va-

riety, with the herbage lustrous-pube-

scent with glandless hairs.

ozarkana. A newly recognized va-

riety occurring in the Ozark region,

having large oblong or ovate upper
leaves, and often a compound inflores-

cence of especially showy flowers.

This deserves trial as to its horticul-

tural value.

vircns. The varietal name of the

most wide-ranging representative of

the genus. As this is the only va-
riety found in the northeastern states,

it is the one generally cultivated.

Hybrids of P. divaricata and P.

pilosa (X /^ glittinosa)

A native Phlox named by Buckley
P. glittinosa lies so exactly interme-
diate between the two species just dis-

cussed that it is regarded as a natu-
ral hybrid between them. Similar ma-
terial sold by a few nurseries under
the name P. pUosa appears to repre-

sent the result of artificial crossing of

^r *

•'l#"

i

•- ^"iT/r-

Phlox auiocna

the same parents, and should bear the

name of the hvbrid instead.

Phlox floridana Bkntham

This species is a rare endemic of

the Apalachicola valley in western

Florida and adjacent \rAns of Alabama

and Georgia. So far as known it is

not hardy northward, and has never

been brought into cultivation outside

of its native area. Through some mis-

understanding, particularly inexcusable

since the type specimen of the species

is preserved in the her])arium at Kew,

British horticultural writers have

transferred the name jloridana to a

Phlox belonging to a different sec-

tion, (P. glabcrriuia, discussed be-

low) and the name is almost uni-

versally misapplied. Actually P.

floridana in the sense of its original

describer, Bentham, is a close relative

of P. pilosa, differing chiefly in that

its upper leaves are gradually and reg-

ularly reduced in size, and He ap-

prcssed against the stem. This spe-

cies name should l)e withdrawn from

horticultural literature unless and un-

til the plant which bears it is definitely

brought into gardens.

PiiLox amoexa Sims. Hairv IMilox.

This species name forms the out-

standing example of confusion result-

ing from different usage on the part

of taxonomists and horticulturists. It

was originally ai)plied by Sims to a

plant collected in South Carolina by

Fraser in 1786, characterized by hav-

ing small oblong leaves and bright

purple flowers in a compact cyme sur-

rounded by bracts, the herbage being

coarsely hairy without any suggestion

of glandularity. Owing to an error

made by Asa Gray in the fifth edition

of his '^lanual of Botany (1868),

which he corrected only two years

later, horticulturalists consistently mis-

applv the name to a hybrid between

two entirely different species, one of

them /'. sitbidata, already discussed,

and the other P. stolonifcra, which
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Phlox stolonijera

will be taken up next. If the name

amoetia is used for this at all, it

should be followed by the word Hort.

;

but the prior name P. prociimbens

Lehmann should really be adopted for

it instead.

The true native Phlox amoena of

Sims is a southeastern species, its dis-

persal-center lying in the Appala-

chians along the boundary between

Alabama and Georgia. From there

it has spread to Putnam County,

Florida, to the eastern marginal coun-

ties of Mississippi, to southernmost

Kentucky, and to central North Caro-

lina. Persistent reports of its occur-

rence in Arkansas, Missouri, Indiana,

and Virginia have thus far proved fal-

lacious, other species being mistaken

for it. The normal habitat is open

woods or thickets in rather acid soil,

and probably one reason for its prac-

tical disappearance from horticulture

has been its inability to thrive in rich

garden loam. Two or three dealers

in native plants are now offering it,

however, and it is well worthy of

trial in partly shaded and acid-soil

rock or wild gardens.

Hybrids of P. divaricata and P,

amoena (X P- rugdii Brand)

Where these two species grow in

the same vicinity they occasionally

cross, producing plants which combine

the parental characters, and have

flowers of a lovely rose color. At-

tempts should be made to produce

this hybrid artificially, as a plant with

considerable horticultural value might

be obtained.

The Eastern Long-styled Phloxes
(Section Ovatae)

While the six members of this sec-

tion resemble those of the next-pre-

ceding in habit, they differ in having

the sepals united into a tube for more

than half their length, and in the sta-

mens and styles being much longer

than the calyx, and sometimes even

longer than the corolla-tube.

^ i.

Phlox stolonifera Sims. Creep-

ing Phlox

Reaching its maximum development

in West Virginia, this species ranges

south to Wilkes County, Georgia, west

to Hocking and Jackson Counties,

Ohio, and north to Elk County, Penn-

sylvania. It is a markedly stolonifer-

ous plant, forming good-sized mats

in the litter of deciduous woods, or

occasionally on rock ledges, seem-

ingly preferring a slightly acid soil.

This Phlox has several attracti\ie

color forms. Perhaps the most beau-

tiful is a clear violet,—the hue shown

by Eraser's original material—but

bright phlox-purple and lavender

forms are also attractive. These at-

tain their maximum brilliance when

it is grown in partial shade, and it is

less satisfactory when planted in sun-

ny rock gardens. The individual flow-

ers are often rather large, and the gol-

den stamens peeping out from the tube

add to their attractiveness. The upper

herbage is glandular pubescent, and

the runners bear spatulate leaves

which persist over winter.

Discovered in Georgia by Eraser in

1786, this plant was successfully in-

troduced by him into English gardens

in 1801. Its horticultural value was

immediately recognized, and it has

been grown there ever since, but is

only beginning to be appreciated in

the United States. Several nomencla-

torial points require discussion in con-

nection with this species.

coerulea. The name sometimes

inappropriately given to the violet

color-form.

crassifolia. An obsolete synonym,

applied to purple color-forms.

procumbens. Though occasionally

used for the species itself, this name

properly applies to one of its hybrids,

discussed below.

prostrata. Another obsolete sy-

nonym.

reptans. Unaware of Sim's prior

publication, Michaux used the name

reptans for the same plant, and has

been followed considerably in horticul-

tural literature, in spite of the fact

that the earlier description and nam-

ing appeared in Curtis's Botanical

Magazine, which is devoted largely to

cultivated plants. This later name

should be discarded, as a mere sy-

nonym.

violacea. The preferable designa-

tion for the lovely violet-flowered

form of the species.

Hybrids of P. stolonijera and P.

suhulata {X P- procumbens

Lehmann)

As already noted under Phlox

amoena, this name is almost univer-

sally misapplied in horticultural lit-

erature to a hybrid for which the valid

name is X P- procumbens (also some-

times labelled P. verna Hort.) This

hybrid appears to have been produced

in Germany in the early 1800's, being

first mentioned in a catalog of seeds

issued by the Hamburg Botanical

Garden in 1828. It is a verv attrac-

tive and vigorous plant producing a

wealth of bright phlox-purple flowers

in Spring, toward the end of the

blooming season of P. subulata, and

before the flowers of the true P,

amoena appear. How different the

latter is from this hybrid can be seen

on comparing the illustrations, that of

P. stolonijera serving for procumbens.

While various opinions have been

expressed as to the parentage of this

hybrid, consideration of its features

points unmistakably to the two here

designated. In development of stol-

ons, outline and size of leaves, glandu-

larity of herbage, outline of corolla-
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Phlox stolojiifcra

will be taken up next. If the name

amocnu is used for this at all, it

should be followed by the word Hort.

;

but the prior name P. procumhcns

Lehmann should really be adopted for

it instead.

The true native Phlox auiocna of

Sims is a southeastern species, its dis-

persal-center lying in the Appala-

chians along the boundary between

Alabama and Georgia. From there

it has spread to Putnam County,

Florida, to the eastern marginal coun-

ties of Mississippi, to southernmost

Kentucky, and to central North Caro-

lina. Persistent reports of its occur-

rence in Arkansas, Missouri, Indiana,

and Virginia have thus far proved fal-

lacious, other species being mistaken

for it. The normal habitat is open

woods or thickets in rather acid soil,

and probably one reason for its prac-

tical disappearance from horticulture

has been its inability to thrive in rich

garden loam. Two or three dealers

in native plants are now offering it.

however, and it is well worthy of

trial in partly shaded and acid-soil

rock or wild gardens.

LIybrids of p. divarkata and P,

auiocua (X ^^ ruc/clii Hraxd)

Wliere these two species grow in

the same vicinity they occasionally

cross, producing plants which combine

the parental characters, and have

flowers of a lovely rose color. At-

tempts should be made to produce

this hybrid artificially, as a plant with

considerable horticultural value might

be obtained.

TiiK Eastern Long-styled Phloxes
(Section Ovatae)

While the six members of this sec-

tion resemble those of the next-pre-

ceding in habit, they differ in having

the sepals united into a tube for more

than half their length, and in the sta-

mens and styles being much longer

than the calvx, and sometimes even

longer than the corolla-tube.

\ \

-

n

Phlox stolonifera Sims. Creep-

ing Phlox

Reaching its maximum development

in West Virginia, this species ranges

south to Wilkes County, Georgia, west

to Hocking and Jackson Counties,

Ohio, and north to Elk County, Penn-

sylvania. It is a markedly stolonifer-

ous plant, forming good-sized mats

in the litter of deciduous woods, or

occasionally on rock ledges, seem-

ingly preferring a slightly acid soil.

This Phlox has several attracti\'e

color forms. Perhaps the most beau-

tiful is a clear violet,—the hue shown

by Fraser's original material—l)ut

bright phlox-purple and lavender

forms are also attractive. These at-

tain their maximum brilliance when

it is grown in partial shade, and it is

less satisfactory when planted in sun-

ny rock gardens. The individual flow-

ers are often rather large, and the gol-

den stamens peeping out from the tul)e

add to their attractiveness. The upper

herbage is glandular pubescent, and

the runners bear spatulate leaves

which persist over winter.

Discovered in Georgia by Fraser in

1786, this plant was successfully in-

troduced by him into English gardens

in 1801. Its horticultural value was

immediately recognized, and it has

been grown there ever since, but is

only beginning to be api)reciated in

the United States. Several nomencla-

torial points re([uire discussion in con-

nection with this species.

coerulca. The name sometimes

inappropriately given to the violet

color-form.

crassijolia. An obsolete synonym,

applied to purple color-forms.

procumhcns. Though occasionally

used for the species itself, this name

properly ai^plies to one of its hybrids,

discussed below\

prostrata. Another obsolete sy-

nonym.

rcptans. Unaware of Sim's prior

publication, Michaux used the name

rcptans for the same plant, and has

been followed considerably in horticul-

tural literature, in spite of the fact

that the earlier description and nam-

ing appeared in Curtis's Botanical

Magazine, which is devoted largely to

cultivated plants. This later name

should be discarded, as a mere sy-

nonym.

violacca. The preferable designa-

tion for the lovely violet-flowered

form of the species.

Hybrids of P. stolonijcra and P.

subiilata (X ^'. procumhcns

Le II MANN )

As already ncjted under Phlox

cunocna, this name is almost univer-

sally misapplied in horticultural lit-

erature to a hybrid for which the valid

name is X P- procumhcns (also some-

times lal)elled 1\ rcrna Hort.) This

hvbrid appears to have l^een produced

in Germany in the early 1800's. l)eing

first mentioned in a catalog of seeds

issued by the Hamburg Botanical

Garden in 1828. It is a verv attrac-

tive and vigcjrous plant producing a

wealth of bright phlox-purple flowers

in Spring, toward the end of the

blooming season of P. suhulata, and

l)efore the flowers of the true P.

aniocna appear. How different the

latter is from this hybrid can l)e seen

on comparing the illustrations, tliat of

P. stolonijcra serving for procumhcns.

While various opinions have been

expressed as to the parentage of this

hybrid, consideration of its features

])oints unmistakably to the two here

designated. In develo])ment of stol-

ons, outline and size of leaves, glandu-

laritv of herbage, outline of corolla-

INTENTIONAL SECOND EXPOSURE
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Phlox Buckleyi

lobes, and length of stamens and

styles it lies exactly intermediate be-

tween these species, and shows no

approach in its characters to any

other Phlox. Most of the material

in the American trade (as 'T. amo-

ena') appears to represent a single

clone, although another clone with

white-bordered leaves is occasionally

offered.

Phlox buckleyi Wherry. Sword-
leaf Phlox

Though it had been collected by

Buckley as early as 1838, the distinct-

ness of this species was not recognized

until 1930. It occupies the smallest

range of any of the eastern Phloxes,

being endemic in about five counties

along the border between Virginia and

West Virginia. Apparently thriving

only in open woods on slopes of shale

rock, it seems unlikely to be success-

fully cultivated. In the Fall it pro-

duces rosettes of evergreen sword-

shaped leaves, and in late Spring

sends up moderate-sized flowering

shoots with the upper herbage and

even the corolla-tube densely glandu-

lar. The flowers are bright purple

in color, but not especially different in

aspect from those of several other

members of the Section.

Phlox ovata L. Mountain Phlox.

Like P. stolonifera this is a south-

ern Appalachian plant, although the

ranges of the two differ in detail.

Starting from a dispersal center in the

Blue Ridge near the boundary of Vir-

ginia and North Carolina, the present

one has spread across the Piedmont

of the latter state, into the Appala-

chians of Georgia and Alabama, lo-

cally to northern Indiana and Ohio,

and to central Pennsylvania. Its fa-

vorite habitat is the moderately acid

litter of an upland oak forest, but it

occasionally extends out into moist

grassy or rocky places.

Phlox ovata produces from the

^>

^

•J>

I

Phlox ovata

crowns short but conspicuous sterile

shoots which do not, however, become

stoloniferous. Its flowering shoots

bear very few nodes, and the herbage

is nearly glabrous. Some strains have

rather dull magenta flowers, others

brilliant phlox-purple ones. In Wal-

ker County, Alabama, a related Phlox

occurs with ample inflorescences of

relatively large flowers of soft rose,

pink, and whitish hues, making it one

of the most attractive in the whole

genus. This has recently been named

Phlox ovata piilchra.

Introduced into English gardens,

according to Miller, in 1759, this

Phlox has since been cultivated there

to a moderate extent, and is also of-

fered by a number of American nur-

serymen, sometimes under the correct

name, and again as P. ''Carolina;'

which is here regarded as a wholly

distinct species. Names used in con-

nection with it comprise

:

Carolina. Being unacquainted with

the plants in the field. Gray thought

that the one to which Linnaeus had

applied the name Carolina was the

same as his ovata, and has been fol-

lowed in most horticultural writings.

More recent work has shown, how-

ever, that Linnaeus was right in dis-

tinguishing them, as they differ in

several essential respects, and Carolina

is therefore not to be regarded as in

any way a synonym of ovata,

latifolia. Suitable as a varietal

name for the widespread phase of the

species.

listoniana. An obsolete synonym of

ovata.

piilchra. Applied to the Alabama

variety of P. ovata, which has espe-

cially beautiful flowers of soft pink

hues.

Phlox Carolina L. Thick-leaf

Phlox

The Phlox represented in the type

specimen of Linnaeus's P. Carolina has

its dispersal-center in western North

Carolina, and ranges from there to

the Gulf Coast and to the Ohio valley,
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Phlox Buckleyi

lobes, and leng-th of stamens and

styles it lies exactly intermediate be-

tween these species, and shows no

approach in its characters to any

other Phlox. Most of the material

in the American trade (as '"P. amo-

cna') ai)pears to represent a single

clone, although another clone with

white-bordered leayes is occasionally

olTered.

Phlox buckleyi Wherry. Sword-

leaf Phlox

Though it had been collected by

Buckley as early as 1838, the distinct-

ness of this s]:)ecies was not recognized

until 1930. It occupies the smallest

range of any of the eastern Phloxes,

being endemic in aljout fiye counties

along the border between Virginia and

West Virginia. Apparently thriving

only in open woods on slopes of shale

rock, it seems unlikely to be success-

fully cultivated. In the Fall it pro-

duces rosettes of evergreen sword-

shaped leaves, and in late Spring

sends uj) moderate-sized flowering

shoots with the upper herbage and

even the corolla-tube densely glandu-

lar. The flowers are bright purple

in color, but not especially different in

aspect from those of several other

members of the Section.

Phlox ovata L. Mountain Phlox.

Like P. stolonifcra this is a south-

ern Appalachian ])lant, although the

ranges of the two differ in detail.

Starting from a dispersal center in the

Blue Ridge near the boundary of Vir-

ginia and North Carolina, the present

one has spread across the Piedmont

of the latter state, into the Appala-

chians of Georgia and Alabama, lo-

cally to northern Indiana and Ohio,

and to central Pennsylvania. Its fa-

vorite habitat is the moderately acid

litter of an ui)land oak forest, but it

occasionally extends out into moist

grassy or rocky places.

Phlox ovata produces from the

Phlox ovata

crowns short but conspicuous sterile

shoots which do not, however, become

stoloniferous. Its flowering shoots

bear very few nodes, and the herbage

is nearly glabrous. Some strains have

rather dull magenta flowers, others

brilliant phlox-purple ones. In Wal-

ker County, Alabama, a related Phlox

occurs with am])le inflorescences of

relatively large flowers of soft rose,

pink, and whitish hues, making it one

of the most attractive in the whole

genus. This has recently been named

Phlox ovata pulchra.

Introduced into luiglish gardens,

according to Miller, in 1759, this

Phlox has since been cultivated there

to a moderate extent, and is also of-

fered by a number of American nur-

serymen, sometimes under the correct

name, and again as P. ^caroliuar

which is here regarded as a wholly

distinct species. Names used in con-

nection with it comprise

:

Carolina. Being unacciuainted with

the plants in the field, Ciray thought

that the one to which Linnaeus had

applied the name Carolina was the

same as his ovata, and has been fol-

lowed in most horticultural writings.

More recent work has shown, how-

ever, that Linnaeus was right in dis-

tinguishing them, as they differ in

several essential respects, and Carolina

is therefore not to be regarded as in

any way a synonym of ovata.

'latijolia. "^Suitable as a varietal

name for the widespread phase of the

species.

listoniana. An obsolete synonym of

ovata.

pulchra. Applied to the Alabama

variety of P. ovata, which has espe-

cially ' beautiful flowers of soft pink

hues.

IMlLOX CAROLINA L.

Phlox

Thick-leaf

The Phlox represented in the type

specimen of Linnaeus's P. Carolina has

its dispersal-center in western North

Carolina, and ranges from there to

the Gulf Coast and to the Ohio valley,

INTENTIONAL SECOND EXPOSURE
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Phlox Carolina (two varieties)

reaching its northeastern limit in Vir-

ginia or possibly Maryland. It grows

in open woods and sometimes in

meadows of slightly acid soil-reaction,

and blooms from May to September.

From P. ovata it differs in having

but poorly developed, elongate sterile

shoots, more numerous nodes on the

stems, shorter calyx, and usually

smaller flowers. The leaves vary

markedly in size and shape ; the low-

ermost are always linear, and on some
plants they scarcely broaden to the

very top of the stem, while on others

they rapidly increase in breadth at

successive nodes until the uppermost

are broadly ovate or elliptic and ex-

ceed those of F. ovata in dimensions.

The herbage may be glabrous but is

often slightly pubescent, and occasion-

ally rather densely so, the hairs being

glandless. In flower-color it is uni-

formly bright phlox-purple, or very

rarely pallid to white.

