University of Louisville

ThinkIR: The University of Louisville's Institutional Repository

Electronic Theses and Dissertations

5-1966

The systematics and ecology of the Characeae (Nitella and
Chara) of southwestern United States and northern Mexico.

Donald R. Tindall
University of Louisville

Follow this and additional works at: https://ir.library.louisville.edu/etd

Recommended Citation

Tindall, Donald R., "The systematics and ecology of the Characeae (Nitella and Chara) of southwestern
United States and northern Mexico." (1966). Electronic Theses and Dissertations. Paper 1443,
https://doi.org/10.18297/etd/1443

This Doctoral Dissertation is brought to you for free and open access by ThinkIR: The University of Louisville's
Institutional Repository. It has been accepted for inclusion in Electronic Theses and Dissertations by an authorized
administrator of ThinkIR: The University of Louisville's Institutional Repository. This title appears here courtesy of the
author, who has retained all other copyrights. For more information, please contact thinkir@louisville.edu.


https://ir.library.louisville.edu/
https://ir.library.louisville.edu/etd
https://ir.library.louisville.edu/etd?utm_source=ir.library.louisville.edu%2Fetd%2F1443&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.18297/etd/1443
mailto:thinkir@louisville.edu

UNIVERSITY OF LOUISVILLE

The Systematics and Ecology of
the Characeae (Nitella and Chara) of Southwestern
United States and Northern Mexico

A Dissertation
Submitted to the Faculty
Of the Graduate School of the University of Louisville
In Partial Fulfilluent of the
Requirements for the Degree

of Doctor of Philosophy

Department of Biology

By
Donald R. I‘?indall

1966



Name of Student: Donald R, Tindall

Title of Dissertation: The Systematics and Ecology of the
Characeae (Nitella and Chara) of
Southwestern United States and

Northern Mexico

Approved by the Reading Committee Composed of the

Following Members: / (
/i,

Name of Directors ﬁ/m% KZOW%)O/



ACKNOWLEDGEMENTS

The writer gratefully acknowledges Dr. Arland Hotchkiss for his
invaluable assistance throughout the course of this study and for his
untiring efforts expended toward the preparation of this manuscript.
I also wish to express my appreciation to Drs. James E. Conkin, W,
Stanley Davis, Louis A. Krumholz, and Roger G. Lamber'b' for their
valuable criticism of the manuscript; to Drs. James E, Craddock and
W. L. Minckley for assistance in the field and for collection of
specimens during the course of their own research endeavors; to Drs.
C. Fred Bryant, Gerald A. Cole, loren G. Hill, Melbourne Whiteside,
and C. T. Roghson, New York Botanic Garden, for supplying valuable
specimens; and to Takashi Sawa for his assistance in all aspects of
the study, especially in respect to many stimulating discussions on
the Characeas. To my wife, Patricia Manco Tindall, I offer special
thanks for encouragement and asaistance through all phases of the
study. This study was supported in part by National Science Foundation
Grants G-13261, G-19449, GB-2698.



TABLE OF CONTENTS
INTRODUCTION ....... Ceeeeeereaeae ceenes e tteecieaaaes ceseeees 1,
MATERIALS AND METHODS ..v.ivenecvenecnns et eesaeceecaceanns S -
KEY TO GENERA OF CHARACEAE ....... S PR veee 7
KEY TO SPECIES OF NITELLA ..vvevvenncnanansannnse e raaaaens . 8.

NITELLA MISSOURIENSIS +.vuueeruisroneeescsonsoscosoasanossnnnns 13.

NITELLA MIRABILIS ......... e eaneenn e teteeeerennas 1

NITELLA HOTCHKISSII ....... teestveesnoananoa B 2 1

NITELLA ACUMINATA ...t ireiinnncrnnnsonnnnonns sseseans ceeee. b5,

NITELLA CLAVATA ....v.vtneenvncrnnnnnn Cerreeraann ceresas ceeees 59,

NITELLA OLIGOSPIRA +vvveveeeceonasocassonnnnnsssssennnnnnnsases 66,

NITELLA TENUISSIMA ...cevtinvvennonsnncanns ceseseenas cereeaes oo 75

NITELLA GRACILIS SPECIES GROUP ...vevenesenssnsosoonnosnonooss 79.

NITELLA HYALINA e eenocenoeennnonsosonanoannnsans ceeeess.. 106,

KEY TO SPECIES OF CHARA ......... Ceeeveccstesenecrnnen ceeveees 117,

CHARA BRAUNII ...uicuiievnsornsnsonasssonorocnnoonns cesersennn . 120.

CHARA HYDROPITYS vivivereeorooososonnnansannansnns Ceeeseneeaes 134,

CHARA HORNEMANNTII ......ocvvieeeccnracnnnns N L1

CHARA ASPERA v©o'v'vveeensnse teseosesesecessesseascsesseessanesesss 156,

CHARA LEPTOSPERMA ....cevvvvvnrnnens U I Y-8

CHARA GLOBULARIS vvveveeesessonnonsnonness Ceeereeene ceeeeeass 169,

CHARA SEJUNCTA ....... t et e enrecesstaearesanesasenasereaanensesss 183,

CHARA DROUETII ....cuivveerncennnsooanocnnonnsaonocanas ceeeenss 190,

CHARA CIENEGAENSIS ...... e ceeeeraree s e teeieeeeseaneses 104,

SUMMARY AND DISCUSSION ¢.'vvervvecvnoonneas Ceeereaeas ceeesseess 198.
LITERATURE CITED (vvivnvevenn T, et eececerasesassseansass 219,

APPENDIX ....... ® 9 * 0 6 0 8 8 0 0 s e * 6 B 5 ¢ 0 0 s 9SS PSSP e e E s 227.



INTRODUCTION

General.--The Characeae is the only extant family of an ancient and
wique group of nonvascular aquatic plants which are c1a§sified as a
separate division, the Charophyta (Groves and Bullock-Webster, 1920;
Zaneveld, 1940; Imahori, 1954; Bold, 1957; and others) or as a separate
class in the-Chlorophyta (Fritsch, 1944; Smith, 1950; Wood and Imahori,
1965; and others). Charophytes, like many green algae, are relatively
simple haplobiontic plants with zygotic meiosis. However, their complex
sexual apparatus, characterized by gametangia enclosed within several
sterile cells, distinguishes them from all green algae. The basic
morphological features of the genera Nitella and Chara are described and
illustrated in this paper. Readily accessible texts which summarize
earlier works on the life history of these plants include Fritsch (1935)
and Smith (1950, 1955).

The Characeae is comprised of at least six extant genera, of which

Nitella and Chara contribute all but a small pércentage of the species.
Ancestral forms of Charophyta date back in geologic time to the Devonian,
but forms approaching the modern types experienced their greatest prolif-
feration in the extensive freshwater lakes of the Lower Jurassic (Peck,
1957). Horn af Rantzien (1959) concluded, on the basis of comparative
morphology of fossilized fructifications and those of modern forms, that
the two main groups of the Characeae (the tribes Nitelleae and Chareae,
to which Nitella and Chara belongﬁrespectively) have probably had a
long independent history, possibly extending back into the Middle--~Upper
Jurassic.

Species of Characeae are distributed throughout the world, some occur
on every major continent, others are limited to single or adjoining con-

tinents, and still others display varying degrees of endemism (Wood and
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Imehori, 1959). The majority of the species occur only in freshwater,
whereas some appear to be restricted to brackish waters. Only a few
species are capable of inhabiting both fresh and brackish waters.
Charophytes are well known as early inhabitants of newly formed ponds,
ditches, reservoirs, etc. However, in these new habitats the charophytes
may rapidly give way to other aquatic plants. Intermittent pools, ponds,
ditches, and*margins of lakes characterized by marked fluctuations in
water level offer suitable habitat for species capable of withstanding
periods of desiccation. Lakes, rivers, and permanent streams appear
more suitable for the maintenance of permanent and in some instances
perennial populations of charophytes.

Problem.--Although the great plasticity of species of Characeae has
been noted by many authors, our understanding of these plants remains based
for the most part on descriptions of single specimens with little regard
for variation., At the onset of this study our knowledge of the Characeae
of Southwestermn United States and Mexico was limited to descriptions
or mere records of single specimens obtained from various widely scattered
habitats. An array of species had been briefly described which drastically
needed clarification., No ecological data were available and no distri-
bution patterns had been formulated that could be correlated with such
information obtained elsewhere in North America and other continents.
Finally, the abundant charophytic flora of this region had not been
examined cytologically, a step necessary before final interpretations
could be made regarding such studies carried out on charophytes from
other areas of North America.

The scope of this study includes (1) collection, (2) determination,
and (3) general analysis of variations in morphology as related to

taxonomy, ecology, distribution, and chromosome numbers of the speciese.
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All the species treated here are represented by one or more collections
made during the present study. Species previously:recorded from the area
but not observed during this study are included only in the keys. In
certain cases, species of doubtful taxonomic value are incorporated
into other species complexes or are omitted for lack of sufficient data.
Specimens from the study area are sometimes compared with those examined
from elsewhere in North America. Type specimens of previously established
species discussed in the text were not examined but comparisons are made
with original descriptions and illustrations. Two of the more complex

species groups, Chara vulgaris and C. zeylanica (except sejoined types),

are treated only briefly in the appendix.

Study area.--Southwestern United States as delimited here includes
Oklahoma, Texas, New Mexico, and Arizona (Fig. 1). Areas in northern
Mexico examined for charophytes include portions of Tamaulipas, Vera Cruz,
Nuevo Leon, San Luis Potosi, Coahuila, Chihuahua, Durango, Sonora, and
Sinaloa (Fig. 1). Collections and literature records of some species
are cited from neighboring states. The study area is characterized by
very heterogeneous physiography. Certain types of habitat capable of
supporting charophytes have yet to be examined. The major physiographic
features and associated limmological characteristics of the American
Southwest and Middle America were outlined and discussed by Cole (1963).
In the present study the distribution of specimens is correlated only
generally with physiographic features. Until a more intensive survey
of the area for charophytes is completed, precise correlations can not be
made.

Iiterature.--Published accounts of the Characeae from the study area

are limited to taxonomic and floristic works. The first major study to
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include svecimens from the area was that of Braun and Nordstedt (1882).,

In a series of publications Allen (1882, 1888, 1892, 18935;_, 1893b, 1894a,
1894b, 1896a, 1896b, and 1900) reported species of Nitella and Chara, and
described several new species of Nitella from the vicinity of or in the
study area. Robinson (1906) presented a study of the genus Chara for
North America liberal in treatment, in which he described several new
species from this area. Zaneveld (1940) discussed many species from the
study area in connection with Malaysian charophytes. Wood (1948)
presented a complete review of the literature for species of Nitella from
North America. A similar study including all species of Characeae re-
pérted from Latin America (including Mexico) was presented by Horn af
Rantzien (1950). Of considerable importance also is Allents (1954) list
and discussion of the Nitelleae of North America. A complete compilation
of spegimens and literature for all known Characeae was recently presented
in a rather drastic revision of the group (Wood, 1962, 1964; Wood and
Imahori, 1964, 1965). Other works concerning charophytes from the study
area include Ophel (1952), McCleary (1957), Hevly (1961), Griffin (1963,
1965), Griffin and Proctor (1964), and Cole and Whiteside (1965). The
many publications of aquatic biological studies in the area that record
charophytes as simply '"Chara™ have been neglected in the present study.

The interpretation of species of Nitella and Chara presented in the present
text does not conform precisely with any single taxonomic work cited above.

Fach one has contributed to the formmlation of the treatment presented here.



MATERIALS AND METHODS

Collection and nreservation.--Collections of Characeae from the study

area were made by the writer in the company of various colleagues
(primarily A. T. Hotchkiss and W. L. Minckley) during a series of
expeditions: August-September 1960, March-April 1961, September 1961,
April 1962, January-February 1963, July-August 1963, and September 1964.
Specimens also were received from other biologists working in the area
(see ACKNOWLEDGMENTS and citation of specimens). The majority of specimens
were collected by hand but a dredge was used for obtaining plants from
deep waters. All specimens were preserved in 5 % formalin with traces
of copper sulfate, some were mounted on standard herbarium sheets and
will be distributed as exsiccatae. Material for cytological examination
was fixed in 3:1 absolute ethanol and glacial acetic acid at the time of
collection. All specimens examined during this study are housed in the
herbarium of the University of Louisville, but distribution to major
herbaria is planned.

Morphological observations.-~Examination of external morphological
features of mature specimens from the study area involved the measurement
and enumeration of most vegetative and reproductive structures. All
but the most conspicuous features of the plants were observed micro-
scopically. The only measurements that require clarification are some
of those made on the gametangia and oospores. Oogonial length includes
the height of the coronula unless otherwise stated. Measurements of length
and width of the oospore do not include flanged ridges or the basal cage.
Measurements referred to as D.E.A. in the descriptions and tables represent
the distance between the centers of two ridges at the equatorial axis
of the oospore.

Cytological observations.-~Chromosome numbers were determined from
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mitotically dividing antheridial filaments following preparation by the
aceto-orcein squash method. All chromosome numbers reported in this paper
are haploid and characterize both vegetative and reproductive structures.
The oospore apparently is the only diploid phase in the life cycle of these
plants.

Beological observations.--General observations made on the habitats
at the time of collection include substrate types, depths at which plants
occurred, turbidity, and light conditions. All of these features were
only estimated but records of substrate types and water depths are fairly
accurate. Waters were recorded as either clear or turbid and light
conditions as referred to here simply represent open and/or shaded waters.

Hydrogen ion concentration (expressed as pH) was determined with a
Beckman, model 180, pocket pH meter. Total alkalinity (expressed as
mg/1 CaCO3) was measured using methyl purple as an indicator and
titrating with 0.02 N sulfuric acid. Total alkalinity is referred to
in the text simply as alkalinity. Carbon dioxide content (mg/l) was
calculated using pH and alkalinity data (Moore, 1939). Total chlorides
were determined using Hach Chloride Test Powder No. 398 and titrating
with 0.02 N silver nitrate. Temperature measurements were made with a

standard centigrade thermometer.
KEY TO GENERA OF CHARACEAE

The following is a key to the genera of Characeae known to occur
in the study area (also North America). Of the four genera included in
the key, Nitella and Chara are the only ones treated in the present study.
Tolypella has not been reported from the study area but was found during
this study to be quite common in March and April in Kansas; Oklahoma, and

Texas. One collection was made in Chihuahua, Mexico, by W. L. Minckley,
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May 1964. The only record of Nitellopsis from North America is a single
collection of N. bulbillifera Carl de Donterburg reported from New Mexico
by Tindall, Sawa, and Hotchkiss (in press).
la. Branchlets furcate, or monopodial with bilaterally projecting
rays, coronula of oogonium consisting of 2 tiers of 5 cells
each (Tribe NITELIEAE) « o o o o o o o o o o o o o 2
2a. Branchlets furcate, antheridia terminal at branchlet nodes;
oospore laterally compressede o+ o o o o o o o NITELLA
2b. Branchlets monopodial, antheridia lateral at branchlet
nodes or at base of whorl, oospore terete . . . TOLYPELIA
1b. Branchlets monopodial, divided into segments with whorls of
short l-celled laterals (bract cells and bracteoles) arising
from nodes, coronula of oogonium consisting of 1 tier of 5
cells (Tribe CHAREAE)e ¢« o o o « o o o o o o o o o 3
3a. Axes corticated or uncorticated, stipulodes present . . CHARA

3b. Axes uncorticated, stipulodes absent . . . + . NITELLOPSIS
KEY TO SPECIES OF NITELLA

The following key includes species of Nitella known to occur in
the study area. Species not examined during this study but included in
the key are N. praelonga Braun, N. mucronata (Braun) Miquel, N. asagrayana
Schaffner ex Nordstedt, N. anmularis Allen, and N. axillaris Braun.
These species have been reported on rare occasions from Texas and/or
Mexico. Data on these species were obtained from Wood and Imahori
(1964, 1965). However, those authors revised each of the above species
(see below). The limited number of species occurring in the study area
prevent the construction of a completely natural key. The arrangement of

species in the key does, however, indicate some general relationships.
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The species examined are similarly arranged in the text. Species

reported from the study area that are not included in the key, except

N. pyguaea, have been relegated to synonymy (see text).

la. Branchlets l-2-furcate, ultimate rays of branchlets l-celled . . 2

2a. Accessory branchlets absent, secondary branchlets present

or absent

[ ] * L & * L d L] L [ 4 o [ 2 [ ] L4 . L] L 4 ] 3

3a. Plants dioecious, mature antheridia more than 500 p in

diameter . . . ¢ o . . . . . . ¢« o . . l}

La.

Mature axial internodes less than 1 mm in diameter
coronula of oogonium deciduous, oospores 225-450 j
long ¢ o o e o o o o o o e o o o o 5
5a. Primary branchlets normally l-furcate; oospores
225-450 p long, membrane appearing smooth,
finely granulate, or minutely vermiferous,
ridges prominent o+ « o+ o o« o o o o o b
ba. Axial nodes of fertile heads with 2 (-4)
branches and (1-) 2 (-3) secondary branchlets
each, ultimate rays of primary branchlets
2-3 (-4), oospores 300-450 {t long.
o o o o o o o o o N, mlasouriensis
..6be Axial nodes of fertile heads with (3-)
5-7 (-8) branches and 2-7 secondary
branchlets each, ultimate rays of primary
branchlets (2-) 4-6 (7-), oospores 255-315 )
long « o s+ ¢ o o o ¢ No mirabilis
5b. Primary branchlets 2-furcate; oospores 225~
225 p long, membrane spongiform, ridges very

inconspicuous + o+ o+ o ¢ o o N, hobtehkissii
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4b. Mature axial internodes more than 1.5 mm in
diameter, coronula of oogonium persistent, oospores
510-620 t¢  long « o o ¢ o o o o o N, gg;ggg}
3b. PFPlants monoecious, mature antheridia less than 400 Mt
in diameter « + o 4 4 6 ¢ ¢ e o o e o o T
7a. Plants to 26 cm high, mature axial internodes less
than 1 mn in diameter, oospores 208-280 ¥  long
e o o o o ¢ o« o o o o o o N, acuninata
Tb. Plants sometimes to 200 cm high, mature axial
intermodes more than 1500 M in diameter, oospores
525-600 L long « + + + o« o . N. praclonga®
2b. Accessory branchlets present (simple), secondary branchlets
absent « + ¢ ¢ o ¢ e ¢ ¢ o o o o« o N, clavata
Branchlets at least partially 2 (-or more)-furcate, ultimate
rays of branchlet 2-or more-celled (including mucro) . « « o 8
8a. Accessory branchlets absent « « + « o+ ¢ ¢ o« o o o 9
Ga. Branchlets 3-<or more-furcate, ultimate rays of branchlets
normally elongate, fertile heads not formed . . .« . 10
10a. Mature axial internodes usually much more than 400 ¢
in diameter, branchlets normally long and spreading,
habit diffuse, antheridia 240-310 £¢ in diameter,
oospore membrane finely reticulate . + « o+ o 11

1lla. Oogonia solitary; oospores light brown, 240-280 s

long .« « o o« o &« o . o+ N.oligospira

1 Nitella cernua var. cernua (Braun) Wood. This variety has not been
reported from the study area but is known to occur in the West Indies
and northern South America (Wood and Imahori, 1965) and may eventually
be found in North America.

2
Nitella cernua var, praelonga (Braun) Wood. Reported from Vera Cruz,
Mexico, southern Texas, and South Carolina (Wood and Imahori, 1965).
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11b. Oogonia usually aggregate; oospores dark brown
to nearly black, 256-350 s long
...........I‘_I.nmcronataB
10b. Mature axial internodes usually much less than
400/0 in diameter, branchlets normelly short and
compact, habit moniliform, antheridia less than 200/0
in diameter, ocospore membrane granulate or beaded
reticulate o« o o o o o e s e o o e 12
12a. Ultimate rays of branchlets strictly 2-celled,
mature axial internodes less than ZOO/u- in
diameter, oospores with 5-6 inconspicuous
ridges .« ¢ o ¢ o+ o o o N, tenuissima
12b, Ultimate rays of branchlets 2-3 (-5)-celled,
mature axial internodes more than 200 4 in
diameter, oospores with 7-8 (~9) low but thick
ridges (NITELLA GRACILIS SP, GROUP) . . .13

13a. Mucus absent, simple tertiary rays
2-3—celled . + ¢ o o o o Taxon A
13b. Mucus present, simple tertiary rays
usually 3—h—c§11ed e« o o o o Taxon B
9b. Branchlets l-2-furcate, some ultimate rays of branchlets
characteristically very short forming a crown, fertile
heads formed « « ¢ o ¢ o o ¢ ¢ ¢ o o o o 14
14a, Plant$ less then 20 cm high, mature axial internodes
less than 500 s in diameter, oospore membrane densely
granulate ¢ ¢ ¢ o o o o o o e o o 15

3 Nitella furcata ssp. mucronata var. mucronata f. mucronata (Braun)
Wood. Reported from southern Texas by Braun and Nordstedt (1882).
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15a. Ultimate rays of sterile branchlets usually
short, fertile branchlets l-2-furcate, ocogonia
1 (-2) at a node, oospores 275-315 M

1°ng . . . . . . . . . g_. asagray anah

15b. Ultimate rays of sterile branchlets usually

elongate, fertile branchlets l-furcate, oogonia
2-3 at a node, oospores 250-285 M

long « « o o o o o o « N, annularis’
14b. Plants more than 25 cm high, mature axial internodes
usually mach more than 500 y 2 in diameter, ocospore
membrane reticulate . . . . . . N, g.z_illa.ris6
8b. Accessory branchlets present . . . . o . « N. hyalina

b Nitella gracilis ssp. gloeostachys (Braun) Wood var. asagraysna f.
asagrayana (Schaffner) Wood. Known only from the type locality near

San Luis Potosi, Mexico (Allen, 1896).

5 Nitella gracilis var. asagrayana f. annularis (Allen) Wood. Known
only from the type locality in W Chihuahua (Allen, 1894).

6 Nite translucens ssp. translucens var. axillaris f. axillaris
ZBrauni Wood. Reported from Mexico (Braun and Nordstedt, 1882).



NITELLA MISSOURIENSIS Allen emend. Allen
Figures 2-4

Nitella missouriensis Allen (1892:5).

N. missouriensis emend. G. O. Allen (1954).

N. montana Allen (1892:4).

N. blankinshipii Allen (1892:5).

N. occidentalis Allen (1894:166).

LITERATURE FOR THE STUDY AREA: Allen (1892), Wood (1948), Allen (1954),
and Hevly (1961). See also Allen (1894), H. and J. Groves (1911), Horn af
Rantzien (1950), Wood (1962), and Wood and Imahori (1964).

DESCRIPTION CF SPECIMENS (including 3 or more shoots from each
collection): Plants dioecious (male and female plants similar), (10-)
20-40 (~65) cm high, variable in habit but usually rigid with projecting
branchlets, not tufted, heads present but similar to expanded whorls,
light green to dark green, very lightly to heavily incrusted with lime
(in bands). Main axes 600'800.P in diameter; internodes on lower parts
of plants (4-) 6~8 (~14) em long, shorter on upper parts. Branchlets
not differentiated into fertile and sterile types but tending to form
heads when fertile, usually rather straight, rigid and projecting,
consistently 8 in a whorl but of two types: PRIMARY BRANCHLETS consis-
tently 6 (very rarely 5 or 7) in a whorl, elongate (sometimes appearing
stunted when plants are extremely fertile, especially in upper secondary
branches), mature ones quite variable in length, ranging from (ca. 1-)
2-5 (-8.5) cm long, l-furcate; ultimate rays l-celled, 2-3 (very rarely
4) at a node, very short to ca. 1/3 the length of elongate branchlets,
abruptly or gradually acuminate. SECONDARY BRANCHLETS consistently 2
(rarely 1 or 3) in a whorl, occurring opposite secondary branches and

slightly below and alternating with primary branchlets, shorter (sometimes
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Figure 2. Nitella missouriensis (64~9-8-5). A. Terminal whorls of

branchlets of mature female plant, X 5. B. Range of variation in

dactyl apices, X 66.






...15_'

Figure 3. Nitella missouriensis. A. Range of variation in dactyl
apices (61-4~4-3A), X 66. B. Dactyl apices (64-8-30-4), X 66. C.
Terminal whorls of branchlets of mature male plant (MCW 7-30-64),
X 5. D. Dactyl apices (MCW 7-30-64), X 66. E,
(64~9-8-6), X 66.

Dactyl apices
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Figure 4. Nitella missouriensis (62-4-R7-2). A. Terminal whorls of
branchlets of mature male plant, X 5. B. Range of variation in dactyl

apices, X 66.
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mich shorter) but otherwise similar to primary branchlets. Adventitious

branchlets not present. Branches consistently 2 (very rarely 3 or 4)
at a node. Gametangia--male and female on separate plants, most con;-
spicuous in terminal whorls of the main axes and secondary branches.
Oogonia sessile but sometimes appearing to be stalked, (1-) 2-3 (-4)

at a branchlet node, 465-675 P long (excluding coronula), 385-525 P
wide; coronula deciduous 40O-58 J high, 76-90 P wide. Oospores medium
brown to dark brown, 300-450 P long, 255-375 . wide; striae of 6 (-7 |
prominent ridges; D.E.A. 54-83 )1; membrane minutely vermiferous, appear-
ing finely granulate under low magnification, sometimes displaying a
markedly roughened coating which adheres to the outer wall with varying
degrees of persistency. Antheridia solitary and sessile at branchlet
nodes, sometimes appearing to be aggregate on a short stalk but are
actually solitary at branchlet nodes of a fully formed but very short
secondary branch, 675-945 P in diameter, 8-scutate. |

SPECIMENS EXAMINED: KANSAS: (62-4-26-3A) Shallow pool, Marais des
Cygnes Waterfowl Refuge, Area D, Linn Co., Kansas, D. Tindall, A. Hotchkiss,
and W, Minckley, April 26, 1962. (62-4-27-2) Roadside pond, U. S, Hwy.
166, 5.5 mi. E Caney, Montgomery Co., Kansas, D, Tindall, A. Hotchkiss,
and W, Minckley, April 27, 1962.

OKLAHOMA: (62~4~29-9) Shallow Pond (Kiamachi Mts.), 1.7 mi.

S. Snow, U. S. Hwy. 271, Pushmataha Co., Cklahoma, D. Tindall, A.
Hotchkiss, and W. Minckley, April 29, 1962.

TEXAS: (61-4-1-3) Onion Creek, SSE Austin, near Bergstrom Air
Base, Travies Co., 'I’exas, D. Tindall, W. Minckley, and J .‘Craddock,
April 1, 1961, (61-4-1-5 tent. det.) Near bénk, San Marcos Spring,

E San Marcos, Hays Co., Texas, D. Tindall, W. Minckley, and J. Craddock,
April 1, 1961. (61-4=4-3A) Rio Frio, below Upper Camp Area, Gamer
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State Park, N Gamer, Uvalde Ce., Texas, D. Tindall and W. Minckley,
April 4, 1961. |

ARIZONA: (6k=~8-30~4 and 64-8-30-5) large spring fed lake, 1 mi.
E Vernon intersection, U. S. Hwy 60, Apache Co., Arizona, D. Tindall
and A. Hotehkiss, Aug. 30, 1964. (64-9~8-6) Wilson Iake?(deep earthen
tank), 11 mi. W Green Jct., State Hwy 73, Apache Co., Arizona, D.
Tindall and A. Hotchkiss, Sept. 8, 1964. (64~9-8-5) Apache Cove Lake,
off State 'Hwy 173, 1 mi. N Lakeside, Navajo Co., Arizona, D. Tindall
and A, Hotehkiss, Sept. 8, 1964. (64~9=7=1) Small earthen tank, E side
of State Hwy 79, just S Schnebly Hill Road intersection (ca., 15 mi. S
Flagstaff), Coconine Co., Arizesma, D. Timdall and A. Hotchkiss, Sept. 7,
1964. (MCW 7-29-64) Upper Nesl Spring, at Jet. of Cape Royal and
Point Imperial roads, Nerth Rim of Grand Canyon, Coconino Co., Arizma;
M, C. Whiteside, July 29, 196ks (MCW 7-30-64) Small sink, 2 mi, N
Little Pleasant Valley lake, North Rim of Gremad Camyon, Ceconino Ce.,
Arizona, M. C. Whiteside, July 30, 1964.

CHIHUAHUA: (WM 939~A) Small dryisg peel of Rio Samta Maria,
5.8 mi. W, 1 mi. N Galeana, Chihuahua, Mexico, W. Minckley, May 29, 1964

TYPE LOCALITY: Springfield, Missouri {Allen, 1892).

DISTRIBUTION: Nitella mjgsouriensis s» st. and N. bl 8
are Jmown only from their respastive type localities in Missouri (Allen,
1892). The lnown distribution of N. meptana is limited to the two
localities in Montana cited in the original description (Allen, loc. cit).
Ritella eccidentalis was d,eswibad frem a single collection from lake
County, California but plants included under that name were recorded
from the West Indies (H. and J. Groves, 1911). Following.ihe bﬁad
interpretation of the species suggested by H., and J. Groves (loc. cit.)
and formally presemnted by Allem (1954), F. K. Daily (in Hevly, 1961)
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identified N. missouriensis from three localities in Arizona (Hevly &
Haskell, Schultz Pass cattle tamk, San Francisco Peaks, Coconino County,
June 29, 19584 Hevly & Haskell Crescemt .nd Big Iakes; Apache County,
July 12-15, 1958).

The known distribution of Nitella missouriemsis in or near the
study area is included in Figure 5. -The species is doubtlessly more
widely distributed than is indicated b); the present collections, but
‘in the study area the species population appears to be physiographically
geparated into two distinct segments. The species appears to be a
vernal form in south~central United States, whereas it is a common
sunmer form in thé westerm highlands., The localities of the species
in central United States were observed in marginal areas of regions
with higher elevations, namely the Ozark Plateau in Missouri and Oklshema,
and the Edwards Plateau in Texas.

ECOLOGY: Physicochemical features of the habitats—-Various data
ffom habitats supporting Nitella gaacuriensis are included in Table 1.
These data show a relatively wide rangs of environmental conditions
agsociated with the species but more precise sampling may have revealed
somewha’ different results. The species was seldom observed in any
great abundance, but the most extensive stands occurred in habitats
characterized by silty substrates and cool moderate'ly alkaline waters.
The largest specimens examined were taken from desp or heavily shaded
bodies of water. The species occurred in waters lacking ifree carbon
dieoxide, but in each instance the plants were quite mature and covered
with a heavy epiphytic flera, and appeared to be dying. This was
especially svident in the single Oklahoma locality found to support the
specles,

Plant cemmmities.--Nitella migsouriensis was observed on one
occasion in association with the closely related N. mirabilis (pond,



Fig. 5. Distribution of Nitella missouriensis

in the study area; ® localities examined during

the present study, A localities reported in the

literature.
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Table 1. Physicochemical features of habitats supporting Nitella missouriensis. *
Specimens  Locality Habitat Substrate Depth  Tur- Light Temperature pH Alk. - COp
(m) bidity air water

62~4-26-3% Kansas small pond silt 0.15=0.2 + open 3l.0 28.0 7.4 167 12.5

62=4=27=2 Kansas small pond silt- 0.30«0.6 O shaded 22.0 17.0 7.5 164 9.5
organic

62-4-29-9 Oklahoma small pond silt 0.15-0.3 + open 29,5 27.0 8.5 27 0.0

64-8-30=4 Arizona  spring-fed mud-sand- 0.20-0,3 O open & 26.0 16.0 7.5 102 6.0

lake silt shaded
64-9-8-6 Arizona large tank mud=-sand 2.00-3.0 + open 24.0 22.0 9.0 45 0.0
(surface)

64=9=8=5 Arizona large tank mud-sand- 0.30=0.4 ¢+ open 26.,5 24.5 B.2 129 1.0
silt

64~9-7=1 Arizona small tank sand=mud- 0.15«1.0 O open 23.0 20.0 7.85 109 2.0
silt

MCW 7-29-64 Arizona spring-fed — __ 20.0 8.8

pool
MCW 7=-30-64 Arizona  pond shallow 19.4 7.2

.

*See materials and methods for further explanation of ecological tables.
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Linn Co., Kansas, 62-4-26-3A). The small (heavily shaded) pond in
Montgomery County, Kansas (62-4-27-2), supported a small population of
well developed N, missouriensis. A small adjoining pond supported a
luxuriant stand of Chara contraria, Nitella missouriensis was the
only attached plant recorded from the pond in Pushmataha County, Oklahoma
(62-4~29-9), however, a massive growth of epiphytes nearly covered the
Nitella., A single sterile plant of N, migsouriensis was observed alongside
a single plant of Chara brauwnii in San Marcos Spring (Hays Co., Texas,
61-4-1~-5). The respective sections of Onion Creek (Travies Co., Texas,
61-4-1-3) and the Rio Frio (Uvalde Co., Texas) examined during this
study supported only a few sterile plants of Nitella missouriensis in
a'ssociation with rather large stands of N. graeilis and Chara contraria,

In the Western Highlands, Nitella missouriensis most frequently occurred
as a minor element of a rather extensive stand of charophytes. The
spring-fed lake in Apache County, Arizona (64~8~30-4), supported a
dense zone of charophytes composed prinecipally of Chara braunii but
also contained scattered isolated plants or tufts of C. globularis,
Nitella clavata, and N. missouriensis. The distribution of the latter
species‘in the zone was distinctly associated with small pockets of
cool water., These pockets apparently were areas of groundwater seepage.
A similar association, excluding N. clavata, was observed in the small
earthen tank in Coconino County, Arizona (64-9-7-1)., However, there
was a mixed association of more or less equal amounts of Chara braunii
and C. globularis, and a few scattered plants of Nitella missouriensis.
Apache Cove Lake (Navajo Co., Arizona, 64-9-8~5) displayed a similar
association but contained N. clavata in place of Chara braunii. The
three species occurred as small monospecific tufts randomly distributed

in the shallow waters around the northern edge of the lake. W. Minckley
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collected C. globularis and Nitella missouriensis in a small drying
pool of the Rio Santa Maria (Chihuahua, Mexico, WM 939-A). The most
sxtensive stand of N. missouriensis was observed in Wilson Lake
(Apache Co., Arizona, 64~9-8-6). The species formed a rather dense

bed in the deeper cemntral part of the lake. Elodea canademsis formed a

dense zome in the shallower waters around the entire lake. Nitella
missouriensis occurred in association with Potamogeton sp. in the two
localities in Cocomino County, Arizona examined by M. C. Whiteside.