Curiously enough, in view of the

confusion as to its taxonomic status,

this seems to have been the first

Phlox brought into cultivation in Eu-

ropean gardens. In 1728 a colored

plate of it was published by Martyn,

with the statement that it was at that

time being grown in Cowell's nursery

at Hoxton. Four years later it was
listed by Dillenius among the plants

being grown in the Eltham garden.

Linnaeus overlooked it in preparing

his Species Plantarum, but included

it in the second edition of that work
under the name P. Carolina; having

been published in 1762, this name has

clear priority. Hill called it ''Rugged-

stalked brightweed. Phlox caro-

liniana/' and the large size attained

by a plant of it growing in the garden

at Marburg led Moench to propose the

substitute name P. altissima.

About 1800 it was reintroduced by

Fraser, and material obtained from

him and cultivated at Malmaison was
named by Ventenat in 1804 P. suj-

fruticosa. In spite of the existence

of three earlier names, this one has

found the greatest favor in horticul-

tural circles, and the whole class of
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thick-leaved hybrids is known as the

''suffruticosa phloxes."

The earliest hybridization was ap-

parently carried out with Phlox

Carolina, The existence of such hy-

brids as early as 1820 is mentioned

in the literature, although their exact

parentage is unknown. The first to be

named was apparently X. P- ^'shep-

ardii," introduced by S. Shepard, of

Bedford, England, about 1824. Other

hybrids or horticultural varieties which

early attained prominence were ''cor-

data' (Springle, 1825) ''coldryana''

(Coldry, 1835), and ''vanhoiittei''

(Rodigas, 1838). From the meager

data available in most cases it is im-

possible to tell whether such nanies

were applied to plants of this Carolina

(or stiffriiticosa) series, or whether

they belonged with P. paniculata (the

decussata series) instead.

An alphabetical list of names other

than those of horticultural varieties

used in connection with P. Carolina

follows

:

altissima. A varietal name for the

tall, large-leaved late-blooming phase

of F. Carolina native to the moun-

tains of North Carolina and Georgia.

carnea. A color-form, with flesh-

pink flowers, scarcely deserving an

independent name.

Carolina. Taken as the name of the

species itself, in accordance with the

principle of priority ; a variant spelling

is caroliniana. In spite of literature

statements, not a variety or relative

of P. ovata.

glaherrima. While this name prop-

erly belongs to a distinct species, dis-

cussed below, it is often applied to

narrow-leaved forms of P. Carolina.

heterophylla. To be regarded as a

varietal name for the early-blooming

phase of the species with especially

variable leaf-outline, occurring in Ala-

bama and adjacent parts of other

states.

maculata. Although Linnaeus ap-

plied this name to a quite different

plant, which will be described later in

this article, it is occasionally used by

horticulturalists for phases of P. Caro-

lina with spotted stems.

nitida. A minor variant of Carolina,

with somewhat shining leaves, un-

worthy of taxonomic recognition.

ovata. Sometimes applied to phases

of P. Carolina with ovate leaves, but

should be restricted to the wholly dis-

tinct species which first received the

name.

siiffruticosa. In the strict sense this

name is a mere synonym of Carolina

and of altissima. However, in view of

the fact that it has been used so ex-

tensively for hybrids into which va-

rieties of P. Carolina have entered,

its retention as a designation for such

hybrids is to be recommended.

triflora. An available name for the

earliest blooming variety of P. Caro-

lina, which ranges from North Caro-

lina to southern Indiana and to Vir-

ginia or Maryland.

Phlox glaberrima. Smooth Phlox.

From a dispersal-center in the Ala-

bama uplands this Phlox has reached

the Atlantic coast in South Carolina,

the Gulf coast in all bordering states,

the southeastern corner of Wisconsin,

and the Piedmont of Virginia. It

grows chiefly in moist meadows, or

occasionally in open woods, and ap-

pears to prefer sterile and acid soil,

though occupying neutral situations

northward.

Its moderate-sized flowers range in

color from phlox-purple to pink or

rarely white. In spite of its name

it is sometimes slightly pubescent.

Although in the interest of sim-

plicity and convenience it is classed

as a distinct species, it admittedly in-
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Phlox Carolina (tzco varieties)

reaching its nurtheasleni limit in \^ir-

ginia or possibly Maryland. It grows

in open woods and sometimes in

meadows of slightly acid soil-reaction,

and blooms from May to September.

From P. ovata it differs in having

l)ut poorly developed, elongate sterile

shoots, more numerous nodes on the

stems, shorter calyx, and usually

smaller flowers. The leaves vary

markedly in size and shape ; the low-

ermost are always linear, and on some
plants they scarcely broaden to the

very top of the stem, while on others

they rapidly increase in breadth at

successive nodes until the uppermost

are broadly ovate or elliptic and ex-

ceed those of P. ovata in dimensions.

The herbage may be glabrous but is

often slightly pubescent, and occasion-

ally rather densely so, the hairs being

glandless. In flower-color it is uni-

formly bright phlox-purple, or very

rarely pallid to white.

Curiously enough, in view of the

confusion as to its taxonomic status,

this seems to have been the first

Phlox brought into cultivation in Eu-

ropean gardens. In 1728 a colored

])late of it was published by Martyn,

with the statement that it was at that

time being grown in Cowell's nursery

at Hoxton. Four years later it was
listed by Dillenius among the plants

being grown in the L^ltham garden.

Linnaeus overlooked it in preparing

his Species Plantarum, but included

it in the second edition of that work
under the name P. Carolina; having

been published in 1762, this name has

clear priority. Hill called it "Rugged-
stalked brightweed, Phlox caro-

liniana/* and the large size attained

by a plant of it growing in the garden

at Marburg led Moench to propose the

substitute name P. altissinia.

About 1800 it was reintroduced by

Fraser, and material obtained from

him and cultivated at Malmaison was
named by Ventenat in 1804 P. sitj-

jruticosa. In spite of the existence

of three earlier names, this one has

found the greatest favor in horticul-

tural circles, and the whole class of

>
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thick-leaved hybrids is known as the

* * suflfruticosa phloxes

.

The earliest hybridization was ap-

parently carried out with Phlox

Carolina. The existence of such hy-

brids as early as 1820 is mentioned

in the literature, although their exact

parentage is unknown. The first to be

named was apparently X P- ^'shep-

ardUr introduced by S. Shepard, of

Bedford, England, about 1824. Other

hybrids or horticultural varieties which

early attained prominence were '' Cor-

elata' (Springle, 1825) ''coldryana'

(Coldrv, 1835), and ''vauhouttei'

(Rodigas, 1838). From the meager

data available in most cases it is im-

possible to tell whether such names

were applied to plants of this Carolina

(or suffruticosa) series, or whether

they belonged with P. paniculata (the

decussata series) instead.

An alphabetical list of names other

than those of horticultural varieties

used in connection with P. Carolina

follows

:

altissinia. A varietal name for the

tall, large-leaved late-blooming phase

of P. Carolina native to the moun-

tains of North Carolina and Georgia.

carnea. A color-form, with flesh-

l)ink flowers, scarcely deserving an

independent name.

Carolina. Taken as the name of the

species itself, in accordance with the

principle of priority ; a variant spelling

is caroliniana. In spite of literature

statements, not a variety or relative

of P. ovata.

qlaherrinia. While this name prop-

erly belongs to a distinct species, dis-

cussed below, it is often applied to

narrow-leaved forms of P. Carolina.

heterophvlla. To be regarded as a

varietal name for the early-blooming

phase of the species with especially

variable leaf-outline, occurring in Ala-

bama and adjacent parts ot other

states.

niaculata. Although Linnaeus ap-

l)lied this name to a quite different

plant, which will be described later in

this article, it is occasionally used by

horticulturalists for phases of P. Caro-

lina with spotted stems.

nitida. A minor variant of Carolina,

with somewhat shining leaves, un-

worthy of taxonomic recognition.

ovata. Sometimes applied to i)hases

of P. Carolina with ovate leaves, Init

should be restricted to the wholly dis-

tinct species which first received the

name.

suffrnticosa. In the strict sense this

name is a mere synonym of Carolina

and of altissinia. However, in view of

the fact that it has been used so ex-

tensively for hybrids into which va-

rieties of P. Carolina have entered,

its retention as a designation for such

hvbrids is to be recommended.

triflora. An available name for the

earliest blooming variety of P. Caro-

lina, which ranges from North Caro-

lina to southern Indiana and to \'ir-

<rinia or Marvland.

PlILOX GLAHERRIMA. SmOOTII PiTLOX.

From a dispersal-center in the Ala-

bama uplands this Phlox has reached

the Atlantic coast in South Carolina,

the Gulf coast in all bordering states,

the southeastern corner of Wisconsin,

and the Piedmont of Virginia. It

grows chiefly in moist meadows, or

occasionally in open woods, and ap-

pears to prefer sterile and acid soil,

though occupying neutral situations

northward.

Its moderate-sized flowers range in

color from phlox-purple to pink or

rarely white. In spite of its name

it is^ sometimes slightly pul)escent.

Although in the interest of sim-

plicity and convenience it is classed

as a distinct species, it admittedly in-

INTENTIONAL SECOND EXPOSURE
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Phlox glaberrima

tergrades with Phlox Carolina on the

one hand and with P. maculata—the

next to be taken up—on the other.

From the former it is best distin-

guished by its more numerous nodes,

narrower leaves, and shorter calyx

;

it is also developed chiefly at lower

altitudes. The stem of P. maculata

has still more nodes, and its inflores-

cence tends to be elongate-conical in-

stead of corymbose ; its range is on

the whole more northern.

The first published reference to

this Phlox was that of Plukenet in

1705, and he indicated it to have

reached him from Florida; to this

day English horticulturists term it

Phlox floridana, although as already

pointed out this name properly be-

longs to an entirely different plant.

About the same time Clayton found it

in Virginia, and sent seeds or living

material to Gronovius, who in turn

contributed it to Clififord's garden.

Here it was seen by Linnaeus, and

when he came to divide the vegetable

kingdom into genera in 1737, he based

the genus Phlox on this plant. What
appears to be Clayton's original lo-

cality has recently been rediscovered

in Chesterfield County, Virginia. In

Europe it has been continuously cul-

tivated since these early days, but in

America it is almost unknown.

No horticultural varietal designa-

tions seem to have come into use in

connection with this species ; that the

application to it of the species name
floridana is quite erroneous has al-

ready been pointed out. The term

glahcrrinm occasionally gets applied

to glabrous phases of other species of

Phlox, but should be used only for

the narrow-leaved long-styled plant

here discussed.

Phlox maculata. Meadow Phlox.

The dispersal-center of this species

appears to have been located in the

Ohio valley, perhaps near the bound-

ary of Kentucky, Ohio, and West
Virginia. From there it has spread

south into North Carolina and Ten-

Phlox maculata

nessee, but reports of it in more

southern states, even in Florida, have

no foundation. On the west it has

reached southeastern Minnesota, and

on the east the southern part of Que-

bec and western Connecticut; escapes

from cultivation are also known at

several places in New England and

New York. It grows chiefly in moist

meadows or on alluvial flats along

streams, exhibiting no preference for

any particular degree of soil acidity.

Its species name refers to the purple

spots which are frequently present on

its stems, but this can not safely be

used as a diagnostic character, be-

cause on some individual plants spots

are lacking, and on the other hand the

stems of several other species of Phlox

are often more or less spotted. Its

real distinguishing features are the

slender horizontal rootstock, absence

of all prostrate sterile shoots, com-

pletely deciduous habit, numerous

nodes on the flowering stem, smooth

leaves with obscure lateral veins,

grouping of the cymes of flowers into

a long cylindric or conical panicle, and

short calyx.

Though listed by Plukenet as early

as 1700, it apparently found its way

into horticulture only about 40 years

later, when it was sent to Collinson

by a Dr. Witt (from eastern Penn-

sylvania?) Since then it has re-

mained in cultivation to some extent

both in Europe and America, although

considerable nomenclatorial confusion

has arisen in connection with its color-

forms and other variations. This has

resulted in part from the tendency

to apply the name maculata to any

Phlox showing purple spots on its

stem, and in part from the use of

independent names for what can

scarcely be regarded as more than

varieties. The more important of

these names will now be discussed.

alba. An albino phase of the

northern, early blooming variety of the

species.

Candida, A similar albino of the

more southern and later-blooming va-

riety. Horticultural names for this
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Phlox glabcrrima

tergrades with Phlox Carolina on the

one hand and with P. maculata—the

next to he taken \\\^—on the other.

From the former it is hest distin-

guished hy its more numerous nodes,

narrower leaves, and shorter calyx

;

it is also developed chiefly at lower

altitudes. The stem of P. maculata

has still more nodes, and its inflores-

cence tends to he elongate-conical in-

stead of corymbose ; its range is on

the whole more northern.

The first published reference to

this Phlox was that of Plukenet in

1705, and he indicated it to have

reached him from Florida ; to this

day English horticulturists term it

Phlox floridaua, although as already

])ointed out this name proi)erly ])e-

longs to an entirely different plant.

About the same time Clayton found it

in \'irginia, and sent seeds or living

material to (ironovius, who in turn

contributed it to Clifford's garden.

Here it was seen by Linnaeus, and

w^hen he came to divide the vegetable

kingdom into genera in 1737, he based

the genus Phlox on this plant. What
appears to be Clayton's original lo-

cality has recently been rediscovered

in Chesterfield County, Virginia. In

Eun)])e it has ])een continuously cul-

tivated since these early days, but in

America it is almost unknown.
No horticultural varietal designa-

tions seem to have come into use in

connection with this species; tliat the

application to it of the species name
floridaua is quite erroneous has al-

ready been pointed out. The term

(jlabcrrima occasionally gets applied

to glabrous phases of other species of

Phlox, but should be used onlv for

the narrow-leaved long-styled plant

here discussed.

Phlox :maculata. Mhadow Phlox.

The dispersal-center of this species

appears to have been located in the

Ohio valley, perhaps near the bound-

ary of Kentucky. Ohio, and West
Virginia. E'rom tliere it has spread

south into North Carolina and Ten-

%

Phlox maculata

nessee, but reports of it in more

southern states, even in Florida, have

no foundation. On the west it has

reached southeastern Minnesota, and

on the east the southern part of Que-

bec and western Connecticut; escapes

from cultivation are also known at

several places in New England and

New York. It grows chiefly in moist

meadows or on alluvial flats along

streams, exhibiting no preference for

any particular degree of soil acidity.

Its species name refers to the purple

spots which are frequently present on

its stems, but this can not safely be

used as a diagnostic character, be-

cause on some individual plants spots

are lacking, and on the other hand the

stems of several other species of Phlox

are often more or less spotted. Its

real distinguishing features are the

slender horizontal rootstock, absence

of all prostrate sterile shoots, com-

pletely deciduous habit, numerous

nodes on the flowering stem, smooth

leaves with obscure lateral veins,

grouping of the cymes of flowers into

a long cylindric or conical panicle, and

short calyx.

Though listed by Plukenet as early

as 1700, it apparently found its way

into horticulture only about 40 years

later, when it was sent to Collinson

by a Dr. Witt (from eastern Penn-

sylvania?) Since then it has re-

n'lained in cultivation to some extent

both in Europe and America, although

considerable nomenclatorial confusion

has arisen in connection with its color-

forms and other variations. This has

resulted in part from the tendency

to ap])ly the name maculata to any

Phlox showing purple spots on its

stem, and in part from the use of

independent names for what can

scarcely be regarded as more than

varieties. The more important of

these names will now be discussed.

alba. An albino phase of the

northern, early blooming variety of the

species.

Candida. A similar albino of the

more southern and later-blooming va-

rietv. Horticultural names for this

INTENTIONAL SECOND EXPOSURE
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Phlox arnplifolia

are longiflora, omniflora, and tardi-

flora.

odorata. This name refers to the

sweet scent, which is especially well

developed in the more northern va-

riety of P. maculata, and may be used

as a varietal designation for this.

pyramidalis. Being the earliest

name applied to the southern variety,

this may well be adopted as a varietal

term.

sitaveolens. The prior name for the

albino phase of variety odorata.

Reputed hybrids of Phlox macu-
lata WITH OTHER SPECIES

As already noted under those spe-

cies, apparent intergradations of both

P, Carolina and P. glaberrima with

maadata are occasionally found, and

these may be due in part to hybridi-

zation. Several well known clones

which are extensively cultivated, no-

tably Alpha, Miss Lingard, and Miss

Verboom (usually classed as ''siiffru-

ticosa'') show such elongate inflores-

cences as to suggest the entrance of

P, maculata as one of their parents.

Further work upon them will be nec-

essary, however, before it can be de-

cided whether they are actually such

interspecific crosses, or half-breeds of

distinct varieties of the same species

(in this case P. Carolina). The famous

striped Phlox Van Houttei, developed

in 1838, was alleged to be a cross

between P. ''suaveolens'' and P. ''Caro-

lina/' but there is no evidence that

either of these names was used in

their correct sense.

The assertion is frequently made in

both horticultural and taxonomic lit-

erature that Phlox macidata is one

of the parents of the decussata group

of Phloxes, which has been so ex-

tensively developed in recent years.

The lack of evidence in support of

this assertion will be reviewed after

their real parent, P. paniculata, has

been discussed.

.">

Phlox paniculata

The Eastern Veiny-leaved Phlox-

es. (Section Paniculatae)

But two species are included in

this section, which differs from all

others in the leaves having prominent

anastomosing lateral veins and ciliate-

serrulate margins. Another peculiar

feature is that the anthers are cream-

colored or white, instead of the bright

yellow characterizing most other east-

ern species.

Phlox amplifolia Britton. Broad-

leaf Phlox

This rare Phlox ranges from the

Interior Plateaus of Tennessee to the

Piedmont of Alabama, the Ozarks of

eastern Missouri, and the Ohio valley

in southernmost Indiana. It grows

chiefly on rocky hillsides in woods or

thickets, the soil reaction being cir-

cumneutral. It bears a few opposite

broad and often bristly leaves, its in-

florescence-herbage is glandular, and

its corolla-tube is glabrous. The cor-

olla-color is mostly rather pale pink.

and it is practically unknown in cul-

tivation, though worthy of trial in

wild gardens.

Phlox paniculata L. Veiny-leaf

Phlox

The dispersal-center of this well-

known species lies along the Ohio

River, perhaps in Indiana, from which

it has migrated to northern Georgia,

Arkansas, northeasternmost Kansas,

and central New York. It has also

escaped from cultivation extensively

both within and without this range,

especially frequently in New York

and the New England states. Its

preferred native habitat is a thinly

wooded alluvial flat where the soil is

rich and circumneutral in reaction,

but it may escape to roadsides, rub-

bish-heaps, and waste-places gener-

ally.

Differences from its relative, P. am-

plifolia, comprise more numerous

nodes with mostly subopposite leaves,

these being lanceolate to oblong-ovate,

and glabrous or less often pubescent,
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Phlox am plifolia

are loiigiflora, oiiiniflora, and tardi-

dora.

odorata. This name refers to the

sweet scent, which is especially well

developed in the more northern va-

riety of P. macidata, and may be used

as a varietal designation for this.

pyramidalis. Being the earliest

name applied to the southern variety,

this may well be adopted as a varietal

term.

suavcolcns. The prior name for the

albino phase of variety odorata.

Reputed hybrids of Phlox macu-
lata with other species

As already noted under those spe-

cies, apparent intergradations of both

P, Carolina and P, glabcrrima with

maculata are occasionally found, and

these may be due in part to hybridi-

zation. Several well known clones

which are extensively cultivated, no-

tably Alpha, Miss Lingard, and Miss

Verboom (usually classed as "snjfru-

ticosa'') show such elongate inflores-

cences as to suggest the entrance of

P. maculata as one of their parents.

Further work upon them will be nec-

essary, however, before it can be de-

cided whether they are actually such

interspecific crosses, or half-breeds of

distinct varieties of the same species

(in this case P. Carolina). The famous

striped Phlox Van Houttei, developed

in 1838, was alleged to be a cross

between P. ''suavcolcns'' and P. ''Caro-

lina/' but there is no evidence that

either of these names was used in

their correct sense.

The assertion is frequently made in

both horticultural and taxonomic lit-

erature that Phlox maculata is one

of the parents of the dccussata group

of Phloxes, which has been so ex-

tensively developed in recent years.

The lack of evidence in support of

this assertion will be reviewed after

their real parent, P. paniculata, has

been discussed.

\ >

Phlox paniculata

The Eastern Veiny-leaved Phlox-

es. (Section Paniculatae)

But two species are included in

this section, which differs from all

others in the leaves having prominent

anastomosing lateral veins and ciliate-

serrulate margins. Another peculiar

feature is that the anthers are cream-

colored or white, instead of the l)right

yellow characterizing most other east-

ern species.

Phlox amplifolia Britton. Broad-

leaf Phlox

This rare Phlox ranges from the

Interior Plateaus of Tennessee to the

Piedmont of Alabama, the Ozarks of

eastern ^^lissouri, and the Ohio valley

in southernmost Indiana. It grows

chiefly on rocky hillsides in woods or

thickets, the soil reaction being cir-

cumneutral. It bears a few opposite

broad and often bristly leaves, its in-

florescence-herbage is glandular, and

its corolla-tube is glabrous. The cor-

olla-color is mostly rather pale pink.

and it is practically unknown in cul-

tivation, though worthy of trial in

wild gardens.

Phlox paniculata L. Veiny-leaf

Phlox

The dispersal-center of this well-

known species lies along the Ohio

River, perhaps in Indiana, from which

it has migrated to northern Georgia,

Arkansas, norlheasternmost Kansas,

and central New York. It has also

escaped from cultivation extensively

both within and without this range,

especially frequently in New York

and the New England states. Its

preferred native habitat is a thinly

wooded alluvial flat where the soil is

rich and circumneutral in reaction,

but it may escape to roadsides, rub-

bish-heaps', and waste-places gener-

ally.

Differences from its relative, P. ani-

plijolia, comprise more numerous

nodes with mostly subopposite leaves,

these being lanceolate to oblong-ovate,

and glabrous or less often pubescent,

INTENTIONAL SECOND EXPOSURE
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with the hairs rarely bristly; the in-

florescence-herbage is only exception-

ally glandular, while the corolla-tube

is almost always pubescent. The fea-

tures given as characterizing the Sec-

tion will serve to distinguish it from

P. maculata and other members of the

Ovatae.

Though listed by Plukenet as early

as 1700, this Phlox was first brought

into cultivation by Sherard in 1732.

Bartram sent it to Collinson in 1743,

the source of the material in all these

cases being Virginia. It was appar-

ently first figured by Miller in 1760,

an earlier illustration often supposed

to represent it corresponding better

to P. Carolina. When and how the

development of the numerous horticul-

tural varieties of P. paniculata began

is shrouded in mystery, largely on

account of the chaotic state of the

nomenclature ; for various writers use

two or more names for the same spe-

cies, and worse still, apply a single

name, such as maculata or suffriiti-

cosa, to four or five different species.

Accordingly, when a hybrid is report-

ed as produced between two sup-

posedly distinct species, duly named,

there is no way to tell what the pa-

rents really were.

Perhaps the most frequent state-

ment as to the ancestry of the mod-

ern late-summer flowering Phloxes

(X ^. decussata) is that they arose

from a cross between the native P.

maculata and P. paniculata. This has

been faithfully copied from one article

to another, and has even been ac-

cepted by some taxonomists, espe-

cially by the German monographer

Brand. The present writer has ven-

tured to doubt it on the following

grounds : ( 1 ) All the horticultural va-

rieties exhibit prominent leaf-veins,

long calyx-lobes, pubescent corolla-

tube, and cream-colored anthers, such

as characterize only P. paniculata;

there is no indication in them of inter-

mingling of the features of P, macu-

lata, namely obscure veins, short

calyx-lobes, glabrous tube and golden

anthers. (2) Most of the varieties in

question produce abundant viable seed,

which would not be expected in an

inter-species hybrid; and when this

seed germinates, the seedling plants

show the characters of P. paniculata,

often including, as gardeners know
only too well, a dingy magenta corolla-

color. If P. maculata had entered in-

to the cross, part of the seedlings

would exhibit features belonging to

it, but they never do. The conclusion

seems inescapable that X P- decus-

sata represents a half-breed, that is,

a cross between varieties of the same

species, rather than a bispecific hy-

brid.

Interpreting the literature in the

light of the viewpoint just presented,

the first horticultural variety of X P-

decussata was introduced in 1824 by

an English nurseryman, G. Wheeler,

of Warminster, and came to be known
as F. ''wheelerii." By that time va-

rieties of the native P. panicidata had

reached Europe from difTerent sources,

and the new variety probably repre-

sented a half-breed between two of

them. In 1839 Lierval, in France,

definitely undertook the development

of improved varieties, and as a result

of his work and that of many others,

one after another appeared in rapid

succession. An account of subse-

quent events has been published by

Pridham in Bulletin 588 of the Cor-

nell University Agricultural Experi-

ment Station (1933), although his

nomenclatorial usage does not wholly

correspond to that in the present

article. The significance here attached

to the quasi-specific names which ap-

pear most frequently in the literature

now deserves discussion

:

X

acuminata. A common native form

characterized by the under side of the

leaves being soft-pubescent, unworthy

of specific or even varietal distinction.

Carolina. Sometimes mistakenly ap-

plied to forms of P. paniculata.

decussata. Although originally used

as a synonym of the native ''Phlox

acuminata,'' this name has come into

such universal use for half-breeds of

P. paniculata that it may be definitely

adopted for them; the name should,

however, be preceded by X-
macrophylla. A horticultural term

for broad-leaved phases of X P- de-

cussata.

maculata. This name, first applied

by Linnaeus to a well-marked native

species, the characters of which have

been described above, has come to be

used for variants of several other spe-

cies of Phlox exhibiting more or less

spotted stems. Probably the source

of the idea that ''Phlox maculata''

* has entered into the parentage of X
P. decussata, which as just pointed

out seems untenable, has been such an

erroneous apphcation of the name to a

spotted clump of P. paniculata.

scabra. A rare variant of the na-

tive P. paniculata having the upper

leaf-surfaces covered with bristly

hairs. This represents an approach

toward P. amplifolia, but unlike that

species the corolla-tube is pubescent

and the stamens are exserted.

undulata. A variant of P. paniculata

with wavy-margined leaves, deserv-

ing neither specific nor varietal segre-

gation.

Hybrids OF P. panicidata with other

SPECIES

X F. arendsii. (P. divaricata

X paniculata). This cross has been

made repeatedly and has resulted in

several named varieties differing ni

detail of habit and color. All of the

plants combine the features of the two

species concerned in such a striking

way as to leave no question as to

their parentage. No viable seeds are

produced.

X P' criterion or X P- leopoldiana.

(P. drummondii X paniculata). No
data are available to the writer as to

the validity of the alleged ancestry of

these, and further study of them is

needed.

In spite of many published state-

ments as to the existence of hybrids

with still other species, no satisfactory

evidence is as yet at hand.

The East-Texan Annual Phloxes

(Section Drummondianae)

Phlox drummondii. Annual
Phlox

This species is native to the Coastal

Plain of east-central Texas, and was

described and named by Hooker

in 1835 on plants raised from seed

collected by Drummond the preceding

year. It has since escaped from culti-

vation at many places throughout the

world, and has become fully estab-

lished in various regions with mild

climates. Its preferred habitat is

grassland over more or less sandy

and somewhat acid soil, and it thrives

best in cultivation under similar soil

conditions.

Aside from the annual habit this

Phlox is characterized by reduction

of the stem proper nearly to the van-

ishing point, the bulk of the plant con-

sisting of an unsymmetrical pseudo-

racemose inflorescence with conspicu-

ous alternate bracts. Both herbage

and corolla-tube are coarsely and often

glandular-pubescent, and relationship

to the Section Divaricatae is shown in

in the short stamens and styles. Con-

siderable variability is exhibited in

its native colonies. In some the

plants all have broad leaves and bracts,
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in others these are uniformly narrow,

and in still others both types are in-

termingled. In many colonies the

flowers are phlox-purple, but in a

few they are uniformly bright red,

with admixture of the two also oc-

curring; judging from the original

description, Drummond*s seed came

from one of the colonies where the

colors were intermixed. Under cul-

tivation various mutations in respect

to corolla color and lobe-outline have

appeared, and by crossing and selec-

tion a considerable series of horticul-

tural varieties have been developed.

The names applied to the latter will

not be listed here, but a number
which have been proposed for native

varieties or related species require

discussion.

criterion. As already noted under

P. paniculata, an alleged hybrid of

the two species has been given this

name, but its status requires confirma-

tion.

cuspidata. Although originally used

for a native form with somewhat

pointed corolla-lobes, this name has

come to be applied to plants with these

lobes deeply three-toothed.

glabriflora. A native variety with

narrow leaves and glabrous corolla-

tube.

heynholdii. On the plate accomp-

anying the original description of P,

drummondii, both a red and a purple

color-form were figured. The former

has received the special name heyn-

holdii, but this can scarcely be re-

garded as anything but a form-name.

leopoldiana. See criterion,

stellaris. The preferred name for

the "Star-Phlox," referred to under

P. cuspidata,

tenuis. Sometimes considered a va-

riety of P. drummondii, but diflfers

in so many respects that it is probably

to be regarded as a distinct species.

It is a low, rather small-flowered plant

of south-central Texas, of no par-

ticular horticultural interest.

wilcoxiana. A synonym of heyn-

holdii, the red-flowered element in

the original P. drummondii.

Some western Phloxes

Although most of the members of

the genus Phlox are native to the

western half of the United States, few

of these have as yet been brought into

cultivation, except in rock or wild

gardens in the vicinity of their native

haunts. Notes on those which have

been tried more widely may be given

here.

Phlox adsurgens. A native of west-

ern Oregon and northern California,

closely related to the eastern P. stol-

onifera, and like it spreading by stol-

ons into large mats through the litter

of deciduous forests. The lower leaves

of the western plant are elliptic rather

than spatulate, and practically glab-

rous, while the flowers average small-

er than those of the eastern one, and

their color tends to be rose with a

paler eye. This is being grown in a

few eastern gardens, but seems to be

short-lived there.

P. andicola. This is the common
Phlox of the drier country on the

Great Plains, and up into the eastern

Rocky Mountains. It forms attractive

little tufts in bare soil between clumps

of buflfalo-grass and on rock ledges,

and efforts have been made to intro-

duce it into rock gardens, under

names such as P. douglasii, hoodii,

or planitiarum. In humid atmos-

pheres, however, it fails to thrive.

P. caespitosa. This native of the

northern Rockies and Cascades is

being distributed by west-coast dealers

under the names diffusa, douglasii,

or hoodii, although the material does

not agree with the types of any of

these species. In habit it is some-

T, *

what like the eastern P. suhulata,

but the pinkish flowers are borne

singly or in sparse compact cymes.

This has thrived and even produced

seedlings in one or two eastern rock

gardens.

P. diffusa. Differing from P. caes-

pitosa only in minor technicalities,

this Sierran-Cascade rock-plant re-

quires no additional comment.

P. douglasii. A low-growing, dense-

ly glandular, subulate-leaved Phlox

of the Blue Mountains of Oregon. Not

in the horticultural trade, the name

being erroneously applied to P. andi-

cola, P. caespitosa, P. diffusa, etc.

P. hoodii. This name is correctly

applicable only to a dense, dwarf,

cushion-forming plant which grows in

dry soil on the high plains from Ne-

braska far north into Canada. The

white flowers are tiny, but may cover

the plant completely for a few days in

Spring. It is not in cultivation, and

probably would not thrive; material

offered under this name represents

one or more of the species already

listed.

P. kelseyi. A moderate-sized cu-

shion-forming linear-leaved species of

the northern Rocky Mountains. It

bears attractive pale lavender flowers,

and has some horticultural promise.

Several other species are, however, of-

fered under this name.

P. multiflora. A relative of the

preceding, with the flowers borne

singly on longer pedicels, and the in-

florescence-herbage nearly glabrous.

P. nana. A tufted Phlox resembling

the eastern P. pilosa in habit, but

with more numerous densely glandular

leaves, and fewer flowers, in compact

cymes. The large rose-colored flow-

ers with golden centers are very at-

tractive, but as the species is native

to rather dry parts of New Mexico

and western Texas, it may not thrive

in eastern gardens. Sometimes of-

fered as P. mesoleuca.

P. planitiarum. A synonym of P.

andicola, discussed above.

The writer will be glad to receive

word of the appearance on the market

of species other than those above list-

ed, and will endeavor to furnish, for

any specimens submitted, the name

which is acceptable under the Interna-

tional Rules of Botanical Nomencla-

ture.
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THE POLEMONIACEAE OF PENNSYLVANIA'

By Edgar T. Wherry
Associate Professor of Botany, University of Pennsylvania

Ten members of the plant family Polemoniaceae are known to grow
within the limits of this State. They may be differentiated by the follow-

ing key

:

Key to Polemoniaceae of Pennsylvania

Leaves pinnate; corolla campanulate; stamens declined or decumbent Polemonium.
Plant 75 to 125 cm. tall ; inflorescence a thyrsoid panicle ; blooming-period summer

;

corolla deep violet; stamens declined, subparallel, somewhat exceeding the

petals ; anthers deep yellow P. vanhruntiae.

Plant 25 to 75 cm. tall; inflorescence a lax panicle; blooming-period spring; corolla

light violet ; stamens irregularly decumbent, somewhat shorter than the petals

;

anthers cream-color P. reptans.

Leaves simple and entire or essentially so ; corolla salverform ; stamens erect.

Duration annual; flowers minute, whitish, in a dense cluster Collomia.
A single species, C. linearis, introduced from the west.

Duration perennial ; flowers large, purple or violet, white only in mutants, in a more
or less open cyme or panicle Phlox.

Stems woody, decumbent; leaves crowded, persistent; inflorescence a few-

flowered cyme
;
pedicels elongate P. suhulata.

Stems herbaceous, decumbent or erect; leaves more or less remote, deciduous or

sparingly persistent; inflorescence few or many-flowered; pedicels short.

1 Contribution from the Botanical Laboratory and Morris Arboretum of the Uni-

versity of Pennsylvania.

J

Sepals mostly less than half united, conspicuously awn-tipped; stamens and

style much shorter than the corolla-tube.

Sterile shoots becoming decumbent, often rooting at nodes ; leaves rela-

tively broad; inflorescence lax; corolla-tube glabrous P. divaricata.

Sterile shoots erect, not rooting at nodes; leaves relatively narrow;

inflorescence rather compact; corolla-tube pubescent P. pilosa.

Sepals mostly more than half united, obscurely awn-tipped; stamens and

style nearly or quite equalling the corolla-tube.

Leaf-margins roughish or ciliate with soft hairs, the lateral veins obscure.

Prostrate stems well-developed, rooting at nodes; lower leaves spatu-

late, many of them persistent P' stolonifera.

Prostrate stems poorly developed ; lower leaves never typically spatu-

late, sparingly if at all persistent.

Flowering shoots mostly arising from the tip of a decumbent stem

;

nodes few; leaves elliptic to ovate; calyx averaging 10 mm.

long ^' ovata.

Flowering shoots mostly arising from a rootstock; nodes numer-

ous; leaves linear to ovate-lanceolate; calyx averaging 7 mm.

iQjjg P. maculata.

Leaf-margins ciliate-serrulate with stiff bristles, the lateral veins promi-

nent, aerolate P. paniculata.

These species will now be discussed individually, with lists of counties

from which specimens are preserved in the herbaria seen. Should any

one know of additional occurrences of any of them, I will appreciate re-

ceiving data or specimens, in order to add to our information as to the

range within the State.

Polemonium vanhruntiae Britton (spelling emended) .—This north-

Appalachian species grows in cool, swampy places, chiefly at high eleva-

tions. Its range in the State is peculiarly disrupted ;
it apparently sur-

vived glaciation in an area extending from Pocahontas County, West

Virginia, across westernmost Maryland into Somerset County, Pa., two

larg^'e colonies being known in the latter. Another extra-glacial occur-

rence lay 175 miles northeastward in a brook swamp near Lobachsville,

Berks County, but was recently annihilated by changes in the stream

course When the Wisconsin ice sheet melted away about 25,000 years

a-o swamps soon developed in the glaciated territory, and this Polemo-

nium early invaded them. Colonies developed in Sullivan and Susque-

hanna counties in this State, and from there the species spread across east-

ern New York as far as the western border of New Hampshire.

• Polemonium reptans Linne.-The distribution of this plant suggests

that it survived Tertiary and Quaternary geological events in the Ozark

and Interior Plateau regions, and migrated into Pennsylvania from the

southwest. Being able to thrive under a great variety of environmental

conditions-on moist circumneutral alluvial flats, in fertile loam over

*e>«y^-rr*=- mm
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limestone, in sterile, more or less acid clays, in acid litter of upland oak
woods, and even around the margins of sphagnum bogs—it has spread
nearly throughout the State, except on the higher plateaus and toward the

northeast corner. Specimens are preserved in herbaria from the follow-

ing counties : Allegheny, Butler, Lawrence, Crawford, Erie ; Armstrong,
Clarion, Elk, McKean, Potter ; Somerset, Cambria, Bedford, Huntingdon

;

Franklin, Cumberland, Lycoming, Bradford; York, Lancaster, Berks,

Luzerne; Chester, Delaware, Philadelphia, Montgomery, and Bucks. It

also extends north into central New York.

As early as 1740 John Bartram sent roots of this plant to Peter Collin-

son in England, and he distributed it to other horticulturalists of the time.

In the 1750 's a painting of it w^as made for the series of illustrations of

plants in Miller's Gardeners Dictionary, and when Linne founded the

species in 1759 he cited this plate.

Collomia linearis Nuttall. (Mistakenly referred to the genus Gilia by
Gray.)—A western mountain plant which has become a weed in fields and
waste places over a wide area, and occasionally appears in the Eastern
States. There are two records for Pennsylvania, Hartstown, Crawford
Co., and Angora, Philadelphia Co.

Phlox suhulata Linne.—Since three geographic varieties mingle and
intergrade in the West Virginia mountains, that region is regarded as the

refuge of the species during the geological changes of Tertiary time.