MORPHOLOGY, CYTOLOGY, AND TAXONOMY: Specimens of Nitella missour-
iensis examined during this study were very consisteat in respect to
number amd character of branchlets, dactyls, and secondary bramches.
Marked variations were observed only in relative size of these structures
(Figs. 2-4). Such variation appeared to be correlated with environmenmtal
conditions. Plants from deep or heavily shaded waters were taller and
more robust tham those from shallower well-lighted waters. Plants
occurring in the latter situation were usually quite compact and more
fertile than those from deep or shaded waters.

Considerable variation im size of mature gametangia amd oospores
was observed among the specimens collected during this study (Table 2).
The most extreme variatiom in oospore size was observed in collection
62-4=29-9 from Oklahoma. The size and shape of oospores from those
specimens closely paralleled that recorded for N. mirabilis (Table 4)
but the specimens displayed a very distinct N. missouriensis vegetative
character. There is a possibility, based on distribution and morphelogy,
that these specimens represent a hybrid betwsen the two species. However,
the range of variatiom in gametangia and oospores im other collections of
N. missouriensis prevents such a conclusion at this time,

The marked variation in size of antheridia appears to be of little



Teble 2. K comparison of gemetangia and cospores of various specimens representing Nitelila missouriensis;
(A) present study, (B) literature. *
SPECIMENS OOGONTA CORONULA OOSPORES ANTHERIDIA
length width height width length width ridges D.E.A. diame ter
62=4w29=9 N 2 2 14
R 466-495  385-405 . 300-325  255=-270 6 54-67 675«780
M 72327 4
64~8=30=4 N 3 1 15 15
R 495-5256  425-455 43 76 315«350 300-350 6=7 54«65 735«900
M 334#42.6 32043.9 60+1.1 823+12.2
6l=d-13 N 1 germinated oospore
R 420 345 7 63
MCW 7-30-64 N 5 15 15
R 556=615  480-526 47-58 83-90 315=390 295-376 6-7 58-72 860=~945
M 583%£12.8 504#11.4 52#5.4 B8742.5 365+45.1 339#5.3 66#1.3 91548,2
64=9=T=l N 1 germinated oospore
375 345 6 79
64=9=8~5 N 1 germinated oospore
435 376 6 83
64=9=8=6 X 10 1 15 15
R 630-6756  480=525 40 79 4056-450 330-390 6=7 65=79 690-870
M 6554543 5114543 42823.0 365#5.9 TO#1.2 782#413,8

..'irz..



T™ble 2. eontinued

K .issourensis

~(Allen, 1954) -

N. montana

~(alXen, 1892) -

N. montana 465-525
“(wood % Imshori, 1964)

N. blankinshipii
(Allen, 1892)

K. blankinshipii 620~680
(Wood & Imahori, 1964)

N. occidentalis

" (ATTen, 1894) T

N. occidentalis 450-510
(Wood & Imahori, 1964)

420-480 4552  T70=T7
535560 42-45  70-87
330=450 42-45  75-87

400 375
440 390-400
345-360 in diem.
450 400
390-~450 in diem.
320-365

345-390

360=3756  360=~375

5~6

7=8

5-6

6=7

6=7

5=6

77

50-66

73

650

760

450-600

600=-750

* Measurements are in microns unless

otherwise indicated (in all tables of morphological features).
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significance. All mature specimens of N. gs,scsurig sis and its close
relatives examined during this study displayed antheridia with diameters
ranging from a few microns to the maximums recorded in Table 2. The
measurements included in the table represent only the larger and distinctly
mature antheridia. It wag quite apparent, however, that even smaller

- ones were mature or capable of maturing without appreciable increase
in size. Environmental conditions appear to be of mjof importance
with regard to the maximum size that antheridia will attain within a
particular population, thus resulting in considerable variation in
this character throughout the range of the species. This dégree of
variation in antheridial size is limited primarily to species of the
N. missouriensis type.
_ A chromosome number of 6 was determined for specimens from
colleetions 62-4-26-34, 62-4-27-2, 62-4-29-9, 61}8-»30-4, 64-9-7-1,
64,;9—8-5, and 64~9-8-6. The chromosome number of Nitella missouriensis

has not been published but a chromosome number of 6 has been reported
for some closely related dioecious species (N. opaca, Gillet, 19593
Hotchkiss, 1963; N. syncarpa, Gillet, 1959; N. mirabilis, Sarma and

Khan, 1964; present study; and N. inokashiraensis, Kasaki, 1964).

Allen (1954) concluded that specimens described as Nitella
missouriensis, N. montana, N. blankinshipii, and N. occidentalis
constitute a single species which should retain the name N. missour-

 iemsis. Such a treatment was suggested by H. and J. Groves (1911)

but they maintained the separation of the species at that time. The

present study confirms Allen's conclusion in that the variations

between the descriptions of the above forms are encompassed by the
range of variation displayed by the present specimens. This is evident
in both sexual and vegetative characteristics.

Measurements of gametangia and ocospores recorded in the original
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descriptions of the four species discussed above and further measurements
from representative or type specimens of these forms reported by Wood
and Imahori (1964) are included in Table 2. The complete range in
size of 6ogonia and oospores for these forms is similar to that observed
in the present specimens. The ranges in diameter of antheridia previously
reported for the species is gemerally smaller than those of the present
specimens; however, these differences can be overlooked, because of the
known variability existing in this type of Nitells.

Although it is concluded that N. missouriensis s. st., N. montana,
N. blankinshipii, N. occidentalis, and the specimens of this type
examined during the present study represent a single species retaining
the name _Bi + missouriensis, the entire complex shows a close similarity
to N. opaca which has been reported from a few localities in and near
the study area. It is not known whether or not these records. reprgsent
typical N. opaca or forms similar to N. missouriensis. In any case;
there exists a distinct possibility that the present form i'epresents

mersly .o infraspecific taxon within the N. opaca complex.



NITELLA MIRABILIS Nordstedt ex Groves
Figures 6-8
Nitella mirabilis Nordstedt ex J. Groves (1924:364).
DESCRIPTION OF SPECIMENS (including 5 or more complete shoots
from each ¢ollection): Plants dioecious (male and female plants
similar), (12-) 20-30 (-45) cm high, with distinct terminal and axil-
lary heads composed of numerous reduced secondary branches and primary,
secondary, and adventitious branchlets, single plants forming rather
dense tufts, medium green to rather dull but dark green, with or with-
out mucus in fertile heads (most apparent on male plants, lacking on -
mature female plants), very lightly to moderately incrusted with lime.
Main axes 450-900 ’1 in diameter; internodes to 8 cm long, as long as
or longer than branchlets on lower parts of plants but much shorter
than branchlets on upper parts of plants. Branchlets not differentiated
into fertile and sterile types but occurring as elongate and contracted
ones, the latter forming compact >r loose (when mature) head. whieh
are usually very fertile, totaling 6-~13 in a whorl but of two generai
types: PRIMARY BRANCHIETS basically 6 but ranging from 5-9 in a whorl,\
the higher nmﬁbers being characteristic of heads, from a few mm (in
i'heads) to 6.5 cm (in expanded whorls) long; 1(-2)-furcate; ultimate rays
l-celled, (2-) 4=6 (~7) at a node, 1/4~1/2 branchlet length in elongate
whorls, blunt, acute, or tending to be acuminate. SBCONDARY BRANCHLETS
2-7 in a whorl, most numerous in heads, occurring opposite secondary
branches and slightly below and alternating with primary branchlets,
shorter than associated primary branchlets, l-furcate into 2-3 (-4)
ultimate rays, superfieially appearing as short stalks supporting
gametangia (these frequently have 2 or more minute daétyls). Adven-

titious branchlets common in heads above regular whorls,'usually
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Figure 6. Nitella mirabilis. A. Terminal whorls of branchlets of mature

male plant (62-4-26-1), X 5. B. Branchlet node displaying two antheridia;

lateral antheridium on reduced branchlet segment (63-4-26-1), X 10. C.

Branchlets displaying 1, 2, and 3-furcate condition (62-4-24-1), X 2.5,
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Figure 7. Nitella mirabilis (62-1-26-3B). Terminal whorls of

branchlets of mature female and male plants, X 10.
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Figure 8. Range of variation in dactyl apices of Nitella mirabilis:

Ao 62-4-26-1, B. 62-4=24=1, C. LH 3-30-64, D. 62-1-26-3b, B. 62-4-29-8;
X 66.
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reduced and fertile. | Branches 2-5 elongate ones at lower nodes, 2-6 forming
heads. Gamejag gia-male and female on separate plants, most abundant in
heads. Oogonia 1-3 at a branchlet node, regularly occurring 0;1 short
stalks in heads (reduced secondary branches and branchlets, and adven-
titious branchlets), frequently sessile at base of whorl (at position

of secondary branchlet), 405-480 p long (excluding coronula), 345-430 )
wide, slightly swollen at apices; coronula markedly deciduous, two measured.
43 p high, 65-68ywide. Cospores medium brown to dark brown, 255-315 )
long, 225-285 Ja wide; striae of (5-) 6 (~7) prominent ridges, sometimes
flanged; D.E.A. 43=72 B membrane relatively smooth or fipely granulate.

Antheridia solitary (sometimes 2 at a node), not sessile at base of

whorl but appearing stalked in heads or when occurring together at
branchlet nodes, 555-810 ) in diameter, 8-scutate.

SPECIMENS EXAMINED: KANSAS: (62-4-R4-1 and 63-4-26-1) Lone
Star Lake, in and near Washington Creek Branch,' Douglas Co., Kansas,
D, Tindall, A. Hotchkiss, and W. Minckley, April 24, 1962; A. Hotchkiss
and T. Sawa, April 26, 1963. (62~4-26-1) Shallow pool at edge of
Murrayt's lake, Miami Co., Kansas, D. Tindall, A. Hotchkiss, and W.
Minckley, April 26, 1962. (62-14.—26-3B) Shallow pool, Marais des Cygnes
Waterfowl Refuge, Area D. linn Co., Kansas, D. Tindall, A. Hotchkiss,
and W, Minckley, April 26, 1962. (61-3-27-1B) Garnett Quarry pond,
3 mi. N. Garnett, Anderson Co., Kansas, D. Tindall, W. Minckley, and
_Jo Craddock, March 27, 1961. (62-4-27-4) Cedar Creek, U.S. Hwy 166 W
Sedan, Chautauqua Co., Kansas, D, Tindall, A. Hotchkiss, and W, Minckley,
April 27, 1962.

OKLAHOMA: (62-4~28-2 tent. det.) Buffalo Spring, Platt National
Park, Marray Co., Oklahcma, D. Tindall, A. Hotchkiss, and W, Minckley,
April 28, 1962. (62-4~29-8) Pool in spring fed stream, 2.6 mi., S
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Antlers, U.S. Hwy 271, Pushmataha Co., Oklahoma, D, Tindall, A. Hotchkiss;
and W. Minckley, April 29, 1962. (62-4-29-2) Stream, 8 mi W Hugo,

V.3. Hwy 70, Choctaw Co., Oklahoma, D, Tindall, A. Hotchkiss, and W.
Minckley, April 29, 1962. |

TEXAS: (LH 3-30-64) In quiet pool in Plum Creek, Section 456,

2 mi, S. Lipscomb, Lipscomb Co., Texas, Loren Hill, March 30, 1964.

TYPE LOCALITY: India (Groves, 1924).

DISTRIBUTION: Nitella mirabilis has heretofore been recorded only
from Asia. The species was first distinguished and named (manuscript)
by Nordstedt from specimens collected in China but was later described
from specimens collected in India by G. O. Allen (Groves, loc. cit.).
‘Recently specimens resembling this species were collected in Japan
(N. inoksshiraensis Kasaki = N. mirebilis var. inokashireansis vide
Wood and Imahori, 1964). Although the species appears to be quite
rare, some very closely related species show a much wider distribution.
These include N+ capillaris which occurs in Europe, Africa, Asia, and
possibly in North America; and N. syncarpa which occurs in Furope and
Asia (Wood and Imshori, 1959).

The known distribution of Nitella mirabilis in North America is
shown in Figure 9. Some very closely related forms have been reported
from elsewhere on the continent but they can not be included in the
present complex at this time. These include such forms as N. bastinii
which is known only from a single locality in Illinois (Allen, 1894),
and specimens identified as N. capitata ( N. capillaris) from New
York (Allen, loc. cit.). Wood and Muenscher (1956) stated that the
latter specimens proved to be N. flexilis. However, Allent's description
and illustrations clearly depict plants similar to those of the present

study.



Fig. 9. Distribution of Nitella mirabilis in

the study area.
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Of- particular interest in respect to distribution is the distinct
overlap in the ranges of N, mirabilis and N. missouriensis. Some
specimens of each species show various characters which indicai;e that
hybridization has occurred. However, the species were easily distin-
guished in the single locality where they were observed together.

BCOLOGY: Physicochemical features of the habitats.—Various
features of the habitats supporting Nitella mirabilis are included

- in Table 3, ~The species was observed most frequently in small shallow
pools of slow-flowing streams. The habitats were generally characterized
::by a rich flne-tex'bnred substrate and cool, clear, heavily shaded
_waters which displayed a relatively high alkalinity, a neutral to
mder_ately -alkaline pH, and an abundance of free carbon dicxide.

The very similar characters of x_noét of the habitats suggest that
7the species is capa.ble of inhabiting only a narrow range of environmental
onditions. Such conditions are most common in the study area in early

and midspring. This is in close agreement with the striectly vernmal
Voccttrrencé of the species. On the basis of present collections, the
-Aspeﬂcrziésis judged to have a growing season in the sﬁndy area beginning
“in late March and ending in late April or early May. The rapid-disap-
| péaran;:e of the species in late spring may be a result of its inability
._'Vto—[ qempete with other aquatic plants which begin growth at that time.
Hom;ver; increases in» light and temperature and their indirect effects
on Vwater'chemistry appear to be most influential in speeding up the
life cycle of the species.
.- Hlant communities.—All but a single 1ocality for N. mirabilis
.fin Kansas also supported luxuriant stands of Tolmella Sp. The small
pool from which- collection 6254—26—3_3 was made did\not ¢ontain Tolypella

but did support a small stand of N. missouriemsis. This habitat was



Table 3. Fhysicochemical features of habitats supporting Nitella mirabilis.
Specimens Locality Habitat Substrate Depth Tur- Light Temperature pH Alke. COp
bidity air water
62wdu2iw] Kansas slow stream mud-silt 0,15~0.3 4] shaded 30,0 22.0 7.5 391 23.0
beaver pond 8ilte 0.30~0.5 0 shaded 30.0 20.0 7.9 222 5.0
organie
62wd=2B=1 Karsas small pool organic- 0.10-0.15 ©O shaded 25.0 17.0 7.1 283 40.0
silt
62~4-26-3B Kansas small pool organic= 0.15=0.20 <+ open 31.0 28.0 7.4 1867 12.5
silt
62=4=2T=3 Kansas 8low stream silt- 0.10=0,30 O shaded _ 19.0 8.0 209 4.0
gravel
62=4=28=2 Oklahome swift spring sand 0.05-0,30 O shaded 22,0 17.0 7.2 326 40.0
8 tream
62=4w20-2 Oklahome. stream pool marl-silt 0.20-0.30 O open 26,0 19.0 7.9 242 6.0
Oklahoma stream pool silt 0.20~0,70 + shaded 27,0 22,0 7.1 50 6.8

62=4-29«8

_9€—
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characterized by rather warm waters and was open to maximum insolation.
Nitella mirabilis was sexually mature, whereas N. missouriensis was
quite young. A somewhat atmormal form of N. mirabilis (tent. det.)
oecurred as isolated tufts in the swiftly flowing waters of Buffalo
Spring (Murray Co., Oklahoma, 62~4-28-2). Similar tufts of N. gracilis
were also.present in the current and Chara yulgaris formed small beds
in less agitated waters. Batrachospermum sp. was abundant in areas of
strong curi-ent , and Nasturtium officinale was abundant at the source and
aidng the banks of the stream. The stream locality in Choctaw County,
Oklahoma, displayed a mixed association of Tolypella sp., Chara schaffnerii,
and Nitella mirgbilis. The Tolypella and Nitella formed rather extensive
beds, whereas the Chara was less abundant. The spring pocl in Pushmataha
County, Oklahoma, was quite different from the other habitats found to
support Nitella mirabilis (Table 3). The surrounding area displayed
a more or less boggy character. The species occurred in the deeper
parts of the pool, whereas species of Potamogeton, Sagittaria, Callitriche,
Porella, and varicus mosses inhabited the shallow waters and moist banks.
The latter habitat was the only ome observed that supported a significant
phanerogamic flora.

MORPHOLOGY, CYTOLOGY, AND TAXONQMY: The range of variation in
Nitella mirabilis from the study area is included in the description.
For the most part, the species was very consistent with regard to basic
vegetative morphology, including the numbers and lengths of branchlets,
dactyls, and secondary branches. The most striking variation among the
specimens was the shape of dactyl apices, ranging from blunt to nearly
acuminate (Fig. 8). Specimens with the more acuminate dactyls usually
displayed numerous basal oogonia. However, the latter condition was

observed to some extent on most of the specimens examined.
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A comparison of gametangia and dospores of the mature 8specimens

of N. mirabilis is shown in Table 4. The ocogonia and oospores were
remarkably consistent throughout the area studies; but the antheridia
were somewhat variable. Such wvariation is typical for this group of
Nitella (see discussion under N. missouriensis).

A A chromosome number of 6 »was observed in specimens from collections
62_-1}-24—1, 62-4-26—-1, 62—# 27-h; 62-4=28-2, and 62=4=29-2, Asr mentioned
-above, chromosome numbers of 6 have been reported for N, ‘mirabglis- from
India and N. inokashiraensis ( N. mirabilis vide Wood and Imahori, 1964)

from Japan, and for the closely related N. opaca, N. syncarpa, and N.
#asouriensis.,

The name Nitella mirabilis is presently used since its description
bes_i;‘ fits the morphology of the plants being stud’ed. It is possible
’t'haﬂv this form may represent a product of hybridization that has occurred
independently on various continents. thﬁthstanding the apparent inter-
grades between N. mirabilis and N. miséoﬁfiensis, both appear to be well-
established species in North America.



Table 4. A comparison of gametangia and oospores of Nitelle mirabilis from Kansas and Okleahoma.

SPECIMENS O0GONIA OOSPORES ANTHERIDIA
length width length width no. ridges D.E.A. diame ter
62=4=24=1 N 20
R — —_— —_— — 705-810
M 7434649
62=4=26=~3B N 15 20
R 405=-480 345-375 255=-2856 225-260 5=6 43-54 —
M - 43445.8 35943.3 2734248 24942 .6 4840.6
63=4-26~1 N 4 15
(culture) R 450-480 405430 285-315 240-270 5-6 58-72 —_—
M 297427 25842.9 644143
62~4=28~2 N 15 15
R — — 270=300 240-270 6-7 47-54 556=635
u 29142 .6 25242 .3 50+40.8 6054647
62=4=29-2 N 2 15 15
R 435=-450 390-405 265=3156 255=-280 6 43-58 570-646
4 29243.6 2674242 5041.3 62445.8
62=4=29=8 N 2 20 20
R 435-457 390405 270=315 240-285 67 40-54 660-780
' 29142.6 26742 .7 4840.9

72647 .5

_6€_



NITELLA HOTCHKISSII sp. nov.
Figures 10-11

DESCRIPTION OF SPECIMENS (including the HOLOTYPE AND 5 ISOTYPES):
Plantae dioceciae, coloris viridis, 23-48 cm altae, diffusae et capita for-
mantes. Primariae axes 645-825 j in diam., internodia ramulis breviora
vel aequalia, Verticillorum ramuli 8-9, capita formantes alii diffusi aldi
contracti, heteroclema; ramuli primarii 6, consistentes in capitibus, alii
breves alii usque ad 8.8 cm longi, omes 2-furcati; radii secundarii (2~)
3-4; radii tertiarii (dactyli 2 (~4) ommes acuminati. Ramuli secundarii breve,
1 (-2)-furcati. Oogonia 2-3 aggregata, 300-330 e lata, 335-375 p longa (dum
coronulam excipias); coronula decidua, 48-54 p alta, 61-66 j 1ata, Oosporae
rubro-brunneae, 225255 p longae, 210-240 P latae; striae 5-6; membrana
spongia., Antheridia 585-720 P in diam.

Plants diocecious (male and female plants similar), 23-48 cm high,
spreading, with distinet terminal and axillary heads composed of reduced
secondary branches and primary and secondary branchlets, medium green;
not incrusted with lime, Main axes 645-820 J in diameter; internodes
to 7 em long, usually shorter than branchlets. Branchlets not differ-
entiated into fertile and sterile types but occurring as elongate and
contracted ones, 8-9 in a whorl, of 2 types; PRIMARY BRANCHIETS 6 in a
whorl, from a few mm (in heads) to 8.8 cm (in expanded whorls) long,
2~furcate; primary rays ca. 1/3 branchlet length; secondary rays (2-)

3-4 at a node, ca. 1/3 branchlet length, usually forked again but
frequently simple or 2-celled (1 tertiary ray); tertiary rays (dactyls)
(1-) 2 (~4) at a node, ca. 1/3 branchlet length, l-celled (rarely 2-celled
or forked again into 2 quaternary rays), very gradually acuminate,
SECONDARY BRANCHIETS 2-3 in a whorl, occurring opposite secondary

branches and slightly below and alternating with primary branchlets,



- 41 -

Figure 10. Nitella hotchkissii ISOTYPE (FB 4-4-61). A. Terminal whorls
of branchlets of mature male plant, X 4; some branchlets not drawn. B.

Range of variation in dactyl apices of male and female plants, X 66.






Figure 11. Nitella hotchkissii HOLOTYPE (FB 4-4-61). Habit sketch of

mature female plant, X 1/2. Some branchlets and branches not drawn.
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shorter and less forked than associated primary branchlets., Branches
usually 2 but frequently 3-4 in heads, Gametangias-male and female on
separate plants, most abundant in heads. QOogonia (N=15) sessile but
sometimes occurring on reduced branchlets of heads which appear to be
long stalks, usually 3 at lst node and 2 at 2nd node, (335-) 359%2.5
(-375) p long (excluding coronula), (300-) 311%2.1 (-320) p wide;
coronula (N=2) very early deciduous, 48-54 P high, 61-66 P wide,
Qospores (N=20) dark red-brown, (225-) 243%Y1.8 (~255) ja long, (210-)
228%1.9 (-240) )1 wide; striae of 5-6 very inconspicuous ridges; D.E.A.
(43-) 50%1.0 (~58) Ji; membrane distinctly spongiform. Antheridia
(N=30) solitary but sometimes appearing to be aggregate on very reduced
secondary branches of heads, usually limited to 1lst branchlet node,
(585-) 657%6.7 (-720) ) in diameter, 8-scutate.

- TYPB LOCALITY: (FB and RG 61-4-4) Roadside ditch, along U.S.

Hwy 79, 8.8 mi., SW Palestine, Anderson Co., Texas, Fred Bryan and
Richard Goodyear, April 4, 1961. The HOLOTYPE is a mature female
plant (Fig. 10) and the ISOTYPES include mature male and female plants.,

This species is named in honor of Dr. Arland T, Hotchkiss who has
contributed to our knowledge of the Characeae through several publications
and who has been of invaluable assistance throughout this study.

CYTOLOGY: No cytological samples wefe prepared in the field;
however a tentative count of 6 chromosomes was made on specimens
preserved in formalin,

RELATIONSHIPS: A comparison of the descriptions and illustrations

of Nitella hotchkissii, N. mirabilis, and N. missouriensis reveals

the basic similarity of these species. Except for the twice-furcate
branchlets, the general vegetative morphology of the new species is

nearly identical to that of N, missouriensis. This is especially

i
]
!
;
;
i
!
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evident in the numbers and types of branchlets and branches, head
formation, and the shape of dactyl apices., In respect to size of
gametangia and oospores, N. hotchkissii shows a closer relationship
to No mirabilis. The occasional twice-furcate branchlets of N,
mirabilis also indicate a close relationship., Although N. hotchkissii
is distinetly related to these species, it clearly represents an
independent taxon separable at the species level.

In addition to the above, Nitella hotchkigsii displays certain
similarities to other previously described species, namely N, stuartii
Braun, N. macounii Allen, and N. allenii Imahori. These species closely
parallel N. hotchkissii in general morphology of primary branchlets
and in size of oogonia and oospores. However, all three previously
described species are monoecious and are charactefized by very small
antheridia. The total range of antheridial diameters recorded for the
three species is 120-220 u (Wood and Imshori, 1964) as compared with
585-720 u in N, hotchkissii, The very small antheridia, along with
several other features, clearly align N, stuartii, N, macounii, and N,
allenii with the N, acuminata complex, whereas the large antheridia
and basic vegetative characteristics of N, hotchkissii show it to be

distinetly related to N. missouriensis~mirabilis-like plants,
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NITELLA ACUMINATA Braun ex Wallman
Figures 12-14

Nitella acuminata var. belangeri Braun (1849:292).

N. acuminata Wallman (1853:35).
N, lindheimeri Brawun (1859 vide Wood, 1962).
N. subglomerata Braun (1859:336); Allen (1892).

N. acuminata var. subglomerata Braun and Nordstedt (1882).

N. acuminata f. subglomerata Wood (Wood and Imahori, 1964).
N, gollmeriana Braun (1859:355),

N. acuninata ssp. gollmeriana Braun (Braun and Nordstedt, 1882).

N. acuninata var. gollmeriana Zaneveld ex Wood (Wood and Imahori, 1964) .
N, mexicana Allen (1894:165).

N. subspicata Allen (1896:6).
N. stellaris Allen (1896:534) .

N. acuminata f. gtellaris Wood (Wood and Imahori, 1964).
LITERATURE FOR THE STUDY AREA: Braun (1894, 1859), Braun and Nordstedt
(1882), Allen (1892, 1894, 1896), Zaneveld (1940), Wood (1948), Allen
(1954), and Wood and Imahori (1964).

DESCRIPTION OF SPECIMENS (including three or more plants from each
collection): Plants monoecious, 10-26 cm high, usually forming terminal
and axillary heads composed of 4-6 reduced whorls and 2-3 reduced sec-
ondary branches in each whorl, medium green to dark green, lightly to
moderately incrusted with lime in distinet bands. Main axes 440-885 P
in diameter, internodes longer than branchlets on lower parts of plants
but much shorter in heads. Branchlets not differentiated into fertile
and sterile types but oceurring as elongate and contracted ones, the
latter forming distinet terminal and axillary heads which usually are

more fertile than elongate ones; both types similar, (6-) 8-9 (10)




- L6 -

Figure 12. Nitella acuminata.

A. Terminal whorls of branchlets of mature
plant (61-9-8-5), X 5. B.

X 66. C.

Range of variation in dactyl apices (61-9-8-5),
Terminal whorls of branchlets of mature plant (61-9-8-3), X 10.
D. Terminal whorls of branchlets of mature plant (61-9-8-3), X 5. E,

Dactyl apex (61-9-8-3), X 75.






- 47 -

Figure 13. Nitella acuminata. A. Terminal whorls of branchlets of mature

plant (61-9-8-5), X 10. B. Apex of mature dactyl (61-9-8-5), X 66. C.
and D. Terminal whorls of branchlets of mature plant (61-9-9-1), X 10.
E. Apices of young dactyls (61-9-9-1), X 50. F. Terminal whorls of
branchlets of mature plant (61-9-15-6), X 5. G. and H. Characteristic
branchlets of fertile heads (61-9-15-6); G. X 33, Ho X 42. I. Dactyl
apices (61-9-15-6), X 50.
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Figure 14. Nitella acuminata (63-1-25-1). A.--F. Details of fertile

head; D.—F. also characterizes terminal whorls following C, X 10. G.

Apex of mature dactyl, X 66. H. Apices of young dactyls, X 66. I.

Characteristic branchlets of some fertile heads, X 25.
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in a whorl, l-furcate, from a few mm (in heads) to 5.5 cm (in expanded
whorls) long. Ultimate rays l-celled, (2-) 3-4 (~6) at a node, forming
a very minute stellate crown at tip of primary rays and/or elongate to
1/2 branchlet length, slightly swollen when very young, distinctly

acuminate. Adventitious branchlets very rare, 1-4 (simple or l-furcate),

forked ones occurring in heads a2bove regular branchlets, simple ones
occurring at position of regular branchlet (appearing as dactyls of a
reduced branchlet). Branches 2-3 at a node, elongate or reduced but
otherwise identical to main axes. Gametangia conjoined at branchlet
nodes, wost abundant in heads.  Oogonia sessile, (1-) 2-3 (-4) at a node,
320-460 A long, 265-360 p wide; coronula persistent, 18-36‘p high,
36-66 P wide. Oospores dark brown, 208-280 J long, 190~260 p wide;
striae of (6~) 7 prominent ridges; D.E.A. 33-61.p; membrane finely
granulate. Antheridia solitary, somewhat flattened horizontally,
190-325 p wide, 160-300 p.loﬁg, usually occurring on an antheridial
stalk 650-/80 jp long, 43-80 P.in diameter, 8-scutate.

SPECIMENS FXAMINED: OKLAHOMA: (HCE 64-10) Pond, ca. 4 mi. E
boyscout camp, S Locust Grove, State Hwy 82, lMayes Co., Oklahoma,
Homer C. Emery, Oct. 1964.

TEXAS: (61-9~15-6) Guadalupe River (limestone), along State Hwy
39, Kerr Co., Texas, D, Tindall, A. Hotchkiss, and R. Goodyear, Sept.
15, 1961.

TAMAULIPAS: (61-9-10-2) Arroyo Sarcas, 1.5 mi. W Encino (off Mex.
Hwy 85) on road to Rio Sabinas, Tamaulipas, Mexico, D. Tindall, A.
Hotchkiss, and R. Goodyear, Sept. 10, 1961.

SAN LUIS POTOSI: (61-9-9-1) Swall limestone stream flowing W,
31 mi. 3 Cd, Mante, Mex. Hwy 85, San Luis Potosi, Mexico, D. Tindall,
A. Hotchkiss, and R, Goodyear, Sept. 9, 1961. (61-9-8-5) and (63-1-25-1)

Small sluggish stream, ca. 17 mw. N Cd. Valles, Mex. Hwy 85, San Iuis
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Potosi, Mexico, D. Tindall, A. Hotchkiss, and R. Goodyear, Sept. 8, 1961;
D. Tindall and A. Hotchkiss, Jan. 25, 1963. '(61—9-8—3) . First arroyo
(1imestone) N Cd. Valles, Mex., Hwy 85, near Paima Hotel, San Luis Potosi,
Mexico, D. Tindall, A. Hotchkiss, and R. Goodyear, Sept. 8, 1961.
TYPE LOCALITY: Coast of Coromandel, India (Braun, 1849); Ile de
la R;union, Indian Ocean (Wallman, 1853). |

DISTRIBUTION: The various forms comprising the Nitella acuminata

complex have been reported from Africa, Asia, North America, and South
America (Zaneveld, 1940; Horn af Rantzien, 1950; Wood and Imahori, 1959).
The species displays a wide distribution in North and South America and
the West Indies but appears to be most concentrated in tropical and
subtropical regions.

Regions of North America, excluding the study area, known to support
the species include New Hampshire (Braun and Nordstedt, 1882), Massachusetts
(Braun and Norstedt, loc. cit.; Nordstedt, 1889; Allen, 1892), New York
(Allen, 1892; Wood and Muenscher, 1956), New Jersey (Allen,‘1892),
Pennsylvania (Braun and Nordstedt, 1882; Allen, 1892), COhio (Braun and
Nordstedt, 1882), Illinois (Braun and Nordstedt, loc. cit.; Allen, 1892),
Missouri (Allen, 1892), Kentucky (Hotchkiss, 1958), North Carolina (Wood,
1954), Alabama (Allen, 1892), Louisana (Allen, loc. cit.), Nebraska

(Daily, 1944), Wyoming (Daily and Porter, 1961), and Oregon (Allen, 1892).

Various forms of Nitella acuminata have been recorded from Panama,
Venezﬁela, British Guiana, Brazil, Puerto Rico, Martinique, and Trinidad
(reviewed by Horn af Rantzien, 1950).

'fRepresentatives of the species have been reported from several
localities in the study area, but precise collection data are available
for only a few specimens. Braun (1859) described Nitella lindheimeri

from Friedrichsburg (Fredrichsburg, Gillespie Co.) Texas., Braun and
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Nordstedt (1882) reported the same form as N. acuminata var. lindheimeri,
and N. acuminata var. subglomerata from Fredrichsburg, Texas. Allen (1892)
reported N. subglomerata from seven localities in Mexico but did not
include collection data. Allen (1894) described N. mexicana from specimens
collected in San Luis Potosi but regarded the species as a close ally of
N. flexilis. Wood (1962) concluded that the species was merely a form of
N. flexilis; however, several data indicate that N. mexicana is a member
of the N. acuminata complex. Allen (1896) described N. stellaris from a
single collection in northeastermn Oklahoma (pond near Verdigris River,
Creek Nation, Indian Territory, J. W. Blankinship, Aug. 21, 1895).

The known distribution of N. acuminata in the study area is shown
in Figure 15; however, several localities referred to as "Mexico" by
Allen (1892) are not included. It is quite clear that the combined
range of forms described as N. stellaris, N. lindheimeri, and N. mexicana
is nearly identical to that of specimens collected during this study.

BCOLOGY: Physicochemical features of the habitats.--Nitella

acuminata appeared to grow best in shallow, quiet, well-lighted, and
warm waters of limestone areas (Table 5). The substrates supporting
the species consisted mostly of clay or silt. The waters usually dis-
played a moderately alkaline pH, a rather high alkalinity, and a low
chloride content (Table 5).

The single heavily shaded habitat contained only sterile plants
with very reduced dactyls (61-9-8-3). These plants produced numerous
gametangia and elongate dactyls when transplanted in large glass tanks
and exposed to full sunlight.

Plant communities.--Records of plants associated with Nitella
acuminata were limited for the most part to other charophytes (Table 6).

Very few vascular plants grew in close association with the species.




Fig. 15. Distribution of Nitella acuminata in

the study area; @® localities examined during the
present study, A localities reported in the lit-

erature.
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Physicochemical features of habitats supporting Nitella acuminata.