Variety ciliata (Brand) Wherry has subsequently migrated northeast-

ward across Pennsylvania, becoming locally abundant, especially on sand
and serpentine barrens. It often escapes from cultivation, but is believed

to be native at one or more stations in 35 counties : Beaver, Butler ; Alle-

gheny, Westmoreland, Indiana; Somerset, Huntingdon, Centre, Lyco-
ming, Tioga, Bradford; Franklin, Adams, Cumberland, Perry, Juniata,

Union, Northumberland, Montour, Columbia, Luzerne, Wyoming, Lacka-
wanna

; Lancaster, Lebanon, Berks, Lehigh, Northampton, Carbon, Mon-
roe, Pike; Chester, Delaware, Montgomery, and Bucks. Continuing
northeast, it extends to New Jersey and southern New York.

Although in describing this species Linne stated it to have come from
''Virginia,'' the type specimen bears the letter K, signifying it to have
been collected by Kalm, who would have obtained it in eastern Pennsyl-
vania or adjacent New Jersey. Its type locality is accordingly to be
ascribed to one of these States. A photograph showing its remarkable
abundance on a Pennsylvania serpentine barren is reproduced in fig. 1.

Phlox divaricata Linne.—This Phlox centers in the Interior Plateau
region, but has migrated eastward across Pennsylvania, having been ob-

served in 31 counties : Beaver, Lawrence, Mercer, Crawford, Erie ; Wash-

FiG. 1. Phlox suhulata ciliata on serpentine barren northeast of Unionville,

Chester County, possibly its type locality.

ington, Allegheny, Butler, Venango; Fayette, Westmoreland, Indiana,

Jefferson, McKean; Cambria, Clearfield; Blair, Huntingdon, Mifflin,

I

Fig. 2. Phlox divaricata canadensis along the Susquehanna Eiver in Lancaster

County, the region where first collected by Bartrnni.
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limestone, in sterile, more or less acid clays, in acid litter of upland oak

woods, and even around the margins of sphagnum bogs—it has spread

nearly throughout the State, except on the higher plateaus and toward the

northeast corner. Specimens are preserved in herbaria from the follow^-

ing counties : Allegheny, Butler, Lawrence, Crawford, Erie ; Armstrong,
Clarion, Elk, McKean, Potter; Somerset, Cambria, Bedford, Huntingdon;
Franklin, Cumberland, Lycoming, Bradford; York, Lancaster, Berks,

Luzerne; Chester, Delaw^are, Philadelphia, Montgomery, and Bucks. It

also extends north into central New York.

As early as 1740 John Bartram sent roots of this plant to Peter Collin-

son in England, and he distributed it to other horticulturalists of the time.

In the 1750 's a painting of it was made for the series of illustrations of

plants in ]\Iiller's Gardeners Dictionary, and when Linne founded the

species in 1759 he cited this plate.

Collomia linearis Nuttall. (^listakenly referred to the genus Gilia by
Gray.)—A w^estern mountain plant which has become a weed in fields and
waste places over a wide area, and occasionally appears in the Eastern

States. There are two records for Pennsylvania, Hartstow^n, Crawford
Co., and Angora, Philadelphia Co.

PJilox siibulata Linne.—Since three geographic varieties mingle and
intergrade in the West Virginia mountains, that region is regarded as the

refuge of the species during the geological changes of Tertiary time.

Variety ciliata (Brand) Wherry has subsequently migrated northeast-

ward across Pennsylvania, becoming locally abundant, especially on sand
and serpentine barrens. It often escapes from cultivation, but is believed

to be native at one or more stations in 35 counties: Beaver, Butler; Alle-

gheny, Westmoreland, Indiana; Somerset, Huntingdon, Centre, Lyco-
ming, Tioga, Bradford; Franklin, Adams, Cumberland, Perry, Juniata,

Union, Northumberland, Montour, Columbia, Luzerne, Wyoming, Lacka-
wanna

; Lancaster, Lebanon, Berks, Lehigh, Northampton, Carbon, Mon-
roe, Pike; Chester, Delaware, Montgomery, and Bucks. Continuing
northeast, it extends to New Jersey and southern New York.

Although in describing this species Linne stated it to have come from
''Virginia," the type specimen bears the letter K, signifying it to have
been collected by Kalm, who would have obtained it in eastern Pennsvl-
vania or adjacent New Jersey. Its type locality is accordingly to be
ascribed to one of these States. A photograph showing its remarkable
abundance on a Pennsylvania serpentine barren is reproduced in fig. 1.

Phlox (livaricata Linne.—This Phlox centers in the Interior Plateau
region, but has migrated eastw^ard across Pennsylvania, having been ob-

served in 31 counties : Beaver, Lawrence, INIercer, Crawford, Erie ; Wash-

if.

Fig. 1. Thlox suhulata ciVuila on scrpontino barren northeast of Unionville,

Chester County, possibly its type locality.

ington, Allegheny, Butler, Venango; Fayette, Westmoreland, Indiana,

Jefferson, ]\IcKean; Cambria, Clearfield; Blair, Huntingdon, Mifflin,

1

Fig. 2. Phlox nimricata canoflmsis aloiifr the f^iisquehannn Kiver in Lancaster

County, the rcjrion where first collected by r.Mrtnini.

INTENTIONAL SECOND EXPOSURE
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Centre, Clinton, Lycoming, Bradford; Cumberland, Perry, Daupliin,
Luzerne ; York, Lancaster, Chester, and as an escape in Delaware. It also

ranges northeastward along the Great Lakes and St. Lawrence valley to

northwestern Yermont. The variety here is Canadensis (Sweet) Wherry.
The specimen on which this species was founded by Linne was grow-

ing in the garden at Upsala, Sweden, and its original source is uncertain

;

however, John Bartram had sent living material to Collinson in 1739, hav-
ing obtained this along the Susquehanna River, presumably in Lancaster
County. Since there is a strong probability that Collinson shared his

plants with the other gardens of the time, the type locality may perhaps
be taken as this county. Pig. 2 shows how it appears there at the present
day.

Phlox pilosa Linne.—An Ozarkian species with many varieties, one of

which, var. virens (Michaux) AVherry, pushes northeastward along nar-
row strips of territory and locally enters Pennsylvania. It follows the
Ohio Yalley, and has been once collected in Beaver Co., Pa., but is no
longer known there. A second route of migration, along the flanks of the
Blue Ridge, has brought it into Franklin and Adams counties. Condi-
tions in the Piedmont and adjacent uplands seem to be somewhat more
favorable to its growth, and it has developed colonies in Lancaster, Ches-
ter, Delaware, Montgomery, Bucks, Lehigh, and Northampton counties.

Beyond this it occurs in a few New Jersey counties, and reaches its north-
eastern limit in western Connecticut.

Phlox siolonifera Sims.—This is a southern Appalachian plant attain-

ing its maximum development in West Virginia. It follows the mountain
valleys northeastward, reaching the northern and eastern limits of its

range within Pennsylvania. One route takes it across Fayette, Westmore-
land, Armstrong, Jefferson, and Elk to southern McKean ; another, Somer-
set, Cambria, Blair, Huntingdon, Clearfield, and Centre. A single speci-

men is preserved from northern Lancaster County, a remarkable eastward
range-extension, but the exact locality is lost.

Phlox ovata Linne.—The geographic relations of this Phlox are much
like those of the next-preceding one, except that its maximum develop-
ment occurs somewhat further south, and it does not range so far north or
west in Pennsylvania. The seven county records comprise: Franklin,
Huntingdon, Centre, Mifflin, Snyder, York, and Berks. The last repre-

sents a notable eastern extension into the Reading Hills prong of the New
England Upland physiographic province.

Phlox maculata Linne.—Two varieties of this west-Appalachian
species can be separated. The more northern of these, var. odorata
(Sweet) Wherry, enters Pennsylvania from the west, and has spread

<J'

^<i»<

^^*

«'V»

nearly throughout the State, while the more southern one, var. pyra-

midalis (Smith) Wherry, barely enters the southeast corner. At least 34

county records are at hand : Beaver, Lawrence, Mercer, Craw^ford ; Alle-

gheny, Butler; Fayette, Westmoreland, Clearfield, Cameron, McKean;

Somerset, Bedford, Blair; Huntingdon, Centre, Bradford; Franklin,

Cumberland, Perry, Montour, Columbia, Luzerne, Lackawanna; York,

Lancaster, Berks, Lehigh, Northampton ; Chester, Delaware, Philadelphia,

Montgomery, and Bucks. Variety odorata blooms chiefly in May and

June, variety pyramidalis a month or two later. The latter is thus far

known only along the tributaries of Susquehanna River in Lancaster and

rarely Chester counties. The northern variety is also abundant in New

Jersey, where the type specimen was collected by Kalm, and ranges spar-

ingly still farther northeast to Connecticut and southern Quebec.

Phlox panicidata Linne.—The native ancestor of our common peren-

nial garden Phlox ranges widely over the Interior Plateaus, but has

migrated northeastward along river valleys into Pennsylvania and locally

western New York. In addition, it frequently escapes from cultivation,

and is often found thus introduced in the eastern parts of these States.

Presumably native occurrences have been observed in 20 counties :
Beaver,

Lawrencf^, Crawford ; Greene, Washington, Allegheny, Butler ;
Fayette,

Westmoreland, Armstrong; Somerset, Bedford, Huntingdon; Franklin;

Dauphin, Schuylkill, Columbia, Luzerne ; York and Lancaster.

Four of the species native to the State are to be classed geographically,

then, as Appalachian plants, in that they seem to have survived the geo-

logical changes of Tertiary and Quaternary times in the Appalachians in

what is now West Virginia, Virginia, or North Carolina. The other five

are, correspondingly, Midland plants, their survival areas having appar-

ently been in the Ozark or Interior Low Plateaus. In all cases they have

entered Pennsylvania from the southwest, and migrated in a general

northeastward direction. Two have not been able to invade the glaciated

territory, and have not gone beyond our borders, but the remainder have

pushed on into States lying farther north and east. It will be interesting

to study other groups of plants in like manner, and see if their behaviors

are similar.

^<ti
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Fig. 1. Phlox ovaia pulchray var. nov.

In cultivation ; originally from Walker County, Alabama.

Fig. 2. P. ovaia piilchra.

Slender plant, as above.

Fig. 3. P. ovata pulchra.

Type specimen.

a Variety of Phlox ovata from the Alabama Mountains'

Edqae T. Wheery

While driving along Alabama State Highway No. 18 east of Oakman Wafer

County in May, 1929, I noticed in two or three ravines a Phlox of the Section

Ovatal.ith unusuali; large flowers of a brilliant pink color^ The -h^being

within the range of P. Carolina heterophylla (Beauvais) Wherry the Plant w^

It tot regarded as a pallid color form of this variety,^ but further study indi-

:L!stlanrbelongs ra'her with P. ovaia Linne. Because of the striking beauty

of its flowers it may be known as

:

Plilox ovata pulchra, var. nova. Plate 2

Crown prodding decumbent sterile shoots »p to 15
«?'^!^'«'^jii^^„S

Inflorescence tending to be componnd, "»
J"'"""'*S^m w, "Siited to

rewbSo^™XrSSe!XiS'JoMaJS .rtube is to .e .d

,-.,rSZtlL co^pHse! tbc p^^ne. ot^ ..nspien»»
^^'^J^^^i:^

^ttirr::.S *:« 'r, :? nt:*l Aowenng sboou ..
.nd

cultivation; the relatively smd
T^ifferences from the widespread phase

other species

:

.1

Decumbent shoots relatively long;

LOWER leaves short-petioled ;

NODES 4 TO 6 BELOW
INFLORESCENCE.

Phlox ovata pulchra Wherry, var. nov.

Typified by specimen from open wooda

imle east of Oakman, Walker CJo Ala.,

Ln^teHy E. T. W. May 8, 1929. Known

only from this county, and as a pallid

t'co'Zution fro. the Botanical Laboratory and Morris Arboretu. of the Ilniver.it, of

Pennsylvania.
2Bartonia 13: 36. Iviii"

( 112 )

Decumbent shoots relatively short;

LOWER LEAVES LONO-PETIOLED

;

NODES 3 TO 5 BELOW
INFLORESCENCE.

Phlox ovato UtlfoUa (Michaux) merry,

status novus. P. ovata Linn6 P-i^j/^^

Micta. P. Carolina a "H"!" ^"J^^S"
The widespread variety, NW. Ua. to n.

Ind. and Ohio and to E. Pa,
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Fig. 1. PhJox orata pulchra, var. nov.

In eultivation : originally from Walker County, Alabama.
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Fig. 2. P. orrt/a pulchra.

Slender jilant, as above.

Fig. 3. P. ovata pulchra.

Tyi)e specimen.

*r»"*

*k

A Variety of Phlox ovata from the Alabama Mountains'

Edgar T. Wherry

While driving along Alabama State Highway No. 18 east of Oakman, Walker

County, in May, 1929, I noticed in two or three ravines a Phlox of the Section

Ovatae with unusually large flowers of a brilliant pink color The -aUty bemg

within the range of P. Carolina heterophylla (Beauvais) Wherry the plant was

at first regarded as a pallid color form of this variety,^ but further study indi-

l!s tUut belongs ra'ther with P. ovata Linne. Because of the stnking beauty

of its flowers it may be known as

:

Phlox ovata pulchra, var. nova. Plate 2

Prown Droducin.- decumbent sterile shoots up to 15 cm. long, their terminal

leav^e ev^r^r^e'n butVithering early in Spring, and new shoots then ansmgJrom

their tips; sterile shoots conspicuous at flowering time, 10 to 20 em^ tali, nower

Inflorescence tending to be compound, with branches «« "™
""^Hed to

^..^:^^:^^^Py^^--- - - - -^

lobes 14 to 16 mm. long. Styles 22 *« 2* mm- long.
terminalibus sem-

perSrs'SefCrsls^^^^^^^^
S;SSioribus brevipetiolatis; calyx corollaque majores

Reasons for classing this plant as a geographic variety of ^^^ '^^^^^^'^^/^j

'

cultivation; thyetoely «^ali n
^^^^^^ ^^^^ ^^^ widespread phase

other species

:

DECUMBENT SHOOTS RELATIVELY LONG;

LOWER LEAVES SHORT-PETIOLED J

NODES 4 TO 6 BEL0V7

INFLORESCENCE.

Phlox ovata pulchra Wherry, var. nov.

Typified by specimen from open woods

Imle east of Oakman, Walker Co Ala.,

colT^LHy E. T. W. May 8, 1929. Known

onl7 from this county, and as a palhd

t^TMbution from the Botanical Laboratory and Morris Arboretum of the University of

^^^TBSal3:36. 1931.
^^

(112)

DECUMBENT SHOOTS RELATIVELY SHORT;

LOWER LEAVES LONG-PETIOLED

;

NODES 3 TO 5 BELOW
INFLORESCENCE.

Phlox ovata latifoUa (Michaux) Wherry,

status novus. P. ovata Linn^
^'J^'li'^^

Michx. P. Carolina a ovata Ben^ham.

The widespread variety, NW. Ga. to JN.

Ind. and Ohio and to E. Pa.

INTENTIONAL SECOND EXPOSURE
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Phlox ovata pulchra forms a connecting link between P. ovata latifolia and
the early-blooming varieties of P. Carolina, as shown in the following table

:

species and variety decumbent shoots nodes sepaZ-length

ovata latifolia

ovata pulchra

Carolina triflora

Carolina heterophylla

prominent, 5-10 cm. long 3- 5

prominent, 10-15 cm. long 4- 6

obscure, 15-20 cm, long 6-12

obscure, 20-30 cm. long 8-20

• 8.5-12.5 mm.

' 8-11 mm.

This newly recognized Phlox has considerable horticultural promise. As
shown in the photograph reproduced at the top of plate 2, it forms a compact

clump and bears (in May and June) an abundance of good-sized flowers. In

color these are most attractive, ranging from a soft peach-blossom pink to deli-

cate rose color and occasionally to white. It prefers a sandy, moderately acid

soil in partial shade, and seems to be entirely hardy, having withstood tempera-

tures of 15° below zero without apparent injury.

Supplementary Notes on the Eastern Phloxes^

Edgar T. Wherry

The fifteen species of Phlox known to occur native east of the Mississippi

River have been treated in a series of articles published in the past five issues of

this journal;^ additional data upon them are here presented. The characters of

the several sections, enumerated in the introductory discussions of each, will first

be given in the form of a key :'

KEY TO SECTIONS OF EASTERN PHLOXES
Stems woody, trailing or decumbent, with latent shoots well-developed at flowering time; leaves
mostly persistent, narrow; inflorescence a cyme of few long-pedicelled flowers $1. Subulatae.

Stems herbaceous, decumbent to erect, with latent shoots little developed at flowering time;
leaves sparingly persistent or all deciduous, of various shapes; inflorescence a cyme, corymb
or panicle of few to many short-pedicelled flowers.

Sepals normally united to half their length or less, terminally long-awned; stamens and
styles much shorter than the corolla-tube „ $2. Divaeicatae.

Sepals normally united to half their length or more, terminally short-awned or awnless; one
or more stamens and styles nearly or quite equalling the corolla-tube.

Leaves with obscure lateral veins and smooth or slightly roughened margins; anthers
deep yellow .^ ^ $3. Ovatae.

Leaves with prominent areolate veins, the margins ciliolate-serrulate with stiff bristles;
anthers pale yellow to white $4. PANicxHiATAE.

1 Contribution from the Botanical Laboratory and Morris Arboretum of the University
of Pennsylvania. Presented at the meeting of the Philadelphia Botanical Club, December
20, 1934.

2BAET0NIA 11: 5. 1929; 12: 24. 1931; 13: 18. 1932; 14: 14. 1932; and 15: 14. 1933.
s Slightly modified from that contributed to Small 's Manual of the Southeastern Flora.

1101. 1933.

( 113 )
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The species are distributed in these sections as follows

SUBTTI^TAE DrVAKICATAE Ovatae Paniculatae

P. nivalis

P. suhviata
P. Ufida

P. dwaricata
P. pHosa
P. floridana

P. amoena

P. stolonifera

P. iuckleyi

P. ovata
P. Carolina

P. glaberrima
P. macvXata

P. amplifolia

P. paniculata

V

Several readers have been so good as to send in criticisms and suggestions

concerning the papers on the eastern Phloxes. One question requiring discus-

sion was why, under each species, the states were listed alphabetically instead of

geographically, as is so frequently done. In my opinion the usual geographic

plan listing first the Atlantic seaboard states from Maine to Florida, and then the

states further west in an order which varies in accordance with individual prefer-

ences, is open to two objections. The first is the difficulty of finding any one

state unless the exact order selected by each author is known. Second, there is

the implication from a list running southward from Maine and westward from

the coast that the plants concerned have migrated from north to south and from

east to west. Actually the last great plant migration of eastern North America

consisted in a northward movement following the warming up of the climate and

the retreat of the great ice sheets which covered much of the country down to

latitude 41° a few thousand years ago. Some species of course survived that

glacial epoch in coastal states and subsequently spread westward; but others

survived west of the Appalachians, and have since moved eastward mstead. As

it would be impracticable to arrange the localities of each species m an order

bringing out the exact course of its migration, and as after all the purpose of

Sng by states is really only a matter of indexing, the alphabetical p^an seems

the most satisfactory one. The maps accompanying each species-discussion

enable the ranges to be visualized better than any list of states.

tL foZLg additions and corrections to the previously published articles

have come to my attention. Some of the county records represent recent acces-

s^ns rherbaria previously examined, while others have been ob ained from the

RocC Mountain and other western herbaria. A few have been taken from new

fociffloral Thanks are due to several botanists who have generously con-

trltedTpecimens from their regions. As before, the symbol 'signifies tha

material from the designated county has been seen m fresh condition, in the

course of field trips.

Phlox nivallfl Loddiges

o^c^r^ere and has evidently been mistaken for it

(114)

^^
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P. 13. Florida: Add Columbia/, Okaloosa/, and Pasco counties. Georgia: Add Bibb,
De KsXhf, and Rockdale/ counties. [Louisiana: Not yet collected, but probably present at
least centrally.] [Mississippi: Chapman's record, doubted in the previous discussion of this

species, may have been authentic, for the plant must have traversed the southern portion of
this state in reaching its recently discovered Texan localities.] North Carolina: Add Burke/,

Caswell, Catawba/, Cumberland/, Guilford, Harnett, Montgomery/, Polk, and Rutherford coun-
ties. South Carolina: Add Barnwell/ and Orangeburg counties. Texas: The most remark-
able extension of range recorded herein consists in the finding of this species in Hardin and
Tyler counties in this state by Miss Eula Whitehouse in 1931. The westernmost station hereto-

fore definitely known was in Okaloosa County, Florida, 50Q miles away, but there may be
colonies between. Virginia: Now known to extend into Nottaway County, to latitude 37° 10'

north.

Phlox subulata Linn6

Page 21. [Connecticut: Add Middlesex* County.] [Indla.na: Reported in Clark, Jef-

ferson, Kosciusko, Montgomery, St. Joseph, and Tippecanoe counties, but probably merely an
escape in most of them.] [Iowa: Escaped in two counties, Fayette* and Page*.] Kentucky:
Add Estill County. [Maine: Add Kennebec*, Sagadahoc*, and York* counties.]

P. 22. Maryland: Add Baltimore/ and Frederick* counties. [Massachusetts: Add
Berkshire* and Hampden* counties.] Michigan: Add Calhoun, Gratiot* and Livingston coun-

ties. [New Hampshire: Escaped in Belknap* and Carroll* counties.] New Jersey: Add
Cumberland*, Morris, and Sussex/ counties. New York: Add Allegany, Schenectady*, and
Washington*. Ohio : Add Erie, but delete Jefferson County.

P. 23. Ohio: Add Ottawa, Roes, and Tuscarawas counties. Pennsylvania: Add Adams/,
Butler, Carbon, Indiana, Lebanon, Montour, and Westmoreland, total 34 counties. [South
Carolina: Escaped in Aiken* and Berkeley* counties] [Vermont: Add Chittenden* and
Rutland* counties.] Virginia: Add Craig/, Giles, Highland/, Montgomery, Nelson, Roanoke/,

and Wythe/ counties. West Virginia: Add Wayne County.

Phlox bifida Beck

Page 30. Arkansas : Add Benton and Newton counties.

P. 31. Illinois: Delete last sentence, as it is now known farther north in Iowa.

Indiana: Add Laporte, St. Joseph, and Starke counties. Iowa: The statement should read:
** Recorded from Benton, Black Hawk, Fayette, and Muscatine counties, the third being the

northernmost point the species is known to reach." Kansas: Change the first sentence to:
* * Specimens have been seen from Cowley and Pottawattamie counties, '

' and delete the second

sentence, since other outliers are now known. Missouri: Add Madison, Randolph, Reynolds,

and Taney. Oklahoma: An interesting extension of range consists in the finding of this

species (reported* as P. longifoUa Nuttall) by Mr. H. C. Benke at Mooreland, Woodward
County, at 99® 15' west longitude. This lies 150 miles west of Cowley County, Kansas, the

previously recorded limit. Specimens seen represent the northern variety, in both glandular

and eglandular forms. [Texas: Mr. Benke reports the same species, northward.]

P. 33. In the last sentence change the initial * * No '
' to * * Little, '

' since colonies in which

pink flowers occur have been reported by Clute.^

Phlox divaricata Linn6

Page 26. In discussing white forms in the second paragraph on this page, one name was
overlooked: P. d, Candida Wetzstein.e This has priority over alhiflora, although whether it

represented a pallid or an albino plant is not known.
P. 28. Arkansas: Add Lonoke and Van Buren counties. Illinois: Add Lawrence

County. Indiana: Add Boone and Henry counties.

P. 29. Indiana: Add on this page Pike and Whitley. Iowa: Add Audubon, Boone,

Clarke, Lee, Muscatine, Warren, and Woodbury counties. Kansas: Add Franklin County.

Kentucky: The county list can now be enlarged 25 per cent by adding Bell, Daviess, Hen-

derson, Owen, and Pendleton. Maryland: Frequent in Harford/ County. Michigan: Add
Midland, Tuscola, and Van Buren counties.

P. 30. Missouri: Add Boone, Lincoln and Saline counties. New York: Add Allegany,

Cayuga, Lewis, Livingston, Madison, Tioga, and Wayne counties. Ohio: Add Ashtabula,

Lake, and Mahoning counties.

4 Rhodora 34: 5-6. 1932.
5 Amer. Botanist 39: 128. 1933.

eProc. Ohio State Acad. Sci. 4: 361. 1906.
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p. 31. Oklahoma: Add Adair/, CSierokee, and Muskogee Pennsylvania: Now knowii

from five more counties, three northern: Crawford, Indiana, J«ff«"°"^^^cKean and PerY^

Tennessee: The western variety ha« no«. been found in Humphreys ^""^y, the eastern^

«

Morgan. Vieoinia: Add ArUngton, Bath/, and Warren counties West Virginia, acq

Taylor/ County. Wisconsin: Add Dodge, Juneau, and Kewaunee cooties
.

^P. 32. Ontaeio: Add Dunda^, Middlesex, Waterloo, ^ell"igton a^d Wentworth coun

ties. [MEXICO : In the interest of completeness a record should be made of tJ^^^^F'^^f^C^^^

dZM by Sess6 and Mocifio' at Apatzingam in the St*t.« <>* ^lehoX"
J^^^ Zr ffid

shows, however, that the plant to which the name was appUed was not this species,

a member of the genus Phlox at all.]

Phlox pilosa Linnfi

Paee 39. last line, before "Appalachians" insert "northern "
t^,„

,. ._ p;,.. poikK. 'alabamI: Add Geneva/ County. .^^I^^^^^M^J'^f'^^Z' Idd'cIaAe
Sebastian/, and Woodruff/ counties. Florida: Ad^Escambm^nty. G^^^^^

and ^owndes ecu t

J^--- AMJ^J^^^^,^^^^^^^^^

prob^blfauthentic: Daviess Dearbof, Gibson Jeffers^^^^^^^^^ ^^I'oXo^^l
editMS^^'Mts^iLrffiTAw^^^^^^

rd'±^^d"^tr"M^'HrN?iyS^^^^ -Xs. Minnesota..

Add Clay and Cottonwood counties.
MTssoniii- Add Adair. Boone, Camden,

P. 42. Minnesota: Add Norman on this Page
d?*jZTin 1820 in what is now Platte

Lewis, and Perry counties Nebraska: ^^^?^^ ^^P'- .^^i UexcXyxntj. North Cako-

County, which should be added to the list New Jmset Add Mercer -^ j ^
LiNA:%ere the number should t-e reduced by one,

'^^^^^^\^°'l/Zs:d^^ ^^l^^ni, and
have been erroneous, the «P^'\%^?;?S fl^^c^do CTeveland, Jefferson, and' Tulsa counties.

Jefferson. Oklahoma: Add ^^''^^7?'^^^^^°' sonTH dIkota- Add Minnehaha County.

TenJe^L: 'iru^TdoX "SsfrdfAntrn "a^Tntys counties. Wisconsin:

^^%nr SL1;prn^h::^rgeXn^^hat the pi-* ^ere termed Ppfj^.i.a might be a

distinct species, M?s. Fannie M. Heaths proposed for it the name P. wherryu

Phlox floridana Bentham

Page 48. .Alabama: Collected in^ea^y^^^^^^^^^^

werl obtained: Clay/, Decatur/ Early/, Grady/,^M^^^^^^ Variation:

a range-extension northward to latitude 32°, thoughno™^
^^^^^^^ ^^ ^^^ ^^^

ftSns'''^'"is fyS^^yte%3e*d%S^en^"?om^tmues
northeast of Beachton, Grady

County, Ga., E. T. W., July 7, 1932.

Phlox amoena Sims

Page 50. Map, Fig. 4: In t^e co-e of Pr^U^^^ ^fffe l^t^lt'' '^^^^^

*idfrktnrc"X'''Ft^tr: Td^ff^eZTd Putnam counties; remarkably enough.

the northern va^ie^y « re^^^^^l^^^'^^s, ^d Ware connties^^ U^^ Bepo^t^y

Coulte;. from three counties but no specrmens a^e extent a^d as the.^sp^^ies ^ ^^^^

known to occur above southernmost Kentucky, a rormoi ^j' confirmed, and it

Sstaken for it.] Mississippi: The
°^^"J'''l^^^^^?''^ ."^iXneMon in Saluda' County

X^rthrraS'^th^eou^- vart^i^o^rP^edmont. Tennessee = • Add Boane a.d

Wayne counties.

7 Plantae Novae Hispaniae: 26. 1887.

8 Nat. Hort. Mag. 8: 204 1930.

» Cat. Fig. Pits. & Terns Indiana: 890. 1900.
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Phlox stolonifera Sims

Page 22. Georgia: Add Lumpkin/ County. Kentucky: Lewis County. [Missouri:
The statement should read *'An unsubstantiated report by Tracy."] North Carolina: Add
Jackson, McDowell, and Mitchell counties. Pennsylvania : Center County is no longer a limit,

as the species is now known in Elk, Jefferson, and Lancaster counties, the first bringing it

to latitude 41° 30' north. [Vermont: Add Caledonia* County.]

P. 23. Virginia: Add Highland/ County. West Virginia: Add Eandolph/ County.

Phlox buckleyi Wherry

Page 24. Virginia: Collected in 1932 in Craig/ County and and the present year in

Augusta County. West Virginia: Pocahontas/ County also added in 1932.

Phlox ovata Linn6

Page 26. Alabama: A new variety from Walker/ County is discussed in the preceding

article.

P. 27. North Carolina : Add Guilford, Haywood/, and Mitchell counties. Pennsylvania:
Add Snyder County. Tennessee: Add Grainger and Union counties. Virginia: Add Craig/

County.

Phlox Carolina Linn6

Page 32. Alabama: Add Cherokee/, Clarke/, and Henry counties. Georgia: Add Dawson,

Habersham, Oconee, Towns/, Union/, and Walker counties. Indiana: Add Jefferson County.

P. 33. Kentucky: Add Bourbon and Wolfe counties, but delete Marshall. North
Carolina : Add Davidson, Orange, Eutherford/, and Wake/ counties, the last an eastward range-

extension to west longitude 78°. Ohio: Add Butler, Highland, Pike, and Scioto/ counties.

South Carolina: Delete Abbeville and add Lexington. Tennessee: Add Blount, but delete

Haywood and Madison. Virginia: Add Albemarle, Amherst/, and Pulaski.

Phlox glaberrima Linn6

Page 15. Alabama: Add De Kalb/, Jackson, and Jefferson/ counties. Florida: Add
Liberty County.

P. 16. Georgia: Add Chattooga/ and Eabun counties. Illinois: Add Iroquois/ County.

P. 17. North Carolina: Add Cleveland/, Gaston/, Montgomery/, Moore/, and Stanly/

counties. Ohio : Delete Butler and Highland counties. Oklahoma : Now known in McCurtain

County. South Carolina: Material from Abbeville County previously classed as P. Carolina

is now considered to be P. glaberrima; add also Richland County. Tennessee: Add Blount

County. Virginia: A fitting climax to this series of studies consists in the rediscovery of

Phlox glaberrima in Virginia, where it had not been found since Clayton's day, an interval of

over 200 years. The station is in the western part of Chesterfield County, and was brought to

attention in the Spring of 1933. It lies on one of the lines indicating Clayton's travel-routes

on the map in Gronovius's Flora Virginica, and exhibits marked variability in flower color,

a feature specially mentioned by Clayton. The suggestion previously made that the species

was probably found in Gloucester County is therefore to be withdrawn, and this newly recog-

nized occurrence is to be regarded as the real type locality of the species, and, indeed, of the

genus Phlox. In Plate 3 tiiere is reproduced a general view of the Phlox as it grows here,

and also a near view of one plant, in comparison with the Linnean type of the species, to

show their resemblance. The colony is not a large one, and could readily be exterminated by
digging of roots, so horticulturists are urged not to disturb it. The soil is strongly acid and
sterile, and the plant can not be expected to thrive under cultivation in rich garden loam.

Since it has managed to survive all the clearing, burning, and road-making operations of the

past two centuries, we should give it a chance to continue to live here indefinitely.

P. 19. Line 22 of Tabulation, for * ' SW. Mo. '
' read '

' SE. Mo. '

'

Phlox maculata Linn6

Page 22. Connecticut: Now known at Straitsville, in New Haven County, as a native

plant.

P. 23. [Nebraska: Eeported by Petersen^o from Otoe County; this, if confirmed, would
be a considerable westward range-extension.] New York: Add Chenango County.

10 Flora Nebraska: 96. 1912.
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Bartonia, No. 16 Plate 3

1^-

Fig. 1. Phlox glaberrima Linne at its presumable type locality

in Chesterfield County, Virginia.

r
^^•.'/•>

Fig. 2. Same, slender plant. Fig. 3. The type specimen.

Showing the close similarity between them.
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Phlox stolonifera Sims

Page 22. Georgia: Add Lumpkin/ County. Kentucky: Lewis County. [Missouri:
The statement should read '*An unsubstantiated report by Tracy.'*] North Carolina: Add
Jackson, McDowell, and Mitchell counties. Pennsylvania : Center County is no longer a limit,

as the species is now known in Elk, Jefferson, and Lancaster counties, the first bringing it

to latitude 41° 30^ north. [Vermont: Add Caledonia* County.]

P. 23. Virginia: Add Highland/ County. West Virginia: Add Eandolph/ County.

Phlox buckleyi Wherry

Page 24. Virginia: Collected in 1932 in Craig/ County and and the present year in

Augusta County. West Virginia: Pocahontas/ County also added in 1932.

Phlox ovata Linne

Page 26. Alabama: A new variety from Walker/ County is discussed in the preceding

article.

P. 27. North Carolina : Add Guilford, Haywood/, and Mitchell counties. Pennsylvania:
Add Snyder County. Tennessee: Add Grainger and Union counties. Virginia: Add Craig/

County.

Phlox Carolina Linn6

Page 32. Alabama: Add Cherokee/, Clarke/, and Henry counties. Georgia: Add Dawson,
Habersham, Oconee, Towns/, Union/, and Walker counties. Indiana: Add Jefferson County.

P. 33. Kentucky: Add Bourbon and Wolfe counties, but delete Marshall. North
Carolina : Add Davidson, Orange, Eutherford/, and Wake/ counties, the last an eastward range-

extension to west longitude 78°. Ohio: Add Butler, Highland, Pike, and Scioto/ counties.

South Carolina: Delete Abbeville and add Lexington. Tennessee: Add Blount, but delete

Haywood and Madison. Virginia: Add Albemarle, Amherst/, and Pulaski.

Phlox glaberrima Linne

Page 15. Alabama: Add De Kalb/, Jackson, and Jefferson/ counties. Florida: Add
Liberty County.

P. 16. Georgia: Add Chattooga/ and Rabun counties. Illinois: Add Iroquois/ County.

P. 17. North Carolina: Add Cleveland/, Gaston/, Montgomery/, Moore/, and Stanly/

counties. Ohio: Delete Butler and Highland counties. Oklahoma: Now known in McCurtain

County. South Carolina: Material from Abbeville County previously classed as P. Carolina

is now considered to be P. glaherrima; add also Richland County. Tennessee: Add Blount

County. Virginia: A fitting climax to this series of studies consists in the rediscovery of

Phlox glaherrima in Virginia, where it had not been found since Clayton's day, an interval of

over 200 years. The station is in the western part of Chesterfield County, and was brought to

attention in the Spring of 1933. It lies on one of the lines indicating Clayton's travel-routes

on the map in Gronovius's Flora Virginica, and exhibits marked variability in flower color,

a feature specially mentioned by Clayton. The suggestion previously made that the species

was probably found in Gloucester County is therefore to be withdrawn, and this newly recog-

nized occurrence is to be regarded as the real type locality of the species, and, indeed, of tho

genus Phlox. In Plate 3 there is reproduced a general view of the Phlox as it grows here,

and also a near view of one plant, in comparison with the Linnean type of the species, to

show their resemblance. The colony is not a large one, and could readily be exterminated by
digging of roots, so horticulturists are urged not to disturb it. The soil is strongly acid and
sterile, and the plant can not be expected to thrive under cultivation in rich garden loam.

Since it has managed to survive all the clearing, burning, and road-making operations of the

past two centuries, we should give it a chance to continue to live here indefinitely.

P. 19. Line 22 of Tabulation, for '
' SW. Mo. ' ' read '

' SE. Mo. '

'

Phlox maculata Linn^

Page 22. Connecticut: Now known at Straitsville, in New Haven County, as a native

plant.

P. 23. [Nebraska: Reported by Petersenio from Otoe County; this, if confirmed, would
be a considerable westward range-extension.] New York: Add Chenango County.

10 Flora Nebraska: 96. 1912.
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Baktoxia, No. 16 Plate 3

Fig. 1. Phlox glaherrima Linne at its i)resuniabie type locality

in Chesterfield County, Virginia.
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Fig. 2. Sa-.ne, slender plant. Fig. 3. The type specimen.

Showing the close similarity between tlieni.

INTENTIONAL SECOND EXPOSURE
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p. 24. Pennsylvania: Add Schuylkill County. Tennessee: Delete Benton County,

leaving the species unknown on the Coastal Plain in this state. Virginia : Add Carroll/ and

Pittsylvania/ counties. West Virginia: Add Hampshire, Kanawha, Mercer, Mineral, Mingo,

and MonongaUa counties. [MEXICO: Among the Phloxes reported from this country by Sesse

and Mocinoii was included P. maculata, the locality being given as *'In Oppidio Sancti Angeli,

prope Mexici." The data indicate that some other plant was represented, probably not be-

longing to this genus.]

Phlox amplifolia Britton

Page 16. Kentucky: Add Powell, Warren, and Wolfe counties. North Carolina: Add

Swain County. Tennessee: Add Blount and Sevier counties; one specimen represents an

apparent intermediate with P. paniculata.

Phlox paniculata Linn6

Page 21. [Connecticut: Add Hartford* and Tolland* counties.]