Specimens Locality Habitat Substrate Depth Tur- Light Temperature pH Alke COp
bidity air water

HCE €64-10 Oklahoma small pond mud 0415=0.6 0 open — — T3 B8 5.0

61=9=15=6 Texas river silt-mud 0,10-0.3 0 open 25485 2345 7.65 23% 10.0

61=9=10-2 Tamnaulipas stream 8ilt- 0415-0.3 ¢] open & 34.0 26,0 7.6 260 12.0

gravel shaded

6lm9=9=1 San Luis stream pool eclay-mud 0.,10-0.25 © open 34,0 30.0 7.85 193 445
Potosi

61=9=8=5 San Lunis stream elay-marl 0,15-0.2 0 open 28,0 30.0 7.3 167 18.5
Potosi

63=1=25-1 San Luis stream pool eclay-mud= 0+¢10~0.3 * open 28.0 21.0 7.2 315 3840
Potosi silt

6l=9=B=3 San Luis stream silt=mud 0.20~0.4 0 heavily 33.0 27.0 7.4 208 16.5
Potosi shaded

-.gg...



Table 6+ Other charophytes found growing in association with Nitella acuminsta.

Nitella acuminata

Other charophytes

HCE 64=10
61=9=15=6
61=9=10-2
61=9~9=-1
61=9=8«5b

63=1=26=~k

61l=9=8=3

None

Chara zeylanica, C.

contraria

None

Nitella hyaline, N.

tenuissima, Ne oligospira

Nitella hyalina, N.

oligospira, Chara zeylanica

Nitelle hyalina, N.

oligospira, N. gracilis sp. group, Chara zeylanica,

€. contraria

Nitella oligospira, Chara zeylanica

_ﬁg..
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It was most frecuently associated with N. oligospira, N. hyalina, and
Chara zeylanica.

MORPHOLOGY, CYTOLOGY, AND TAXONOMY: The complete range of variation

v observed in Nitella acuminata from the study area is included in the
description and is illustrated in Figures 12-14. Marked variations in
vegetative morphology were limited to number and length of dactyls, and
to the length of branchlets in terminal whorls and secondary branches
(presence or absence of heads). Although differences in these characters
were quite apparent between some specimens, when considered together,

the specimens formed 2 more or less complete intergraded series (Table 7).

The species displayed only minor variations in size of gametangia.
The slightly compressed and distinctly stipitate antheridium characteristic
of the present specimens has not been previously reported for the species.
These characters may prove to be significant in respect to infraspecific
taxa.

The oospores of the specimens from the study area were very consistent
with regard to color, number of striae, D.E.A., and membrane decoration
(Table 7). As were the gametangia, the oospores of specimens from Texas
(61~9-15-6) were somewhat larger than those of the other specimens
examined. It is interesting to note that the measurements of the cospores
of the Texas plants are nearly identical to those recorded for N. acuminata
var lindheimeri from the same general area (Braun and Nordstedt, 1882),
However, this characier, alone, does not serve to distinguish the Texas
specimens from others of the study area.

A chromosome number of 9 was counted in specimens from collections
HCE 64-10, 61-9-8-3, 61-9-8-5, 61-9-9-1, and 61-9-15-6. No variation
in number was observed in any of these specimens. Hotchkiss (1958)

reported 18 chromosomes for Nitella acuminata var. subglomerata from




Table 7.

A comparison
°f specimens examined during the present astudy and previously described

specimens which are concluded to represent a single tuxon.'lit:u., ngu-inntn.

SPECIMENS

BRANCHLETS GENERAL HABIT 0COGONIA CORONULA O0SPORES ANTHERIDIA
no, dactyls length width  length  width length width no. ridges. D.E.A.  meambrane diameter
HOE 64-10 no. character : _
(6-) 8 (2-) short; acumi- loose heads N 10
3-4 nate | J— — J— — 225-246 210-228 6-7 40-50 finely —
M) M 235a2.8 22341.8 4621.1  granulate
Type description 8 2«4 short, stellate; smooth
Allen, 1896 acuminate — o— —_ —_— — 230-240 225 5-6 —_ 25 -
N. stellaris
HOLOTYPE, Wood & 5-7 2-5 short & elong- no heads granulate
Imahori, 1964 ate; acuminate 285-300 250-285 38-42 46-53 230-245  225-240 (5-) 6 (-7) 46 or papillate 195-210
K. gollmeriana '
LECTOTIPE, Wood & 5-7 2-4 stellate & small compact finely
Imahori, 1964 slightly elong- heads 390-410  330-345  38-45 52-60 270-285 in diam. 6-7 53 granulate 280-330
N. lindheimeri ate; acuminate
Type description 5-6 = elongate; acumi-
Braun & Nopdstedt, ]88g nate — —_— — —_— -— 290-300 240~-260 7-8 e — -
61-9-15-6
8 (-10) (2-) elongate; compact heads N 15 15 finely 15
3.4 acuminate R bho-460 360-370 28-32 3-55 260-280 240-260 (6-) 7 40-55 granulate 290-325
61-9-10-2 M_L46s2,2  364al.k  300.6 8102 27242.2  25541.8 46al.b 30942.8
(6-) (2-) elongate & no heads N 20
8 3 atellate; R — — —_ _ —_— — -— — _ 220-270
61-9-9-1 ~—~{>10) _ (-%) acuminate M . 2504.2
(6-) (2-) elongate; compact heads N 8 13 finely 10
8 3.4  acuminate R 350-392  280-300 21-28 40-45 210-252  190-238 (6-) 7 33-49  granulate 220-295
f1985 ) (le) M_36he5.7  292a3.4  2440,9  4140.7  22Pe3,2  20583.5 ble1,2 26648.2
(6-) (2-) elongate; compact heads N 10 20 finely 10
8 3-4 acuminate R 320-390  265-320 24-35 37-55  208-260  195-238 6-7 36-46  granulate 190-260
M) M_36945.1  282sk.1  2940.8 24841.5  23083,2 14140.6 221a8.9
(6-) 2-3 elongate; compact heads N 10 15. finely 15
8 acuminate R 405-435 300-339 32-36 47-66 2ko-262 220-240 6 40.61 granulate 210-255
61-9-8-3 =10 M_42242,9 323438 34a0.5_ S53a1.8  25041.6  23241,7 48e1.8 23043.1
(6-) 8 (2-) stellate & no heads N 10 10 finely 10
4-5 slightly elong- R 360-395 275-300 18-28 36-50 220-245 190-210 (6-) 7 37-43 granulate 250-290
N. mexicapa ate; acuminate M 375eh,1  28982.9  25e1,1 _ bbab.h _ 230s2.7  199a2,7 4040.6 26945.6
Typc description 8 2-3 elongate; no heads
Alien, 189k apiculate — — — _ 275 230 5 —  granuler 245
N. mexicana
HOLOTYPE, Wood & 6-2 1-3 elongate; acute no heads 345-360 285-315  42-46 - finel,
- - - y
laahori, 1964 or acuminate 70-72 258-285 225-230 7 52 granulate 245-270
N. subglomerata
1lYen, 1892 6-8 2-4 elongate; loose heads
acuminate —_— - —_— —_ 275 240 6-7 —_— — 300
N. acuminata f.
subgiomerata, Wood & 6-7 2-3 elongate; loose heads 315-390 240-285 52-58 smooth or
Imsbori, 1964 acuminate 60-68 2k0-285 225-250 6-7 49-56 finely | 280-315
granulate

-qg-
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Kentucky. Imahori and Kato (1961) reported the same number for that
variety from Japan. A chromosome number of 18 also was reported for var,
capitulifera from Japan (Sasaki, 1960). Sarma and Khan (1964) reported
18 chromosomes in an u:delermined variety of N, acuminata from India,
Chromosome counts of 18 have also been made in the species (N. acuminata
var. belangeri vide Wood, 1954) from Lake Mattamuskeet, North Carolina,
It is quite apparent that polyploidy has occurred, and may be occurring,
in the N. acuminata complex. At this time, only speculations regarding
the significance of this polyploidy can be presented.

For all practical purposes, a chromosome number of 9 can be
considered as basic for the species complex., Chromosome numbers of 3,
6, and/or 12 may have contributed to the original establishment of the
9 number, but this appears to be of little significance regarding the
present evolutionary state of the species. The regular occurrence of
N. acuminata with 9 chromosomes in more southern regions of North America
and the occurrence of nearly identical plants in Kentucky and North
Carolina with 18 chromosomes suggest two possibilities: (1) that the
18 chromosome number merely represents a type of polyploidy that has
accompanied the northern advancement of the species, or (2) that the
18-chromosome plants represent an allopolyploid resulting from hybrid-
ization between the 9-chromosome plants in the south and a hypothetical
9-chromosome plant in the north., The latter hypothesis is in accord
with the known variation in morphology within the species complex.

Specimens examined during the present study are arranged in Table 7
according to their north-south occurrence, Various data on specimens
previously reported from or in the vicinity of the study area are also
included in the table. Reference is made to each of the latter specimens

according to their apparent relationship to specimens of the present study.
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Based on data included in Table 7 and the distribution shown in
Figure 14, it appears that specimens described as Nitella stellaris,

N. lindheimeri, N. mexicana, N. gollmeriana (described from Venezuela

and also reported from the West Indies), specimens from the study area
identified as N. subglomerata (or var.), and possibly the more northern
N. subspicata constitute a rather narrow intergraded series which should
be included in a single subgroup of the N. acuminata complex.

Nitella glomerulifera is the only form of this type described
from North or South America that does not blend well with the present
forms, It has long been known that N. subglomerata displays a more
southern distribution in North America, whereas N. glomerulifera is
more northern (Allen, 1892). This general pattern of distribution
indicates that there may be at least two major infraspecific taxa in
the species complex in North America. However, the occurrence of forms
representing the "glomerulifera type" in the south and the "subglomerata
type" in the north, and the occurrence of apparent intergrades in various
areas indicate that a certain amount of hybridization has occurred,

Since the taxonomy of this complex is by no means resolved, the
present specimens are not assigned a particular subgroup name in the
N. acuminata complex. However, many of the previously described
species included in Table 7 represent forms of N. acuminata var. acuminata

in Wood's revision (Wood and Imahori, 1964).



NITELLA CLAVATA Kitzing
Figure 16
Nitella clavata Kitzing (1849:518).
N. translucens Halsted (1879:175 ex parte, vide Wood, 1948).

LITERATURE FOR THE STUDY AREA: Braun and Nordstedt (1882),
Nordstedt (1889), Allen (1894), Wood (1948), Hom af Rantzien (1950),
Allen (1954) and Hevly (1961). See also Williams (1892), Daily (1944),
and Allen (1951).

DESCRIPTION OF SPECIMENS (including 5 plants from each collection):
Plants monoecious, 6.0 (very young) to 60.0 cm high; usually with
distinct terminal and axillary heads composed of 3-4 whorls of branchlets
and associated secondary branches, bright to dark green, moderately
incrusted with lime in very distinct bands. Main axes 620-1160 P in
diameter; internode length to 13.0 cm, greatly exceeding or shorter
than branchlet length. Branchlets of 2 types: PRIMARY BRANCHLETS
(4=) 6~7 in a whorl, ranging from a few mm (in heads) to 5.5 cm long
(in expanded whorls), usually l-furcate but frequently simple on older
“parts of plants; primary rays 1/2-4/5 branchlet length in expanded
whorls but length of ultimate rays (dactyls) greatly exceeds that of
primary rays in the heads. Ultimate rays l-celled, (2-) 3-4 (-5) at
a node, slightly or much inflated to 1300 P in diameter, abruptly
acuminate. ACCESSORY BRANCHLETS simple, (4-) 5~7 (~9) at a node,
usually below (occasionally above) appearing to alternate with primary
branchlets, ranging from a few mm (in heads) to 3.0 cm (in expanded
whorls) 1ong; slightly or much inflated, distinctly acuminate. Branches
2-3, elongate or contracted into heads.v ‘Gametangia conjoined at branchlet
nodes (most abundant in heads). Oogonia 2-4 at a node, 520-600 s long,
420-450 ,.1 wide; coronulae persistent, 47-61 R high, 65-83 ).1 wide.
Oospores medium brown to dark chestnut brown, 335-380 P long, 315-375 s




Figure 16. Nitella clavata. A. Terminal whorls of branchlets of mature

plant (63-8-8-1); note simple primary branchlets and accessory branchlets

above and below primary branchlets, X 2.5. B. Terminal whorls of branch-

lets of mature plant (64-8-30-3), X 2.5. C.
(64-8-30-3), X 1/2. D.

Habit sketch of mature plant
Characteristic branchlet of fertile heads (64-8-
30-4), X 10. E. Upper whorls of branchlets of a mature plant (61-9-1-4),

X 2.5, F. Characteristic branchlet of fertile heads (61-9-1-4), X 10.
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wide; striae of 7 (-8) ridges; D.E.A. 47-68 Jp; membrane regularly granulate
or coarsely granulate. Antheridia solitary, 330-510 u in diameter,
8-scutate.

SPECIMENS EXAMINED: ARIZONA: (64~8-30-3) Large spring fed lake,
1 mi. E Vernon intersection on U.S. Hwy 60, Apache Co., Arizona, D.
Tindall and A. Hotchkiss, Aug. 30, 1964. (64-9-8-2) Small shallow
tank, near entrance to Apache Cove, 1 mi. N Lakeside, State Hwy 173,
Navajo Co., Arizona, D, Tindall and A. Hotchkiss, Sept. 8, 1964.

(WM 928 and 6é4~9~1l-4k) Concrete tank, Dugans Spring, Sycamore Canyon
Picnic Area, 9 mi. by road W Pena Blanca lake, Coronado Natiomal
Forest, Santa Cruz Co., Arizona, W, Minckley, May 2, 1964; D. Tindall,
A, Hotchkiss, and W. Minckley, Sept. 1, 1964.

DURANGO: (63-8-8-1) In swift current of the Rio Chico, 17.5 mi.
W Durango, Mex. Hwy 40 (Jjust below bridge), Durango, Mexico (elevation
ca. 6000 ft), D. and Patricia Tindall, Aug. 8, 1963. (63-8-8-3)
Quarry pond, 2,6 mi. W Rio Chico, Mex. Hwy 40, Durango, Mexico, D. and
Patricia Tindall, Aug. 8, 1963.

TYPE LOCALITY: Brazil (Kitzing, 1849).

DISTRIBUTION: Nitella clavata occupies a wide geographical range
in North and South America, extending north into British Columbia
(Allen, 1951) and south into Argentina and Chile (Braun and Nordstedt;
1882)., Localities of the species in North America other than those
of the study area include British Columbia (Allen, 1951), Montana
(Williams, 1892; Allen, 1894), Oregon (Allen, loc. cit.), California
(Braun and Nordstedt, 1882; Allen, 1894), Nebraska (Daily, 1944), and
Missouri (Braun and Nordstedt, 1882; Allen 1894). Countries in South
America from which the species has been recorded include Brazil;

Bolivia, Peru, Uriguay, Argentina, and Chile (reviewed by Horn af Rantzien,
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1950). H. and J. Groves (1911) reported the species from the Dominican
Republic.

The distribution of N. clavata in the study area is shown in
Figure 17. Previous records of the species include those from New
Mexico (Braun and Nordstedt, 1882), Arizona (Hevly, 1961), Chihuahua
(Wood, 1948), San Luis Potosi (Allen, 1894), Mexico, Morelos, and
Vera Cruz (Braun and Nordstedt, 1882).

The distribution of N. clavata shows a close correlation with
the highland areas of North and South America. The species has been
recorded at an elevation of 4270 m in Peru (Braun and Nordstedt, 1882).

BCOLOGY: Physicochemical features of the habitats.--Various

features of the habitats supporting Nitella clavata in the study area
are included in Table 8, The types of habitat observed were quite
different but the parts of the habitats supporting the species were
distinctly similar with regard to substrate, depth, light conditions,
and temperature. The species occurred in waters characterized by a
relatively wide range of pH (7.6 to 10.0) and alkalinity 42-170 mg/1),
and very small concentrations or a complete lack of free carbon dioxide.
Plant communities.--Nitella clavata, N. missouriensis, and Chara
globularis occurred as isolated tufts scattered throughout a dense
zone of C. braunii in the spring-fed lake locality of Apache County,
Arizona. A similar association, excluding C. braunii, was observed in
both habitats in Navajo County, Arizona. Chara braunii was sparsely

distributed throughout extensive stands of Nitella clavata in both

Mexican localities. The spring-fed concrete tank locality in Santa
Cruz County, Arizona, supported only N. clavata; however, a similar,
but smaller, concrete tank in the same area supported a luxuriant stand

of Chara braunii.
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Fig. 17. Distribution of Nitella clavata in

the study area; @ localities examined during

the present study, & localities reported in

the literature.

63



Table 8. Physicochemical features of the habitats supporting Nitella clavata.

Tempersa ture

pH Alk,

Specimens Locality Habitat Substrate Depth Tur- Light €O,
bidity air water

64=8=30=~3 Arizona spring=-fed mud=-sand 0.20=0.3 0 open 26.0 20,0- 9.4~ 102 0.0
lake 23.0 10.0

61=9-1-4 Arizona spring-fed gravel= 1.00=245 0 partly 32.0 20.0- T.6- 160- 8.0-
concrete sand-mud shaded 25.0 8.3 170 0.0
tank

64=9=8=2 Arizona small tank sand=mud 0.20=0.3 + open 24.0 24.0 7.8 148 4.5

64=9=8=4 Arizona small arti- sand-mud 0.,05=0.2 + open 26.5 24.0 8.2 129 1.0
ficial leke

63.8-8~1 Durengo swiftly flow- sand- 0.10-0.2 0 open 22,0 21.0 8.0 42 045
ing river gravel

63=B8=8u3 Durango quarry pond gravel- 0.10=0,3 0 open 19.0 22.5 9.4 43 0.0

sand

Table 9. A comparison of gametangia and oospores of attenuated and inflated forms of Nitella clavata.

SPECIMENS O0GONTIA CORONULA OOSPORES ANTHERIDIA
length width height width length width ridges D.E.A. membrane diameter
64=8-30-3 N 5 .15 26
(attenuated) R  530-555 420-450 54-61 76-83 335-375 330-375 7-8 54-68 granulate 435=510
M  542+44.5 439#6.2  58#1.7 78+4l.5 354#2.9 35943.6 60+1.1 471+4.2
64=9wl~q N 16 30 15
(inflated) R 520-600 425-450 47-58 65=76  345-380 323-345 T7-8 47-67 coarsely  330=405
M  560%4.7 44322.4 52+1.2 353#l.9 33641.9 granulate 36646.0
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Other plants associated with Nitella clavata are included in
the discussions of Chara braunii and C. globularis.

MORPHOLOGY, CYTOLOGY, AND TAXONOMY: Considerable variation was
observed among the specimens of Nitella clavata from the study area.
Most of the specimens displayed more or less attenuated dactyls and
accessory branchlets (Fig. 16A-D) but these structures were short and
markedly inflated on specimens of collection 64-9-1-4 (Fig. 16 B, F).
Plants of the latter type usually have been referred to as var. inflata
A, Br. Specimens collected in May 1964 from the same habitat as col-
lection 64~9-1-4 displayed a much less inflated condition, tending
more in the direction of the majority of specimens from the study area.

A comparison of fertile representatives of each form is included
in Table 9. The marked similarity in size of gametangia and the
occurrence of attenuated specimens in the same habitat as the inflated
ones preveni separation of the two forms into infraspecific taxa.

A chromosome number of 18 was determined for specimens from
collections 64-8-30-3 and 64-9-4=1. The chromosome number of this
species has not been reported in the literature; however, Hotchkiss
(unpublished) has observed chromosome numbers of 18 in Nitella clavata
from California, North Carolina (?) (unknown locality, possibly Florida,
in culture at laboratory of L. A. Whitford, North Carolina State College,
Raleigh), and Quebec (in culture, University of Louisville).

Nitella clavata is readily distinguished from all other charophytes

in the study area by its once-furcate primary and simple accessory
branchlets. Its closest relative in the study area, N. acuminata,

sometimes produces simple adventitious branchlets, but always above

the primary ones, whereas the accessories of N. clavata are normally

below and alternating with the primaries. The tendency of various structures

of N. clavata to become inflated further distinguishes it from N. acuminata,




NITELLA OLIGOSPIRA Braun
Figure 18
Nitella oligospira Braun (1859:357).
N. oligospira var. wrightii Braun
N. furcata subsp. mucronata f. oligospira Wood (Wood and Imahori, 1964).

LITERATURE FOR THE STUDY AREA: Braun (1859), Braun and Nordstedt
(1882), Wood (1948), and Allen (1954). See also Allen (1896), H. and J.
Groves (1911), Horn af Rantzien (1950), Daily and Kiemer (1956), and
Wood and Imahori (1964).

DESCRIPTION OF SPECIMENS (including 5 specimens each from collections
61-9-8-2, 61-9-8-TB, and 63-1-25-7): Plants monoecious, 8-20 cm high,
spreading, not forming heads, medium green to bright green, lightly to
heavily incrusted with lime. Main axes 450-500 P in dismeter; internodes
to 2.8 cm long, 1-1 1/3 branchlet length on lower axes. Branchlets not
differentiated into fertile and sterile types, (5-) 6 in a whorl; to 1.8
cm long, at least partially 4-furcate; primary rays ca. 1/3 branchlet
length, 3.7-8.8 mm long, 210-395 M in diameter; secondary rays 5-6 at
a node (including percurrent ray), 1/4-1/3 branchlet length, 2.2-6.3
mm long, 1&5—350}1 in diameter; tertiary rays (2, 3-) 4 (-5) at a node,
frequently simple, 1.0-4.0 (~7.0) mm long (longer ones simple), 135-280 R
in diameter; quatermary rays (1, 2-) 3-4 when present (1-3-celled tertiary
ray), frequently 1-2 of these are short mucro-like cells, normal ones
simple or forked, 1.0-4.0 mm long, 70-196 2 in diameter; quinary rays (1-)
2 (~4) when present (1-3-celled quatermary ray), as 2-celled dactyl or
short mcro-like cell, normal ones 0.2-1.5 mm long, 58-125 Ve in diameter.
Ultimate rays (excluding mucro-like rays) of unequal length, 2(-3)-celled;
penultimate cell 58-155 )J in diameter, tapering abruptly to base of mucro;

ultimate cell forming a conical mucro (sometimes deciduous), 55-120 fl long,
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Figure 18. Nitella oligospira. A. Fertile shoot in axes of secondary
branchlet rays (63-1-25-7), X 10. B. Mature fertile branchlet (63-1-25-
7), X10. C. Ultimate branchlet ray with characteristic mucro (63-1-25-
7), X 275. D. Terminal furcation of branchlet displaying l-celled
(mucro-like) ultimate rays (61-9-8-2), X 50. E. Mature branchlet from

lower part of plant (61-9-8-2), X 10. F. Terminal whorls of branchlets
with antheridia (61-9-8-2), X 25.
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25-35 P in diameter at base. Gametangia solitary or conjoined at 2nd
and 3rd branchlet nedes (rarely at 1lst mode), fertile shoot frequently
present at 1st node, to 2.0 mm long. Oogonia solitary, 400-465 P long,
320-350 pu wide; coronula persistent, 32-46 P high, 60-70 P wide. Oospores
light golden~brown, 240-285 ’1 long, 225-263 F wide; striae of 6 (-7) low

ridges; D.E.A. 46~-58 P membrane reticulate, usually completely formed,

12-20 meshes across fossa. Antheridia solitary, 240-308 F in diameter,
8-scutate.
SPECIMENS EXAMINED: TEXAS (63-2-1-3 and 63-2-1-4 tent. det.)
San Marcos River (small tufts in current), near public swimming area,
San Marcos, Hays Co., Texas, D, Tindall and A. Hotchkiss, Feb. 2, 1963.
TAMAULIPAS: (63-1-25-7) Arroyo, 16 mi. S Cd. Mante, Mex. Hwy 85,
Tamaulipas, Mexico, D. Tindall and A. Hotchkiss, Jan. 25, 1963.
SAN LUIS POTOSI: (61-9-9-3D) Small limestone arroyo, flowing W,
31 mi. S Cd. Mante, Mex. Hwy 85, San Iuis Potosi, Mexico, D. Tindall,
A. Hotchkiss, and R. Goodyear, Sept. 9, 1961. (61-9-8-7B and 63-1-25-3)
Small (limestone) arroyo, 17 mi. N Cd. Valles, Mex. Hwy 85, San Luis
Potosi, Mexico, D. Tindall, A. Hotchkiss, and R. Goodyear, Sept. 8, 1961;
D. Tindall and A. Hotchkiss, Jan. 25, 1963. (61-9-8-2) First arroyo
N Cd. Valles, near Palma Hotel, Mex. Hwy 85, San Luis Potosi, Mexico,
D, Tindall, A. Hotchkiss, and R, Goodyear, Sept. 8, 1961.
TYPE LOCALITY: Brazil (Braun, 1859 fide Horn af Rantzien, 1950).
DISTRIBUTION: Nitella oligospira is rather uncommon but displays
a wide geographical range, occurring in Africa, Asia, Australia, North
America, West Indies, and South America (Wood and Imahori, 1959).
Records of the species for North America are very limited, being recorded
from two localities in Texas (Leona and Comale Rivers, Braun and Nordstedt,
1882), one locality in Georgia (H. and J. Groves, 1911), and ome locality

in Nebraska (Daily and Kiener, 1956). South American and West Indian
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records of the species include those from Venezuela, Brazil, Cuba, Puerto
Rico, and Trinidad (vide Horn af Rantzien, 1950, Allen, 1954).

The known distribution of the species in the study area is shown
in Figure 19. Although limited, these records indicate a somewhat more
common occurrence of the species than expected, and help bridge the large
gap between the previously known localities of the species in North and
South America. Although N. oligospira extends north into Nebraska, it
shows a distinctly tropical distribution and should be regarded as a
basically tropical form.

ECOLOGY: Physicochemical features of the habitats.--Nitella oligospira

was observed only in open areas of limestone streams. Of the factors
recorded for each of these habitats (Table 10), marked variation was
observed only in rate of flow. The species flourished in moderately

or swiftly flowing waters, whereas it represented a very insignificant
part of the plant community in habitats characterized by still waters.

The original records of the species from Texas also show it to be limited
to runming waters (Braun and Nordstedt, 1882). This particular suitability
to flowing waters may be correlated with a requirement for waters with a
moderately alkaline pH and/or an abundance of free carbon dioxide. How-
ever, the extensive lime incrustation observed on some specimens indicates
that the species can withstand periods of high pH and negligible amounts
of free carbon dioxide.,

Plant communities.--Nitella oligospira always occurred in close

association with several other charophytes (Table 11). Najas guad-
alupensis was the only vascular plant found to occur in association
with the species.

MORPHOLOGY , CYTOLOGY, AND TAXONOMY: Most of the specimens of

Nitella oligospira examined during this study displayed relatively




Fig. 19. Distribution of Nitella oligospira

in the study area; @ localities examined during

the present study, & locality reported in the

literature.
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Table 10. Physicochemical features of the habitats supporting Nitella oligospira.

Specimens Locality Habitat Substrate Turbidity Iight  Temperature pH Alk. co

air water 2
€63w2=1=3 Texas swiftly flow- sand=-gravel €] open —— . 2146« T¢3= 270=- 26.5~
ing s tream 23.2 7.5 260 16.5
63wla25aT Temaulipas moderately marl o open 25.0 20,0 7.3 162 15.0
flowing stream ‘
61l=9=9=3D  San Luis stream pool  marl-organic 0 open  34.0 30.0 7.85 193 6.0 =
Potosi |
61=9~8=7B San Luis stream pool marl 0 open 28.0 30,0 7.3 167 16.0
Potosi (slight flow)
63=1l=25=3 San Luis stream pool 8ilt=mud +* open 28,0 21.0 7.2 315 38.0
Potosi
61=9wBm2. San Luis 8 tream silt-marl 0 open 330 27.0 7.4 208 16.5

Potosi (moderate flow)




Table 1l. Major components of plant communities containing Nitella oligospira.

Nitella oligospira

Other plants

63-2=1-3 (scattered tufts)

63=1=25=7 (abundent)
61-9~9=3D (rare)
61=9-8=7B (rare)

63=1-25~3 (rare)

61-9=-8-2 (abundant)

Chara braunii (scattered tufts), C. globularis (scattered tufts),
T. contraria (rare tufts), Batrachospermum sp. (s2bundant tufts), Thorea sp.

Tabundent tufts).

Nitelle hyalina (abundant), N. gracilis sp. group (abundant), Chara
contraria (abundant).

Nitella tenuissime (abundant), N. acuminate (sparse), N. hymslina (sparse),
Thera zeylanica (abundant), C. drouetii (scattered tufis).

Nitelle hyalina (abundent), N. acuminata (abundant), Chara zeylanica
(abundant).

Nitella h _%glina (abundant), N. acuminata (abundent), N. gracilis sp. group
a

(rere), Chara zeylanica (abundant), C. contraria (rare).” Najas guada-
lupensis (abundant)e.

Nitella acuminata (abundent), Chara zeylanica (abundant), Ne jas guada-
Tupensis (abundant).

Teble 12. A comparison of gametangia and oospores of Nitella oligospira collected in September 1961 and
January 1963 from the same general area in eastern Mexico.

CORONULA OOSPORES ANTHERIDIA

SPECIMENS OOGONTIA
length width height width length width ridges D.E.A. diameter
61-9-9-3 N 6 6 11
R 400-410 325-340 32-46 6066 240-260 230-245 6 46=-54 2652=308
M 40442.2 33542.8 39#2.3 64#0.9 24943.6 23642.6 50+1.1 285+5.6
65«1=25~7 N 17 2% 20
R 420-465 320-350 32-45 61=70 255-285 2252263 6=7 47-58 240-290
M 444+3.9 34142.4 3940.9 6540.7 27041.3 24142.3 5240.7 267+3.1
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consistent morphological features. Specimens collected from very
swift waters of the San Marcos River (Hays Co., Texas) displayed a
somewhat unusual character, thus are only tentatively included under
this species. Otherwise, the occurrence of $ingle-celled mucro-like
ultimate bramchlet rays and small fertile shoots im the axes of
secondary branchlet rays were the only features not common to all
specimens. Of course, some specimens were sterile and others were
fertile. A comparisom of gametangia and ocospores from collections made
during different seasons illustrates the relative consistency of those
structures (Table 12).

A chromosome number of 18 was determined for specimens from a
single collection (61-9-8-2). This apparently is the first chromo-
some count for the species. However, the same number has been reported
for several closely related species, including N. mucromata (Gillet,
1959), N. microcarpa ssp. megacarpa (Hotchkiss, 1961; as N. megacamp3,
Tindall and Sawa, 1964), N. dictyosperma (Sarma and Khan, 1964), and N.
furcata var. sieberi (Hotchkiss in Wbod; 1963 and as N. furcata, Hotchkiss,
1965).‘ The name N. furcata var. sieberi represents the same taxon as
N. microcarpa Braun (1859 vide Wood, 1963). Imahori and Kato (1961)
reported chromosome numbers of 14 for N. microcarpa, 24 and 48 for N,
furcata, and 28 for N. shinii. All of these species show clear affinities
with N. oligospira but all of the chromosome numbers reported for them
are peculiar to this section of the genus,

Nitella oligospira was recently combined with more than 50 previously
recognized species to form a single large polytypic species which
retained the name N. furcata (see Wood, 1962, 1963, 1964; Wood and
Imahori, 1964). Much of the revision of the species group proposed

by Wood appears to be well founded but the actual data supporting the
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treatment are not available, thus it cannot justifiably be followed
at this time., It does appear, however, that N. oligospira may be
required to yield its specific status to a closely related form which
has nomenclatural priority.

Of particular interest along these lines are two species which
inhabit portions of the Nitella oligospira range. Various forms of
N. mucronata have been reported from New Mexico and Texas (Braum and
Nordstedt, 1882). In fact, the species was recorded from the same
rivers in Texas as was N. oligospira (the Leona and Comale rivers).
Another closely related species, N. microcarpa, displays a wide
distribution in the southern limits of the N. oligospira range, in-
cluding several localities in the West Indies, Central America, amd
South America (see Horm af Rantziem, 1950). Nitella microcarpa is
also known from a few localities in North America. Of interest with
regard to the present study is a single collection from louisiana
(Braun and Nordstedt, 1882).

Although Nitella oligospira may mecessarily be combined with
other species, it appears to form a distinct taxon that should be

classified at a higher rank than that of forma as proposed by Wood.
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NITELIA TENUISSIMA (Desvaux) Kfitzing
Figure 20
Chara tenuissima Desvaux (1809:313) vide Wood (1948).
Nitella tenuissima Kutzing (1843:319).

LITERATURE FOR THE STUDY AREA: Only literature pertaining to N,
tenuissims var. compacta A. Br. is known for the study area (see below).
DESCRIPTION OF SPECIMENS (including 5 mature plamts): Plants
monoecious, to 22 cm high, appearing fine and delicate but quite rigid,

distinctly momiliform, light to medium greem (grayish before lime is
removed), heavily incrusted with lime. Main axes to 195 p in diameter;
internode length mach exceeding that of branchlets. Branchlets
consistently 6 in a whorl, at least partially L-furcate, rays straight
and projectimg; primary rays 2.5-4.5 mm long, 69-84 P in diameter;
secondary rays 6 (-7) at a node (including percurrent ray), 0.7-2.0

mm long, 42-63 F in diameter; tertiary rays 4~5 at a node whem ferti:}.e
but frequently 6 at a mode (including a percurrent ray) when sterile,
0.7-1.8 mm long, 35-50 pin diameter, frequeatly simple and 2-celled;
quaternary rays (2-) 3-4 (-5) at a node, 0.6-1.9 nm long; 28-M,1 in
diameter, usnally simple and 2-celled; quinary rays (present to some
extent in all whorls) (2-) 3-4 (-5) at a node, 0.6—1.0’.1 long, 28-38

P in diameter, 2-celled. Ultimate rays 2-celled; penultimate cell
tapering gradually or abruptly to base of ultimate cell which is a
sharp conical mucro. Mucros (N=30) (42-) 65-2.5 (~98) P long; (17-)
22-,05 (-28) P in diameter. Gametangia solitary or conjoined at 2nd
and 3rd branchlet nodes (single oogonium frequemtly occurrimg at 1lst

" branchlet node). Oogomia (N=22) solitary, (325-) 342-2.3 (~364) p
long, (260-) 272-9.1 (~366) J wide; coronula (21-) 28-0.5 (-29) p high,
(h2=) 47-0.9 (~56) p wide. Oosporas (N=20) medium brown, (209-) 214-1.0
(=224) J long, (189-) 202-1.6 (-210) J wide; striae of 5-6 inconspicuous
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Fig, 20. Nitella tenuissima (61-9-9-3). A. Mature branchlet on section

of main axis, X 15, B. and C. Range of variation in habit of mature
plants, X 1/2. D. Ultimate branchlet rays with characteristic mucros,
X 275,
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ridges; D.E.A. (41-) 44-0.7 (~50) Ji; membrane variable, covered with
medium~sized granules (beads?) which frequemtly coalesce to form
a beadlike reticulation. Amtheridia (N=20) solitary, somewhat com-
pressed vertically, (168-) 182-1.1 (~190) J wide, 155-175 P high, on
a short stalk 30-54 P long, 29-36 ,1 in dismeter, 8-scutate.

SPECIMENS EXAMINED: SAN LUIS POTOSI: (61-9-9-3A) Small limestone
arroyo flowing W, 31 mi. S Cd. Mante, Mex. Hwy 85, San Iuis Potosi,
Mexico, D. Tindall, A. Hotchkiss, and R. Goodyear, Sept. 9, 1961.

Nearly identical specimens of N. tenuissima were observed from
Massachusetts and North Carolina (im herb., Univ. louisville).

TYPE LOCALITY: BRurope (vide Wood, 1948).

DISTRIBUTION: According to Wood and Imahori (1959), Nitella
tenuissime is a common species in Burope, Africa, Asia, amd North
America. The kmown distribution of the species in North America (ex—
cluding var. ¢ cta) includes Maine (Taylor;. 1921), Massachusetts
(Wallman, 1854; Allen, 1880; Braun and Nordstedt, 1882; Dame and Collins,
1888; Tindall and Sawa, 1964), Rhode Island (Halsted, 1879; Allen, 1889),
New York (Allem, 1880, 1896; Wood and Muemscher, 1956), New Jersey (Allem,
1880; Brittom, 1889), Michigan (Halsted, 1879; Allen 1880; Braun and
Nordstedt, 1882; Prescott, 1951), Wisconsin (Prescott, loc. cit.),

Ohio (Pieters, 1901; Wood, 1947), North Carolima (Wood, 1954; present
study), and Florida (Allen, 1880).

These previous records of the species from North America reveal
a more concentrated distributiom in the northeast. Although infrequent
and widely separated, the occurrence of Nitella tenuissima in southern
areas indicates that the species may occur throughout a large part of
the continent.

ECOLOGY: The single population of Nitella tenuissima observed in
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the study area occurred in shallow waters of a ponded area of a slowly
flowing limestone stream. At the time of collection the water was
characterized by the following features: temperature 30 C (air temp.
34 C), pH 7.85, alkalinity 193 mg/l, and free carbon dioxide ca. 5
mg/l. The species comprised a very mimor part of a well-developed
charophyte commnity. Chara zeylanica formed a large bed in the deeper
waters and Nitella hyalima occurred as scattered tufts at intermediate
depths. Small isolated tufts of N. acuminata, N. tenuissima, and gggig
sejuncta occurred on soft marl in the shallower water near the banks.

MORPHOLOGY, CYTOLOGY, AND TAXONOMY: Mature specimens of Nitella
tenuissima from the single population observed in the study area were
very consistent in respect to all morphological features (description).
This was especially evident with regard to branchlet characters, in-
cluding their delicate but rigid projecting habit, number of furcations,
and number of cells making up the ultimate rays.

A chromosome number of 9 was determined for specimens of Nitella
tenuissima from the study area. A chromosome number of 9 has also
been determined for nearly identical forms of the species from Mas-
sachusetts (Tindall and Sawa, 1964) amd North Carolima (Hotchkiss,
unpublished).,

Since only a single population of the species was observed, mno
direct taxonomic problem has arisen. However, several specimens
from the study area referable to N. tenuissima var. compacta A. Br.
appear to comstitute a part of amother species which is distinct from

N. tenuissima. Further discussion along this line is included below.
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NITELLA GRACILIS SPECIES GROUP

The specimens included here appéar to form a single highly variable
species which is separable into two taxa (A and B). Certain specimens of
Taxon A can doubtlessly be referred.to Nitella tenuissima var. gompacta
A. Br., whereas others show distinct relationships to N. gracilis (Sm.)
Ag. Each of these types was distinguishable at times, but when all of
the collections were examined a more or less complete intergradation was
observed between them. Taxon B is not directly referable to any previously
described form but it is distinctly related to Taxon A.

Inasmuch as the range of variation observed in all of these specimens
appears to encompass several forms which have been reported from the study
area, a specific name is withheld pending examination of type specimens
and specimens collected elsewhere in North America. The present specimens
are included within the N. gracilis species group (for North America)
which consists of several closely related species, namely N. tenuissima ,‘
N. gracilis, N. transilis T.F.A., N. intermedia T.F.A., and other less
known species.

TAXON A
Figures 21-23

DESCRIPTION OF SPECIMENS (including 5 or more mature shoots from
each of the following collections: 61~3-30-3, 6l-4-4-1, 61-4-5-24,
61~9=5~3, 63-1=23-2, 63~1-23~5, 63-1-25~6, 63-1-25-8, 63-1-29-1, and
63-1-30-2): Plants monoécious, (4=) 7-20 cm high, usually moniliform
but sometimes displaying "fox-tail" character, appearing delicate or
stout, light green to dark green (grayish before lime is removed), no
mucus, frequently heavily incrusted with lime and epiphytes. Main axes
(ca. 200-) 285-375 (~ca. 400) p in diameter, internodes nearly always




Fig. 21, TAXON A (Nitella gracilis species group). A. DMature
branchlet on section of main axis (63-1-25-8), X 10. B. Mature
branchlet (63-1-25-6), X 10. C. Range of variation in shape of
mucros (63-1-25-8), X 275. D. and F. Same as C (61-3-30-3), X
275. E, Fully developed terminal cell of branchlet; resulting
from elongation and expansion of mucro (61-3-30-3), X 275, Ge~

J. Habit sketches of mature plants: G. (62-4-29-3), H. (63-1-30-
2), I. (62-4-28-3), J. (61-3-30-3), all X1/ 2.
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Fig. 22, TAXON A (Nitella gracilis species group, 63-1-23-2). A.-C.
Range of variation in habit of mature plants, X 1/2. D. and E.

Mature branchlets, X 12.5. F. Young branchlet, X 25,






Fig. 23. TAXON A (Nitella gracilis species group, displaying somewhat
abnormal vegetative morphology). A. Mature branchlet on section of
main axis; displaying fertile shoots in axes of secondary and tertiary
rays (63-1-29-1), X 10. B., C., and E. Mature branchlets on sections
of main axes: B. (61-9-5-3), X 103 C. (61-9-29-1), X 10; B. (63-1-29-
1), X 20. D. Young branchlet (63-9-5-3), X 30. F. and G. Renge of
variation in terminal rays: F. (61-9-5-3), X 133; G. (63-1-29-1),

X 133.
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longer than branchlets. lower sterile branchlets frequently 1-2 furcate
with markedly swollen rays. Mature fertile branchlets consistently 6 in

a whorl (very rarely 5 or 7), usually less than 1 cm long; always up to
3-furcate and frequently partially 4-furcate (very rarely 5-furcate);
primary rays straight, (0.6-) 1.0-3.2 (-3.7) mm long, (63-) 95-195 (-210) pm
in diameter; secondary rays straight, (5-) 6-7 at a node (including
percurrent ray), (0.4-) 0.9-2.2 (-2.6) mm long, (43-) 60-125 (~180)  in
diameter, sometimes simple and (2-) 3 (4~)-celled; tertiary rays straight
when forked or variously curved when simple, (3-) 4~5 (-6 or 7 when
percurrent ray is present) at a node, (0.5-) 0.8-3.4 (-6.5) mm long
(longer ones are simple and 2-3-celled), (36-) 54-125 (-180 at distal

end of penultimate cell) m in diameter; quaternary rays (when present)
straight or curved, (2-) 3-5 (-6) at a node, (0.3-) 0.7-2.7 (=6.5) mm
long (longer ones are simple and 2-3-celled), (35-) 45-90 (~150 at distal
end of penultimate cell))n in diameter; quinary rays frequently lacking,
(2-) 3-4 (-5) at a node, 0.8-3.4 cm long, 34-105 p in diameter, 2-3-celled.
Ultimate rays 2-3(-4)-celled; penultimate cell narrow or swollen, usually
tapering abruptly to base of ultimate cell which is a conical mucro.
Mucros, normal ones, are deciduous or persistent, sharp or blunt, (35-)
65-115 (-158) p long, 20-40 p in diameter; abnormal ones frequent, forming
a long terminal cell, equal to penultimate cell in diameter, acute or
acuminate. Gametangia solitary or conjoined. Oogonia usually on a

short stalk, frequently solitary at 1lst branchlet node, 102(-3) at 2nd
node, 1 at 3rd node, and rarely 1 at 4th node, 315-455 m long, 250;320

p wide; coronula persistent, 29-47 m high, 43-61 p wide. Oospores

medium brown to dark chestnut brown, 185-250 m long, 170-225 m wide;
striae of 7-8 (~9) low but thick ridges; D.E.A. 23-&3)n; membrane

variable, ranging from distinctly coarsely granulate to reticulate
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(appearing beaded, very much like that of N. tenuissima). Antheridia
solitary at 2nd and 3rd .rarely 4th) branchlet nodes, frequently com-
pressed vertically, 1l44-191 p wide, 8-scutate.

SPECIMENS EXAMINED: OKLAHOMA: (60-8-14-2C) Honey Creek, in current
ca. 0.5 mi. above Turner's Falls, Marray Co., Oklahoma; D, Tindall; We
Minckley, and J. Craddock, Aug. 14, 1960. (62-4-28-3) Buffalo Spring,
swift stream, Platt National Park, Murray Co., Oklahoma, D. Tindall, A.
Hotchkiss, and W. Minckley, April 28, 1962. (62-4-28-6) Antelope Spring
(in slowly flowing pool), Platt National Park, Murray Co., Oklahoma, D.
Tindall, A. Hotchkiss, and W. Minckley, April 28, 1962. (62-4-29-3)
Stream, 8 mi. W Hugo, U.S. Hwy 70, Choctaw Co., Oklahoma, D. Tindall,

A. Hotchkiss, and W. Minckley, April 29, 1962.

TEXAS: (61-3-30-3) North San Gabriel River, 28 mi. N Austin, U.S.
Hwy 81, Williamson Co., Texas, D. Tindall and W. Minckley, March 30, 1961.
(61-4=1-2) Onion Creek, SSE Austin, near Bergstrom Air Base, Travies Co.,
Texas, D. Tindall and W, Minckley, April 1, 1961. (61l-4-4-1) and
(61-9-15-1) Rio Frio, below Upper Camp Area, Garner State Park, Uvalde
Co., Texas, D. Tindall and W. Minckley, April 4, 1961; D. Tindall, A.
Hotchkiss, and R. Goodyear.

COAHUILA: (61-4-4-4C) Arroyo Concordia, first stream S Piedras
Negras, Mex, Hwy 57, Coahuila, Mexico, D. Tindall and W. Minckley, April
4, 1961. (61-9-14-1 specimen lost) Rio de Nava (swift), 5 mi. SW Nava,
water from large spring near Morelos, flows to irrigation ditches, off
Mex. Hwy 57, Coahuila, Mexico, D. Tindall, A. Hotchkiss, and R. Goodyear,
Sept. 14, 1961. (61-4-4~6B) Rio Salado de los Nadadores, 2 mi. S
Hermanas, off Mex. Hwy 57, Coahuila, Mexico, D. Tindall and W. Minckley,
April 4, 1961. (61-4-5-2) Rio Salado de los Nadadores at Celemania,

0.5 mi. below entrance to Sacramento Basin, off State Hwy 30, Coahuila,

Mexico, D. Tindall and W. Minckley, April 5, 1961.
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NUEVO LEON: (63-1-30-2) Rio Cabezones (swift), 16 mi. NW Linares,
Mex Hwy 85, Nuevo lLeon, Mexico, D, Tindall and A. Hotchkiss, Jan. 30, 1963.
(63-1-30-4) Rio Ramos, 45 mi. NW Linares, Mex. Hwy 85, Nuevo Leon, Mexico,
D. Tindall and A. Hotchkiss, Jan. 30, 1963.

TAMAULIPAS: (63-1-23-2) Irrigation canal (swift), just N Rio
Purificacion, at Padilla, Mex. Hwy 101, Tamaulipas, Mexico, D. Tindall
and A. Hotchkiss, Jan. 23, 1963. (63-1-23-5) Low-water pool of Rio
Purificacion (separated from River), below bridge at Padilla, Mex. Hwy
101, Tamaulipas, Mexico, D. Tindall and A. Hotchkiss, Jan. 23, 1963.
(61-9-5-3) and (63-1-29-6A & B) Rio Guayalejo, 37 mi. S Cd. Victoria,
off Mex. Hwy 85, Tamaulipas, Mexico, D. Tindall, A. Hotchkiss, and R.
Goodyear, Sept. 5, 1961; D, Tindall and A. Hotchkiss, Jan. 29, 1963.
(63-1-29-1) In flowing water of the Tio Sabinas, 3 mi. W on logging
road from ElEncino, 30 mi. N Cd. Mante, Mex Hwy 85, Tamaulipas, Mexico,
D. Tindall and A. Hotchkiss, Jan. 29, 1963. (63-1-25-8) Arroyo, 16 mi.
S Mante, Mex. Hwy 85, Tamaulipas, Mexico, D, Tindall and A. Hotchkiss,
Jan. 25, 1963.

SAN ILUIS POTOSI: (63-1-25-6) Arroyo, 17 mi. N Cd. Valles, Mex.
Hwy 85, San Iuis Potosi, Mexico, D. Tindall and A. Hotchkiss, Jan. 25,
1963.

DISTRIBUTION: Records of Nitella tenwissima var. compacta and N.
gracilis from or near the study area are presently included in the
discussion of the distribution of Taxon A. Braun (Braun and Nordstedt,
1882) described N. tenuissima var. compacta from specimens collected in
New ﬁexico (type locality, vide Wood, 1948), Texas, and Mexico (?)
("Monterey in Nord-Mexico [Californié] eeof!), Braun originally recorded
the species from North Mexico but Nordstedt later inserted California

without clarification, thus causing considerable confusion as to the
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actual locality. Braun (Braun and Nordstedt, loc. cit.) described var.
compacta f. domingensis from the Dominican Republic ("St. Dimingo Haiti
eesf?)s H. and J. Groves (1911) reported specimens representing var.
compacta (as N. tenuissima) from Cuba. Daily (in Hevly, 1961) identified
var. compacta from Cochise County, Arizona. Specimens reported as N.
gracilis probably referable to Taxon A include those from New Mexico
(Holsted, 1879), Texas (Braun and Nordstedt, 1882), and Louisiana (as
var. divaricata Mig., Allen, 1896). Nitella gracilis reported from
Venezuela, Brazil (Braun and Nordstedt, 1882), and Uruguay (Allen and
Herter, 1934) may also be referable to Taxon A.

The known distribution of Taxon A, N, tenuissima var. compacta,
and N. gracilis in the study area is included in Figure 24. These forms
show a distinctly southern distribution in North America but further
study may reveal a more precise relationship to tropical and subtropical
regions.

BCOLOGY: Physicochemical features of the habitats.—-Taxon A was

observed only in streams, most of which were in limestone regions and
many were spring fed (Table 13). The habitats varied from still pools
to swiftly flowing waters. These extremes appeared to have a direct
effect on the general morphology of the plants. Plants from the swift-
est waters were quite distinctly Nitella tenuissima var. compacta types,
whereas those from very still waters represented N. gracilis types.
Intermediate flow conditions supported a variety of intermediate and
intergrading types. The restriction of the two distinguishable types
to rather limited environmental conditions and the occurrence of a
complete intergrading series in intermediate environmental conditions
forms the basis for the inclusion of all the specimens within a single

taxon.




Fig. 24, Distribution of TAXON A and TAXON B
of the Nitella gracilis species group in fhe
study area; @ localities of TAXON A examined
during the present study, O localities of TAXON
B examined during the present study, A local-~
ities of N. tenuissima var. compacta reported

in the literature, M localities of N. gracilis

reported in the literature.
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Table 13. Physicochemical features of the habitats supporting Texon A (Nitella gracilis species group).

Specimens Locality Habitat Substrate Depth Tur- Light  Temperature pH Alk. CO2
bidity air water
60=8-14~2C Oklahoma swift stream marl 0.1-0.3 0 open & 25.0 20.0 8.2 253 245
shaded
62-4-28-3 Oklahoma swift spring sand 0.07-0.3 O shaded 22.0 17.5 7.2 326 39,0
s tream
62=4-28-6 Oklahoma spring streem marl- 0.05-0.2 O open & 25.0 17.5 7.4 333 26.0
pool gravel shaded
62=4-29-3 Oklahama slow flowing silt-marl 0,30-0,6 O open 26.0 19.0 T.9 242 5.0
stream
61-3-30-3 Toxas still & slow- marl-silt 0.06-0.2 O open & e e — — —
flowing stream shaded
61-4-1-2 Texas stream pool marl-silt 0.05-0.1 O open —— —— — — —
61l-4-4=-1 Texas slow-flowing 8ilt-merl 0.10-0.2 O open & @ am — —— —
8 tream shaded
61-9-15-1  Toxas slow-flowing silt-marl 0.05-0.2 @ 0pOM & o o ——m  — —_—
s tream shaded
6lws=4q=4C Coahuile stream pool marl 0.10-0.4 O open — —_— — —
61=9=14-1 Coahuila swift stream marl 0,02-0,03 @ shaded ot — —_— —— —_—
61~4-4-6B Coahuila slow-flowing marl-silt — 0 open —— — —_— — —
8 tream
61=4-5=2 Coahuila swift stream gravel 0.05-0,1 © open 23.3 24,0 7.6 214 10.0
63=1=30=2 Nuevo Leon swift stream sand 0.03=-0.,056 0O open & 20.0 16.0 7.75 1556 65
shaded
62=1-30~-4 Nuevo Leon swift stream sand 0.05-0.1 @ open & 24.0 18.0 7.5 180 10.5
shaded
68~1-23=2 Teameulipas swift canal sand 0.20=0.35 @ open 25,0 20.0 8.0 207 3.5
63w1=23=5 Temaulipas stream pool sand=silt 0.20-0,3 O open 22.0 20.0 8.0 153 2.0




Teble 13. continued

61w9=b=3 Temaulipas swift stream sand-silt 0.05-0.2 O open 30.5 27.0 7.85 129 2.0

63=1=29=~6 Tamaulipas swift stream sand-silt 0.05-0.1 O open 23.0 20.0 7.4 118 9.0

63w=l=29=1 Temaulipas swift stream sand-marl 0.05-0.1 O shaded 30.0 21.0 7.8 1856 5.0

63=l=25=8 Temaulipes stream pool marl 0.10-0.3 O open 25,0 20.0 7.3 162 15.0

63=1=25=6 San Luis stream pool marl-silt 0.20-0.4 + open 28,0 21.0 7.2 315 37.5
' Potosi

Table 14. Major components of plant communities containing Taxon A (Nitella gracilis species group).

Taxon A Other plants

60=8-14=2C (rare tufts)
62~4-28-3 (abundant tufts)

62-4-28-6 (isolated tufts)
62=4=29-3 (abundant tufts)

81=3-30-3 (rare tufts)
6l=4=1-2 (rare tufts)
6l=4=4=1 (large beds)
61=9-15-1 (rare)
61l=4~4=4C (rare tufts)
61=9=14-1 (rare)
61-4-4-6B (rare)

Nitella gracilis sp. group Texon B (abundant tufts), Chara contraria
(abundant in pools).

Chara vulgaris (scattered tufts), Nitellas mirabilis (rare tufts),

Batrachospermum sp. (abundant), Nasturtium officinale (abundent).
Nitella gracilis sp. group Taxon B (isolated tufts).

Tolypella sp. (abundant), Nitella mirabilis (rare), Chara contraria
(abundant).

Chara contraria (rare).

Chara contraria (abundant), Nitella missouriensis (rare).

Chara contraria (abundant), Nitella missouriensis (rare).

None
Chara contraria (large beds), Najas guadalupensis (abundant).

None

Chare contraria (abundant), Najas gusdalupensis (abundant).

_68"




Teble 14. continued

61-4-5-2 (rare tufts)

63=1=30=2 (abundant tufts)
63=1-30~-4 (abundant tufts)
63=-1-23-2 (abundant tufts)
63=1-23=5 (scattered tufts)
61=9=5~3 (abundant tufts)

63=1=29=6 (abundant tufts)

63=1-29~1 (scattered tufts)
63=1=25=8 (abundant tufts)

63=1=25=-6 (scattered tufts)

Chara contraria (abundant), Najas guadalupensis (ebundant), Potamogeton
pectinatus (abundant), Ludvigia sp. (abundent), Thorea sp. (scattered
, vaucheria sp. (abundant).

Chara contraria (abundant)

Chara contraria (abundant), Batrachospermum sp. (rare)
Chara contraria (scattered tufts)
Nitella hyalina (scattered tufts)

Chare contraria (abundent), _c_; zeylanica (rare), Najas guadalupensis

(abundant)

Chara contrarie (abundant), C. zeylanica (abundent), Nitelle hyalina

(ebundant)

Chara contraria (abundant), Batrachospermum sp. (abundant), Thorea sp.

Chers. contraria (abundant), Nitella hyalina (abundant), N oligospira

(abundant)

Chara contraria (rare), C. zeylanica (rare), Nitella hyalina (abundant),

_l____(

N. acuminata (rare), N. oligospira (rare)

—06_
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The types of substrate supporting the species appeared to be
directly related to flow conditions (Table 13). The species was
firmly rooted in sand or coarse marl in swiftly flowing waters,
whereas it occupied areas of fine sand, marl, and silt in still or
slowly flowing waters. The species was not observed at depts exceeding
0.45 m, and quite frequently occurred in only 3-6 cm of water. All
but a single locality supporting the species contained very clear water;
the one exception was only moderately turbid. The consistent occurrence
of the species in cool waters and its more common occurrence during
winter and spring months indicate a limited upper temperature level.
The apparent lack of the species in more northern areas suggest that
it might also be limited by lower temperatures. Thus, the species
appear to display a relatively narrow tolerance range to temperature.
Estimates of pH, alkalinity, and free carbon dioxide of the
waters supporting the species are included in Table 13. Of these
factors, marked variation among the localities was limited to free
carbon dioxide content but none of the waters was found to be void
of the gas. This finding was somewhat unexpected since many of the
specimens were characterized by extensive lime incrustation. These
observations indicate that the species might occupy inconspicuous
microenvironments characterized by higher pH and lower or negligible
amounts of free carbon dioxide., Such conditions would most frequently
occur in still waters supporting extensive vegetation. This is in
agreement with observations made during this study; the heaviest lime
incrustation occurred on plants from still or slightly agitated waters,
and only moderate incrustation was observed on those from most of the
extremely swift waters,

Plant commmnities.--Taxon A occurred as isolated tufts or formed




-92 -
small beds in association with other charophyte species (Table 14).
Chara contraria was nearly always associated with the Nitella; however,
the relationship of the two speceis varied among the various habitats.
In some instances both species were observed side-by-side in swiftly

flowing waters. On other occasions the Chara was observed in quiet

pools and the Nitella was limited to the current areas., The reverse

of that arrangement also was frequently observed. Species of Batrachospermum
and Therea were commonly associated with Taxon A in some of the swiftest
waters, Specimens of collection 63-1-29~1 were nearly covered with the
chantransia of Batrachospermum spp. and other chantransia-like plants
(Audouinella?). Najas guadalupensis was the only higher plant commonly
associated with the Nitella.

Taxon A and Taxon B were observed together in only two localities,
both of which occurred at the northern limits of the known geographical
range of Taxon A (Murray Co., south~central Oklahoma). In each instance,
the two forms were randomly distributed in separate tufts,

MORPHOILOGY AND CYTOLOGY: A more or less complete analysis of the
vegetative morphology of specimens from several collections of Taxon A
is included in Table 154 and Figures 21-23., Variations among the plants
are limited to relative sizes and numbers of branchlet rays, relative
frequency of branchlet furcations, and length and persistency of mucros,
Analysis of only two or three of the specimens could have led me to |
conclude that the plants represent two independent taxa, one being
characterized by less furcate branchlets, stouter branchlet rays, and
deciduous mueros; the other being characterized by greater branchlet
furcation, narrower rays, and persistent mucros. These two forms mark
the extremes in the Taxon A complex, representing Nitella tenuissima var.

compacta at one extreme and N, gracilis at the other, It is quite apparent




Table 15A. A comparison of various vegetative features of specimens of Taxon A (Nitella gracilis species group).

SPECIMENS  MAIN AXES

height diam.

FERTILE
Primary rays

Secondary rays

BRANCHLETS

Tertiary rays

Quaternary rays

Quinary rays

(cm) no. length diam. no. length diam. no. length diam. no. length diam., no. length diam.
(mm mm) (mm) (mm)
63-1-25-8 -20 -285 (5-=) 0.7- &43- 3-4% 0.9~ 36~ b-5 1.1~ 35- 2 1.0- 3h=
6-7 2.4 90 (-5) 3.4 66 4,0 54 1.7 39
frequently sim- freguently sim- usually simple simple & 2-3-
ple & 3-celled ple & 3-celled & 3-celled celled

63-1-25-6 -16 -315

6-7 0.9- 79-

4-5 1,2~ Sk

(~6) 3.0 83

frequently sim-
ple & 2~3-celled

(2-) 0.4~ 47-

3-4 3,7 72
frequently sim-
ple & 2-3-celled

3-4 0.9- 48-
2.5 61

simple or rarely

forked again

61-lp-lp=l -10 =300

(4=-) 0,7- 45-
60

5-6 3.2
frequently sim-
ple & 2-3-celled

3-4 1l.,2- 37~
2.7 52

usually simple

& 2-3-celled

61-3-30-3 «12.5 =300

5-6 0.9- 45~

(-7} 3.7 50

frequently sim-~
ple & 2-3-celled

ha5 1.3~ 35=

(-6) 4,5 45

usually simple

3-4 1,0~ 45-
3.4 50

simple & 2-

celled

4.5 2,0- 35-
3.0 4o

simple & 2-3-
celled

63~1-30-2 -15 =330

2.6 117
7 0.6~ 50-
1.3 75
6-7 0.9~ 50-
1.9 65
6-7 0.9- 80-
2.2 105

frequently sim-
ple & 2-celled

(3-) 1l.2- 50-

b5 2.2 95
frequently sim-
ple & 2-3-celled

NONE

63-1-23-5 =19.5 —

6-7 — —

[ S —

(-6)

frequently sim-
ple & 2-3-celled

ok —  —
(-5)

simple & 2-
celled

63-1-23-2 -20 =375

6-7 0O.4=- 75~
2.2 135

sometimes sim-

ple & 2-3-celled

k-5 0.8- 75-
2.8 180

frequently sim-

ple & 2-3-celled

& 2-3-celled

3.4 0,8- 45-
2.5 85

simple & 2«3-

celled

(2=) — —

3-4

usually simple

& 2-3-celled

3-4 0.6- 95-
2.0 150*

usually simple
& 2=3-celled

3-4 0.8~ 90~

1.1 105*
simple & 2-
celled

61-4-5-24 -8.0 =330

6-7 0.5- 95=
1.0 125

4-5 0.5~ 90-

(-6) 2.3 1s0*

usually simple
& 2-celled

3-4 1.1- 8o-

2.6 150*
simple & 2«3«
celled

NONE

63-1-29-1 -8.0 =310

3-4 0,6~ 90-

(-5) 3.0 150*

usually simple
& 2-3~celled

2-4 0.6- 90~

2.8 135°
simple & 2-
celled

NONE

61-9-5-3 -7.0 =340

5-6 0.6 96~
2.1 154
sometimes sim-

(2-) 0.8- 70-

3-4 1.1 105
usually simple

ple & 2-3-celled & 2-3-celled

3-4 0.3- 70-

2.0 100
simple & 2-
celled

NONE

* swollen terminal rays

_€6-.
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however, that a complete intergrading series is formed among the specimens
included in Table 15A. Certain specimens excluded from the table are
even more distinctly intermediate than those included. As mentioned
above, these two general morphological types appear to result primarily
from differences in environmental conditions, especially velocity of flow.
It appears that the swifter waters were conducive to production of the
shorter, less forked, and stouter plants, Markedly swollen ultimate
branchlet rays and deciduous mucros also characterized this form. The
disengagement of the mucros from the penultimate cells appeared to result
from rapid expansion of the latter cells as opposed to a very determinant
growth character of the former ones. The swift waters probably aided in
the complete separation of the two cells. On the other hand; the rather
tall and delicate plants from very still waters displayed persistent
micros but frequently produced long well-developed ultimate cells which
were not at all characteristic of mucros (Fig. 21B). Although the mucro
is normally a very determinant structure, the elongate ultimate cells
resulted from elongation and expansion of mucros. The actual significance
of this feature cannot be determined at this time but it may prove
indicative of certain phylogenetic relationships.

A comparison of various features of the gametangia and oospores
of Taxon A is shown in Table 15B. Marked variations were observed »
only in length and width of oogonia. The oospores were very consistent
in respect to length and width, ranging from 185-250 p long (mean range,
208-242) and 170-225 p wide (mean range 191-213). They were also
consistent with regard to number and prominence of ridges, and D.E.A. On
the other hand, the oospores from single specimens and from separate
collections displayed considerable variation in membrane decoration.,

Some plants had oospores which were consistently coarsely granulate




Table 15B. A comparison of mucros, gametangia, and oospores of specimens of Taxon A (Nitella gracilis
species group).
MUCROS O0OGONTIAZ CORONULA QOOSPORES ANTHERIDIA
length diam, length width height width length width ridges D.E.A. diameter
63-1-25-8 1 29 15 25 25
- R 54152 20-32 315-360 250-270 29-32 43-50 200-225 180-209 7-9 23-32 144-162
M 10245.,3 2540.6 33143.5 260+#1.8 3140.5 4720.6 21h4l.4 19441,6 2820.5 15241.3
63-1-25-8 N 25 25 25
R 50-115 22-31 —_— —_— —_— _ 215-245 192-200 (7-) 8 25-40 151-187
M 81+#3.4 28s0.5 227+1 .4 19420,7 3320.8 16241.4
6l-babial K 15 15 15 15
R 65-145 22-31 360-390 275-300 30-36 50-58 225-235 195-225 7-8 29-40 173-191
M 104%7,0 2640.6 373«2,1 28622,2 35%0,6 52£#0.7 23041.2 209+1.8 3hal.l —_—
61-3-30-3 N 10 10 10 10
R 72-135 25-32 345-375 260-285 32-43 50-58 225-240 195-210 7-8 27-36 160-195
M 104%7,7 2640.9 3654,1 275+2.8 3741.3 54+0.7 230%2,1 20242.3 324¢1,3 18122.3
61-1-30-2 § 2 15 20 5
R 65-125 29-32 375-420 255-285 36-47 L48-61 200-225 185-210 7-8 25-40 162-185
M 393+3,7 273£2,2 L2%#0.9 54%2,0 215%1.7 199%1.4 31%0,9 174%1.6
63-1-23-5 N 20 10 10 15
R 63-125 25-32 360-375 285-300 32-40 50-Sk 225.235 200-215 7-8 32-40 155-184
M 89+4,1 2920,7 368%2.5 291%2,2 36%0.9 52%0.7 228%1.4 206%1.9 36%0.9  170%2.h4
N 25
60-8-14-2¢  p __ — — —_ —_ —  185-230 170-200 7-8  27-40 —_
M 208%2.0 191#1.3 3340,7
N 4
63-1-30-4 R — —_ —_ — _— —_— 215-240 185-210 ? 30-40 S
M 229+8.0 196%8.0 37%1.4
R 10
62-4-28-6 : Qe —_— — —_— —_ - 225-240 195-205 7-8 29-43 —_—
M 230%#1.9 199%1.1 36%1,.5
63-1-23-2 N 20 10 20 10
R 32-86 25-32  375-390 275-290 36-43 Sk.61 225-240 200-225 7-8 25-42 165-190
M 61%2.9 30%0.5 38122.6 284#2,2 38x1.1 56%1.0 232%#1.5 213+1.8 33£1.,0 179%3.1
61-4-5-2A ¥ 15 10 15 15
S R 50-158 25-40 375-405 260-285 40-45 50-61 210-240 185-210 7-8 30-43 158-187
M 96%8.7 32%#1,2 387%3.,9 274%2,6 L42+0.6 55%1.2 225%2,2 201%2.1 35¢1.1 173%2.7
N 18 20 14
63-1-29-1 o 3692 29-36 — —_ — —  215-240 182-200 7-8  29-38  148-180
M 59t2.6 32%0.7 2241,3 192%1.4 3242,2 16242,.8
61-9-5-3 N 20 S ? 12
R 35-77 28-40 420-455 308-320 35-40 49-56 225-250 207-217 7-8 35-42 154-182
M 60%+2.5 3320,8 43728.1 31422.8 3821.2 53%1.7 242+2.5 211#1.4 Lo+0.7 168:2.6

-gé_
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(apparently the basic type), others were granulate but showed definite
tendencies toward a reticulate condition (beaded reticulation but
granules were not coalesced), and others appeared distinctly reticulate
(beaded reticulation with granules partially or fully coalesced). Although
quite distinct in some cases, the patterns of membrane decoration were
not correlated with particular vegetative forms (Tables 15A and B).
Measurements of antheridial diameters revealed only minor variations,
comparable to those of oospore length and width, ranging from 144-~195 y
(mean range 152-181). The consistency in size and shape of the sexual
structures of the specimens examined indicate that variations in
environmental conditions have little effect on them.,

A chromosome number of 9 was determined for specimens of Taxon A
from 15 localities, including all states from which the species was
collected (Hotchkiss, unpublished). Specimens not counted include those
of collections 60-8-14-2C, 6l-4~1-2, 61-9-15-1, 61l-h=4~4C, 61—9-11;—1, and

61-4~4~6B, Most of these collections represent specimens gathered from

or in the vicinity of the habitats of those that were observed cytologically.