P 22 Kentucky: Add Eowan County. Missouri: Add Bollinger, Franklin, Gasconade,

Hickory, Howell, Marion, Montgomery, Reynolds, Ripley, Texas, Vernon, Warren, and Wayne

P 23 New York : Add Columbia*, Essex*, and Schoharie* counties. Ohio : Add Warren

County. Pennsylvania: Add Bedford/ County. [Rhode Island: Escaped in Washington*

County.] West Virginia: Add Summers County.

r-'^

CHANGES IN THE INDEX KEWENSIS LIST OF NAMES

As a result of the studies of the eastern Phloxes, a number of changes in the

interpretations of published names made by the editors of the Index Kewensis

are called for. The following is a complete list of these, in so far as eastern

species are concerned

:

Kew Index interpretationOriginal name

acuminata, Pursh
acutifolia, Sweet
alha, Moench
altissima, Moench
americanaf Hort.

amoena, Sims
amplexicaulis, Bafin.

amplifolia, Britton

argillacea, CI. Sr Fer,

aristata, Dodd.
aristataf Michx.
atrocaulis x, Hort.

bifida, BecJc

himaculatay Hort.

brevifolia, Baum.
BridgesiiXf Hort.

Brittonii, Sm^ll
Broughtoni x, Hort.

Browniix, Salm-Dyck
Buckleyi, Wherry
Caldriana, Court.

canadensis, Sweet
Candida, Pers.

canescens, Salm-Dyck
camea, Sims
Carolina, Linn.

paniculata
paniculata ?

maculata
glaberrima
paniculata

(Quid ?)

subulata
pilosa

odorata
(Quid ?)

(Quid ?)

divaricata

maculata

glaberrima
ovata

Present interpretation

paniculata
paniculata
maculata
Carolina, variety

paniculata

pilosa, variety

pilosa

nivalis

pilosa

paniculata

maculata
paniculata
paniculata

subulata, variety

paniculata
paniculata
(described in 1930)

Carolina

divaricata, variety

maculata
paniculata

Carolina

Carolina

11 Plantae Novae Hispaniae : 26. 1887.
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Carolina, Sims
Carolina, Sweet
Carolina, Walt.
caroliniana. Hill
clarkioides, Poit,
Coldryanax, Paxt.
cordata, Ell.

corymbosa, Hort.
crassifolia, Lodd.
cruenta. Curt.
cuspidata, Scheele
decussata, Lyon
detonsa, /SmaZZ
disticha, Sabine
divaricata, iinn.
divergens, Wender
Brummondii, jffooA;.
elata, Penny
excelsa, Penny
floridana, ^en^.
frondosa, Hort.
fruticosa, Hort*.
glaberrima, ZinTi.
glomerata, iVi^<#.

glutinosa, Buckl.
Sentsii, Nutt.
Seynholdii, Hort
%&rwfa X, Rafin.

*

Ingramiunax, Hort
intermedia, io<?d.
tnvolucrata, Nutt
involucrata. Wood
laetax. Penny
Laphamii, CZi^^g
latifolia, Michx.
Leopoldiana x, Paxt
Lighthipei, .SmoZZ
liistoniana, /S'w;ee^

longiflora, Sweet
macrophyllax, Court
maculata, Zinn.
melampyrifolia, Salisb
missourica, Salm-Dyck*
montana, Rafin.
waw?a, Pursh
nivalis, Lodd.
Nuttalliana, Hort.
Nuttallii, Court.
obovata, Muhl.

'

odorata, ^w;ce*
Oldryana, Walp.
omniflorax, Hort.
ovata, iinn.
paniculata, Zmw.
penduliflora, Sweet
philadelphica, Hort
pilosa, Xmw.
j?H?05a, Walt.
procumbens. Gray
procumbensx, Lehm.
prostrata. Ait.
pulchellax, Hort.
pyramidalis, Sm.*

BARTONIA

glaberrima
floridana

maculata
ovata ?

paniculata
paniculata
reptans
(bybr. ?)
pilosa

paniculata

(Quid ?)

(Quid ?)

(Hybr. ?)

subulata
maculata ?

divaricata
subulata
Drummondii f

(Quid ?)
amoena

ovata

maculata

glaberrima
(Quid ?)

glaberrima
subulata
floridana

floridana

reptans

Coldryana

maculata
(Quid ?)

amoena
amoena

reptans

maculata

(119)

Carolina
Carolina

glaberrima
Carolina

paniculata
Carolina

paniculata
paniculata
stolonifera

paniculata
drummondii
paniculata
pilosa, variety
paniculata

paniculata

paniculata
maculata

nivalis

Carolina

divaricata
divaricata x pilosa
nivalis

drummondii, variety
(indeterminate)
paniculata
paniculata
amoena
amoena
paniculata
divaricata, variety
ovata, variety
Carolina x drummondii
amoena, variety
Carolina

maculata
paniculata

glaberrima, variety
paniculata
ovata
Carolina
nivalis

maculata
maculata
stolonifera

maculata, variety
Carolina

paniculata

maculata
paniculata

amoena
amoena
subulata x stolonifera
stolonifera

paniculata
maculata, variety

4

reflexa, Hort.

reptans, Michx,
revoluta, Aikin

rosea, Forbes
Eugelii, Brand
scdbra, Sweet
setacea, Linn.

ShepherdiiXy Penny
Sicinnanni, Lehm.
Siebmanni, Bentb.

Stellaria, Gray
stolonifera, Sims
suaveolens. Ait.

subulata, Linn.

suffruticosa. Vent.

suffruticosa, Willd.

tardiflora, Penny
tenuis, E. Nelson
Thomsoni, Court,

tigrina, Wender
triflora, Michx.

triflora, Sweet
undulata, Ait.

uniflora, Rafin.

vemax, Forbes
vern^lis, Salisb.

Vernonianax, Hort.

villosissima, SmaXl
virginica, Lodd,
Walteri, Chapm.
Wheelerianax, Sweet

NOTES ON EASTERN PHLOXES

maculata

glaberrima
(Quid I)

paniculata
subulata

paniculata
paniculata

reptans
maculata

glaberrima
maculata

(Quid ?)

(Quid ?)

glaberrima ?

ovata
paniculata
(Quid ?)

divaricata

45

amoena

maculata
stolonifera

Carolina
subulata x stolonifera

divaricata x amoena
paniculata
subulata
Carolina
paniculata
paniculata
bifida, variety

stolonifera

maculata

Carolina
Carolina
maculata

paniculata
paniculata
Carolina, variety

Carolina
paniculata
(indeterminate)
subulata x stolonifera

divaricata

paniculata
pilosa
paniculata
amoena, variety

paniculata

The following corrections to literature citations in the Kew Index should also

be made

:

Phlox cordata. EU. Sketch i. 244.

cruenta ed. II, ii, 322.

suaveolens ed. I, i. 206.

undulata ed. I, i. 205.

The present article is the eighth and last in this series on the eastern Phloxes.

A complete list of the titles and references foUows

:

Picking out the Polemoniaceae. Bartonia. 11: 1- If29.

The Eastern Subulate-leaved Phloxes. 11: 4. 19^»-

The Eastern Short-styled PWoxes. 12: 24. 1931

The Eastern Long-styled Phloxes, Part 1. 13. 18. 193^

The Eastern Lon|-styled Phloxes, Part 2 14: 14. 1932.

Tlift Riiatern Veiny-leaved Phloxes. 15: 14. ivaa.
,/. f>- iq?'?TvS of PMo- ovata from the Alabania Mountams 16: 3-. 1935.

Supplementary Notes on the Eastern Phloxes. 16: 39. 1935.

Reprints of all these have been made, and will be sent to any one desiring

themriong as the supply lasts. If all are collected together they will make a

120 pale booklet. SimL though less detailed studies on the members of the

genus L the central and western United States are in course of preparation.
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Reprinted from The American Naturalist, Vol. LXIX,
September-October, 1935.

THE INHERITANCE OF ACQUIRED CHAR-
ACTERS AND THE PROVISIONAL HY-

POTHESIS OF PANGENESIS
PEOFESSOR CONWAY ZIRKLE

Department of Botany and Morris Arboretum, University

OF Pennsylvania

h
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The belief in the inheritance of acquired characters

has been associated so consistently with the Chevalier

de Lamarck that we now refer to it as Lamarckian,

although Lamarck was neither the first nor the most dis-

tinguished biologist who taught that such modifications

were heritable. Other and earlier naturalists had ex-

pressed very similar views, which, in the absence of rival

hypotheses, were accepted by their contemporaries al-

most as a matter of course. Unfortunately, in our over-

simplification of the history of biological thought, we
have neglected the greater part of these earlier contribu-

tions and have consequently emphasized Lamarck's ex-

planation of the causes of evolution out of all proportion

either to its originality or to its intrinsic worth. As a

result of this neglect of Lamarck's predecessors, modern
biologists are periodically rediscovering the work of

some one of these forgotten naturalists and finding anew

that Lamarck's hypothesis is really pre-Lamarckian.

We can date Lamarck's conversion to a belief in evo-

lution within a very few years. In 1795 he finally pub-

lished his '^Recherches sur les causes des principaux

faits physiques, '

' a book which he had completed in 1760,

and in which he stated very clearly his belief in the im-

mutability of species. AVithin the next seven years, how-

ever, his views underwent a complete reversal, for in

1802 he published his **Eecherches sur 1 'organisation des

corps vivants," and in this later work he presented his

theory of evolution. Seven years later, in 1809, he pub-

lished ^'Philosophic zoologique," which contained the

417
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fully developed theory, and, although he often restated
.

his concept of evolution, he never actually changed it.

The following condensed statement of his four well-

known '4aws'' is taken from his ^'Histoire naturelle"

(as quoted by Osborn, 1894)

:

1. Life by its internal forces tends continually to increase the volume of

every body that possesses it, as well as to increase the size of all its parts,

up to a limit which it brings about.

2. The production of a new organ or part results from a need or want,

which continues to be felt, and from a new movement which this need

initiates and causes to continue.

3. The development of organs and their force or power are always in

direct relation to the employment of these organs.

4. All that has been acquired or altered in the organization of individuals

during their life is preserved by generation, and transmitted to new indi-

viduals which proceed from those which have undergone these changes.

The question has naturally been raised as to the cause

of Lamarck's sudden acceptance of evolution and as to

the source of his explanation of the factors which

brought it about. The fact that Erasmus Darwin had

described the inheritance of acquired characters in his

**Zoonomia," 1794, published during Lamarck's transi-

tion period, has caused biologists to suspect that Lamarck

borrowed his ideas from Darwin and that he simply

failed to give credit where credit was due. In the

chapter on ''Generation" Darwin had stated, ''.
. . all

animals undergo transformations which are in part pro-

duced by their own exertions in response to pleasure and

pain, and many of these acquired forms or propensities

are transmitted to their posterity," an exact statement

of Lamarck's convictions. Osborn (1894) has shown

very convincingly, however, that Lamarck was probably

ignorant of Darwin's work, and he suggests that La-

marck's changed viewpoint was brought about by the

shifting of his interests from botany to zoology, a reason-

able enough supposition when we consider the emphasis

Lamarck placed on functional modification and on the

effects of use and disuse, factors which could hardly in-

'f[
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fluence the development of plants, although plants were

also thought to have evolved.

Recently Chevalier (1932) has called attention to a

passage in the work of the little-known botanist, Michel

Adanson, which is very significant, for it shows that La-

marck may have received his first hint as to the cause of

evolution from his earlier work in botany rather than

from his later interest . in zoology. Adanson was La-

marck 's predecessor at the Jardin Royal, and Lamarck
could hardly have remained unfamiliar with Adanson 's

publications. Adanson not only described evolution in

his ''Families de plantes," published in 1763 when La-

marck was a young man of twenty, but also suggested

that the changes in specific characteristics were produced

through the inheritance of acquired characters. The fol-

lowing two excerpts from his work are taken from

Chevalier's paper:

It appears therefore to be proved sufficiently by the facts cited above that

art, cultivation and especially chance, i.e., certain unknown conditions, bring

forth every day not only varieties of rare flowers such as Tulips, Anemones,

Ranunculi, etc. . . . but even some new species. . . . From this arises the

difficulty of defining what the original forms of the Creation are and what

are those which have been changed by the succession of reproduction. . . .

The inheritance of acquired characters is postulated

in the following

:

In plants which reproduce by seed, there occurs, without the aid of alien

impregnation, changes produced either by the reciprocal fertilization of

two individuals, differing in some one character although of the same

species, or by the cultivation, soil, climate, dryness, moisture, shade, sunlight,

etc. These changes are more or less sudden, more or less durable, either

disappear in each generation or perpetuate themselves for several genera-

tions, according to the nature, disposition and habit, so to speak, of each

plant.

It is highly probable that we will never know just

where Lamarck first met with the ideas for which he

became famous, but we can understand his intellectual

background better and we can evaluate his contribution

to biology more accurately if we remember, first, that the

belief in the inheritance of acquired characters does not

ti
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necessarily imply a belief in the evolution of new species

and, second, that for at least 2,200 years before Lamarck

practically all naturalists believed that such modifica-

tions were heritable. Not only such fantastic writers as

De Maillet but also the most respected leaders and au-

thorities postulated that the effects of environmental

changes were inherited.' It would be tedious to cite here

the numerous passages which would prove the correct-

ness of this assertion. A single example taken from the

''Opus Majus" of Roger Bacon will be sufficient, for it

illustrates very clearly the attitude of the medieval phi-

losophers toward the question. The ''Opus Majus" was

written in the year 1268.

Bacon tried to account for the fact that men no longer

lived to the alleged ripe old ages of the antediluvian

Patriarchs. The Astrologers, whom he attacked, had

claimed that the stars were at the most advantageous

positions possible at the time of the creation, and that as

time passed they moved to other and more unfavorable

locations. As a result, human life was shortened—and

the race became more and more "ill-starred." Bacon

attempted to refute this claim by advancing what he

thought was a more reasonable hypothesis to explain the

same undoubted facts. The following excerpt is from

Chapter XII, Example 11, as translated by R. R. Burke

(1928)

:

Very rarely does it happen that anyone pays sufficient heed to the

rules of health. No one does so in his youth, but sometimes one in three

thousand thinks of these matters when he is old and approaching death, for

at times he fears for himself and thinks of his health. But he cannot then

apply a remedy because of his weakened powers and sense and his lack of

experience. Therefore fathers are weakened and beget weak sons with a

liability to pre-mature death. Then by neglect of the rules of health the

sons weaken themselves, and thus the son's son has a doubly weakened con-

stitution, and in his turn weakens himself by a disregard of these rules.

Thus a weakened constitution passes from father to sons, until a final

shortening of life has been reached as is the case in these days.

Not only is there this accidental cause, but there is also another, consist-

1 In part II many passages will be quoted which establish incidentally the

accuracy of this statepient.

)

ing in the disregard for morals. For sins weaken the powers of the soul,

so that it is incompetent for the natural control of the body; and therefore

the powers of the body are weakened and life is shortened. This weakening

passes from father to son, and so on. Therefore owing to these two natural

causes the longevity of man of necessity has not retained its natural course

from the beginning; but for these two reasons the longevity of man has

been shortened contrary to nature. Moreover, it has been proved that this

excessive shortening of the span of life has been retarded in many cases,

and longevity prolonged for many years by secret experiments. Many

authors write on this topic. Wherefore this excessive shortening of life must

be accidental, with a possible remedy.

If we wish to trace the slow growth of our modern con-

ception of evolution, we shall have to search intensely for

those few pre-Lamarckian pioneers who did not believe

in the inheritance of acquired characters. In the present

state of our knowledge of biological history of course, we

have no way of estimating the approximate number of

such individuals. They may be more numerous than we

suspect, although Brock (1888), who seems to have had a

very clear grasp of the problem, found but two. These

were (1) an unknown contemporary editor of Aristotle's

works, and (2) the philosopher, Immanuel Kant. An
investigation of our available records would doubtless

reveal many others.

Aristotle himself believed implicitly in the inheritance

of acquired characters, as is shown from the following

passage in his ''Generation of Animals," I: 17 (trans-

lated by Piatt, 1910)

:

And these opinions are plausibly supported by such evidences as that

children are born with a likeness to their parents, not only in congenital

but also in acquired characteristics ; for before now when the parents have

had scars, the children have been born with a mark in the form of a scar

in the same place, and there was a case at Calcedon where the father had

a brand on his arm and the letter was marked on the child, only confused

and not clearly articulated.

It would be hard to find a clearer statement of La-

marck's views. Aristotle, however, did not believe that

mutilations were always inherited. From 1 :
18

:

If mutilated young are born of mutilated parents, it is for the same

reason as that for which they are like them. And the young of mutilated

1

ft
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parents are not always mutilated, just as they are not always like the par-

ents; the cause of this must be inquired into later, for this problem is the

same as that.

Aristotle's ^* History of Animals" bears internal evi-

dence of having been thoroughly edited, perhaps by one

of his own students. In this work there is a passage

which corresponds with those quoted from the ^* Genera-

tion of Animals," but it has been toned down considera-

bly. The influence of the unknown editor is clearly

shown in the second paragraph of the following quota-

tion. From VIII : 6 (translated by Thompson)

:

From deformed parents come deformed children, lame from lame and

blind from blind, and speaking generally, children often inherit anything

peculiar to their parents and are born with similar marks such as pimples

and scars. Such things have been known to have been handed down through

three generations; for instance, a certain man had a mark on his arm

which his son did not possess, but his grandson had it in the same spot

though not very distinct.

Such cases, however, are few; for the children of cripples are mostly

sound, and there is no hard and fast rule regarding them.

Inomanuel Kant was much more outspoken in his op-

position to the belief in the inheritance of acquired char-

acters. In his Bestimmung des Begriflfs einer Menschen-

Eace, first published in the Berlin. Monatsschr. (6: 390)

in 1785, he stated the theory only to refute it, although

his refutation was based entirely upon a priori grounds.

In Number 5 he stated (the translation is very free)

:

The inheritance through the working of the imaginative powers of

pregnant women or even of mares at stud: the forcing of nature to omit

gradually a product of her generation by the plucking out of the beards of

whole tribes and by the cropping of the tails of English horses; the flat-

tened noses, which had originally been bestowed with great pains by parents

on their children, had consequently been given by the generative forces of

nature: these and other explanations would scarcely be proven by the facts

tending to substantiate them, for one can much better prove the contrary

true, if they did not receive the reason for their existence from the other-

wise entirely correct maxim, namely, it is preferable to risk everything

in conjecturing from the given phenomena rather than to assume for this

purpose special natural forces or innate *'Anlage. '* But I urge another

maxim, contrary to the above, which has generally been rejected through the

neglect of this principle, namely, that in the entire organization of nature,

in spite of all variations, individual creatures of the same species remain

essentially unaltered. Now it is clear that if the magic power of develop-

ment or the experiments of men on animal bodies could bring about the

possibility of altering the generative power, one would not know any more

from which origin in nature any form may have come, whether the primitive

form made by nature had persisted to the present or how far through ad-

ditions or disfigurations it may have been modified, and, since there are

no limits to the human imagination, into what grotesque shape the genera

and species might at last grow. According to this consideration I take for

my basic postulate, that we cannot admit that the bungling influence of the

power of the imagination may afi'ect the natural process of generation, or

that any power of man through outer artificial modifications may affect the

old original forms of the genera or species.