TAXON B
Figures 25-26

DESCRIPTION OF SPECIMENS (including 5 mature shoots from each
collection): Plants dioecious, 5-15 cm high, moniliform, quite sturdy
and rigid with light to heavy mucus, medium green to dark green, lightly
to heavily incrusted with lime. Main axes (250-) 300-400 (-450))n in
diameter; internode length usually much exceeding that of branchlets.,
Branchlets up to 2 cm long but usually ca. 1 cm or less, consistently
6 in a whorl, usually at least partially 4-furcate, rarely 5-furcate;
primary rays straight and rather stout, 1/3 - 1/2 X branchlet length,
(0.9-) 1.5~he5 (~6,0) mm long, 150-295 p in diameter; secondary rays
6~7 at a node (including percurrent ray), (0.6-) 1.0-2.5 (-3.8) mm
long when forked, 65'135‘P in diameter, rarely simple and up to 5-celled;
tertiary rays (3-) 4-6 (~7) at a node (higher numbers include percurrent
ray) (Os4=) 0.6-2.2 (-5.0 when simple) mm long, 50-90 p in diameter,
frequently simple and 2-5-celled; quaternary rays when present (3-) 4~5
(-6) at a node 0.2-1.5 mm long, 35-65 p in diameter, most frequently
simple and 2-4-celled; quinary rays when present (3-) 4 (-~5) at a node,
0.,3-3.2 mm long, 30—50‘p in diameter, 2-3-celled, very rarely forked
again into 3-5 sexinary rays which are 2-celled. Ultimate rays (2-) 3-4
(~5) celled; penultimate cell narrow, gradually or abruptly tapering to
base of ultimate cell which is a conical mucro. Myg;gg persistent, sharp;
(43-) 65-95 (-115) p long, 18-30 pt in diameter. Gametangia usually
conjoined. OQOogonia on a short stalk, solitary at 2nd and 3rd branchlet
nodes, 345-450 P long, 220-330 P wide; coronulae persistent 32-43 A high,
50-61 J wide. Oospores medium to dark chestnut brown, 200-255 J long,
170-225 p wide; striae of 7-8 low but prominent ridges; D.E.A. 25-47 Ji

membrane coarsely granulate to reticulate (beaded). Antheridia stalked,
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Fig. 26. TAXON B (Nitella gracilis species group). A. Mature branchlet
on section of main axis (62-4-28-5), X 10, B. Young branchlet display-
ing male and female gametangia (62-4-28-9), X 20, C, and D, Ultimate
branchlet rays with characteristic mucros: C. (62-4-28-5), X 2753

D. (62-4-28-9), X 275. B, and F. Habit sketchs of mature plants:

E. (62-4-28-5), X 1/2; F. (62-4-28-9), X 1/2.
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Fig. 25, TAXON B (Nitella gracilis species group)e. A. and B, Mature
branchlets (62-4-28-7), X 10. C. Sterile branchlet from lower part
of plant (6é1-3-29-1), X 10, D, Habit sketch of mature plant; dis-
playing gelatinous substance around upper whorls (62-4-28-7), X 1/2.

E, Ultimate branchlet rays with characteristic mucros (62-4-28-7),
X 275.
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solitary at 2nd and 3rd (rarely at lst and 4th) branchlet nodes, 148-255 )
in diameter, 8-scutate,

SPECIMENS EXAMINED: OKLAHOMA: (60-8-14-24, 61-3-29-1, and
62~14,-28-9) scattered tufts in current between 0.3-0.5 mi. above Turner's
Falls, Honey Creek, Murray Co., Oklahoma, D, Tindall, W. Minckley, and
J. Craddock, Aug. 14, 1960; D, Tindall and W. Minckley, March 29, 1961;

D, Tindall, A. Hotchkiss, and W. Minckley, April 28, 1962. (61-3-29-5
and 62-4-28-7) Large tributary to Honey Creek, below Turner's Falls,
Murray Co., Oklahoma, D. Tindall and W, Minckley, March 29, 1961; D.
Tindall, A. Hotchkiss, and W. Minckley, April 28, 1962. (é2-4-28-5)
Antelope Spring, Platt National Park, Murray Co., Oklahoma, D, Tindall,
A, Hotchkiss, and W. Minckley, April 28, 1962.

DISTRIBUTION: The above collections represent the only known
records of Taxon B. These collections were made in a very limited
area in south-central Oklahoma (Fig. 24). This form doubtlessly has a
wider distribution than is indicated by the present collections. However,
the failure to discover the Nitella in other parts of the study area
indicates that it may have a rather localiged distribution or that the
presently known localities may represent the southern limits of its
geographical range.

BCOLOGY: Physicochemical features of the habitats.-——Taxon B was
observed only in cool; clear; shallow waters of limestone streams (Table

16). The Nitella occurred in waters with flow ranging from very slow to



Teble 16. Physicochemical features of the habitats supporting Taxon B (Nitella gracilis species group).
Specimens Locality Habitat Substrate Depth Tur- Light Temperature pH Alk. COg
bidity air water
62=4w=28=9 Oklahame swift stream oompact 0.056-063 O open & 25,0 20.0 8.2 25% 245
marl shaded
62=4=28T Oklahome slow-flowing soft marl 0.10=0.3 O open & 27.0 23.0 B.lL 2656 346
8 tream shaded
62=4=28=5 Oklahome slow-flowing marl=- 0.05-0.25 O open & 25.0 17.5 7.4 33% 2660
8 treem gravel shaded
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swift. All of these waters were quite similar chemically, being
characterized by an alkaline pH, a high alkalinity, and a low to high
free carbon dioxide content (Table 16). Like Taxon A, the present form
was frequently heavily incrusted. Although microenvironmental conditions
might have been conducive to extensive lime incrustation (see above), there
also exists the possibility that variations in the chemical characteristics
of the main body of water in the various streams were of a much wider range
than was indicated by the analyses made at the time of collection (see
Tindall and Minckley, 1964).

Plant communities.~~Taxon B was observed in Honey Creek on August
14, 1960, March 29, 1961, and April 28, 1962, The species was observed in
the tributary to Honey Creek on the same dates in March 1961 and April
1962 (locality was not examined in 1960). Thus, the species is quite
stable and may well be perennial in those streams. As mentioned above,
Taxon A was also observed in Honey Creek and Antelope Spring. Of the
three surveys made on Honey Creek, only the first in August 1960 pro-
duced a small amowunt of Taxon A., WHach of the surveys revealed an
abundance of Chara contraria in the ponded areas. Isolated tufts of
Taxon A and Taxon B were abundant in the ponded area of Antelope Spring.
No other macrophytes were observed in direct association with the Nitellas.
The tributary to Honey Creek supported a well developed charophyte com-
mnity in March 1961, consisting of numerous tufts of Taxon B in the
swifter waters and large stands of Chara contraria and Tolypella sp.
in the pools. In April 1962, only a single rather old shoot of Tolypella
was present, but Nitella and Chara were abundant.

MORPHOLOGY AND CYTOLOGY: The range of variation in vegetative
morphology displayed by specimens of Taxon B is included in the

description. A separate analysis of specimens from each of the three
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localities is included in Table 17. Marked differences were not
apparent but minor differences in size and number of branchlet rays,
length of mucros, and amounts of mucus were observed between specimens
from Honey Creek (62-4-28-9) and the other two localities (tributary to
Honey Creek, 62-4-28-7 and Antelope Spring, 62-4-28-5)., Variations in
gametangial and oospore morphology followed the same general pattem
(Table 17). Specimens from Honey Creek displayed markedly smaller
gametangia and ocospores than those from the tributary.

All variations noted above can be correlated with differences
in chromosome numbers of the various specimens., A chromosome number of
9 was determined froum specimens of collections 60-8-14-24, 61-3-29-1,
and 62-4-28-93; all of which were gathered from the same population in
Honey Creek. Specimens from remaining collections of Taxon B (61-3-29-5
and 6é2-4-28-7 from the tributary to Honey Creek, and 62-4-28-5 from
Antelope Spring) revealed 18 chromosomes.

DISCUSSION: A comparison of the descriptions, illustratioms,
and corresponding tables reveals the basic similarities and differences
between Taxon A and Taxon B. However, the exclusion of data on
9-chromosome forms of Taxon B would serve to markedly distinguish the
two taxa, possibly at the species level., The 18-chromosome form of
Taxon B was easily distinguished from Taxon A in Antelope Spring where
they grew side-by-side but specimens of Taxon B with 9 chromosomes were
less easily distinguished from Taxon A in Honey Creek. The similarities
of 9-chromosome representatives of Taxon B to Taxon A are limited primarily
to gametangial and oospore morphology. Vegetative morphology, especially
the number of cells in the ultimate branchlet rays and occasional mucus

doubtlessly align the plants more closely to the 18-chromcsome form of



Table 17. A comparison of specimens of Taxon B (Nitella gracilis species group) with 9 and 18. chromosomes.
SPECIMENS MAIN AXES FERTILE BRANCHLETS
Primary rays Secondary rays Tertiary rays Quaternary rays Quinary rays
height diam. no. length diam. no. length diam. no. length diam, no. 1length diam. no. length diam.
62-4-28-9 -15 cm -300 6 0.9- 145- 6 0.6~ c. 75 (3-) 0.4- 50-60 3-& 0.2- c. 50 34 0.3- 35-45
n=9 2.3 am 160 2.0 mm 4-5 1.0 mm 1.1 am 0.6 mm
sometimes simple, frequently simple, usually simple, rarely present,
up to S-celled 3-Hcelled 3—l-celled simple, 2-3-celled
62-4-28-7 =13 em =400 6 2.2~ 155- 6-7 0.9- 65- (4-) 0.6~ 50-75 4-5A 0.3~ 35-50 (3-) 0.3~ 35=50
n=18 6.0 mm 225 3.3mm 105 5-6 1,3 mm (-6) 1,1 am k-5 3.2 mm
frequently simple, usually simple, rare, rarely forked
up to b-celled 3-celled again, 2-3-celled
MUCROS OO0OGONTIA CORONULA OO0OSPORES ANTHERIDIA
length diam. length  width height width length width ridges D.E.A. membrane diameter
N 15 10 15 15
R 43-86 19-26 345-390 255-300 36-43 50-58 205-225 180-195 7-8 25236 coarsely granulate— 148-175
M 7043.4 2340.5 369sl.1 280ak4.5 3841.1 53s41.1 21642.0 187al.2 3140.9 beaded reticulate 162+2.5
N 25 15 25 25
R 65-115 18-30 390-450 220-330 32-40 S4-61 240-255 210-225 7-8 32-47 beaded reticulate, 195-255
M 9043.0 2540.7 42544.8 305a6.9 3841.8 5940.6 250s1.2 22141.0 40+1.0 rarely coarsely granulate 20841.9
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Taxon B, In any case, from a morphological standpoint the specimens of
Taxon B with 9 chromosomes occupy a somewhat intermediate position
between Taxon A and Taxon B (with 18 chromosomes).

The actual relationships between the two taxa are problematical.
At present, it appears that one of three possible courses of evolution
has led to the present state of the complex. Firstly, that a basic
form, presumably Taxon A-like, has become differentiated into two types
(Taxon A and Taxon B, both with 9 chromosomes). The known distribution
of the two taxa indicates that such differentiation could have resulted
from geographical isolation. The simplest explanation of the origin of
Taxon B with 18 chromesomes is that it is an autopolyploid product of
the 9~chromosome form of Taxon B. S8econdly, that Taxon A and Taxon B
(9 chromosomes) originated from the same basic stock, and that Taxon B
(18 chromosomes) is a polyploid product of hybridization between them.
Finally, that Taxon A and Taxon B(18 chromosomes) represent the original
products of differentiation from a basic stock and that Taxon B (9
chromoscmes) is a product of hybridization between those forms.

The data and discussion included above demonstrate the complexity
of this section of the Nitella gracilis species group. This along with
the fact that several previously described forms doubtlessly must be
referred here have caused me to refrain from supplying particular names
to the taxa described above. Until further collections are made and
type specimens are examined these taxa are referred to a single unnamed
species, It is quite apparent, however, that the specimens included
here represent at least two distinct taxa, possibly referable to separate

species,



NITELLA HYALINA (De Candolle) Agardh
Figure 27

Chara hyalina De Candolle (1815:247).
Nitella hyalina Agardh (1824:126).
N. formosa Allen (1893:119).

LITERATURE FOR THE STUDY ARBA: Braun and Nordstedt (1882), Allen
(1892), Wood (1948), Allen (1954), and Horn af Rantzien (1950).

DESCRIPTION OF SPECIMENS (including 5 plants from each collection
except from the North Carolina locality, see Wood, 1954): Plants
monoecious, 9.0-38.0 cm high, distinctly moniliform, tufted, very sturdy,
dull green to dark green, with heavy mucus on upper parts, moderately
to heavily incrusted with lime (conspicuous at tips of branchlets).
Main axes 345-650 p in diameter, inter;gz)des much longer than branchlets
except at young tips. Branchlets of 2 types: PRIMARY BRANCHLETS (7-) 8
in a whorl, 0.8-1.8 cm long, usually 3-furcate but sometimes 4~ and
rarely 5-furcate; primary rays (7-) 8, usually ca. 2/3 branchlet length,
Le5-11e5 mm long, 170-200 p in diameter; secondary rays 10-15 on each
primary ray, of which 6~7 (percurrent ray sometimes present) are first
order rays and the remainder are accessories, all except 1-3 are again
forked, 0.8-3.6 mm long, simple ones 0.5-1.2 mm long; tertiary rays
(4-) 6~7 (-8), 1-4 are again forked, 0.8-1.9 mm long, simple ones 0.5~1.3
mm long; quaternary rays (3-) 4-6 (-8), occasicnally again forked,
0.8-1.1 mm long; quinary rays (4-) 5 (~6) very rarely forked forming 4-5
sexinary rays. ACCESSORY BRANCHLETS oecurring above and below primary
branchlets, of variable number, size, and complexity; 11-39 at a node,
to 1.1 cm long; simple to 4-furcate (usually 1~ or 2-furcate); primary
rays 1.0-2.0 mm long; tertiary rays (4-) 5-6 (-9), 0.8-1.3 mm long;

quaternary rays (not common on all specimens) 5-6, ca. 1.0 mm long.
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Figure 27. Nitella hyalina (63-1-24-3). A. Young fertile branchlet
displaying characteristic gelatinous envelopment, X 24. B. Mature
whorl of branchlets from lower part of plant including primary and

accessory branchlets, X 5. C. Ultimate branchlet ray with character-

istic mucro, X 275.
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Ultimate rays alwr;\ys 2-celled; ultimate cell a short conical mucro
40-115 ,; long, 25-40 p wide at base; penultimate cell elongate, gradually
tapering to base of mucro. Gametangia solitary or conjoined at first
3 (sometimes 4) branchlet nodes (lacking at first node when percurrent
ray is present). Qogonia usually solitary, sometimes 2 at a node,
435-540 p long, 330-405 p wide, sheath cells slightly elongate and
spread apart at apex but converged at base of coronula; coronulae
persistent, 40-58 B high, 58-72 n wide, upper cells 2 X the length of
lower ones. Ogspores medium ruddy-brown to dark chestnut-brown, 260~
335 p long, 240-315 p wide; striae of (6~) 7 (-8) prominent ridges
(not flanged); D.E.A. 36-58 p; meubrane appearing finely granulate under
low magnification but is covered with numerous minute lacunae which
sometimes appear as a very fine reticulation. Antheridia bright orange-
red, solitary, sessile or on a short stalk, 285-375 P in diameter,
8-scutate. .

SPECIMENS EXAMINED; NORTH CAROLINA: (61-10-6-1) ILake Matta-
muskeet, W side of State Hwy 94, just N of West Main Canal, Hyde Co.,
North Carolina, A. Hotchkiss, D, Tindall, and T, Sawa, Oct. 6, 1961,

TEXAS: (64-12-4-1) Pond, near Rio Grande Village Campground,

Big Bend National Park, Brewster Co.,, Texas, T. Sawa and V. Proctor,
Dec. 4, 1964.

TAMAULIPAS: (63-1-23-6) Low-water pool of the Rio Purificacion,
near bridge at Padilla, Tamaulipas, Mexico, D. Tindall and A. Hotchkiss,
Jan. 23, 1963. (63-1-29-5) Rio Guayalejo (headwaters of Rio Tamesi),
30 mi. N Cd, Mante, Mex. Hwy 85, Tamaulipas, Mexico, D, Tindall and 4.
Hotchkiss, Jan. 29, 1964. (63-1-24-1) Shallow roadside pool, 10 mi.

E Cd. Mante, State Hwy 80, Tamaulipas, Mexico, D. Tindall and A. Hotchkiss,
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Jan. 24, 1963. (63-1-25-9) Arroyo, 16 mi. S Cd. Mante, Mex. Hwy 85,
Tamaulipas, Mexico, D. Tindall and A. Hotchkiss, Jan. 25, 1963.

SAN LUIS POTOSI: (61~9~9-2) Small limestone arroyo flowing W,
31 mi. S Cde Mante, Mex., Hwy 85, San Luis Potosi, Mexico, D. Tindall,
A. Hotchkiss, and R. Goodyear, Sept. 9, 1961. (61~9-8-7A and 63-1-25-4)
Arroyo, 17 mi. N Cd. de Valles, Mex. Hwy 85, San Luis Potosi, D. Tindall,
A. Hotchkiss, and R. Goodyear, Sept. 8, 1961; D. Tindall and A. Hotchkiss,
Jan, 25, 1963,

VERA CRUZ: (63~-1-24-3) Shallow pool along south side of Mex. Hwy
110, 2 mi, W Rio Tamesi, just W Tampico, Vera Cruz, Mexico, D. Tindall
and A. Hotchkiss, Jan. 24, 1963.

TYPE LOCALITY: Burope (De Candolle, 1805).

DISTRIBUTION: Nitella hyalina is a cosmopolitan species, occurring
on every major continent (Wood and Imahori, 1959). The species occupies
one of the widest geographical ranges known in the plant kingdom, ranging
from 70°N to 40°8 (Zaneveld, 1940). Prior to the present study, only
6 localities in North America were known to support the species. These
included North Carolina (University Lake, Chapel Hill, Orange Co., Stewart,
1937; Lake Mattamuskeet, Hyde Co., Wood, 1954); Texas (Braun and Nordstedt,
1882); Mexico (Toalnepantla, Mexico, Allen, 1893); and Cuba (Braun and
Nordstedt, 1882).

The distribution of N. hyalina in the study area is shown in
Figure 28, The present records do not extend the range of the species
in North America but do show that it is much more common than suspected.
Based on available data the species appears to follow the eastern
coastal lowlands but it extends 400 miles inland to an elevation of
ca, 700 m in Brewster County, Texas. The maximum elevation at which
the species is known to occur in North America is ca. 2400 m in

south=central Mexico.
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Fig. 28. Distribution of Nitella hyalina in

the study area; @ localities examined during

the present study, A locality reported in the

literature.
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Since N. hyalina occupies such a wide geographical range and
variety of habitats throughout the world, very little can be concluded
regarding its presently known distribution in North America. Further
collecting on this continent will doubtlessly reveal a more widespread
distribution of the species. However, extensive investigation of
apparently suitable habitats in other parts of the study area did not
yield the species.

ECOLOGY: Physicochemical features of the habitats.--A swmary
of various physical and chemical features of the habitats supporting
Nitella hyalina is included in Table 18. The species occurred in a
variety of habitaﬁs but most were relatively small shallow bodies of
water, It occurred only in still or very slightly agitated waters
of the stream localities. Substrates were fine textured (clay or silt)
associated with marl granules or sand. The substrates also contained
various amounts of organic material. The shallow waters displayed
variations in temperature closely following those of air temperature,
resulting in extremes of 9.5 to 30.0 C. All but one of the Mexican
localities supporting N. hyalina in January 1963 did not contain the

species in September 1961, but maintained luxuriant stands of Chara

zeylanica during the September survey. These observations indicate

that the species is an wnsuccessful competitor with the Chara during

the warmer months, whereas, the reverse is true during the cooler

seasons., Light conditions were similar in all of the habitats; all
but the North Carolina locality contained clear water, and all were
completely open to maximm insclation. Alkalinity and chlorides in
the waters varied considerably, whereas, pH was relatively constant

throughout the range of the species.



Table 18.

Physicochemical features of habitats supporting Nitella hyalina.

Specimens Locality Habitat Substrate Depth Tur- Light  Temperature pH Alk. COp
bidity air water

61=10=-6=1 North shallow lake sand-silt 0.20=0,5 + open 23.0 20.0 7.5 22 1.0
Caroline

Wood (1954) same as above _ 7el- 30~ 5.0

7.8 40

64=12-4-] Texas pond marl 0430-0.6 O open 4.0 10.0 .

63=1=23=6 Temaulipas river pool mud-silt 0.15«0.3 O open 23,0 20,0 8.0 153 8.0

63=1=29=5 Temeulipas river pool sand-silt 0.05-0,1 O open 23.0 20.0 7.4 118 9.0

63mlu24w]l Tamaulipas pool clay-mud 0.20=-0.4 O open 9.0 9.5 7.8 177 5.0

63=1=25«9 Temaulipas stream pool marl-clay 0.30-0.5 O open 25.0 20.0 7.3 162 16.0

61=9-9=2 San Luis stream pool marleclay 0.30=0.5 O open 34,0 30,0 7.85 193 545
Potosi

61=9=8=Tk San Luis stream pool marl-clay 0.20-0.3 O open 28.0 30,0 7.3 167 16.Z
Potosi

63=lu2b=d San Luis stream pool marl-clay 0.20-0.4 O open 28,0 21.0 7.2 316 3B.5
Potosi

63=1=24=3 Vera Cruz  pool clay-mud 0.40=0.6 O open 12,0 14,0 8.5 88 0.0

_m:—
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Plant coggggities.-vascular plants rarely occurred in direct
association with Nitella hyalina. The species was regularly observed
as isolated tufts sparsely or densely distributed among several other
charophytes (Table 19). Species most commonly associated with N. hyalina
were N. acuminata and Chara gzeylanica.

MORPHOLOGY, CYTOLOGY, AND TAXONOMY: The total range in size and
number of mature plant parts is included in the description of the
species, Minor variations in vegetative characters between separate
populations of Nitella hyalina were limited to degree of branchlet
furcation and number of accessory branchlets. Measurements of gametangia
and mucros of four specimens from the study area are compared with
previously published measurements of the species (Table 20). Of partic-
ular interest are the measurements given by Wood and Imahori (1964)
for the lectotype of N. formosa (N. hyalina) from Tlalnepantla, Mexico
(Allen, 1893)., These measurements are nearly identical with those
of the present specimens from Mexico. Measurements recorded for the
species from lake Mattamuskeet, North Carolina (Wood, 1954) also show
a remarkable similarity to those of the present study.

Chromosome counts have been made on specimens from collections
61-10~-6~1 and 61-9-9-2 (Hotchkiss, 1965). Both displayed 18 chromosomes,
exclusively. T, Sawa (unpublished) observed somewhat abnormal divisions
in cultured specimens of collection 64~12-4-1l., A chromosome number of
18 was rarely observed, whereas, numbers of 36, ca. 45 and ca. 70 were
common, The cause of such a degree of polyploidy appears to have been
a result of an abrupt change in temperature. (Sawa, wnpublished).
Chromosome counts of 18 have been reported for the species from Furope

(Guerlesquin, 1963) and from New Caledonia (Hotchkiss, 1965). A basic



T™ble 19. Other charophytes found growing in association with Nitella hyalina.

Nitella hyalina Other charophytes

61=10=6~1 Nitells acuminata, N. tenuissima, Chara zeylanioa

64=12=4=1 Chare contraria

63=1=23~6 Nitella gracilis sp. group

63=1=24=1 None

63=1=25=9 Nitella gracilis sp. group, N. oligospira, Chara contraria

61=9=9=2 Nitella acuminata, N. tenuissima, N. oligospira, Chara zeylanica, C.
drouetii

61-9=8-T7A Nitella acuminata, N. oligospira, Chara zeylanica

63=1=-25=4 Nitella acuminats, N. oligospira, N. gracilis sp. group, Chara zeylanieca,

g +» contraria

63=1=24=3 Chara hornemannii, C. zeylanica

- 1T -
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Teble 20. A comparison of gametangis, ocospores, and mucros of Nitella hyalina from various localities
in North Amerieca.

SPECIMENS O0OGONTA OCSPORES ANTHERIDIA MUCROS
length width height width length width ridges diameter length width
63=1~24=-1 N 15 20 30 30
R 435-495 330-360 270-300 250~285 6-8 300-350 72=156 27=40
M 465 343 287 366 321 95 31
63=1=25-9 N 15 15 30 30 I
R 4356-480 330-350 270-300° 260-290 7-8 300=375 65«112 25=36 -
M 458#3.6 343#1.6 286422 27742.3 34433.6 B8942.2 3020.4 e
63-1-25-4 N 20 ‘ 20 ‘ 20 30 ' !
R 435-495 330-360 260=300 240-270 6=7 315-360 61=115 2540
M 46724.1 34242.7 277426 257+2.1 33242.3  8643.4 31807
63=1=24=-3 N 20 30 30 30
R 470-540 335=405 285-335 270-315 17-8 285=375  40=115 23=36
M 513 380 308 297 336 75 30
Wood & 480-495 315-345 330=345 300: 7 300-345  77=150 31=45
Imehori (1964)
343 336 307 6=7 357 wide 71 28.5

Wood (1954) 538
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chromosome number of 18 for N, hyalina is convincingly verified;
however, numbers less than 18 have been reported for the species,
Gillet (1959) reported a number of 16 and Sato (1959) reported numbers
of 12, 14, and 18.

Taxonomically, N, hyalina is distinct from all other charophytes
known to occur in North America. Usually, the species can be dis-
tinguished by its moniliform habit and heavy mucus on terminal whorls,
and conclusive determination can be made based on its three or more

furcate primary branchlets and numerous accessory branchlets,

I

N



KEY TO SPECIES OF CHARA

The following is a key to the species of Chara known to occur in
the study area. Species belonging to the C. wulgaris species group are
not treated separately in the key. All species, except L. sejuncta and
C. cienegaensis, of the C. zeylanica species group are also treated under
the group name. Species included in the key but not discussed in the text
are C, buckellii Allen, C. canescens Desvaux and lLoiseleur, and C. gvoluta
Allen. These species have not been reported from the study area, but

Vernon Proctor (personal communications) recently found them in New Mexico.

la. Stipulodes in a single tier (haplostephanous)e « o« o o+ o o 2
2a., Cortex absente o« o+ o o o o o o o o o o Go breunii
2b., Cortexpresent « « o &+ ¢ o o o o o o o o o o+ 3
3a. Plants monocecious, branchlets with 1 or more segments
(excluding basal 1) corticated (some branchlets totally
uncorticated), habit delicate. . . . . C. hydropitys
3b. Plants dioecious, branchlets totally uncorticated,
habit stouts « o ¢ o o ¢ ¢ ¢ o o ¢ o o o 4
La. Plants 30 or more cm high, stipuledes twice as
numerous as branchlets, spine cells well developed
(2«8 mm long) o o o« o o o o o Co hornemannii
4b. Plants less than 15 ecm high, stipulodes equal in
number to branchlets, spine cells rudimentary
e o o s e o s & o o e o oo Co buckellii
1b. Stipulodes in two tiers (diplostephanous) « o o« « o o o o 5
5a., Axial cortex of a single primary series (haplostichous),
spine cells fasciculate « + o + o o o o o o o« o b

6a, Plants dioecious » « . o+ « ¢ o« o o C. canescens
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6b, Plants moncecious. ¢ . ¢ o+ o o+ o o o C. evoluta
5be Axial cortex of 2 series, 1 primary alternating with 1
secondary (diplostichous) or of 3 series, 1 primary alter—
nating with 2 secondaries (triplostichous), spine cells
usually solitary, sometimes fasciculate « « o« o« o o o 7
7a. Axial cortex diplostichous. . . (. vulgaris sp. group
7b. Axial cortex triplostichous . « « « o« o « o « 8
8a. Basal branchlet segment always uncorticated . . 9
9a. Gametangia normally sejoined (at different nodes
of same branchlet) « « « o« o o« o o o 10
10a. Branchlet segments more than 12, oospores
585-690 p longe « . . . . C. sejuncta
10b. Branchlet segments less than 10, oospores
335-LhO p longe 4 6 4 4 4 s . o 11
1lla. Mature axial internodes ca. 300 u in
diameter, branchlets less than 1 cm
long, spine cells rudimentary, oospores
335-390 p long. o . o C. drouetii
11b., Mature axial internodes ca. 700/u in
diameter, branchlets 1-3.1 cm long,
spine cells abundant 3h0-515}u long,
oospores 390-hk0/u longe o ¢ « &
e o o o o o oC. clenegaensis

9b. Gametangia conjoined (at same node of branchlet)

e o o o o o o o Co geylanica sp. group

8b. Basal branchlet segment always corticated . . . 12
12a, Plants dioecious, spine cells and stipulodes

well developed « . o+ + o ¢ o +Co aspera
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12b, Plants monoecious, spine cells obscure, stipulodes

obscure or developed « « o« ¢ o« o o o 13

13a. Stipulodes well developed; oospores golden
brown, 427-502 p long . o C. leptosperma

13b. Stipulodes obscure or slightly developed;

oospores dark brown, 540—750)u long

. . . . . . . . . . _C_. glObula ris

i
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CHARA BRAUNII Gmelin
Figures 29-30
Chara braunii Gmelin (1826:646).
C. coronata Bischoff (1828:26).
C. coronata subsp. gchweinitzii Braun (1834:353).
C. schweinitzii Kutzing (1857:31).

C. pallida Robinson (1906:258).
Charopsis braunii Kutzing (1843:319).

LITERATURE FOR THE STUDY AREA: Braun and Nordstedt (1882), Allen
(1882), Robinson (1906), Zaneveld (1940), Horn af Rantzien (1950), Ophel
(1952), Hevly (1961), and Griffin (1963). See also Daily (1944), Daily
and Kiener (1956), and Allen (1951).

DESCRIPTION OF SPECIMENS (including all specimens examined): Plants
monoecious, 10-45 p high, light to dark glossy green, lime incrustation
ranging from none to heavy, in distinct bands. Main axes 650-835 pin
diameter, cortex and spine cells absent. Stipulodes haplostephanous, equal
in number to, and alternating with branchlets, 225-2580 p long, acuminate,
sometimes wanting. Branchlets variously curved, (7-) 8~10 (-11) in a whorl,
mature ones ranging from 1.0-4.7 cm long, 1/3 to 1 X internode length;
consisting of (3-~) 4-5 (-6) ecorticate segments, all elongate except the
short acuminate terminal one which along with 2-3 similar cells form a
small crown at distal end of branchlets. Bract-cells of variable length
and number; anteriors 2, 300-1935 p long, acuminate; posteriors (incl.
those in lateral position) (1-) 2 (-3), 150-1290 Qi long, acuminate.
Bracteoles 2 per oogonium and associated antheridium, 215-1290 p long,
acuminate., Gametangia conjoined at first (1-) 2 (-3) branchlet nodes.
Oogonia solitary or""ga.minate s 750-937 u long, 405-585 n wide, coronula
tight or spreading, 105-165 P high, 180-240 Jp wide. Qospores dark brown
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Fig., 29, Chara braunii f. novi-mexicana (6é4-8-30-1). A. Terminal
vhorls of branchlets of mature plant, X 7.5. B. Node of main axis
showing details of stipulodes, X 20, C. Mature oogonium with
coronula; also showing outline of mature oospore, X 66. D, Terminal
segment of mature branchlet, X 66, E. Branchlet node displaying

young gametangia, X 66.
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Fig. 30. Chara braunii f. schweinitzii (64~9-7-2)s A, Terminal
whorls of branchlets of mature plant, X 7.5. B. Mature oogonium

with coronula; also showing outline of mature oospore, X 66
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to black, usually glossy, never incrusted with lime, 420-600 P long, 200-405
) wide; striae of 7-10 ridges; D.E.A. 45-85 s membrane smooth or slightly
roughened. Antheridia solitary or geminate, 262-390 ) in diameter, 8-scutate.

SPECIMENS EXAMINED: TEXAS: (61-4-1-4) San Marcos Spring, just
below main source, in quiet water near bank, E San Marcos, Hays Co., Texas,
D. Tindall and W. Minckley, April 1, 1961. (63-2-1~1) San Marcos River,
in current near public swimming area, San Marcos, Hays Co., Texas, D.
Tindall and A. Hotchkiss, Feb. 1, 1963.

NEW MEXICO: (64-9-~9-3) Roberts Lake (large reservoir) 25 mi. NNE
Silver City, State Hwy 25, Grant Co., New Mexico, D. Tindall and A.
Hotchkiss, Sept. 9, 1964.

ARIZONA: (WM 927) Arizona, Santa Cruz Co., spring in Sycamore
Canyon, 14 mi. W, 1 mi. N Nogales, W. Minckley, May 2, 1964 (same locality
as 64=9-1-5). (64=9-1-5) Small concrete tank (spring-fed), 1 mi. N
Sycamore Canyon picnic area, Coronado National Forest, Santa Cruz Co.,
Arizona, D. Tindall, A. Hotchkiss, and W. Minckley, Sept. 1, 1964. (64~
8-30-1) large spring-fed lake, 1 mi. E Vernon intersection on U.S. Hwy.

60, Apache Co., Arizona, D. Tindall and A. Hotchkiss, Aug. 30, 1964.
(64-9~7-2) Two small earthen tanks on E side of State Hwy. 79, just S
Schnebly Hill Road intersection (ca. 15 mi. S Flagstaff), Coconino Co.,
Arizona, D. Tindall and A. Hotchkiss, Sept. 7, 1964.

SAN IUIS POTOSI: (Schaffner, n6 number) "Flora Mexicana, San Iuis
Potosi™, Mexico, J. C. Schaffner, 1879 (NY); det. as Chara coronata by T.
F. Allen, annotated as C. braunii f. pallida by R. Wood, (Pringle, IV)
"shallow ponds, San Iuis Potosi™, Mexico, G. Pringle, Sept. 28, 1890 (NY),

det. as Chara coronata by T. F. Allen, annotated as C. braunii f. pallida

by R. Woocd.