The third author quoted by Brock was Johann Fried-

rich Blumenbach, a physician. Blumenbach seemed un-

able to decide whether he should accept the heritability

of acquired characters or not. In ''De generis humani

varietate nativa'' (Gottingen, 1795) he carefully com-

pared both views but leaned strongly toward the view

that such characters were inherited. The following pas-

sage is translated from Brock's citation:

Until the present I join neither of the two parties, neither the adherents

nor the opponents of this theory of heredity, although I would indeed make

the view of the latter my own, if they could show me, why such develop-

mental accidents, which next arise either through design or chance, could

in no way be transmitted to the descendants, while indeed other racial char-

acters from still other unknown sources, especially such as are stamped on

the face, such as the nose, lips, eyebrows, etc., have been inherited until

the present; in certain families, through many or few generations with

greater or less clearness and even such characters as organic illnesses, de-

fective speech and bad enunciation and many more like afflictions have been

inherited, if they would not ascribe perhaps all of these defects only to

chance.

In his *'Elements of Physiology'' (Philadelphia,

1795), he even endorsed the heritability of mutilation.

From p. 182, Number 598

:

It is necessary further to observe, that not only monstrosities co-eval with

the birth of animals, but also subsequent adventitious mutilations and other

species of deformity, whether produced on the animal system by accident or

design, become now and then completely hereditary ; and thus, what was at

first the effect of art alone, may be said to become at length the actual

work of nature herself.

'V-
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We will probably never discover just where Lamarck

first met with the hypothesis that acquired characters

were heritable. It seems obvious now that he could not

have read the biological literature of his time and re-

mained in ignorance of the doctrine. His belief in evolu-

tion was also to some extent a product of his age, for, as

Osborn has shown, the mutability of species had been

suspected from the time of the ancient Greeks and many

of the intellectual leaders were avowed evolutionists.

One aspect of the history of evolution has never been

properly emphasized, however, and the result has been

that we do not view the subject with quite the proper

perspective. It is important that we remember that the

dogma of the constancy of species is not an ancient doc-

trine and that it met with general acceptance only in the

late eighteenth and the early nineteenth centuries. From
the earliest times, of course, sporadic individuals had

taught that species were immutable, but their teachings

had relatively little influence.^ From the time of Theo-

phrastos (300 B. C.) until the late eighteenth century,

almost without exception the botanists believed in de-

generation. Very few of their names have gotten into

the evolution story, however, and even the meaning of

the term degeneration is generally misunderstood.

Originally, degeneration had no connotation of decline

or decay. It was simply the term used to describe the

spontaneous alteration of varieties and species and thus

it was synonymous with what we now call De Vriesian

mutation. As this subject is being treated elsewhere no

passages need be quoted to illustrate this ancient expla-

nation of the origin of species.^ It is only necessary to

2 Belief in this mutability of species was not necessarily a belief in the

evolution of complex types from simpler predecessors.

3 Degeneration is described in the following passages: Theophrastos (Caus.

Plant. I: 13), Virgil {Georgics I: 154), Nicolaus Damascenos {Be Plantis),

St. Augustine (Mar. & Cone. I: 21, I: 37), Crescentius (Opus rural. II: 8,

II: 9), Porta (Mag. Nat.), Lemnius {Oeul. Nat. Mirac. I: 17), Clusius

(Bar. aliq. Stirp. 513, Bar. plant, hist. 279), Gerard (Herbal, 116), Johnson

(Gerard's Herbal, 740), Ferrario (Flor. Cult. 347), Worm (Museum TForm),

>I4

point out that during this whole period species were con-

sidered to be mutable and indeed were thought to be con-

stantly changing, although the changes were not always

looked upon as progressive and cumulative. Even as

late as the time of Lamarck, the botanists were reporting

instances of degeneration in the vegetable realm.

II

The ** provisional hypothesis of pangenesis" was the

name given by Charles Darwin to his least fortunate

venture into speculation. After the publication of the

** Origin of Species," Darwin leaned more and more to-

ward a belief in the inheritance of acquired characters,

and he advanced this hypothesis in an attempt to explain

just how such somatic modifications could be transmitted

from one generation to another. The following passage

from chapter twenty-seven of his ''Animals and Plants

under Domestication" contains the entire hypothesis in

a condensed form

:

. . . But besides this means of increase 1 assume that cells, before the

conversion into completely passive or ^ * form-material, '
' throw off minute

granules or atoms, which circulate freely throughout the system, and when

supplied with proper nutriment multiply by self-division, subsequently be-

coming developed into cells like those from which they were derived. These

granules for the sake of distinctness may be called cell-gemmules or, as the

cellular theory is not fully established, simply gemmules. They are sup-

posed to be transmitted from the parents to the offspring, and are generally

developed in the generation which immediately succeeds, but often trans-

mitted in a dormant state during many generations and are then developed.

Their development is supposed to depend on their union with other partially

developed cells or gemmules which precede them in the regular course of

growth. Why I use the term union will be seen when we discuss the direct

action of pollen on the tissues of the mother plant. Gemmules are supposed

to be thrown off by every cell or unit, not only during the adult state, but

during all the stages of development. Lastly, I assume that the gemmules

in their dormant state have a mutual affinity for each other, leading to

aggregation either into buds or into sexual elements. Hence, strictly, it is

not the reproductive elements, nor the buds, which generate new organisms.

Sharrock (Hist. Propag. I: 5), Morison (Plant. Hist. Univ. Oxon I: 205),

Ray (Hist. Plant. I: 21), Hauser (Thes. Bot., 25), Stehelin (De flor.

Peloria), Nonne (Quae, de plant, nothis). These references are, of course,

but a small fraction of an enorn.ous literature.
I
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Buffon had postulated that the germ-plasm had collected

first in the various body organs and only later passed to

the testes or ovaries. The very close resemblance ot

Buffon 's theory to Darwin's is shouTi by the following

quotation from his "History of Animals" (Chapter IV)

:

The generation of man will serve us for an example. I take him in his

infancy, and I conceive that the expansion and growth of the different parts

of the body being made by the intimate penetration of organic molecules

analogous to each of its parts, all these organic molecules are absorb d
.

his earliest years, and serve only for the expansion and the -g^;"*-*
^^^

his various members, consequently there is little or no
«»P«f"'7. ""^^ *^^
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a male; and, on the contrary, when there is more of the female then a

female will be the result. . . .

I conceive, that in the aliments we take there is a great quantity of

organic molecules, which needs no serious proof, since we live on animals

and vegetables, which are organized substances. In the stomach and in-

testines a separation is made of the gross parts, which are thrown off by the

excretories. The chyle, which is the purest part of the aliment, enters into

the lacteal vessels, and from thence is transported into every part of the

body. By the motion of the circulation it purifies itself from all inorganical

molecules, which are thrown off by secretion and transpiration; but the

organic particles remain, because they are analogous to the blood, and that

• from thence there is a power of affinity which retains them afterwards ;
for

as the whole mass of blood passes many times through the body, I appre-

hend, that in this continual circulation every particular part of the body

attracts parts most analogous to it, without interrupting the course of the

others. In this manner every part is expanded and nourished, not, as it

is commonly said, by a simple addition of the parts, and a superficial in-

crease, but by an intimate penetration of substance, produced by a power

which acts on every point of the mass ; and when the parts of the body are

at a certain growth, they are almost filled with these analogous particles, as

their substance is become more solid. I conceive that they then lose the

faculty of attracting or receiving those particles, but as the circulation will

continue to carry them to every part of the body, which not being any

longer ablf^ to admit them as before, must necessarily be deposited in some

particular part, as in the testicles or seminal vessels. This fluid extract of

the male, when mixed with that of the female, the similar particles, possess-

ing a penetrating force, unite and form a small organized body like one of

the two sexes, and no more than expansion is wanting to render it a similar,

individual, which it afterwards receives in the womb of the female.

In commenting on Buffon 's views, Darwin stated, ^*If

Buffon had assumed that his organic molecules had been

formed by each separate unit throughout the body, his

view and mine would have been very closely similar."

It is interesting for us to note that as late as 1883 Wil-

liam Keith Brooks accepted the hypotheses of both Dar-

win and Buffon. From his ''The Laws of Heredity,"

p. 85:

The mode of origin and transmission of the gemmules is essentially like

Darwin's conception, and we must acknowledge that Buffon 's view of the

part played by his organic molecules was very near the truth.

The hypothesis of pangenesis is, of course, far older

than the work of Spencer, Bonnet or Buffon. Indeed,

it is found, fully developed, in the very earliest scientific

*^»»

y^*

contributions of the Greeks, in the works of Hippocrates

and Democritus. Aristotle examined the doctrine care-

fully and discarded it, but four hundred years later, at

the time of Galen, it had become firmly imbedded in medi-

cal literature. It was accepted by the early church

fathers, the medieval scholars and the naturalists of the

sixteenth and seventeenth centuries. Attention has fre-

quently been called to the fact that Hippocrates, De-

mocritus and Aristotle knew of pangenesis,^ but the bi-

ologists of to-day do not seem to have realized how com-

pletely and exactly the ancient philosophers visualized

the problem or how clearly they discussed the principles

involved. Ernst Haeckel's somewhat superficial judg-

ment has been widely accepted. In ''The History of

Creation" (Vol. I, p. 78—Ed. of New York, 1896) he

stated, ''We have therefore no special occasion to ex-

amine the natural theories of development of the various

Greek philosophers, since they were wanting in the

knowledge gained by experience, both of organic and

inorganic nature. '

'

This statement of Haeckel's is little more than a

justification for intellectual inertia. Its essential super-

ficiality is shown by the fact that it contains a tacit as-

sumption that Haeckel's OAvn theories of development,

and those of his contemporaries, were founded upon

knowledge gained by experience. Haeckel was a con-

vinced Lamarckian and the inventor of the biogenetic

law.

If we were to search the works of Hippocrates for a

statement of the pangenesis hypothesis we would natu-

rally look first in his book "On Generation." There, in

the very beginning (Number 1, 3), it is stated that the

sperm comes from the whole body. These passages il-

lustrate exceptionally well how little the ancients knew

of anatomy:

6 By Brock (1888), Thompson (1889), Osborn (1894), May (1917),

Stiebitz (1930) and Krumbiegel (1933) among others. To the best of my

knowledge, however, no complete collection of the pertinent excerpts has

ever appeared in English. The medieval discussions seem to have been

missed entirely.
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1. Law governs everything. The sperme of man comes from all the

humors which are in the body, and it is the most active part which separates

off. Here is the proof: after coition, the evacuation of such a small

quantity of semen renders us feeble. The disposal is thus: veins and

nerves run from the whole body to the genital parts; rubbed, warmed, and

full, a longing occurs which gives pleasure and warmth to the whole body.

The humors grow warm in the body with the friction of the genitals and

their movement. They dilate and are stirred by the movement, and become

frothy just as all liquids become frothy when agitated. In this manner,

in man, the sperm separates itself, the humor becomes frothy, the most ac-

tive and most corpulent part collects in the" dorsal marrow; in effect it

collects there from the whole body, the brain particularly discharges into

the loins, and into the marrow, which, in its turn, is supplied with efferent

veins in order that the humor may both flow there, and later leave. The

sperm, once it has arrived in the marrow, passes along the kidney; for that

is where the channel is through the veins; and in case of ulceration of the

kidneys, evacuated with the semen. From the kidneys, the semen proceeds

to the thousands of parts of the testicles and to the genital member, not by

the urinal tract but by an other particular tract (ejaculatory ducts) which

is close by.

3. I say that the sperm comes from the whole body, from the solid parts

as well as from the soft parts and from all the humors which are in the

body.

Hippocrates comes much closer to pangenesis in a brief

statement in the book known as **The Sacred Disease":

As the seed comes from all parts of the body, healthy particles will come

from healthy parts, and unhealthy from unhealthy.

A still better description of pangenesis occurs in a

short paragraph in **Airs, Waters, Places" (XIV).

Here Hippocrates states the essential presuppositions

upon which the hypothesis of pangenesis is based, and he

uses the hypothesis to explain how acquired characters

could be inherited. The following passage shows how

completely Darwin was forestalled in 400 b.c.

... I will begin with the Longheads. There is no other race at all with

heads like theirs. Originally custom was chiefly responsible for the length

of the head, but now custom is reinforced by nature. Those that have the

longest heads they consider the noblest, and their custom is as follows. As

soon as a child is born they remodel its head with their hands, while it is

still soft and the body tender, and force it to increase in length by applying

bandages and suitable appliances, which spoil the roundness of the head

and increase its length. Custom originally so acted that through force such

a nature came into being; but as time went on the process became natural,
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so that custom no longer exercized compulsion. For the seed comes from

all parts of the body, healthy seed from healthy parts, diseased seed from

diseased parts. If, therefore, bald parents for the most part bald children,

grey-eyed parents grey-eyed children, squinting parents squinting children,

and so on with other physical peculiarities, what prevents a longheaded

parent having a long-headed child? At the present time lorig-headedness is

less common than it was, for owing to intercourse with other men the custom

is less prevalent.

Hippocrates' doctrine of the inheritance of acquired

characters and of the mechanism which transmitted them

is really the same as Darwin's. The slight differences

between the two are apt to be magnified, however, by our

reading our own twentieth century conceptions into Dar-

win's work. Darwin never pictured his gemmules as

hormones or other organic compounds which merely col-

lected in a germ-plasm which was itself continuous from

one generation to another. The gemmules were sup-

posedly the primordia of cells. Then too, Darwin's con-

ception of the role of the semen in fertilization was very

crude. He considered very carefully the theory that the

foetus was developed from an egg impregnated by a

single spermatozoan and he discarded it entirely, for

he believed that the whole semen was the fecundating

substance and that the foetus would resemble the father

or the mother in proportion to the amount of material

each contributed to its formation. Thus he supposed that

a large discharge of semen tended to make the resulting

child resemble its father. Moreover, Darwin went so

far as to accept telegony, and he even thought that the

female herself was altered specifically by the semen she

received from the male (' 'Animals and Plants under

Domestication," Ch. XI), as gemmules supposedly could

migrate from the germ-plasm into the body as well as

in the reverse direction.

Democritus' description of pangenesis was in a work

which has been lost, but we know of his contribution

through a short passage quoted by Plutarch. This is

included in the collection of Plutarch's works known as
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the ''Morals." The work in question is ''De placitis

philosophorum. " From Book V, Chapter 3:

Democritus (says) that it (semen) proceeds from all parts of the body,

and chiefly from the principal parts, as the flesh and muscles.

On the other hand, Aristotle utterly rejected pan-

genesis, after considering it seriously and arguing the

matter pro and con in the approved a priori manner of

his time (''De gen. animal.," I: 17, I: 18). In favor of

pangenesis he urged (1) the intense pleasure of coition,

pleasure felt by the whole body; (2) the alleged inheri-

tance of mutilations; (3) the resemblance of young to

their parents, part for part; and (4) the reasonableness

of the supposition that, as the whole arises from some

primordium (the semen), each part should have a seed

peculiar to itself. The arguments against pangenesis

seemed the stronger, however, and he rejected the doc-

trine. He held that the resemblance of children to their

parents was no proof of pangenesis, for they resembled

their parents in hair, nails, voice, movements, etc., which

of course could produce no gemmules. He also gave

many additional reasons for rejecting the doctrine, but

as they are practically meaningless, they need not be

repeated here.

In spite of Aristotle's opposition the belief in pan-

genesis continued to flourish, particularly in medical

literature. It is definitely indorsed in ''An animal sit id,

quod in utero est," a book which has generally been

ascribed, though probably falsely, to Galen (130-200

A.D.) From chapter 2:

When a child is in the uterus, it should show the behavior of an animal,

just as Hippocrates of the tribe of the Asclepiades says . . . ; for he sets

up as his first definition the derivation of the animal from the whole body

since he does not see how otherwise it would be able to appear complete un-

less he could believe that the animal is generated by the whole. He says,
*

' The seed comes from every part of the body, the healthy from the healthy,

but the diseased from the diseased.'' He said that from the sum of all

the parts, the whole was produced: (and he was wrong only in calling the

foetus an animal, so that he disparaged the judgment of those who said the
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opposite; namely that those things which were mutilated have not been

perfected or completed). For since he was unwilling to doubt that it was

an animal, he said indeed that healthy bodies place aside a perfect seed,

whole in this way, namely, that they lack nothing in substance: but bodies

which are impaired place aside a seed with a defect. . . . Rightly therefore,

according to Hippocrates, will that animal which is in the womb be said to

be fertile in that it is produced from the whole and is offered the strength

of the whole. But, he not only declared that the animal is derived from the

very whole, but he also showed that the primordia have the same potential-

ities as the whole of those from whom it has taken its roots. . . .

The early fathers of the Christian Church likewise

had occasion to discuss the origin of semen. The theo-

logical problems of original sin and the second birth

could often be explained more easily to the Pagans if

similes from natural history' were used. Consequently

many works of religious propaganda contain unexpected

records of the current biological beliefs. While opinion

concerning the nature and the point of origin of the

semen was far from unanimous, the majority of the

writers seemed to favor the view that it was produced

from the whole body.

Clement of Alexandria, who probably wrote most of

his books between 193 and 211 a.d., suggested indirectly

in the ^'Instructor" (Book II, Chapter XI) that the seed

was produced from the whole body, although the passage

in Genesis which he quoted refers to the production of

Eve from Adam's rib. He stated:

For he says, '*Now this is bone of my bones and flesh of my flesh.*'

Therefore man is drained of seed as is shown by the body, for that which

is produced (by the body) is the beginning of generation; nay, merely the

bubbling out of material confounds, weakens and agitates the structure of

the body.

Lactantius (260-340 a.d.) evidently considered the

question but could come to no decision. From ''The

Workmanship of God," Chapter XII:

But that the right part contains the masculine seed, the left part the

feminine ; and altogether, in the whole body, the right part is masculine but

the left feminine. Certain ones think that the seed itself comes only from

7 St. Augustine, ^'Marriage and Concupiscence," I: 21, 1: 37, etc.

^1
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the medulla, and certain ones think that the seed flows to the genital vein

from the whole body.

St. Isidore of Seville indorsed the Hippocratic theory

of the origin of the sperm. He wrote **Etymologiarum"
some time between 622 and 633 a.d. From Book XI,
No. 1

:

A seed is that which, having been cast off, is taken up either by the

earth or by the uterus for producing either fruit or foetus. For there is a
liquid, formed from a mixture of the food and the body which diffused

through the veins and medulla and exuded as refuse, takes form in the

kidneys, and, having been ejected through coitus and received into the

uterus, is formed in the body by a certain heat of the internal organs and
by the irrigating of the menstrual blood.

The encyclopedists of the remarkable thirteenth cen-

tury seemed to have been almost as interested in the

origin of the sperm as were the biologists of the nine-

teenth. Bartholomew the Englishman (Bartholomaeus
Anglicus), who wrote between 1230 and 1240, indorsed
pangenesis. The following excerpt is taken from the

translation of John Trevisa printed at Westminster in

1495. Bartholomew's work was translated as **A11 the

proprytees of thynges." From Book VI, Chapter III:

The matere of ye chyld is matere seminalis, that is shcdde by werkynge
of generacon/ And comyth of all ye partyes of the fader & the moder/ fyrste

this matere is shedde in ye place of conceyvynge abrode. that is by the

drawynge of vertue of kynde heete/ for if the degeste blood of the fader &
moder were not medlyd togyder, there myghte be noo creacon nother shap-

inge of a childe. For the matere of blood ye comyth of the male is hote &
thycke/ And therfore for the grete thyckenesse it maye not sprede itself

abrode.