DURANGO: (63-8-8-2) Rio Chico (in current), 17.5 mi. W Durango,
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Mex. Hwy 40, Darango, Mexico, D. and Patricia Tindall, Aug. 8, 1963.
(63~-8-8-4) Quarry pond, 2.6 mi W Rio Chico, Mex. Hwy 40, Durango, Mexico,
D. and Patricia Tindall, Aug. 8, 1963. (63-8-9-2) Stream, in quiet water
below large reservoir, 21 mi. N.Durango, Mex. Hwy 45, Durango, Mexico, D.
and Patricia Tindall, Aug. 9, 1963.

TYPE LOCALITY: Germany (Gmelin, 1826).

DISTRIBUTION: (Chara braunii is one of the most ubiquitous species
of Characeae., The species occurs to some extent on every major continent
(Wood and Imahori, 1959). The known distribution of the species in North
America includes Quebec, Vermont, New York, Massachusetts, Connecticut,
Pennsylvania, North Carolina, Florida, Ohio, Indiana, Wisconsin, Minnesota,
Iowa, Il1linois, Missouri, Nebraska, Kansas, Oklahoma, Texas, New Mexico,
Arizona, Central Mexico, British Columbia, California (Braun and Nordstedt,
1882; Allen, 1882; Robinson, 1906; Prescott, 1931, 1951; Daily, 1944, 1953;
Allen, 1951; Ophel, 1952; Wood, 1947; Wood and Muenscher, 1956; Hevly, 1961;
Griffin, 1963), Ontario, Kentucky, and Tennessee (unpublished).

Previous records from the study area include several forma, varieties,
and even species which now appear to represent a single polymorphic taxon
(Wood, 1962). Braun and Nordstedt (1882) described C. coronata var. braunii
f. novi-mexicana from New Mexico {soll. by C. Wright, no. 854 and 980).

The collection data presented by Braun and Nordstedt is somewhat confusing
but appears to refer to two specimens. Allen (1882) referred to a collection
by Wright (no. 980) from New Mexico as C. coronata var. braunii f. tenera

A. Br. Apparently forma novi-mexicana and forma tenera represent a single

taxon. Allen (loc. cit.) reported a new variety, C. coronata var. gracilis
from near Silver City, New Mexico (Coll. by Rusby, 1880). Robinson (1906)
designated Rusby's specimen (var. gracilis Allen) as the type for a new

species, C. pallida, and included forma novi-mexicana and forma tenera as
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synonyms. The latter author listed the species as occurring from New Mexico
to Central Mexico but did not give precise localities for the Mexican records.
Three specimens of C. braunii from San Iuis Potosi, Mexico, were examined
during the present study. One specimen was collected by J. G. Schaffner
(1887) and the other two were collected from a single locality; or from
adjacent ones by G. Pringle (1890). These specimens were originally

determined as Chara coronata by T. F. Allen but were subsequently further

defined as C. braunii f. pallida by R. D. Wood. None of these collections
has been quoted in the literature; however, according to annotations on the
sheets they will be included in Wood'!s forthcoming monograph.

Other records of C. braunii from the study area include those of
Hevly (1961; C. braunii var. braunii, Iake Mary east of Flagstaff, Coccnino
County, Arizona, Hevly & Haskell, July 16, 1958; C. braunii var. schweinitzii,
Foxboro lake, SE of Flagstaff, Coconino County, Arizona, Hevly & Haskell,

July 5, 1958), a single collection by Ophel (1952; C. braunii var schweinitzii,

Lake Quanah Parker, Wichita Mountains, Comanche County, Oklahoma, Oct. 1948).

The species has been observed only rarely in South America. Its
known distribution is presently limited to Argentina and Chile (Hormn af
Rantzien, 1950). However, extensive collecting on that continent will
doubtlessly reveal a much wider distribution.

The known distribution of C. braunii in the study area is shown in
Figure 31. Although the species appears to occupy a wide range within the
area, it was common only in highland areas. Eodies of water examined in
desert and coastal areas did not contain the species.

ECOLOGY: Physicochemical features of the habitats.-~Various features

of the habitats supporting Chara braunii are included in Table 21. The
species was best developed and occurred in greatest abundance on sandy

substrates, in relatively quiet and shallow waters. The species flourished
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Fig. 31. Distribution of Chara braunii in the

study area; @® localities examined during the

present study, A localities reported in the

literature.




Table 21.

Physicochemical features of the habitats supporting Chara braunii.

Specimens lLocality Habitat Substrate Depth Tur- Light Temperature pH Alk. COp
bidity air water
61-L=1-4 Texas pool and rif- sand & 0.40- 0 open & —— 21.6~ 7.3~ 270- 26,0~
fle of spring organic 0.50 shaded 23.2 7.5 260 16.0
fed stream
64-8-30-1 Arizona spring-fed sand-md 0.2- 0 open 26.0 20,0~  Goby— 102 0.0
lake 1.0 23.0 10.0
64~9-1-5 Arizona spring-fed organic- 0.3 0 open & 31.0 25.0 7.7 Ul 55 1
concrete tank  silt shaded E
64~9-7-2  Arizona  small tank sand-mud 1.0 ) open & 23.0 20.0 7.8 109 3.0 '
shaded
64-9-9-3 Arigona lake sand-mud 0.45 open 23.0 21.5 8.4 140 0.0
63~8-8-2 Darango swift river sand- 0.10- open 22,0 21.0 8.0 42 0.0
gravel 0.20
63~8-8-4 Durango quarry pond sand- 0.2- 0 open 19.0 22.5 9ok 43 0.0
gravel 0.3
63-8-9-2 Durango stream pool silt-mud 0.5 + open 23.0 20.0 7.8 93 2.5
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in both open and shaded areas as well as in clear or moderately turbid
waters., Water temperatures measured in the habitats were quite consistent
throughout the study area, ranging from 20-25 C. The single habitat with
a temperature of 25 C displayed a luxuriant stand of C. braunii, but a
massive growth of epiphytes nearly covered the plants. Chara braunii did
not appear to be affected by the extremes in pH, alkalinity, and free
carbon dioxide which characterized the various habitats. The ability to
withstand such extremes enables the species to survive in, or form dense
beds in, rather limited bodies of water and to successfully compete with
other charophytes and vascular plants.

Plant communities.--The species was collected on two occasions from
a small spring fed concrete tank in Santa Cruz County, Arizona (WM 927,
May 2, 1964; 64-9-1-5). On both occasions, the species was the only
attached macrophyte in the tank. In May, the major epiphytes and free-
floating plants associated with the Chara were Vaucheria sessilis, Microspora

sp., Characeopsis sp., Bhopolodia gibba, Gomphonema sp., G. acuminatum var.
coronatum, G. intricatum, Synedra sp., Epithemia sorex, Denticula sp.,

Cymbella minima, and Achnanthes sp. The September sample showed a marked

change in associated flora. The diatoms, Rhopolodia, Epithemia, Denticula,
and Synedra remained abundant. Vaucheria, Microspora, and Characeopsis had
disappeared, but the blue green algae, Anabaena circinalis, Phormidium sp.,

Nodularia sp., Cylindrospermum sp., and Calothrix sp. had become abundant.

Chara braunii was observed in two swift-current habitats. The species
occurred as small isolated tufts in the San Marcos River (Hays Co., Texas,

63-2-1-1). Similar tufts of C. globularis and Nitella oligospira occurred

on the same riffles. Other plants in the vicinity of the charophytes
included Najas guadalupensis, Zannichellia palustris, Sagittaria sp.,
Dichotomosiphon tuberosa, Cladophors sp., Batrachospermum sp., and Thorea
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sp. Abundant epiphytes on Chara braunii consisted primarily of species of
Gomphonema and Tabellaria. A moderate current area of the Rio Chico near
Durango, Mexico (63-8-8-2), supported a luxuriant stand of Nitella clavata
with Chara braunii sparsely distributed throughout. Najas guadalupensis
was the only vascular plant associated with the charophytes.

Shallow pool areas of streams also supported stands of C. braunii.
This habitat varied according to the type of stream; however, plant associa-
tions were somewhat similar. The shallow shore line of the large ponded
area of San Marcos Spring (6é1l~4-1-4) supported a minimal stand of C. braunii
in close association with Nitella missouriensis. Other plants associated

with the species were Myriophyllum spp., Ceratophyllum demersum, Cabomba

caroliniana, Elodea densa, Vallisneria americana, and Ludwigia palustris.
Typha latifolia and Nasturtium officinale were present but not in close
association with Chara braunii. A somewhat similar ponded area of a stream
near Durango, Mexico (63-8-9-2), displayed an association of C. brawnii,
Ceratophyllum demersum, Nymphaea odorata, Myriophyllum sp., and Potamogeton
sp. Chara globularis and Najas guadalupensis occurred in nearby riffles.

A small amount of Chara braunii was collected from Roberts Lake (large
reservoir, Grant Co., New Mexico, 64-9-9-3). Here the species occurred

in association with C. globularis, C. contraria, Potamogeton sp., P.

pectinatus, P. foliosus, Zannichellia palustris, Myriophyllum sp. Nasturtium

officinale was abundant near several small springs. Hylrodictyon reticulatum

and Spirogyra spp. formed extensive floating mats near the charophytes.
Chara braunii was the dominant charophyte forming a distinct "chara

zone" around the southern edge of a large spring-fed lake in Apache County,

Arizona (64-8-30-1). The zone extended out from the bank to about 2.5 m

and to a depth of 1 me Small tufts of C. globularis, Nitella clavata, and

to a lesser extent N. missouriensis occurred throughout the zone. Several
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isolated stands of Potamogeton pectinatus occurred in the deeper water

but only occasionally merged with the chara zone. Epiphytes on Chara
braunii included Bulbochaete sp., Oedogonium sp., Cymbella sp., and

Cocconeis placentula. Palmodictyon varium was very common among the charophytes.

Only a single habitat did not appear to have a flowing water source.
A small earthen tank in Coconino County, Arizona (64-9-7-2), diSplade a

mixed association of Chara braunii, C. globularis, Nitella missouriensis,

Potamogeton foliosus, and Ranunculus aquatilis. It is interesting to note
that this habitat supported the only population of Chara braunii f. schweinitzii
that was observed in the study area.

MORPHOLOGY, CYTOLOGY, AND TAXONOMY: Considerable variation was

observed among the specimens of Chara braunii from the study area. These

variations are discussed below with regard to infraspecific taxa.

A chromosome number of 14 was observed in specimens from collections
61-4=1-L, 63-8-9-2, 64-8-30-1, 64=9-1-5, and 64~9-7=2. Although Chara
braunii is a very variable species, it displays one of the most consistent
chromosomal systems known in the Characeae. A chromosome number of 14 has
also been reported for the species from Japan (Kasaki, 1960; Imahori and
Kato, 1961), Indiana (Hotchkiss, 1963), and Massachusetts (Tindall and Sawa,
1964). The same number has been observed in the species from Kentucky and
Tennessee (Hotchkiss, unpublished). No variation from the normal chromosome
number, as has been reported for several species of Characeae, has been
observed in Chara braunii.

Braun and Nordstedt (1882) and Allen (1882) were among the first
workers to discuss the difficulty in distinguishing the various forms of

the Chara braunii complex as separate species. Both authors concluded

that separation should be limited to the variety or forma level under one

species, Chara coronata. In a revision of this group, Zaneveld (1940)
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established several varieties and forma under the name C. brawnii which
has priority over C. corocnata. However, Zaneveld's treatment has not
proved entirely satisfactory for the North American representatives of
the species (Wood, 1947, 1949; Daily, 1953; and others). In the most
recent monographic treatment of the Characeae, infraspecific categories
of C. braunii are limited to forma of a single variety (Wood, 1962).

The study area includes type localities for forms which at one time
or another were ranked as separate species, varieties, and/or forma. As

mentioned above, Chara coronata var. braunii f. novi-mexicana and C. coronata

var. braunii f. tenera appear to represent a single taxon. Furthermore,

it is quite probable that these two forma were described from specimens

of the same collection (Wright, No. 980, 1851) or even from the same
specimen. Allen (1882) described C. coronata var gracilis based on specimens
collected by Rusby near Silver City, New Mexico. Robinson (1906) elevated

the latter variety along with formae novi-mexicaza and tenera to the species

level under the name of Co pallida. Wood (1962) included all the above~named
forms under C. braunii f. pallida but more recently (Wood and Imahori, 1964)

concluded that the name novi-mexicana has priority for the forma. Analyses

of specimens from the study area indicate that further distinction at the
forma level should be made.

In addition to forms discussed above, C. braunii f. schweinitzii

(A.Br) R.D.W. has been collected from three localities in the study area.
However, the single collection examined during this study shows many char-
acters similar to those of typical C. braunii.

Specimens observed from the study area form three more or less distinct
categories (A, B, and C; Table 22). Previously described specimens which
appear to represent similar forms are also included in the table., It is

concluded that the classification of these specimens should be as follows:




Table 22.
Aa) f. novi-mexicana, (B) f. gracilis, and (C) f. achweinitzii.

A comparison of forms of Chara braunii from the study area; including specimens examined during the present study and those reported in the literature:

SPECIMENS MAIN AXES BRANCHLETS  BRACTEOLES STIPULODES

h?i.sxt diam. no. lf:’g,;:h szgé length length geggiho wald:h geggﬁto ngdthA character ?.exozgihp ou?.dfhs ridges D.E.A. Aﬁﬁgg?
- - _ . ~ _ _ N 25
WM 927 20 ? ig) 1.6 (4-) 375 300 R — —_ —_ — —_ 510-600 240-315 8-9 —_ —_—
- 5 M 553¢4,7 28143.8
_ _ - N R _ _ _ N 30
64-9-1-5 35 8-9 1.5 (&) 500 300 R e —— - —_— 435-570 200-300 8-10 e —
; 5 M 515£¢5,7  26643.9
_8-30- R _ (7~ _ [™) — N 16 31 26
64-8-30-1 ko 4835 glgt -2k g a2 229- R 780-937 405-465 105-165 180-230 spreading 420-575 210-350 8-10 45-67  262-335
-10) (=6) > > M 861411.7 4oBak.B 140wkl 20744.0 53206,k 280a5.5 5841.5  30243.7
C. coronata f. temera _ — 5.6 short hort
Allen (1882) - " o shox _— — ——  ~——  spreading 420-460 250 7 — —_—
C. coronata f. novi-
mexicana Branu and - -900  8-11 -2.0 — - - — —_— — —_— _— 420-480 — — — 210~220
Nordstedt (1882)
P - R (8-) _ N 20
61-4-1-4 30 =700 gljp M7 k-5 ggg' 700 R 750-8#0 495-555 110-165 185-230 spreading 465-510 330-360 7-8  60-75 —
E-lZ)L) - M__ 789 528 136 213 & tight 48742.6 3h342.3 70415
PR R R 7= - 3w R _ N 25
83-2-1-1 vureea 7 Sy 3.0 o 600 1000 5 m vigne  b0-323 330380 78 085 ——
= =5 M 9343, 355%¢2.9 72%1.
_8_9- - _ . _ _ _ - N 3 27
63-8-9-2 20 -650 9-10 -2,2 (g ) ggg :;36 R B25-885 540-585 112-125 195-215  tight 480583 315-405 7-8  — -
M Shlsh.5 36324,
Pringle coll. 1390 -
_:_.tbr:unéi ;. wgal;ida 21 ca.700 7-10 - - short short — — —_— — spreading 450-480 300-345 7-8 — —
e X o - Q0
C. coronata var.
gracilis Allen (1882) -20 _ 9-10 = (i-) short short —_ —_— —_ _— _— 480-520 — 5-6 —_ _—
C. pallida Type des-
a;ggon, Robinson ~ "20 800~ 7-10 -2.5  4-6 oo e 700-1000 400-480 120-210 200-250  —m—  420-520 310-350 5-7 ==  260-320
C. pallids HOLOTIPE  _ R - .
Wood and Imahori 25 1000 6-8  -4.0  4-5 450 5%0- —_— — — — 510-540 360-390 6-7 75 255-300
(1964 ) 75
07 N _ _ _ (4-) . N 12 25 30
64-9-7-1 45 690 8-10 -3.0 7 1290 -2580 R 825-900 510-570 110-165 200-240  tight 510-555 335-390 8-9 — 330-390
C. schweinitzii =6 M 85047.0 54245.8 13544.9 22543.4 531%2.8 367+3.3 360¢3.1
« Schweln: 2
Robinson (1506) -150  «1300 811 -5.0 5.7 -2500 -3500 800-920 490-530 150180 mmw S 520-650 330-400 9-11 - 280-320
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(A) Chara brawnii f. novi-mexicana (A. Br.) Wood. 1

C. coronata vare. braunii f. novi-mexicana A. Br.

C. coronata var. braunii f. tenera A. Br.

This forma is characterized by short bracteoles and stipulodes,
narrow oospores with 8-10 closely afranged ridges and widely spreading
crown-cells on the oogonia (Fig. 29, Table 224).

(B) Chara brawnii f. gracilis (T.F.A.) comb. nov.

C. coronata var. gracilis T.F.A.
C. pallida Robinson

This more or less intermediate forma is characterized by bracteoles
and stipulodes of medium length, relatively wide oospores with 7-8 widely
separated ridges, and tight to somewhat spreading crown-cells on the
oogonia (Table 22B).

(C) Chara braunii f. schweinitzii (A. Br.) Wood.

C. coronata subsp. schweinitzii A. Br.
L3
C. schweinitzii (A. Br.) Kutz.

C. braunii var. gchweinitzii (A. Br.) Zanev.

This forma is characterized by very long and well-developed anterior
bract cells and stipulodes, relatively wide oospores with 8-~9 ridges, and

rather tight crown cells on the oogonia (Fig. 30, Table 22C).

1. Does not include the description of the holotype of Chara pallida
presented by Wood and Imahori (1964) under the name C. brawnii f.
novi-mexicana.




CHARA HYIROPITYS Reichenbach
Figure 32
Chara hydropitys Reichenbach in Mossler (1829:1600).
C. robbinsii Halsted (1879:183).
C. schneckii Robinson (1906:271).

C. mexicana (T.F.A.) Robinson (1906:274).

[ {9]

. liebmannii Robinson (1906:274).
C. fibrosa Ag. ex Bruz. var. hydropitys (Reich.) Wood (1962:14).
LITERATURE FOR THE STUDY AREA: Braun and Nordstedt (1882); Allen
(1888, 1893), Robinson (1906), Zaneveld (1940), Horn af Rantzien (1950),
and Griffin (1963). See also Wallman (1853), Braun (1859), Groves and
Groves (1911), Daily (1953, 1958), and Wood and Muenscher (1956).
DESCRIPTION OF SPECIMENS (including 10 specimens from collection
61-9-3-1): Plants monoecious, to 38 cm high, appearing very lax, feathery,
and rather delicate but actually quite sturdy, yellow-green to dark green,
not incrusted with lime. Main axes 500-600 p in diameter; cortex basically
diplostichous but frequently appearing triplostichous, primary and secondary
rows about equal or displaying slightly tylacanthous condition; spine cells
well developed on upper internodes but deciduous on older ones, h30-1160}u
long, narrow and acuminate. Stipulodes haplostephanous, twice as numerous
as branchlets, 860-2150 P long, narrow and acuminate. Branchlets spreading,
straight or slightly curved, (12-) 13 (~14) in a whorl, 1.0-1.9 cm long, .
narrowing considerably toward distal end, 1/3~1/2 X internode length on
older parts of plants but usually much longer than internode on younger
parts of plants; consisting of (6-) 7 (~8) segments of which the basal one
is always uncorticate, the next (1-) 2 (-3) are corticated, the remaining
distal ones are uncorticated. Bract cells verticillate, well developed

at all branchlet nodes, posteriors and anteriors identical, numbering 7-8
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Fig. 32. Chara hydropitys (61~9-3-1). A. Whorl of mature branchlets,
X 10. B. Mature cogonium with coronula; also showing outline of

mature oospore, X 66. C. Habit sketch of mature plant, X 1/2.
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at first node, 860—2795‘p long, narrow and acuminate. Bracteoles 2,
similar to, but shorter than, bract cells. Gametangia conjoined at first
3-4 branchlet nodes. Qogonia (N=15) solitary, (710-) 747 £7.7 (-795) p
long, (374-) 416 7.9 (~470) p wide; coronulae spreading, (105-) 116t 2.5
(-135) p high, (150-) 157F 2.1 (-165) p wide. Oospores (N=30) dark brown
to black, (450-) 485 % 3.3 (-540) m long, (270-) 302 £ 3.6 (=335) p wide;
striae of (11-) 12 (-13) ridges; D.E.A. (32-) 38 ¥ 0.6 (-AB)‘P; membrane
very dark and opaque, covered with closely arranged papillae, ca. lp in
diameter at base and l-Q%Ap high, evenly distributed across fossa.
Antheridia (N=30) solitary, (270-) 289 - 2.0 (-300) u in diameter, 8-scutate.

SPECIMENS EXAMINED: MICHIGAN: (64~7-23-2) In shallow water and
emersed on saturated peat of boggy area at edge of Fish lake, Barry Co.,
Michigan, A. Hotchkiss, D. Tindall, and T. Sawa, July 23, 1964.

INDIANA: (61-8-20-4) In shallow water and on saturated mud at edge
of Starve Hollow lLake, near Valonia, Jackson Co,, Indiana, A, Hotchkiss
and D. Tindall, Aug. 20, 1961.

MISSOURI: (62-8~6-1) Pond in woods, 1 mi. E Doniphan, U.S. Hwy
160, Ripley Co., Missouri, A. Hotchkiss and R. Prins, Aug. 6, 1962.

ARKANSAS: (62-8-6-2) Pond, in town of Camp, Fulton Co., Arkansas,
A. Hotchkiss and R. Prins, Aug. 6, 1962. (62-8-6-4) Pond, 5 mi. N Camp,

E side of State Hwy 9, Fulton Co., Arkansas, Aug. 6, 1962.

TEXAS: (61-9-3-1) Shallow roadside ditch, 3 mi. N Cleveland, U.S.
Hwy 59, liberty Co., Texas, D. Tindall, A. Hotchkiss, and R. Goodyear,
Sept. 3, 1961.

TYPE LOCALITY: Dutch Guiana (Reichenbach in Mossler, 1829).

DISTRIBUTION: Before proceeding further, it is necessary to briefly
summarize some of the past and present taxonomic treatments of Chara

hydropitys. Braun and Nordstedt (1882) proposed several varieties for
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the species. Robinson (1906) elevated some of the varieties to specific
level and described several hew species from similar material collected
in North America. Zaneveld (1940) reestablished the original varietal class—
ification and considered many of Robinsont's species to be synonymous with
some of the previously described varieties. Wood (1962) concluded that all
of the described varieties of the C. hydropitys complex should be classified
as a single variety of C. fibrosa. For the present, the discussion will
be limited to the C. hydropitys complex.

Wood and Imahori (1959) listed C. hydropitys as a common species
occurring in Africa, Asia, North America, and South America. A review
of the literature on the species does suggest a rather wide distribution
but does not indicate a common occurrence in any particular area. The
following list of localities includes all known records of the species
and its synonyms for North, Central, and South America: NEW YORK: Chara
robbinsii Halst. (Robinson, 1906; Muenscher, 1933; as C. hydropitys var.

septentrionalis Nordst. ex T.F.A. Wood and Muenscher, 1956; both = C.

hydropitys var. majuscula Nordst. Zaneveld, 1940). RHODE ISLAND and
NEW JERSEY: C. robbinsii (Robinson, 1906). MICHIGAN: C. hydr pitys

(present study). INDIANA: C. hydropitys var. septentrionalis (Daily,

1953; present study). ILLINOIS: C. robbinsii and C. schneckii Robinson
(1906; both = C. hydropitys var. majuscula Zaneveld, 1940). MISSOURI and
ARKANSAS: C. hydropitys (present study). KANSAS: C. hydropitys var.
septentrionalis (Daily, 1958). TEXAS: C. hydropitys (Griffin, 1963; present

study). "NORTH MEXICO": C. hydropitys var. mexicana Allen (1893; as C.
mexicana Robinson, 1906; both = C. hydropitys var. majuscula Zaneveld, 1940).
"NEAR MIRADOR," MEXICO: C. hydropitys var. perfecta A. Br. (Braun and
Nordstedt, 1882; as C. liebmannii Robinson, 1906). VERA CRUZ: (. hydropitys

var. majuscula (Braun and Nordstedt, 1882)., CHIAPAS: C. hydropitys (Griffin,
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1963). GUATEMALA: C. mexicana (Robinson, 1906). DUTCH GUIANA: C. hydropitys,

TYPE (Reichenbach in Mossler, 1829; as var. genuina Braun, 1859). FRENCH
GUIANA: C. hydropitys (Wallman, 1859). BRAZIL: (. hydropitys var. genuina
(Braun, 1859), var. perfecta, and var. brachypitys A. Br. (Braun and
Nordstedt, 1882). CUBA: C. hydropitys (Groves and Groves, 1911).

The distribution of Chara hydropitys in the study area is shown in
Figure 33. The Mexican records of the species listed by Allen (1893) and
Braun and Nordstedt (1882) are not included because the precise localities
are unknown.

As is presently known, Chara hydropitys is more or less limited to
a unique geographical range on the continents discussed abéve; occupying
lowland areas extending from midwestern United States south through
eastern Mexico, Central America, Guiana, and into Brazil. It is interesting
that the distribution of the species follows the same general pattern as
the Mississippi flyway which is periocdically transversed by numerous species
of migratory waterfowl. The occurrence of C. hydropitys in the West Indies
and in northeastern United States may be only an extension of the above range.
However, if there is a true correlation between migration routes and the
distribution of the species, the latter may represent the route extending
from northeastern United States south along the east coast through the
West Indies and into northern South America.

One other species described by Robinson (1906), Chara keukensis

(C. gymopitys var. keukensis Allen), shows marked similarities to C.
hydropitys. The known geographical range of C. keukensis overlaps the
northern limits of the C. hydropitys range; being found in New York,
Ontario, Indiana, and southern Illinois (Robinson, 1906; Daily, 1953;
Wood and Muenscher, 1956).

ECOLOGY: Physicochemical features of the habitats.--Chara hydropitys
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Fig. 33. Distribution of Chara hydropitys in
the study area; @ localities examined during

the present study, A localities reported in the

literature.
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was collected from two general types of habitat, Each type supported a
particular growth form of the species. The single population examined in
the study area (Liberty Co., Texas) and the plants from the Arkansas and
Missouri localities occurred as luxuriant stands completely submerged at
depths up to 1 m in relatively small bodies of water. In contrast, the
populations observed in Indiana and Michigan occurred as small isolated
tufts emersed on saturated soil or submerged in 3-5 cm of water along
edges of rather large lakes (Table 23). |

The substrates of the habitats varied considerably, ranging from a
silt-sand composition to nearly pure peat (Table 23). In general the
various substrates appeared quite rich and all of them supported well-
developed plants. Water level appeared to be the only direct growth deterrent
factor.

Water temperature appears to be an important factor with regard to
the distribution of the species. Daily (1958) regarded the shallow waters
supporting C. hydropitys in Indiana as being conducive to greater light
penetration and warmer conditions for which the species appeared to be
particularly adapted. My observations on such habitats in Indiana and
Michigan, as well as those made on the deeper but warmer southern habitats,
support this generalization. Temperatures of the waters in the Arkansas
and Missouri localities (22 and 23.5 C, respectively, Table 23) were
recorded at a time when the species was not present. The absence of the
species in the Arkansas locality in April 1962 and its presence in August
of that year indicates a seasonal occurrence that is correlative with
warmer temperatures.

Since data on the chemical nature of the waters supporting C.
hydropitys are not in the literature, only gross generalities can be made

as to the types of water which may be most suitable for the species. The




Table 23. Physicochemical features of habitats supporting Chara hydropitys.
Specimens locality Habitat Substrate Depth Tur- Light Temperature pH Alk. CO,
bidity air water
64-7-23-2 Michigan shallow edge peat -0.,05 0 shaded 29.7 25,5 7.5 185 10.1
of lake
61-8-20-4 Indiana shallow edge sand-silt -0.03 0 open 21.0 26.0 8.8 43.8 0.0
of lake
62~8-6-1 Missouri pond mid-sand 0.20- + open & 26.0 23.5 7.6 49 2.0
) 1.0 shaded
62-8-6-2 Arkansas pond silt-mud 0.30- 0 open 27.0 22.0 8.0 189 3.0
1.0
61-9-3-1 Texas ditch silt- 0.30— 0 open 31.0 31.0 7.8 L0 1.5
organic 0.8

-THT~-
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limited data collected during the present study show a general trend toward
nonturbid waters with a moderately alkaline pH, a low to medium alkalinity,
and a low chloride content (Table 23). The species was also found to be
tolerant to a complete lack of free carbon dioxide.

The general ecology and known distribution of C. hydropitys suggest
that it is of tropical origin and that it invades more northern areas when
dispersal mechanisms are available and when habitat conditions are suitable.

Plant commumnities.--Other macrophytes were not directly associated

with C. hydropitys in Starve Hollow lake, however, numerous vascular plants
occupied the deeper areas of the lake. Plants directly associated with

the species in Fish Lake included the green alga Dichotomosiphon tuberosa

and the emergent vascular plant Sagittaria latifolia. Chara hydropitys
appeared to be in danger of being smothered by the latter species. Fish
Iake is a rather large but shallow, spring-fed marl lake confronted at

one edge by a large sand dune. The remainder of the lake shore is charac-
terized by various soil types. The main body of the lake is uniform in
character but the numerous marshy areas around the lake vary considerably
in physical and chemical character. Chara hydropitys occurred in such an
area characterized by a peat substrate, whereas, C. braunii occurred in a
shallow slough on a sandy substrate. Small beds of very compact C. vulgaris
and very sparse tufts of C. geylanica and Nitella tenuissima as well as
numerous vascular plants occurred on the marl substrate in the main body
of the lake.

There are no records of vascular plants from the Arkansas and
Missouri localities when C. hydropitys was collected. The pond in Camp,
Arkansas supported a luxuriant stand of Tolypella sp. in April 1962, but
Chara hydropitys was the only charophyte in the habitat in August of that

year., The Missouri locality was examined about two years (Sept. 13, 1964)
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after the original collection of C. hydropitys was made. Chara hydropitys
was not present, but Potamogeton sp. and other vascular plants completely
dominated the habitat. This along with observations in other areas suggest
that Chara hydropitys may be an early colonizing species which rapidly gives
way to the next level in plant succession.

Chara sejuncta occurred as isolated plants sparsely distributed
throughout the stand of C. hydropitys in the Texas locality. No vascular
plants were observed in direct association with the charophytes. A massive
epiphytic flora occurred on the charophytes in this locality. The more

common epiphytes included species of Bulbochaete, Oedogonium, Cymbella,

Gomphonema, and Iyngbya. Various species of Cosmarium also were common
in the habitat.

MORPHOLOGY, CYTOLOGY, AND TAXONOMY: Only specimens from the Texas
locality were examined in detail (see description). However, some gross
variations were observed between plants from different localities. Specimens
from Michigan and Indiana were small and compact, whereas, the specimens
from Missouri, Arkansas, and Texas were elongate. The various habits resulted
from the type of habitat which the species occupied. When placed in soil-
water culture, plants from northern localities grew to a sige comparable to
that of plants from southern localities. More significant variations were
noted in branchlet cegment number and cortication. Specimens from Michigan
were characterized by 4-5 branchlet segments of which the second one was
very rarely corticated. The Indiana specimens displayed 5-6 segments of
which the second one was usually corticated. Plants from Missouri and
Arkansas were quite similar to those of the Texas locality. Their branchlets
were characterized by 6-8 segments of which 1-3 (usually 2) were regularly
corticated.

One very consistent feature of specimens from all localities was that
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of chromosome number. Counts made by A. T. Hotchkiss revealed 14 chromosomes,
exclusively.

The separation of C. hydropitys into varieties by Braun and Nordstedt
(1882) and its further separation into several species by Robinson (1906)
illustrates the marked variation that occurs in the species complex. The
observations made during the present study support the maintenance of but
a single species. It also is evident that C. hydropitys intergrades with
forms such as C. keukensis (T.F.A,) Rob. which is separated from the former
species by its complete lack of branchlet cortication. A more selective
sampling of the Michigan locality could have revealed a form referable to
Ce keukensis. This intergradation may be construed as being indicative of
a complete merger of C. hydr-pitys and C. fibrosa as concluded by Wood (1962).
An inclusion of C. keukensis in the C. hydropitys complex would be a logical
approach to the problem. However, I am not presently convinced that C.
fibrosa and C. hydropitys consitute but a single species, especially if
the latter form is to be regarded only as a variety. ‘

Certain specimens collected in North America do appear to represent
the Chara fibrosa complex (C. fibrosa f. curtissi (Rob.) Wood). The known
disbribution of this form is limited to freshwater localities on the south~
eastern coasf of the United States. It was first observed in Volusia
County, Florida, by A. H. Curtiss, May 25, 1879 (Robinson, 1906). 4. T.
Hotchkiss, T. Sawa, and I collected specimens referable to this species
in June and October 1961 from two localities near Kitty Hawk, North Carolina.
These plants are easily separated from C. hydropitys both morphologically
and cytologically. The plants from North Carolina display 42 chromosomes
exclusively, whereas (. hydropitys has only 14.

Chara curtissii Robinson (1906) was first identified by Allen (1888)

as C. flaccida A. Br. Zaneveld (1940) included C. flaccida as a subspecies
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of C. fibrosa and hesitantly included C. curtissii as its synonym. Zaneveld
(1942) recorded Mimmature specimens" of C. fibrosa ssp; flaccida from Dutch
Guiana, thus bringing together the geographical ranges of that species
and C. hydropitys. However, comparisons of various descriptions of C.
curtissiikand C. flaccida do not support a complete synonymy. Moreover,
C. flaccida shows greater similarity to C. keukensis and possibly C. hydropitys

than it does to typical C. fibrosa or C. fibrosa f. curtissii

One other species described from North America, C. coronatiformis Rob.,

also is referable to the C. fibrosa complex (Wood, 1962). According to
Wood this plant represents a morphological form similar to that of the type
specimen of C. fibrosa. It also is nearly identiecal to the plants collected
in North Carolina (f. curtissii). The actual locality of C. coronatiformis
is somewhat doubtful, but Robinson believed it to be from southern Michigan
(Van Buren County). If that form of C. fibrosa is from southern Michigan,

it constitutes the only good record of the species occurring in the same

geographical range as C. hydropitys.




CHARA HORNEMANNII Wallman

Figure 34
Chara hornemannii Wallman (1853:60).

{ {]

. hornemannii var. nordhoffiae Allen (1900:299).

[ L]
.

nordhoffiae (Allen) Robinson (1906:277).

10
.

hornemannii f. nordhoffiae (Allen) Wood (1962:14).

LITERATURE FOR THE STUDY AREA: Braun and Nordstedt (1882), Allen
(1900), Robinson (1906), Proctor (1961), and Wood and Imahori (1964).
See also Wallman (1853), Nordstedt (1889), Groves and Groves (1911),
Britton and Millspaugh (1920), and Hasslow (1940).

DESCRIPTION OF SPECIMENS (including 10 specimens each from collections
61-9-7-1, 63-~1~-24~L, and 64~9-10-8): Plants dicecious (male and female
plants similar, 30-213 cm high, very spiny and somewhat brittle, medium
green to reddish gray, lightly to heavily incrusted with lime. Main axes
rigid, 1,250-1,600 J in diameter; cortex diplostichous but sometimes
appearing triplostichous, distinctly tylacanthous; spine cells abundant,
sometimes deciduous on older internodes, 2,000-8,000‘F.1ong, acute or
acuminate. Stipulodes haplostephanous, twice as numerous as branchlets,
4,000-20,000 P long, acute or acuminate. Branchlets rigid, straight or
slightly curved, (8-) 10-12 in a whorl, 2.0-8.3 cm long, usually 1/2 to
over 1 X internode length, consisting of (5-) 6-8 uncorticated seguments,
terminal one short and acuminate. Bract cells (not differentiable from
bracteoles) verticillate, well developed at all branchlet nodes, 5-6
(excluding 1 bractlet on female plants) at fertile nodes; when sterile
the number per node is as follows: (1lst) 7-8, (2nd) 6-7, (3rd) 6-7, (4th)
5-6, (5th) 5-6, (ultimate) 445; posteriors and laterals similar, 2,000-
4,225 p long, acute or acuminate; anteriors 2,000-13,500 p long, acute or

acuminate; one short bractlet below each ocogonium. Large unicellular
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Fig. 34. Chara hornemsnnii. A. Details of stipulodes (64-9-10-8),
X 5, B. Habit sketch of terminal part of main axis of a mature
plant (64-9-10-8), X 1/2. C. Mature branchlet displaying an
antheridium (64-9-10-8), X 5. D, Details of axial cortex and
spine cells (63-1-24-4), X 25.
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bulbils present on some specimens, 1720-2,000 p in diameter. Gametangia--
male and female on separate plants. QOogonia solitary (rarely geminate)
at first 3 branchlet nodes, 1010—1330)u long, 555-735)u wide; coronulae
'150-225/u high, 195-260)u'wide. Oospores dark brown to black, frequently
incrusted, 585-750 p long, 350-435 ) wide; striae of 8-10 ridges; D.E.A.
61-95 j; membrane very dark and opaque, smooth to very finely granulate (?),
.appearing glossy. Antheridia solitary at first 2 nodes, 9&5—1170}p in
diameter, 8-scutate.

SPECIMENS EXAMINED: FLORIDA: (F46107 Univ. Fla. Herb.) Dade Co.,
Florida, Bay in West lake, Everglades National Park, marl bottom, 2 ft
deep, Jan. 23, 1955, Coll. D, M. Swindle.

NEW MEXICO: (63-8-12-2) Figure Fight Lake, Bottomless lakes State
Park, E Roswell, Chaves Co., New Mexico, D. and Patricia Tindall, Aug. 12,
1963. (64-9-10-8) Locality same as above, D. Tindall and A. Hotchkiss,
Sept. 10, 1964. (64=9-10~7) Earthen tank (pumped ground water E side of
road to Bitter Iake, 2.5 mi. N U.S. Hwy 380, E Roswell, Chaves Co., New
Mexico, D. Tindall and A. Hotchkiss, Sept. 10, 1964.

VERA CRUZ: (61-9-7-1) Ilarge laguna, N side of Mex., Hwy 110, 2 mi.
W Rio Tamesi, jus% W Tampico, Vera Cruz, Mexico, D, Tindall, A. Hotchkiss,
and R. Goodyear, Sept. 7, 1961l. (63-1-24-4) Shallow pool along S side of
Mex. Hwy 110, 2 mi. W Rio Tamesi, just W Tampico, Vera Cruz, Mexico, D,
Tindall and A. Hotechkiss, Jan. 24, 1963.

TYPE LOCALITY: Crab Island (Vieques), West Indies (Wallman, 1853).

DISTRIBUTION: The literature contains a rather brief account of the
distribution of Chara hornemannii. Presently, the known distribution of the
species is limited to tropical and subtropical regions of North and South
America, including the West Indies. The published records of the species

are as follows: Florida (Allen, 1900; Robinson, 1906; H. and J. Groves,
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1911; present study); New Mexico (Braun and Nordstedt, 1882; Chaves Co.,
Proctor, 1961; and present study); San Diego County, California (Allen,
1900; as C. nordhoffiae Robinson, 1906); Bahama Islands (Britton and
Millspaugh, 1920); Cuba (Braun and Nordstedt, 1882; H. and J. Groves,
1911); Vieques (Wallman, 1853); Mexico (Braun and Nordstedt, 1882; Sonora
or possibly Durango, Wood and Imahori, 1964; Vera Cruz, present study);
Caracas, Venezuela (Allen, 1900); and Brazil (Nordstedt, 1889; Hasslow, 1940).

Precise localities for the species were not included in many of the
earlier works, thus an accurate interpretation of its distribution cannot
be presented at this time., However, the distribution of the species in
the study area, with estimates for some older localities, is included in
Figure 35,

Chara hornemannii appears to be primarily a tropical or subtropical

lowland species., The apparent requirement for brackish waters may, in part,
account for its limited northern distribution.

BECOLOGY: Physicochemical features of the habitats.~-A brief account
of the physical and chemical conditions of the habitats from which Chara
hornemannii was collected is included in Table 24. Data on Figure Eight
lake and the earthen tank locality near Roswell, New Mexico are supplemented
by data recorded from Mirror Lake and lake St. Francis by Hood, Mower, and
Grogin (1960 vide Proctor, 1961)., All of these localities apparently receive
water from the Chalk Bluff Formation which discharges water characterized
by high concentrations of calcium, sulfates, and chlorides (Table 24).
Proctor (1961) recorded C. hornemannii from several habitats receiving
water from this formation. Chloride content of the water was measured in
only one of the Mexican localities but both appeared to be of similar origin.
Among the chemical factors recorded pH showed the greatest diversity, ranging

from 7.2-9.8. The pH value of 9.8 and the associated low alkalinity value
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Fig. 35. Distribution of Chara hornemannii in

the study area; @® localities examined during
the present study, A localities reported in the

literature.



Table 24.

Physicochemical features of the habitats supporting Chara hornmemannii, Data from Mirror lake
and lake St. Francis (Proctor, 1961) are included as supplements to data from Figure Eight

Iake. All three lakes receive water from the same formation.
Specimens Locality Habitat Depth Light Temperature Cl. CO,
bidity
61-9~7-1 Vera large, shal- 0.15-0.5 open 3948 0.0
Cruz low laguna
63-1-g4-4 Vera roadside 0.10-0.6 open brack 0.0
Cruz ditch ish L
wn
64~G-10~7 New earthen tank 0.20-0.3 open brack 21.5 ¥
Mexico ish
63-8-12-2 New Figure Eight 0.10-5.0 shaded brack
Mexico Iake (sink) ish
Na &K HCOy (mg/1)
Mirror lake 381 3107 122
Iake St. 366 2410 92

Francis
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of 54 mg/l indicate that the species is capable of withstanding a complete
lack of free éarbon dioxide and only minimal amounts of bicarbonate carbon
dioxides.

Physical characteristics of the habitats varied considerably. This
was especially evident with regard to temperature (14.0-37.0 C) and depth
(3-6 cm to 5 m) of the waters. The species showed no preference to
particular light conditions, being found in well-lighted open areas as well
as heavily shaded areas.

Based on the known distribution of the species in coastal areas and
in inland areas characterized by brackish waters, it can be concluded that
C. hornemannii is a distinctly halophytic member of the Characeae.

Although there is a definite correlation between braékish conditions

and the occurrence of C. hornemannii, several other bodies of water similar

to those discussed above were observed elsewhere in the study area and
the United States that did not support the species.

Plant communities.--Chara hornemannii occurred as a large monospecific
stand in the center of the large laguna in Vera Cruz, Mexico (61-9-7-1).
Chara zeylanica occurred as isolated plants scattered around the periphery
of the above population and near the banks., Ruppia maritima was abundant
near the banks and in large isolated tufts throughout the central part of
the laguna but did not merge with the Chara hornemannii population. No
charophytes were observed in this habitat in January 1963. However, the
nearby shallow-pool locality (63-1-R4-L4) supported numerous large isolated

tufts of C. hornemannii intermixed with similar tufts of Nitella hyalina.

Sparse amounts of Chara geylanica occurred in shallower waters near the

banks in close association with species of Najas, Potamogeton, and Sagittaria.
This locality did not support charophytes in September 1961,

Figure Eight Lake, Chaves County, New Mexico was observed in August

-
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1963 and September 1964. On both occasions the lake was separated into

two parts due to low water level., Chara hormemannii completely dominated

the northern part of the lake, forming a bed which extended from an emersed
position at the banks to a depth of at least 5 ms Chara aspera occupied
a small area in the shallower waters of this habitat. The southern part

of the lake supported a luxuriant growth of Batophora cerstedii (vide

Proctor, 1961). No charophytes were recorded from this part of the lake
but they may have been present., Other lakes of the same series as Figure
Eight lake supported dense beds of Ruppia maritima,

Chara hornemannii was rare and immature in the earthen tank locality

in Chaves County, New Mexico (64~9-10-7). Other charophytes in this habitat

included C. contraria, C. hispida, and Nitellopsis bulbillifera.

MORPHOLOGY, CYTOLOGY, AND TAXONOMY: Specimens of Chara hornemennii
were quite consistent in particular localities. However, collection
64~9-10-8 displayed marked variations in height, ranging from a few centimeters
to 2,13 m. This size range appeared to be a direct result of the variation
in water depth, Marked variation did occur between specimens from different
localities. Such variation is demonstrate& by a comparison of specimens
from Vera Cruz, Mexico and Chaves County, New Mexico (Table 25). Both
collections were made in September but they were separated by three years
and about 1000 miles. In general, the New Mexico plants were larger
(vegetative and reproductive structures) and displayed a greater number
of parts (branchlet and segment number). The only apparent reduction in
the New Mexico plants as compared with the plants from Mexico was the
number of oospore striae., One major difference between the specimens was
the presence of large unicellular bulbils on the New Mexico plants and the
lack of them on the Mexico plants. This difference may be of considerable

importance, but at present it is not known for certain that bulbils did
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A comparison of Chara hornemannii from Vera Cruz, Mexico

and from Chaves County, New Mexico (including 5 plants of each

sex from each co

1lection).

SPFC IMENS MAIN AXES BRANCHLETS ANTHERIDIA
height diam. no. length no. seg. diameter
61-9-7-1 to 35 to 1250  (8-) to 6.5 (5-) 6=7 945-1120
(Vera Cruz) cii 9-10 cm M 1032
(-11)
64-9-10-8 to 213 to 1600 (9=) to 6.2 (6~) 7-8 1075-1170
(New Mexico) cm 10-12 cm M 1117
0O0OGONTA CORONULA OO0OSPORES
length width height width length width striae D.E.A.
1010-1095 555630  150-185 195-225 585-705 350-410  9-10 61-76
M 1067 597 164 208 642 385 71
1160-1330 690-735 180-225 210-260 675-750 390-435 8-9 68-95
M 1264 713 230 241 713 414 80

M = nean
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not occur on some plants in the Mexican population.

Although there are significant differences between the specimens,
no separation into infraspecific taxa can be made. These differences,
however, can be interpreted as being indicative of minor evolutiocnary
tendencies which may be correlative with the northern advancement of the
species.

A chromosome number of 28 was determined for specimens from each
collection except 64~9-10-7. The chromosome number of 28 is contrary to
the 14 numper found in most dioecious species of Chara.

Presently Chara hornemannii presents no major taxonomic problem,
The species is well separated morphologically, cytologically, and
ecologically from its nearest relatives, However, a more complete under-
standing of this species will doubtlessly uncover taxonomic problems

below the species level.




CHARA ASPERA Detharding ex Willdenow
Figure 36
Chara aspera Detharding ex Willdenow (1809:298).

C. globularis var. agpera f. agpera Wood (1962:11),

LITERATURE FOR THE STUDY AREA: Braun and Nordstedt (1882), Allen
(1882), Robinson (1906), and Proctor (1961). See also Daily (1944), Daily
and Kiener (1956), and Allen (1951).

DESCRIPTION OF SPECIMENS (including 5 specimens from each collection):
Plants dioecious (male and female plants similar), 10-30 cm high, appearing
rather delicate and spiny, medium green to gray-green, moderately to heavily

incrusted with lime. Main axes 450-700 P in diameter; cortex triplostichous

but very irregular, frequently appearing diplostichous, primary and secondary
series of variable thickness; spine cells abundant, macroscopic, solitary
but occasionally fasciculate, 300-1500 P long (rarely occurring as papillae),
straight or curved, narrow and acuminate, but not always sharp. Stipulodes
diplostephanous, 2 sets alternating with branchlets, both tiers equally
developed, 500-~1075 ) long (sometimes aberrant), variously curved, narrow,
and acuminate, Branchlets usually curved, 8-9 in a wherl, 1.0-2.5 cm long;
consisting of 6-8 segments, all of which are corticated except 1 or 2 (-3)
distal ones, uncorticated penultimate segment usually short but sometimes
elongate, terminal segment short and acuminate., Bract cells well developed
above all corticated segments, anteriors 2, 600-1290 m long; posteriors
(including laterals) 3-5, 300-~990 ] long (rarely reduced to papillae).
Bracteoles (associated with oogonium only) 800~-1720 . long, narrow and
acuminate, Bractlet 700-1505 P long, similar to bracteocles. Gametangia-—-
male and female on separate plants. Qogonia (no mature ones seen) solitary
at first 3 branchlet nodes; coronulae spreading. Qospores (none seen).
Antheridia solitary at first 4 nodes, frequently aborted at first node,

645-795 p in diameter, 8-scutate.
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Fig. 36. Chara aspera (61-4-7-8 male plant). Whorl of mature
branchlets; also showing details of stipulodes and axial cortex,

X, 20,
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Measurements of oogonia and oospores of C. agpera (including specimens
from the study area) given by Robinson (1906) are as follows: Oogonia
750-900 p long, 400-575 m wide; coronulae 140 y high, 160-180 M wide; and
oospores black, 440-650 & long, 280-400 p with striae of 11-16 ridges.

SPECIMENS EXAMINED: NEW MEXICO: (63-8-12-3) Figure Fight Lake,
Bottomless lLakes State Park, E Roswell, Chaves Co,, New Mexico, D. and
Patricia Tindall, Aug. 12, 1963.

COAHUILA: (61-4~7-3) Shallow temporary pool (extremely alkaline and
rapidly evaporating), 15 m in diameter, 3 mi. S Cuatro Cienegas, Coahuila,
Mexico, D, Tindall and W, Minckley, April 17, 1961, (61-4~7-8 and 61-4-7-10B)
In Iaguna San Pablo, at mouth of cave stream, 8.5 mi. SSW Cuatro Cienegas,
Coahuila, Mexico, D. Tindall and W. Minckley, April 7, 1961. (61-4-8-1B)
Canal de La Angostura, 1.6 mi. SW Cuatro Cienegas, Coahuila, Mexico, D.
Tindall and W. Minckley, April 8, 1961, (61-4-8-4) In swift current of
Canal de la Angostura, 9 mi. SW Cuatro Cienegas, Coahuila, Mexico, D.
Tindall and W. Minckley, April 8, 1961,

TYPE LOCALITY: Germany (Willdenow, 1809).

DISTRIBUTION: Chara aspera appears to be limited to the northern
hemisphere; being found in Europe, northern Africa, northern Asia, and
‘North America between 70° N and 25° N (Zaneveld, 1940; Olsen, 194k; Wood
and Imahori, 1959). Localities from which the species has been recorded
in North America include Newfoundland (Braun and Nordstedt, 1882; Robinson,
1906), Saskatchewan (Al'en, 1882; Allen, 1951), British Columbia (Allen, l.c.),
New York (Allen 1871, 1882; Braun and Nordstedt, 1882; Robinson, 1906;

Wood and Muenscher, 1956), Michigan and Missouri (Braun and Nordstedt, 1882),
Indiana (Daily, 1953), Nebraska (Daily, 1944; Daily and Kiener, 1956), and
New Mexico (Proctor, 1961). Braun and Nordstedt (1882) cited specimens of

C. aspera collected by C. Wright during the United States Mexican Boundary
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Survey, 1851-1852, The collection was referred tc as Wright 569, "Coll
[éction] novci] Mex(icané]....in saline pools south of El Paso....” This
probably constitutes the record of C. aspera from New Mexico included in
Allen (1882) and Robinson (1906). However, the collection data given by
Braun and Nordstedt indicate that the species may have been collected in
northern Chihuahua or possibly in Texas. The exact locality is of little
consequence; a thorough examination of the same general area probably will
reveal several habitats supporting the species.

The known distribution of Chara aspera in the study area is shown

in Figure 37. The species was observed only in arid regions at elevations
between 600 and 1200 m. The species occurs at mmch lower elevations (to
sea level) at more nqrthern latitudes in North America., Fxamination of
several habitats in both eastern and western coastal regions of the study
area did not yield the species.

FECOLOGY: thsicochemicalrfeatures of the habitats.~-Chars aspersa

displayed a tolerance to both still and swiftly flowing waters. The species
flourished in both situations but reached its greatest heights in the swift-
current habitats. The species usually occurred on alkaline mud substrates
in less than 0,50 m of clear water., Temperatures were not measured in each
locality but cooler waters (19-25 C) appeared to be more suitable for the

species. Chara aspera usually occurred in well-lighted open areas., In

such areas, the species was at least partially fertile, whereas, in the
New Mexico locality where it was heavily shaded only sterile specimens
were observed.

Chemical analyses were not carried out on the waters supporting C.
aspera; however, all of the localities appeared quite alkaline., Figure
Fight Iake (Chaves Co., New Mexico) is discussed above under C. hornemannii,
The water in that locality is characterized by high concentrations of

calcium, magnesium, sodium, chlorides, and sulfates.
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Fig. 37. Distribution of Chara aspera in the

the study area; @ localities examined during
the present study, A localities reported in the

literature.



- 161 -

Plant commmnities.-~Small beds of C. aspera occurred in close
association with C. hispida in the shallow waters of Figure Eight lake.
Chara hornemannii was the dominant plant in the habitat and completely
surrounded both species. The shallow pool locality near Cuatro Cienegas,
Mexico (61-4-7-3), supported a large, mixed association of C. aspera
(female) and C. contraria (?). In the nearby Laguna San Pablo, C. aspera

(male) occurred with C. zeylanica and (. contraria. Chara aspera (male)

was collected at two points on Canal de La Angostura, occurring as isolated
tufts in the swiftest part of the canal (64-4-84~), and in association with
C. contraria in an area of less current (61-4-8-1B),

MORPHOLOGY AND CYTOLOGY: Chara aspera was very consistent throughout

the study area, Minor variations were observed in length of spine cells,

stipulodes, and bract cells., None of the specimens showed a high degree of

fertility, and the New Mexico plants were completely sterile., Male and

female plants were not collected from the same locality, but in each instance

the or;posite sex could have been overlooked. Chara aspera is well known

for its production of bulbils; however, none was seen on the present specimens.
Chromosome counts of 14 were made on specimens from collections

61-h~7-8, 61=4~7-10B, and 61-4~8-4. This chromosome number is the same

as that counted in C. aspera from other parts of North America and from

Burope (Gillet, 1959; Guerlesquin, 1961, 1963; Hotchkiss, unpublished).

Chara aspera does not present a major taxonomic problem; however,

Wood (1962) concluded that the species represents only a variety in a
large polytypic species, C. globularis., Chara leptosperma, which occurs
in the study area and also has been considered a variety of (., globularis
by Wood, occupies an intermediate position between the latter species and
C. aspera. A discussion of the relationships between the three species

is included below,




CHARA LEPTOSPERMA A. Braun
Figure 38
Chara leptosperma Braun and Nordstedt (1882:278).

C. globularis var. leptosperma Wood (1962:10).

LITERATURE FOR THE STUDY AREA: Braun and Nordstedt (1882), Robinsen
(1906), Horn af Rantzien (1950), and Cole and Whiteside (1965, as C.
globularis).

DESCRIPTION OF SPECIMENS (including 10 specimens from collection
64=9-3-1): Plants monoecious, to 70 cm high, yellow-green to medium bright
green, lightly incrusted with lime. Main axes to 525 p in diameter; cortex
triplostichous (rarely appearing diplostichous), primary and secondary series
equal in width or slightly tylacanthous; spine cells reduced, spherical,
32-54 p in diameter. Stipulodes diplostephanous, well developed, never
wanting; upper tier 180-630 J long; lower 'tier 60-450 J long (frequently
a third or fourth stipulode is evident at a single node). Branchlets
straight or slightly curved, 1/3 to 1 X internode length, (7-) 8 (-9) in
a whorl, (0.9-) 2.2 (-3.2) cm long, consisting of (7-) 8 (-9) segments
all of which are corticated except 1 or 2 distal ones, terminal segment
conical. Bract cells well developed, narrow and acuminate but not sharp;
posteriors 3, 37-525 p long; anteriors 2,’ 375-885 m long. Bracteoles 2,
295-975 p long. Qogonia (N=R0) solitary, (735-) 774 T 5.5 (-825) p long,
(315-) 342 * 3.5 (-367) p wide; coronulae (120-) 138 % 3.8 (-172) pu high,
(165-) 174 * 2.2 (-195) p wide at base. Qospores (N=30) golden brown,
more or less transparent, without a distinct cage, (427-) 465 L 3.7 (-502)
p long, (195-) 246 ¥ 3.3 (-285) p wide; striae of 10-13 low ridges; D.E.A.
(31-) 39 £ 0.6 (-45) p; membrane covered with coarse irregularly shaped
granules. Antheridia (N=38) solitary, (247-) 281 T 2.8 (-315) u in diameter,

8-scutate, sheath 29-36 m thick.
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Fig. 38, Chara leptosperma (64-9-3-1). 4. Whorl of mature branch-
lets, X 10, B. Details of stipulodes, X 60.
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SPECIMENS EXAMINED: ARIZONA: (64-9-3-1) Small earthen tank, fed
by artesian sources, San Bernardino Ranch (present owner Warner Glen),

18 mi, B é;glas, 2 mi, E ranch house, near U.S.-lMexico boundary, Cochise
Co., Arigona, D, Tindall, A. Hotchkiss, and W, Minckley, Sept. 3, 1964.
(64~6-25-1) Quitobaquito Spring pool, Organ Pipe Cactus National Monument,
near U,S.,-Mexico boundary, Pima Co., Arizona, G. A. Cole, June 25, 1964.

Collection 64-6-25-1 was sent to me by Dr, Gerald Cole; Arizona
State University. My original determination was Chara globularis which
Dr. Cole subsequently included in a paper on the ecology of Quitogaquito
Spring (Cole and Whiteside, 1965). Inasmuch as the collection consisted
of young plants which bore no mature gametangia, it can only tentatively
be regarded as C. leptosperma. However, the specimens are not referable to
C. globularis of the present study.

TYPE IOCALITY: Between Mo-ro and Rancho nuevo, Vera Cruz, Mexico
(Braun and Nordstedt, 1882; coll. by Liebmann, March 1851).

DISTRIBUTION: The collections from Arizona represent the only
records of C. leptosperma other than that of the TYPE. The known geographical
distribution of the species is included in Figure 39. Although the range
is quite large, extensive collecting within the area has not revealed the
species. However, specimens from Iittle Maschaug Pond, Washington County,
Rhode Island (Coll. and det. as C. delicatula by R. Wood, in herb. Univ.

Louisville) show remarkable similarities to the specimens of the present
study.
BECOLOGY: Physicochemical features of the habitats.--Chara leptosperma

occurred in somewhat contrasting habitats in Arizona. The species formed

a dense bed in about 1 m of water in the Cochise County locality. Water
sampled just above the plants displayed the following features (8:30 AM):

temperature, 23 C (air temp., 25 C); pH 8.3; total alkalinity 299 mg/l;
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Fig. 39. Distribution of Chara leptosperma in

the study area; @ localities examined during
the present study, A locality reported in the

literature (TYPE).
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free carbon dioxide, negligible; total chlorides 18.5 mg/l. The substrate
on which the Chara grew consisted of firm sand and gravel co- ered with a
thin layer of mud and organic debris. Part of the population was shaded
by extensive riparian vegetation at the time of collection.

A preliminary ecological survey of Quitcbaquito Spring has been
reported by Cole and Whiteside (1965). Water samples taken from the pool
at the time of collection of C. leptosperma displayed the following features:
somewhat turbid; temperature 31.1 C at surface and 30.6 C at bottom (2:30
PM), uniformly 27.2 C at dewn (at spring, 23.9 C); pH measured at sunset
and at dawn, 7.8 and 7.6, respectively; total alkalinity, 411 mg/l; free
carbon dioxide, ca. 10-20 mg/l; total chlorides, 383 mg/l.

Although there are marked differences in water conditions of the
habitats, they are similar in that both receive water from a spring source.
Both habitats are characterized by high alkalinity but actual similarities
and differences between the two cannot be evaluated on the basis of present
data.

Plant commmities.-~Other plants associated with C. leptosperma at
the Cochise County locality included Nymphaea odorata, Potamogeton pectinatus,
Sagittaria rigida(?), and Heteranthera limosa, Oedogonium sp., Bulbochaete
sp., Coleochacte nitellatun (rare), Calothrix sp., Rhopolodia gibba (abundant),

and Gomphonema sp. occurred as epiphytes on the Chara.

Fragments of young C. contraria and numerous sporelings of C. zeylanica
were mixed with the collection of C. leptosperma from Quitobaquito. HNajas
marina also occurred in the pool.

MORPHOLOGY AND CYTOLOGY: The range of variation observed in mature
specimens of the species is iIncluded in the description. A comparison of

Chara leptosperma of the present study with the type description of the

species is shown in Table 26, The plants are quite similar in respect to
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Table 26. A comparison of 10 specimens of Chara leptosperma of the
present study (4) with the description of the TYPE specimen
(B) from Braun and Nordstedt (1882).

MAIN AXES STIPULODES BRANCHLETS BRACTEOLES
height width length no. length no. cort. length
seg. seg.

A to 70 to 525 (180-)  (7-) (0.9-) (g—) (2—) (225-)

cm 254 8 Re2 588
(-630)  (=9) (=3.2) (=9 (-7) (-975)
cm
B — 4,50~ 350- 7-9 c. 1 7-8 6~7 c. 850
- 620 360 cm cm
OOGONIA CORONULA OOSPORES ANTHERIDIA
length width height width length width no. diameter
ridges

A (735-)  (315-) (120-) (164=) (427-) (195-) 10-13  (247-)

T4 342 138 174 465 246 281
(-825)  (=367) (~172) (-195) (-502) (-285) (-315)
B 830~ 360~ 180~ 180~ 550~ 300 11=12 250

850 370 190 190 600
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vegetative morphology. Probably the most important similarity is that
of stipulode character, which immediately separates C. leptosperma from
most of the closely related species in North America, The abnormalities
in stipulode development in collection 64~9-3-1 are of no apparent taxenomic
importance,

The comparison of gametangial elements shows some marked differences
in size. These differences cannot be svaluated until further collections
are made., One conspicuous feature of both collections is the golden brown
oospore. The color readily distinguishes C. leptosperma from related species,
which for the most part are characterized by dark brown to black oospores.

A chromosome number of 28 was determined for specimens from collection
64~9~3-1. This number is similar to that counted in C. globularis but
it is also very common throughout the genus.

A discussion of the relationships of C. leptosperma and closely

related species from the study area is included below.



CHARA GLOBUILARIS Thuillier
Figure 40
Chara vulgaris Linnaeus ex parte (1753:1156).
C. globularis Thuillier (1799:472).
C. capillacea Thuillier (1799:474).
C. fragilis Desvaux in Loiseleur (1810:137).

e}

. fra ilis ssp. capillacea Wallman (1856:85).

1o

. fragilis B, subverrucosa Braun and Nordstedt (1882:182).
. globularis var. capillacea Zaneveld (1940:195).

C. globularis forma globularis em. Wood (1962:10).
LITERATURE FOR THE STUDY AREA: Braun and Nordstedt (1882), Robinson

o

(1906), Zaneveld (1940), Horn af Rantzien (1950), Ophel (1952), McCleary
(1957), and Hevly (1961). See also Allen (1951), Daily and Kiener (1956),
and Daily and Porter (1961).

DESCRIPTION OF SPECIMENS (including 5 specimens from each collection):
Plants monoecious, 10-190 cm high, medium to dark bright green, very lightly
to moderately inerusted with lime. Main axes 450-600 p in diameter; cortex
triplostichous, primary and secondary series equal in width or displaying
slightly tylacanthous condition; spine cells obscure, not elongate and
flattened horizontally, 30-35 p wide. Stipulodes usually forming 2 rather
disorganized, indistinct tiers; occasionally forming 2 distinct tiers but
always reduced and closely appressed to axis. Branchlets straight or slightly
curvey, (6~) 7-8 (-9) in a whorl, 1.2-4,3 cm long, 1/3 to 1 1/2 X internode
length, consisting of 6~13 ségments of which all are corticated except 1-3
short distal ones. Bract cells developed at fertile nodes; anteriors
2 (=3), 90-825 p long; posteriors (3-) 4 (-5), always obscure. Bracteoles
2, 1501075 p long. Multicellular bulbils present on some specimens.

Gametangia conjoined at first 2-4 (~5) branchlet nodes. Qogonia very rarely
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Fig. 40. Chara globularis. A.-D. Mature oogonia with coronulae;
also showing outlines of mature oospores: A. 64-9~8-34A(1), B.
64-9-3-3(2), C. 64=9-3-3(1), D. 64-9-8-34(2), X 60. F.-G. Habit
sketches of mature plants: F. 64-9-8-3B, G. 64-9-8-34, X 1/2.
H, Terminal segments of mature branchlet (64-8-29-2), X 30. I.
Sterile branchlet node (64-8-29-2), X 30. J. Details of stip-

wlodes and axial cortex (64-8-29-2), X 30.
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geminate, 820-1075 p long, 345-620 J wide; coronulae 105-225 m high, 165-285
J wide. Oosp’ ores medium-dark brown to dark brown, frequently appearing
black, sometimes incrusted, 540-750 p long, 225-450 ) wide; striae of 11-14
ridges; D,E.A. 38-65 Ji membrane finely granulate, sometimes appearing
smooth, Antheridia solitary, 255-420 j in diameter, 8-scutate.

SPECIMENS EXAMINED:; KANSAS: (6é2-4-26-5) Small stripmine pond, Crawford
Co. State Park, Crawford Co., Kansas, D, Tindall, A. Hotchkiss, and W,
Minckley, April 26, 1962.

OKLAHOMA: (62~4~27-8) Pond, 4 mi, S Stillwater, State Hwy 40, Payne
Cos, Oklahoma, D. Tindall, A. Hotchkiss, and W. Minckley, April 27, 1962.
(62-4~28-11B) City lake, 3.1 mi. N Ardmore, U.S. Hwy 77, Carter Co., Oklahoma,
D. Tindall, A, Hotchkiss, and W. Minckley, April 28, 1962.

TEXAS: (63-2-1-2) San Marcos River, in swift current near public
swimming area, San Marcos, Hays Co., Texas, D. Tindall and A. Hotchkiss‘,

Feb. 1, 1963.

NEW MEXICO: (64-8-29-24) large spring-fed earthen tank on La Cienega
Ranch, cae 17 mi. SW Santa Fe, UJW. Hwy 85, Santa Fe Co.,, New Mexico, D.
Tindall and A. Hotchkiss, Aug. 29, 1964. (64-8-29-5A) Small, recent earthen
tank, second tank W of ranch house, la Cienega Ranch, ca. 17 mi. S4 Santa Fe,
U.S. Hwy 85, Santa Fe Co.,, New Mexico, D. Tindall and A. H;Dtchkiss, Aug. 29,
1964. (64-9-3-5) Gienega lake, New Mexico Game Management Area, 2 mi., W
U.S. Hwy 80, 4 mi, NW Separ, Grant Co., New Mexico, D. Tindall, A. Hotchkiss,
and W. Minckley, Sept. 3, 1964+ (64 9~4-1) Earthen tank (pumped ground water) »
11,9 mi. W Deming, U.S. Hwy 80, Iuna Co., New Mexico, D, Tindall, A. Hotchkiss,
and W. Minckley, Sept. 4, 1965. (64-9-9-2) Roberts lake (large reservoir),
25 mi., NNE Silver City, State Hwy 25, Grant Co., New Mexico, D. Tindall
and A. Hotchkiss, Sept. 9, 1964. (64-9-9-4) Golf Course Pond at entrance
to Rio Mimbres Country Club, E Deming, U.S, Hwy 70, Luna Co., New Mexico,

D, Tindall and 4. Hotchkiss, Sept. 9, 1964.
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ARIZONA: (64-8-30-2) Large spring-fed lake, 1 mi., E Vernon inter-
section on U.S, Hwy 60, Apache Co., Arizona, D, Tindall and A. Hotchkiss,
Aug, 30, 1964. (64~9~1-1B) Canoa lake, 7 mi. N Amade, off U.S. Hwy 89,
Pima Co., Arizona, D, Tindall, A, Hotchkiss, and W. Minckley, Sept. 1,
1964, (64-9~3-3) Middle Fork of Cave Creek (small reservoir) at Herb-
Martyr Forest Camp, Coronado Natiqnal Forest, Cochise Co., Arizona, D.
Tindall, A. Hotehkiss, and W, Minckley, Sept. 3, 1964. (64=9-7-3) Two
small earthen tanks, E side of State Hwy 79, just S Schnebly Hill Road
intersection (ca. 15 mi, S Flagstaff), Coconino Co., Arizona, D. Tindall
and A. Hotchkiss, Sept. 7, 1964. (64-9~8-1) Small earthen tank (overflow
of Apache Cove Lake), 1 mi, N lLakeside, State Hwy 173, Navajo Co., Arizona,
D. Tindall and A. Hotchkiss, Sept. 8, 1964. (64-9-8~7) Luna Lake, head
waters of the San Franscisco River, 5 mi. B Alpine, Apache Co., Arizona,

D. Tindall and A. Hotchkiss, Sept. 8, 1964,

CHIHUAHUA: (WM939) Small drying pool of Rio Santa Maria, 5.8 mi. W,
1 mi. N Galeana, Chihuahua, Mexico, W. Minckley, May 29, 1964. (WM943)
Rio Piedras Verdes, 10.7 mi. by road W Colonia Juarez, Chihushua, Mexico,
W. Minckley, May 30, 1964.