Vincent of Beauvais, following Aristotle, denied pan-
genesis (''Speculum naturalis" Book XXIII, Chapter

35, 1244-1254 a.d.), but St. Albert the Great was con-

vinced that the semen was produced by the entire body
and he described its production both in ''De Animalibus"
and ''De Nutrimento," written probably around 1254-

1256 A.D. From ''De Animalibus," Book 3: Tract 2:

Chapter 8 : No. 15

:
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Hippocrates of Cos said, however, that all sperm descends from the head

through two veins which he calls spermatica. They are continued behind

the ears in the nape of the neck where the upper part of the neck joins the

head and finally they lead to the kidneys and therefore pleasure is also

felt in the kidneys. At last they come to the genitalia, and he says there is

proof of this in that certain ones having been wounded in war even to the

breaking off of these veins suffer sterility and can no longer produce sperm.

Galen said however that he didn 't know whether what Hippocrates says was

true or not : but he said a propos of this idea that it was more probable that

the sperm, which was the ^^superfluous'' of the fourth digestion, exudes

from all members of the body but especially from the head and receives by

chance a mixture in the head for it is completed there more quickly, because

in the head are the more noble forces of the soul. However, the '

'
porous-

ness'' of similar members, the semen is lowered and is attracted by the

testicles, just as blood is drawn by ''ventosa," and in the testicle it is

whitened and receives a further refining the virtue of which comes from the

heart, and then it is complete for generation, just as we said in the other

(cases). There is proof that it exudes from all members of the body be-

cause it has the potentiality of forming the whole body: and we see in

many animals a member lacking at birth which was deficient in the generat-

ing forces. Aristotle seems to believe that women may not have sperm and

I think this is true ; but this will be discussed in the following.

In the following extract from **De Nutrimento, " St.

Albert definitely anticipated de Buffon. From Book I

:

Tract 2 : Chapter 2

:

Therefore as a result of these demonstrations it seems that the seed is

taken from nourishment which is sufficiently expanded by the soul. That

which is not sufficiently assimilated, however, is not sufficiently dispersed.

And therefore it is neccesary that there be a cutting off of the seed by

the final digestion of nutriment before it is united to the body. This oc-

curs, however, when the fourth digestion has been completed in itself. And

therefore Aristotelian philosophers say that the seed is the superfluity of

food (left) after the fourth digestion and taken from the whole body and

particularly from the head : indeed from the whole body because it is entire

in potentiality and because it can produce every member. However, it comes

down more from the head than from any other single member ;
on account

of this, namely, the fact that the soul houses itself in it not as the first im-

pulse of the body, but as an artificer fashioning for himself a dwelling

place. And because the properties which separate the animate from the

inanimate, that is, movement and sense, are in the head, and therefore it

comes down particularly from the head. Moreover, a proof of this is the

fact that workings of the brain are greatly weakened by much coition: and

a further proof is that if certain veins next to the temples, which are called

spermatical, are broken, no more sperm is produced.

Moreover, the seed having been thus released from the whole body as

Constantino says, it follows two special veins through which it descends to

hy



436 THE AMEBICAN NATURALIST [Vol. LXIX

the testicles, which two veins opened through the heat caused by the friction

of coition emit the seed in coition. This indeed is not probable. For, since

it is necessary for the seed to be cut ofP from the whole body, it is neces-

sary for these two veins to terminate at all the members. Moreover, up to

now, since the start of the veins is from the heart or from the liver, it is

fitting that first there be an overflowing and the seed ought to distill to the

seminal vessels, which indeed does not seem probable as is shown by experi-

ments. And therefore this is more probable that the seed diffuses through

the ^ * porousness '
' of the body and is drawn by the testicles just as ^^at-

trahit ventosa, '' and just as nutriment is carried to the members, as

Aristotle said. The temperature of the body having been excited by
coition; and the pores are opened so that the seed descends, which when it

has descended, receives the formative virtue in the testicles, which virtue is

present in these testicles, and this formative virtue is in the heat and the

substance of the seed and is retained in the sperm through the very viscosity

of the sperm. Moreover, this formative virtue is called *^the life of the

sperm'': for the reason that it has the same principle as the soul.
•

No treatment of the pangenesis hypothesis could be

adequate which left out the work of St. Thomas Aquinas.

St. Thomas referred to the problem several times in his

^^Summa Theologicum, " but his real contribution is a

4,000-word essay in the second book of his ^^Commentum
in quatuor libros sentiarum magistri Petri Lombardi."
The essay is in Dist. XXX

;
Quaest. II ; Art. II, and bears

the title **Utrum semen decidatur ex eo quod generatur

ex alimento." No short selection from this work could

do the author justice, for the essay should be viewed as a

whole. St. Thomas examined carefully and skeptically

the earlier theories in the light of his own thirteenth cen-

tury knowledge and weighed very logically what evidence

he had. It is true that he sought to find in the semen
both a physical basis for the transmission of original sin

and a biological justification for a belief in the bodily

resurrection, but the greater part of the article is re-

strained and scientific. He preceded Darwin by just

a little over six hundred years. He also forestalled

Buffon as he traced the ultimate origin of the gemmules
to the organic particles assimilated as food. Indeed the

eighteenth and nineteenth century naturalists would
appear in a very different perspective if the thirteenth

century contributions were more available or better

known.
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In even a cursory search for possible descriptions of

pangenesis the writings of Peter of Crescentius would

be among those examined. In 1305, Peter wrote his

'^Opus ruralium commodorum," a work which remained

so popular that more than forty-five printed editions

were issued in six different languages before the middle

of the seventeenth century. Thirteen of these editions

are incunabula. Unfortunately, many of the later issues

were brought up to date by very careless editors and

translators and the order of the books and the arrange-

ment of the chapters were often scrambled. Since few,

if any, editions were indexed properly, collation is not

easy.

Pangenesis is described in a German edition issued as

''New feldt undt ackerbaw," Strassburg, 1602. This

description can not be ascribed to Peter himself, as it

seems to be lacking in many of the earlier editions.^ The

following passage is taken from Book III; Chapter 8;

page 166

:

The naturalists now state that the seed does not come from one or two

parts of the body, because it should then happen that only such parts

would grow from the seed as those from which the seed came, and the

creatures would not be the same as those created and governed by God.

One must admit this not only among human beings but also among the

irrational animals, for they are born (monsters and mis-births excepted)

with the measure of all the parts of their entire bodies the same as their

parents, except that they are small as are all new born creatures, which have

not yet grown, and it must necessarily follow that the seed must come out

of the whole body, that is out of all the members of the body.

George Valla (d. 1500) presented several different

theories of the origin of the semen, but did not choose

between them. From ''De rebus expetendis et fugien-

dis," Venetiis, 1501, Book XXI, Chapter 76:

What the Essentials of the Seed Are

Aristotle says that the seed is that which is able to form from itself and

produce something of the same kind, as that from which it had been created.

Pythagoras says that the fourth of the most useful blood is the seed, the

8 The writer was able to examine five other editions but could find nothing

which corresponded to this passage. These were (Latin) Argentiae, 1486;

(Italian) Vicenza, 1490; Venetia, 1542, 1553, 1564.
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excess of the food, as the blood and the medulla. Alcmaeon says it is a
part of the brain. Plato says it is the discharge of the moist medulla.
Epicurus says it is the tearing ofP of the soul and the body. Democritus
says that the seed is from the whole body and from the most potent parts
of the fleshy nerves which certain ones call hairy, other Greeks call them
little veins consisting of threads.

Franciscus Marius Grapaldus in '^De Partibus
Aedium/' Parma, 1506 (fol. 86), preferred to accept the
medulla as the place where the sperm was formed, but
Rhodiginus, his slightly younger contemporary, stated
that the semen came from the whole body in ''Sicuti
Antiquarum Lectionem,'' Venetiis, 1516. From Book
XV, Chapter 23

:

After that, the seed is located within the special place for forming a man,
which seed has flowed down from the whole body of the man, which (view)
I notice is pleasing to the most learned of the school of Plato, and this
seed had dragged with it the formative force from the spirit of man. Its
potentiality is such that in almost forty-five days on the first six days fol-
lowing milk is produced. A generative shell having been thrown around
the foetus from a very thin membrane such as in an egg, it becomes en-
closed by the outer skin: this is understood by doctors, nor did Hippocrates
keep silent concerning it in his book '^Concerning the Nature of a Child.''

Slightly later Paracelsus also stated that the semen
came from all the members of the body, and he described
its production in several of his many works written in
the second quarter of the century. Perhaps the most
complete description is in ^*De generatione Hominis."'
Haartmann quoted a very pertinent excerpt in his
''Paracelsus" (London, 1887). From page 63:

From this nerve-aura or liquor vitae, in the process of the generation of
man, the semen separates itself in a manner comparable to the separation of
the foam or froth from a fermenting liquid, or as the quintessence (the
fifth principle) of all things separates itself from the lower elements. This
semen, however, is not the sperma or the visible seminal fluid of man, but
rather a semi-material principle contained in the sperma, or the aura
seminalis, to which the sperma serves as a vehicle. The physical sperma
is a secretion of the physical organs, but the aura seminalis is a product
(or emanation) of the ' 'liquor vitae.'' It is developed by the latter in the
same sense as fire is produced out of wood, in which there is actually no

» This passage is in Volume II, page 289 of his ''Opera Omnia/' Genevae,
1668.

fire, but out of which heat and fire may proceed. This emanation or sepa-

ration takes place by a kind of digestion, and by means of an interior heat,

which during the time of virility may be produced in man by the proximity

of woman, by his thoughts of her, or by his contact with her, in the same

manner as a piece of wood exposed to the concentrated rays of the sun may
be made to burn. All the organs of the human system, and all their powers

and activities, contribute alike to the formation of the semen; and the

essences of all are contained in the liquor vitae, whose quintessence is the

aura seminalis, and these organs and physiological activities are reproduced

in the foetus out of this liquor. They are therefore germinally contained in

the seminal fluid that is necessary for the reproduction of the human or-

ganism. The semen is, so to say, the essence of the human body, contain-

ing all the organs of the latter in an ideal form.

The great mathematician and physician, Jerome Car-

dan (1501-1576), also concluded that the semen was de-

rived from the whole body. The following passage is

from his * * Contradicentum Medicorum," Book II: Tract

VI ; Contradict. XVII. In his ' * Opera Omnia, '

' Lugduni,

1663, it is on pages 641-642 of volume VI

:

This having been seen, we ask whether the seed is cut off from the

whole body? Hippocrates in the book concerning the semen says that in

the beginning the veins, arteries and nerves from the whole body extend

into the private parts and therefore, the most fertile liquid which is in

the whole body, comes first to the kidneys and then to the testicles until it

is emitted into the vagina in coition and for this whole reason, the whole

body experiences delight and in the end of the little book he says in the

section concerning mutilations that the weak part which pertains to the

mutilated members is spread abroad, and because of this it happens that

sometimes whole children are produced and sometimes mutilated children

are born from mutilated parents. Aristotle also in the fourth book of Prob-

lems asks why buttocks and eyes particularly suffer in sexual indulgence, and

he answers in reply that the eyes are distended because either the seed itself

or something in it is sent out from the brain and thus he thinks that the

seed is taken from the brain and from other parts, since this more clearly

marks out the reason why sexual indulgence delights so much. For he says

that the seed either is cut off from the whole body as certain of the ancients

thought, or at least the veins from the whole body and all the avenues of

sensations in the body extend into that part from which it comes. He

firmly declares this when he shows why a man is particularly weak from

intercourse, he says because the seed comes from the whole body, other-

wise, it would be necessary that some parts suffer nothing at all which is a

view opposed to experimental evidence. Avicenna also has these views: and

it seems to me that the seed is not from the brain alone, but the source of

this seed is from every principal member and it even exudes from other

parts, nor is the whole seed from the brain itself although it is prepared

in the brain, and although he seems to assign to Hippocrates what he
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thought, namely that the seed is cut off only from the brain, he did not dare
to announce this. And rightly, for Hippocrates (since the authority pro-
duced above seems to be from the Greek writing of Polybius) in his book
concerning Air and Water says, while he is writing concerning the people
of Pontus, that the seed comes from all parts of the body, and therefore
bald children arise from the bald. In the second book concerning the
Generation of animals, the Philosopher says that the seed itself contains in

potentiality all parts of the body and is set in motion by that force by which
the whole body is enlarged. Besides the two reasonings deduced from
Hippocrates we bring others, for, as is shown, the whole body of an animal
is injured by castration, and this would not occur unless the testicles could
not longer carry the strength into the whole body; however, there is no
strength unless there is a drawing together of the seed, for the seed is

blended with the nourishment of the members when it is drawn off, and it

transforms and injures all the members themselves (when it is drawn off),

therefore it must necessarily be derived from the whole body. Again, it is

necessary that everything which is such in potentiality be from something
which actually is such in fact.

The Dutch physician, Levinus Lemnius, used the pan-
genesis hypothesis to explain the heritability of disease.
From '^ Occulta naturae miracula," Antwerpiae, 1561,
Book I, Chapter 4

:

Seeing that the seed flows from the principal parts, and contains in it the
force and nature of all the members, it comes to pass that what disease is

in any part, descends by right of succession to the children.

Book I, Chapter 9 :

Wherefore there are two things especially that perfect copulation, and
that help to beget Children: First, the genital humour which proceeds partly
from the brain and the whole body, and partly from the Liver, the fountain
of blood. Then the Spirit that comes by Arteries from the Heart, by force
whereof the yard is erected, and growes stiff, and by the force whereof the
seed is ejected. . . .

Nicolas Venette indorsed pangenesis in his discussion
of animal hybridization and the production of monsters.
From '^La generacion de Phomme on tableau de Pamour
conjugal, '

' Amsterdam, 1687, page 538

:

It is therefore easy to recognize the cause of monsters, without giving
myself the trouble of pointing it out ; because if it is true, as I have proved
elsewhere that the seed is given life and that it comes from all parts of
the body of the two sexes as experience shows us, it seems to me that it is

no longer necessary to discover the immediate cause of the inclinations
and of the form of the body of monsters.

if!

<r fit

John Ray first published '

' The Wisdom of God Mani-

fested in the Works of Creation" in 1691. Like many of

his predecessors he used the hypothesis of pangenesis to

explain the hereditary transmission of characters

:

Yet it must be confessed that the Seed of Animals is admirably qualified

to be fashioned and form'd by the PlasticTc Nature into an organical

Body, containing the Principles or component particles of all the several

homogeneous Parts thereof; for indeed every part of the Body seemsi to

Club and contribute to the Seed, else why should parents that are born blind

or deaf or that want a finger or any other Part, or have one superfluous,

sometimes generate Children that have the same Defects or Imperfec-

tions? . . .

With Peter Louis Moreau de Maupertius we return to

the eighteenth century and to contemporaries of Bonnet

and Buffon. Maupertius endorsed pangenesis in his

'^Svsteme de la Nature." The following passages are

from his collected work, ^^Oeuvres," Lyon, 1756 (Vol. II,

pages 159-164)

:

XXXIII

The elements adapted to form the foetus float in the seeds of the father

and mother animals : each extract of the part, similar to that which it is to

form, maintains a kind of souvenir of its original condition; and it will tend

to take it back again whenever it is able to form the same part in the foetus.

XXXIV

Hence, in ordinary order, the conservation of the species and the resem-

blance to the parents.

XXXV
If some elements are lacking in the seeds where they are not able to unite,

there are born monsters in whom some part is lacking.

XXXVI

If the elements occur in too great a quantity or if after their visual union,

some part remains uncombined it may unite itself to some other part and

there is born a monster with superfluous parts.

XXXVII

Certain monstrosities, perhaps by excess, perhaps by defect, perpetuate

themselves ordinarily enough from one generation to another, or even

through several generations. One knows of a family in Berlin where com-

monly the children were born with six fingers, which is transmitted as

much by the father as by the mother. This phenomenon of which one will

find several examples if one hunts them, is inexplainable in either one or

the other of the two systems on generation now universally accepted; or
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rather it reverses absolutely both of these systems, the one which supposes
the child formed entirely within the father, and the one which supposes
the child formed entirely in the egg of the mother before the copulation of
the two sexes

:
because if either one or the other of the systems is true,

if we shall have observed numbers of generations of six-fingered individuals,'
each generation contained in the preceding, the monstrosity would have
to be heritable only through the father (according to the first system) or
only through the mother (according to the second system). In our case
there is not any difficulty: the first monstrosity having been the accidental
effect of some of the causes described in the preceding paragraph, the habit
from the situation of the parts in the first individual, makes them replace
themselves in the same manner in the second, in the third, etc., as long as
that habit is not destroyed by something else more powerful, maybe on the
part of the father, or on the part of the mother, or by something
accidental. ^

This brief survey of the descriptions of pangenesis
may very well end with a quotation from von Haller. It
is taken from his "Elementa Physiologie," Lausanne,
1778.

The head contains germs of the taU and the tail germs of the head so
that when one is cut off, the other furnishes a supply of germs and these
consequently receiving more nutriment are developed.

Summary
1. Lamarck was neither the first nor the most distin-

guished biologist to believe in the inheritance of acquired
characters. He merely endorsed a belief which had been
generally accepted for at least 2,200 years before his time
and used it to explain how evolution could have taken
place. The inheritance of acquired characters had been
accepted previously by Hippocrates, Aristotle, Galen ( ?),
Eoger Bacon, Jerome Cardan, Levinus Lemnius, John
Eay, Michael Adanson, Jo. Fried. Blumenbach and Eras-
mus Darwin among others.

2. If we wish to trace the history of evolution, we
should search for naturalists who lived before Lamarck
and who did not believe in the inheritance of acquired
characters. Brock listed but two, (1) the unknown editor
of Aristotle's "Historia Animalium," and (2) the phi-
losopher, Immanuel Kant.

3. The dogma of the immutability of species met with
general acceptance only late in the eighteenth and early

in the nineteenth century. Botanists from the time of

Theophrastos to the time of Linnaeus believed in "de-

generation." "Degeneration" did not then have its

modern meaning, but was synonymous with De Vriesian

mutation. Belief in degeneration was not incompatible

with belief in special creation, as its effects were sup-

posed to be neither orderly nor cumulative.

4. In order to understand what Charles Darwin meant

by his provisional hypothesis of pangenesis, it is neces-

sary that we do not give to the terms he used the mean-

ings which they acquired during the twentieth century.

Darwin's conception of the germ-plasm was not the one

currently accepted. He considered the theory that the

foetus was produced from an egg fertilized by a single

spermatozoan but rejected it. He believed that the whole

semen was a fertilizing substance and that the foetus

resembled the father in proportion to the amount of

semen ejaculated in coition. Furthermore, he believed

in telegony and in the specific influence of semen upon the

mother's body.
r, v p

5 The hypothesis of pangenesis is as old as the beliet

in the inheritance of acquired characters. It was en-

dorsed by Hippocrates, Democritus, Galen(?), Clement

of Alexandria, Lactantius, St. Isidore of Seville, Bar-

tholomeus Anglicus, St. Albert the Great, St. Thomas of

Aquinas, Peter of Crescentius (?), Paracelsus, Jerome

Cardan, Levinus Lemnius, Venette, John Ray, Buffon

Bonnet, Maupertius, von Haller and Herbert Spencer. A

careful search of our available records should add a

number of names to this list.
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