DURANGO: (63-8-9-1) Stream, in swift current below large reservoir,
21 mi. N Durango, Mex. Hwy 45, Durango, Mexico, D. and Patricia Tindall,
Aug. 9, 1963,

TYPE IOCALITY: France (Thwillier, 1799).

DISTRIBUTION: Chara globularis is a cosmopolitan species occurring
on all major continents (Wood and Imahori, 1959). The species is widely
distributed throughout North America but only those records of interest
in respect to the study area are included below,

Braun and Nordstedt (1882) reported the species from Texas, New Mexico,
Nevada (var, capillacea), California, and Mexico (north of Mexicc City).
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Ophel (1952) reported a single collection (var. capillacea) from near Ardmore,
Carter County, Oklahoma. Single collections of the species were reported
from Apache and Navajo Counties, Arizona (McCleary, 1957), and from Pena
Blanca lake, Santa Cruz County, Arizona (Hevly, 196l1). Other collections
from North America which are of interest with regard to the study area
include those reported from British Columbia (var. capillacea, Allen, 1951),
Wyoming (Daily and Porter, 1961), and Nebraska (Daily and Kiener, 1956).
South American countries from which the species has been reported include
Uruguay, Argentina, Peru, Bolivia, and Chile (Horn af Rantzien, 1950).

The known distribution of C., globularis in the study area is included
in Figure 41l. The species occurs in greatest concentration in highland
areas, Extensive examination of habitats in desert and coastal areas
did not yield the species.

ECOLOGY: Physicochemical features of the habitats.--Various data

from the habitats found to support Chara globularis are included in Table

27, These data indicate that the species occupies a relatively narrow

range of environmental conditions in the study area. The species shows

a particular preference to quiet bodies of water, but it was observed on

two occasions in swiftly flowing waters, In the swift water, the species
was well developed vegetatively but was completely sterile. The occurrence
of C. globularis was distinctly correlated with sandy-bottomed areas of

cool bodies of water which were characterized for the most part by a moderate
to high alkalinity and a moderately to highly alkaline pH, In direct relation
to the latter conditions, the species regularly occurred in waters void of
free carbon dioxide. High concentrations of chloride were not recorded

for the waters supporting the species. The various waters not tested for
chlorides showed no signs of being brackish. The data in Table 27 for

New Mexico and Arizona illustrate the general conditions which characterized
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Fig. 41. Distribution of Chara globularis in
the study area; @ localities examined during
the present study, & localities reported in the

literature.



Table 27. Physicochemical features of habitats supporting Chara globularis.
Specimens  Locality  Habitat Substrate Depth Tur- Light Temperature pH Alk. CO, Cl.
bidity air water
62-4~26-5 Kansas stripmine sand-clay- 0.5 3] open 29.0 23.0 7T.65 294 13;0 —
pond nmud
62~4~2T7-8  Oklahoma large pond sand-mud 0.5 0 open —— 29.0 9.0 117 0.0 —
63-2-1-2 Texas swift river sand~-gravel O.4 0 open _— 23.2 7.5 260 16.0 —
64,-8-29-2A New large spring- sand-mud -1.0 0 open 26.0 20,0 9.2 280 0.0 15.0
Mexico fed tank
64-8-29-5A4 New small tank sand-nud ~0.2 0 open 27.0 20.0 8.5 122 0.0 8.5
Mexico
64-9-3-5 New small lake marl- 0.3 + open & 32.5 30.0 9.0 —— 0,0 —-—
Mexico organic shaded
64~9~l=1 New small tank sand~-mud -1.0 + shaded 29.0 2L.5 8.3 160 0.0 20.5
Mexico
64-9-9-2 New large reser— sand-mmd ~0.45 + open 23.0 21.5 8.4 140 0.0 ——
Mexico voir
64=9=9-4 New small tank mud -1.0 0 open & 27.0 27.0 8.9 127 0.0 ——
Mexico shaded
64-8-30-2 Arizona lake sand-mud -0.3 0 open 26.0 20.0 9.4 102 0.0 6.5
64~9~1~1B Arizona small lake mud -1.0 + open — 23.0 7.8 ——— —
64-9-3-3 Arizona strean sand- =4.0 open & 28.0 21,0 8.2 123 1.0 18.5
reservoir gravel shaded
64~9-7-3 Arizona small tank sand-mud -1.0 0 open 23.0 20.0 7.85 109 2.5 o=
64-9~8-1 Arizona small tank sand--mud -1.0 + open 240 2L.0 7.8 148 3.5 15.0
64-9~8-3 Arizona small reser~  sand-mud 0. + open 26.5 2L.0 8.2 129 1.0 12.5
voir
64-9-8-17 Arizona large reser— sand-mud- ~3,0 + open 18.5 18.5 9.6 137 0.0 =—
voir organic
63-8-9-1 Durango swift stream sand -0.1 0 open & 23.0 20.0 7.8 93 25 —

shaded

ETAG
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the majority of medium~sized bodies of water which supported extensive
vegetation in the highland areas examined during this study.

Plant communities.--Chara globularis usually occurred in association
with various algae, vascular plants, and with one or more of the following

charophytes; C. braunii, C. contraria, C. vulgaris, Nitella clavata, and N,

missouriensis., The prominence and distribution of Chara globularis in the
habitats varied considerably.

A mixed association of charophytes cceurred as a dense "chara zone"
around the southern edge of one large spring-fed lake (Apache Co., Arizona,
64,~8-30-2), The zone extended out from the bank to about 2.5 m and to a
depth of 1 m. The dominant charophyte in the zone was C., braunii. Chara
globularis, Nitella clavata, and to a lesser degree N. missouriensis, occurred
as single plants or small tufts sporadically distributed throughout the
dense stand of Chara braunii. Although C. globularis was greatly overshadowed
by C. braunii, the species was well developed and displayed numerous ripe
oospores. The predominant higher plant associated with the charophytes was

Potamogeton pectinatus which occurred as large isolated stands in the deeper

water but occasionally merged with the chara zone. The principal epiphytes

on C, globularis were Bulbochaeta sp., Oedogonium sp., Cymbella sp., Denticula

sp., Gompnonema sp., and Cocconeis placentula. Palmodictvon varium was very
common in the chara gone, A somewhat similar association was observed in
Apache Cove lake (Navajo Co., Arizona, 64-9-8-3)., However, no distinct
chara gzone had developed. Small isolated tufts of Chara globularis, Nitella
clavata, and N. missouriensis were irregularly distributed in shallow water

near the bank. Potamogeton pectinatus, P. nodosus, Zannichellia palustris,

Elodea canadensis, and Myriophyllum sp. occurred in the near viecinity of the

charophytes. FEmergent forms (not in direct association with the charophytes)

included species of Alisma, Typha, Sparganium, and Eleocharis. A mixed
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association of Chara globularis, C. braunii, Nitella missouriensis, Potamogeton
foliosus, and Ranunculus aquatilis was observed in a small, shallow earthen
tank (Coconino Co., Arizona, 64-9-7-3). In stream habitats where Chara
globularis was observed in swift current areas (Hays Co., Texas, 63-2-1-2
and Durango, Mexico, 63-8-9-1), C. braunii also was observed but usually in
quieter water. Sagittaria sp., Najas guadalupensis, Batrachospermum sp.,
Thorea sp., and small tufts of Chara brunii oc:urred on riffles near C.
globularis in the Texas locality.

3

One other association which included C. globularis and C. braunii

was observed in Roberts Lake (Grant Co., New Mexico, 64~9-9-2). Chara
contraria also occurred in close association with these species. A4ll

three species were sparsely distributed and were not observed in any definite
arrangement, Higher plants observed in direct association with the charophytes
included Potamogeton sp., P. pectinatus, g. foliosus, Zannichellia palustris,

and Myricphyllum sp. Nasturtium officinale was abundant near small spring

areas. Hydrodictyon reticulatum and Spirogyra spp. formed small floating
mats near the Chara.

In contrast to the chara zone described above, Myriophyllum sp. formed
a thick zone around the edge of a medium size lake in southern Arizona
(Canoa Lake, Pima Co., 64-9-1-1B). Chara globularis and C. gontraria was
sparingly distributed throughout extensive beds of Potamogeton spp. in the

central portion of the lake. Similarly, Potamogeton foliosus formed a

distinct zone around the edge of a small earthen tank in southern New
Mexico (Luna Co., 64~9-9-4); whereas, C. globularis occurred as a dense
pure stand covering the entire central bottom area, However, in a similar
habitat in the same county (64-9-4-1), C. globularis occurred as isolated

beds in deeper water with Potamogeton pectinatus and Najas guadalupensis

distributed randomly throughout the tank. Epiphytes on C. globularis
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inecluded Célothrix sp., Oedogonium sp., Cymbella tumida, Denticula, and an
extensive growth of Gomphonema spp. Several earthen tanks observed in the
same area lacked any charophytic flora but maintained nearly pure stands
of Najas guadalupensis.
Associations including C. globularis and C. vulgaris were observed
in contrasting habitats. In a large spring-fed earthen tank in Santa Fe

County, New Mexico (64-8-29-24), C. globularis occurred in isolated tufts

in association with C. contraria, Potamogeton pectinatus, P. nodosus,
Ranunculus agquatilisg, and Ceratophyllum demersum in the shallow, mud-bottomed
areas around the edge, whereas G. vulgaris was the dominant vegetation
covering the entire bottom in the deeper water. Nasturtium officinale
occurred near the spring source., A small recent tank near the above locality
supported C. globularis, C. vulgaris, and C. contraria (?) as small isolated
tufts in shallow water. The small (deep) reservoir of Cave Creek (Cochise
Co., Arizona, 64-9-3-3) supported an extensive bed of C. globularis in the
deep channel and dense beds of C. vulgaris along the banks in shallower
water, Both species were very well dei'eloped and did not appear to be
competing for bottom area. The major epiphytic flora associated with C.
globularis included Rhopolodia gibba, Epithemia sp., Denticula sp., and
Coleochaete sp.

In a small portion of Luna lake (Apache Co., Arizona, 64-9-8-7),
C. globularis was observed in 3 m of water along a steep rocky bank in
association with Myriophyllum sp., Ranunculus aguatilis, and floating mats

of Spirogyra spp. Abundant epiphytes included Oedogonium spp., Coleochaete

sp., Synedra spp., Gomphonema sp., Rhopolodia gibba, Cocconeis placentula,

and Denticula sp. Several species of Cosmarium and a tetrasporine alga also
were associated with C. globularis.

In the one locality where a temperature was recorded as high as
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30 C (Cienega lake, Grant Co., New Mexico, 64-9-3-5), C. globularis was

being completely covered by Oedogonium sp., Gomphonema sp., and Cocconeis

placentula. Most of the water surface was covered by mats of Spirogyra
spp. The stripmine pone in southern Kansas (Crawford Co., 62-4-26~5) main-
tained a nearly pure stand of C. globularis and associated epiphytes.
However, similar habiats in the same area supported luxuriant stands of
other charophytes. The species occurred as sparse young plants in beds
of C. schaffneri in City Lake near Ardmore, Oklahoma (Carter Co., 62-4-28-
11B), and as a pure stand in a pond south of Stillwater, Oklahoma (Payne
Co., 6R-4-27~8).
MORPHOLOGY AND CYTOLOGY: All of the specimens examined from the
study area appear to represent a single taxon, Chara globularis var.
capillacea. The specimens were quite consistent with regard to axis
cortication, spine cells, stipulodes, bracteoles, bract cells, and number
of branchlets., The most conspicuous differences between populations include
height of plants, number of branchlet segments, and size and shape of
gametangia and oospores, The arrangement of specimens in Table 28 according
to number of branchlet segments forms a more or less continuous series,
However, the inclusion of size and shape of gametangia and oospores results
in a segregation of specimens into five general categories (A-E, Table 28).
Collections 64~9-8-3A (1 and 2) and 64~9-8-3B represent three distinct
morphs from a single population. Specimens A and B were separated at the
time of collection because of their somewhat contrasting habits (Fig. 40).
Specimens representing morphs 1 and 2 of collection 3A were separated in
the laboratory because of consistent differences in the size of their
gametangia and oospores. These morphs occurred on separate plants of
the same vegetative form., Collection 64-9-3-3 also displayed two distinct

gametangial morphs on separate plants of a single vegetative type.
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Table 28.

distinct morphs.

A comparison of specimens of Chara globularis examined from the study area.

Specimens are arranged in five groups which are considered to represent

SPECIMENS  MAIN AXES BRANCHLETS
height diam. no. length no. no. cort. CO0OGONTIA CORONTULA OO0OSPORES ANTHERIDIA
(cm) (cm) segs. segs. length width height width character length width ridges D.E.A. cage diameter
64-9-3-5 _ — 78 338 (g') (g‘; IMMATURE GAMETANGIA
- - - - ~ (7-) _ N 20 20 50
64-9-8-34-1  -25 525 7-8 1.7 7y (; g R 840-945  375-435 105-135 180-225 spreading 585-645 225-285 12-13 b2-54 delicate  277-360
(-10) - M 8877, 4o344,9 11846.0 20542.7 61624,1  25683.3 4740.9 32542.6
13 13 25
64-9-8-7 -190 -600 7-8 4,3 (g-io (;-% R 860-952 3&5-;3; iso-&gs %8 -225 spreading 552-503 2&5-3924712-13 — thick §§;-;72
- - M_918s+7, 39045, 77¢4.1 208+3.9 slightly _594e4,8 2734, %35,
N 20 20 20
64-9-3-3(2) same as 64-9-3-3(1) below R 840-990  375-480 115-165 180-270 spreading 562-652 270-337 12-14 38-47  thick 285-330
M 91449.8 43046.0 13843.3 23045.9 612¢6.3 30045.0 43+0,5 315
] 10
B4-9-4-1 -0 -510 7-8 -3.0 1o [ R— — — —_ —  592-645 270-345 11-13 43-50  thick —
M 619+h4.,8 30148.5 4620.9
(6-) (8-) N 3 14 3 10
64-8-29-24 =19 =500 (7_§ 2.4 g , (g:g R 946-990  480-510 202-225 240-285 forming ggs-soo goo-igza 11-12 55-50 delicate g;s-}hg
-9 {~10 M pyramid lall.l 32341l. O&3,
64-8-29-5 -12 -525 (6-) -2.2 4 (5-) & 2 H H 5
3 . (9 ) 2% R 930-946  502-516 147-150 210-255 forming 252-5259 3og;i75 12 14850 delicate 332-:12
-10 M pyramid 16812, 3764k,
(8-) (6-) N 1 5 20
64-9-8-3B =32 =510 78 3.5 g 7-8 R 930 495 155 225  forming  575-615 315-360 12 43-50 delicate  315-420
o) (-1?) (-9) M pyramid 598+8.9 33848.2 4741.5 36944 ,7
- (9- N 10 12 20
64-8-30-2  -35 450 7, 42 'h (3-) R B50-920  375-450 150-195 195-225 forming  540-630 280-360 12 —  delicate  255-330
8-9
(-8) (=12) = M_885s2.8 41947.5 168+5.,2 205s3,1 pyramid 588410.2 32046.8 27943 4
7-
63-2-1-2 <11 475 7.8 -l.2 §g:ia 8-1017 STERILE
(=12
(10-)
63-8-9-1 =27 =500 (g') =30 'py ;f;g IMMATURE GAMETANGIA forming
(-12) pyramid
62-4-27-8 ~10 — 7-8 -1.5  (9-) (8-)
_ _ IMMATURE GAMETANGIA forming
11-12 9-10 roranis
) ‘
64-9-7-3 -0  -hés  7-8 4.0 10T9n (6-) IMMATURE GAMETANGIA forming
(~-13) 7-10 pyramid
¥ 20 %0 30
64-9-3-3(1) 70  -500 7-8  -3.3 (9-) (8-) R 820-950  442-555 120-165 165-225 forming  562-630 300-390 13-14 4O-47 delicate  285-330
12-13 10-11  y 88947.5  494s6.7 145£2.7 200s3.3 pyramid  595&4.7 347a5.4 4240.5 31542,7
62-4-26-5 70 490 (fg) -3.0 §§fi; ig:il IMMATURE GAMETANGIA variable
N 20 20 =20
64-9-8-34-2  same as 64-9-8-34-1 above R 900-1075 487-570 105-150 225-270 forming  630-750 330-390 12-1% 4761  thick 277-360
M__993410.9 540s5.6 13243.8 24543.2 pyramid 701+8,2  36044.2 5341.3 325
N 5 10 17
WM 943 -7 -550 (Z‘) -2.3 (Z’i 25') R 090-1030 585-620 150-180 225-245 variable 637-705 390-450 11-12 49-65 delicate  345-400
10-11 -9 M 100048.7 60246.3 16246.3 2354k4,7 67048,9 429#6.2 36744.0

..()521:_
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All of the morphs discussed above fall into one of the categories
in Table 28. The categories can be interpreted as representing distinect
morphs that occur separately or together, but on separate plants, in the
part of the species population examined during the present study. Oogonia
and oospores representing each of the five morphs are illustrated in Figure 40.

The extent to which such morphs can be interpreted will depend on
further collecting and analysis of specimens. The data presented here
offer only a preliminary indication of certain tendencies occurring within
the species. These findings do, however, suggest that greater care be
taken in the collection and analysis of the various gametangial elements.
This is especially true when gametangia are collected in large numbers
without regard to precise vegetative type or possible segregation of
gametangial types. Measurements made on samples taken in such a manner
show a very wide range in size of the various structures and would, there-
fore, mask any polymorphic tendencies that might occur in a population.

A chromosome number of 28 was determined for specimens from
collections 62-4-26-5, 62-4~27-8, 64=9-3-3, b4-9-4-1, and b64~9-9-4.
However, limited observations on specimens from collection 64-9-9-2
revealed 42 chromosomes., Recent cytological studies have reported 28
chromosomes for the species (Hotchkiss, 1958; Sasaki, 1960; Tindall and
Sawa, 1964). The same number has been observed in the species from Kentucky
and Indiana (Hotchkiss, unpublished). A chromosome number of 42 has not
been previously reported for the species, but Tindall and Sawa (1964) reperted
that number for the very closely related species, C., delicatula, However,
specimens of collection 64-9-9-2 did not vary from other specimens of C.
globularis from the study area.

DISCUSSION: Chara aspera, C. leptosperma, and C. globularis form a

group of closely related species occurring in the study area. The close
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relationship of these species is illustrated by their treatment as a single
species (C. globularis) by Wood (1962). A comparison of the descriptions
and illustrations of these species included here also reveals their marked
similarities. However, each species is easily distinguished in the study

area, Chara leptosperma occupies an intermediate position between C. aspera

and C. globularis. This is especially evident in respect to numbers of
branchlet segments and lengths of stipulodes and spine cells. Gametangial
and oospore morphology dces not confirm this assumption but vegetative
morphology appears to be the more important criterion for determining rela-
tionships. The marked contrast in oospore morphology of C. leptosperma
further distinguishes the three forms.

One other species, C. delicatula Ag., reported from North America
but not from the study area also belongs to this species group. This
species was also included under C. globularis by Wood (loc. cit.). On
the basis of vegatative morphology C. delicatula appears to occupy an
intermediate position between C. aspera and C. globularis, thus being

situated alongside C. leptosperma. Chara delicatula and C. leptosperma

show marked similarities in various vegetative characters., However, the
former species is readily distinguished by its rather large dark brown

to black oospores as compared with the relatively small golden brown ocospores
of C. leptosperma. The precise relationships between the four species

cannot be concluded at this time but it appears that C. aspera, C. leptosperma,
and C. globularis of the present study represent the products of three
independent lines of evolution. Therefore, it is concluded that until

further data are available they should be maintained as separate species.
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CHARA SEJUNCTA A. Br.
Figure 42
Chara sejuncta Braun (1845:264).

C. compacta Robinson (1906:297).
C. zeylanica var. sejuncta Wood (1962:11).

LITERATURE FOR THE STUDY AREBA: Allen (1894), Robinson (1906), H.
and J. Groves (1911), and Horn af Rantzien (1950).

DESCRIPTION OF SPECIMENS: (including 5 mature plants from collection
61-9-3-2): Plants monoecious but male and female gametangia at different
branchlet nodes, to 45 cm high, medium green, not incrusted with lime.
Main axes to 540 ) in diameter; cortex triplostichous, primary and secondary
series ca. equal in widthj spine cells developed, 85-430 p long, acuminate,
sometimes decidous. Stipulodes diplostephanous; upper tier 560-740 u long,
acuminate; lower tier 250-325 pr long, acuminate. Branchlets straight or
slightly curved, 9-10 in a whorl, 1.7-3.6 cm long, 345-390 M in diameter
at 1st corticated segment, narrowing considerably toward distal end, 1/3-
1 1/3 X internode length; consisting of 15-17 segments of which the basal
one and terminal one are uncorticated; basal segment shorter than upper
stipulodes, 400-700 p long; terminal segment 300-430 u long, acuminate.
Bract cells well developed at fertile nodes; anteriors 2, 400-1075 M long,
acuminate; posteriors (including laterals) 5, shorter than anteriors,
acuminate. Bracteoles (associated with oogonium only) 2, to 1200 u long,
acuminate. Gametangia sejoined, at 2nd-6th (-7th) branchlet nodes (not
observed at lst node). Oogonia (N=12) solitary, (989-) 1042 ¥ 12.1 (-1118)
P long, (515-) 553 £ 8.9 (-600) J wide; coronulae tight or slightly spreading,
(180-) 192 % 3.2 (-210) p high, (225-) 241 £ 4.1 (~270) p wide. Qospores
(N=20) dark brown to black, (585-) 636 T 5.7 (-690) mu long, (360-) 401

T 6.9 (-450) p wide; striae of 10-11 ridges; D.E.A. (N=3) 54-61 ju; membrane
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Fig. 42. Chara sejuncta (61-9-3-2). A. Whorl of mature branchlets
(all branchlets similarly corticated), X 5. B. Mature ocogonium
with coronulay also showing outline of mature ocospore, X 66. C.

Habit sketch of mature plant, X 1/2.
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covered with closely arranged granules, ca. 1 u in diameter at base and
1-2 u high. Antheridia (N=20) solitary, (375-) 416 - 4.0 (-435) u in
diameter, 8~scutate.
SPECIMENS EXAMINED: TEXAS: (61-9-3-2) Shallow roadside ditch, 3
mi. N Cleveland, U.S. Hwy 59, Liberty Co., Texas, D. Tindall, A. Hotchkiss,
and R. Goodyear, Sept. 3, 1961.

Nearly identical specimens of Charzs sejuncta have been examined from

Dare County, North Carolina, Meade County, Kentucky, Union County, Tennessee,
and Douglas County, Kansas (in herb., Univ. of Louisville).
TYPE LOCALITY: Brazil (Braun, 1845 vide Horn af Rantzien, 1950).

DISTRIBUTION: Chara sejuncta is a common species in various regions

of North America, South America, and the West Indies (Horn af Rantzien,
19503 Wood and Imahori, 1959). Records of the species in North America
include those from "New England”" (Braun and Nordstedt, 1882), Massachusetts
(Robinson, 1906), New York (Allen, 1894; Wood and Muenscher, 1956), North
Carolina (present study, Wood, 1947), Indiana (Daily, 1953), Illinois (Braun
and Nordstedt, 1882), Minnesota (Robinson, 1906), Missouri (Braun and
Nordstedt, 1882), Kentucky (Hotchkiss, 1958; Geiling and Krumholz, 1964),
Tennessee (present study), Alabama (Robinson, 1906), Nebraska (Daily,
1944,), Kansas (present study), Oklahoma (Proctor, unpublished, Comanche
and McCurtain Counties), Texas (present study; Proctor, unpublished, Archer,
Washington, and Grimes Counties), Arizona (Hevly, 1961, Pima Co.), and
Mexico (Allen, 1894; Robinson, 1906; see under varieties). South American
and West Indian countries from which the species has been recorded include
Columbia, Brazil, Bolivia, Puerto Rico, Guadeloupe, and Barbados (Horn af
Rantzien, 1950).

The known distribution of Chara sejuncta in the study area, including

Proctorts unpublished records, is shown in Figure 43, Since collections
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Fig. 43. Distribution of Chara sejuncta in
the study area; ® locality examined during

the present study, A localities reported in

the literature.
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of this species are quite limited, no distinct pattern of distribution
can be determined in the study area.

BCOLOGY: Physicochemical features of the habitats.--Various data

from habitats supporting Chara sejuncta in North Carolina, Kentucky, and

Texas are included in Table 29. All of the habitats were basically similar
in respect to physical features, being characterized by clear, shallow,
and open waters, and sand and/or silt substrates. All of the temperature
and chemical data from the various habitats do not represent optimal con-
ditions for the maintenance of Chara sejuncta. The species was sparse but
well developed and in good condition in the North Carolina and Texas
localities. The species formed large beds in the three sinkhole ponds in
Meade County, Kentucky. On July 15, 1960, the species was observed in a
young but well-developed state in Pond 6 (Geiling and Krumholz, 1964).

It continued to flourish through August, September, and early October.

On October 23, 1960, the species had nearly disappeared from the pond.

Of the factors recorded, temperature displayed the greatest contrast in

comparison with previous samples from the pond. Chara sejuncta was

observed in Pond 2 on October 9, 1961, at which time the water was quite
cold and the plants were beginning to break up. Pond 1 displayed a large
stand of young C. sejuncta in early June 1961, In September of that year
the plants were well developed and flourishing but by October 17 only small
fragments of tre Chara were found. Although the temperature recorded on
the latter date was not extremely low, it is reasonable to assume, on the
basis of recordings from the other ponds, that lower temperatures had been
reached prior to the October 17 sample.

Based on all available data, Chara sejuncta appears to require shallow,
warm, and open waters which are low in alkalinity. Variations in pH and
carbon dioxide content of the water appears to be of little significance

with regard to the occurrence and abundance of the species.




Table 29.

Physicochemical features of habitats supporting Chara sejuncta.

Specimens Locality Habitat Substrate Depth Tur- Light Temperature pH Alk. COo
bidity air water
61-10-7-3 North pond sand 0.35 + open 22,0 23.0 7.6 25 1.0
Carolina
60-7-15 Kentucky pond 6 sand-silt 0.40 0 open — — 6.8 51 16.0
60_9_8 " " " " 7" 4 ” n ——— 32 .8_2h.h* 6.h ‘ h8 38.0
60-10-8 " LU " " " n n —— 35,6~23.3 7.0 51 10.0 .
60_10_23 7" ”n " " " ”n 7" " ——— 28. 5_7 . 8 7 .0 70 13 - 5
61-6-6-1 Kentucky pond 1 silt-sand 0.50 0 open = 31.0 8.3 60 0.0
61_9_23_2 ”n 1t 7" 1 " 1" 1 17" 33 0 28,0 9 R 62 l&3 0.0
61~10~17-1 " nomn " " n n n 25.0 19.0 10.2 42 0.0
61-10-9-1 Kentucky pond 2 sand-silt 0.30 0 open - 11.0 8.4 26 0.0
61-9-3-2 Texas ditch silt- 0.30- 0 open 31.0 31.0 7.8 40 1.5
organic 1.0

*maximm-minimm water temperatures of pond 6 for periods between samples.

_89'[-
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Plant communities.--The North Carolina locality supported small tufts

of Nitella tenuissima and Chara sejuncta sparsely distributed throughout

a large stand of C. fibrosa. Nuphar sp. was the most abundant vascular

plant in this habitat but was not directly associated with the charophytes.

Chara sejuncta formed dense stands in limited areas of several sinkhole

ponds in Meade County, Kentucky. Ceratophyllum demersum and Potamogeton

diversifolius commonly occurred in the same ponds (Geiling and Krumholz,
1964). Chara sejuncta occurred as isolated plants sparsely distributed
throughout a large stand of C. hydropitys in the Texas locality.
MORPHOLOGY, CYTOLOGY, AND TAXONOMY: Only specimens from the Texas
locality were examined in detail, These specimens are very uniform in all
morphological features (description). Compared with specimens from North
Carolina, Kentucky, Tennessee, and Kansas, the Texas plants displayed
more numerous branchlet segments but were otherwise quite similar.
Hotchkiss (1958, 1963) reported a chromosome number of 14 for Chara
sejuncta from Meade County, Kentucky. The same number has been determined
for the species from Rhode Island, North Carolina, (from several locelities
including that of collection 61-10-7-3), Tennessee (61-6-15-1), Kansas
(60-8-13~4), Oklahoma (from two localities [Bee abovg supplied by V.
Proctor), and Texas (specimens from three localities [Gee above] supplied
by V. Proctor, and from collection 61-9-3-2) (Hotchkiss, unpublished).
The specimens described above represent an attenuated form of typical

Chara sejuncta. In comparison with the typical form, the present specimens

have more numerous branchlet segments, slightly smaller ocospores, and

somewhat larger antheridia.




CHARA DROUETII (Wood) Wood
Figure 44
Chara zeylanica var. sejuncta f. drouetii Wood (1962:12), Wood and Imahori
(1964, Icon, 102), Wood and Imahori (19653242),
C. drouetii (Wood) Wood (Wood and Imahori, 1965:768).

DESCRIPTION OF SPECIMENS (including 5 mature plants from collection
61+9-9-5): Plants monoecious but male and female gametangia at different
branchlet nodes, to 15 cm high, small and appearing delicate, tufted,
medium green (grayish before lime was removed), heavily incrusted with
lime. Main axes 225-300 p in diameter; cortex triplostichous, primary
and secondary series ca., equal in width; spine cells all reduced, globular
or slightly flattened horizontally. Stipulodes diplostephanous, well
developed and neatly arranged; upper tier 225-360 Jp long, acuminate;
lower tier 165-285 p long, acuuinate. Branchlets straight or slightly
curved, 8-9 in a whorl, 3-5 (~9) mm long, 1/3-2/3 X internode length;
consisting of 6-8 segments of which the basal one and terminal 1-3 (-4)
are uncorticated; basal segment longer than upper stipulodes, (500-) ca.
700 (-940) p long; terminal segment short and acuminate; penultimate
segment variable, up to 1800 F long, sometimes slightly swollen. Bract
cells developed at fertile nodes; antertors 2, 150-225 2 long, acuminate;
posteriors 2«3, 75-150 ) long, longer ones acuminate. Bracteoles
(associated with cogonium onlg):2, 225-375 p long, acuminate. Bractlet
1, 300-375 p long, acuminate. Gametangia sejoined, at lst-4th branchlet
nodes. Oogonia (N=11) solitary (rarely 2 at a node), (560-) 593%5.8
(-622) p long, (330-) 342%5.5 (-360) p wide; coronulae spreading, (45-)
63£3.6 (~75) p high, (120-) 128R2.4 (-142) j wide. Oospores (N<25)
dark brown, (335-) 362%3.8 (-390) p long, (210-) 232¥2.1 (-255) p wide;
striae of 10-12 low but distinct ridges; D.E.A. (N=16) (29-) 3450.8 (-40) JH
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Fig. 44. Chara drouetii (61-9-9-5). A. Details of axial cortex
and stipulodes, X 66, B. Habit sketch of mature plant, X 1/2.
C. Mature ocogonium with coronula; also showing outline of mature

oospore, X 66, D. Mature branchlets, X 25.
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membrane smooth to very finely granulate. Antheridia (N=25) solitary
(rarely 2 at a node), (240-) 269%2,9 (-292) u in diameter, 8-scutate.

SPECIMENS EXAMINED:; SAN LUIS POTOSIz (61-9-9~5) Small limestone
stream flowing W, 31 mi. S Cd. Mante, Mex. Hwy 85, San Luis Potosi,
Mexico, D, Tindall, A. Hotchkiss, and R. Goodyear, Sept. 9, 1961.

TYPE IOCALITY: "In shallow water of pond at base of dunes,

Urubri, Mmicipio de Fortaleza, Ceara, Brazil..."; collected by F.
Drouet, August 1, 1935 (Wood, 1962).

DISTRIBUTION: The type locality and the single locality in Mexico
respresent the known distribution of Chara drouetii. Since the two
collections are widely separated, the form can be expected to display
a more common occurrence in North, Central, and South America, at
least in the tropical regions.

ECOLOGY: Small compact tufts of Chara drouetii occurred in shallow
water near the banks of a pool in a slowly flowing limestone stream. The
water was characterized by the following conditions: temperature 30 c
(air temp. 34 C), pH 7.85, alkalinity 193 mg/l, and free carbon dioxide
ca, 5 mgfl. The species formed a relatively insignificant part of a

well-developed charophyte community comprised of C. zeylanica, Nitella

hyalina, N. acuminata, N. tenuissima, and N. oligospira (see N. tenuisgima).
MORPHOLOGY, CYTOLOGY, AND TAXONQMY: Mature specimens of Chara drouetii

from the Mexican locality have very uniform morphological features
(description, Fig. 4kh'. The specimens are nearly identical to the HOLOTYPE
described by Wood but the Mexican specimens possess 8-scutate antheridia,
whereas the type specimen shows 4-scutate antheridia (Wood and Imahori,
1964, 1964). Wood and Imahori also reported 4-scutate antheridia in
several other sejoined members of the C. zeylanica complex. These findings

are contrary to my observations of only 8-scutate antheridia on numerous
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specimens of C. gejuncta from various parts of North America (including
the study area). Griffin and Proctor (1964) concluded that certain
specimens of C. zeylanica could consistently be distinguished on the basis
of antheridial shield number (4~ or 8-scutate). However, the taxonomic
significance to be attributed to this character has not been determined.

A chromosome number of 14 was determined for specimens from the
single collection in the study area. This number is characteristic of
all other members of the (. zeylanica complex with sejoined gametangia
thus far counted from North America,

Taxonomically, the present specimens can be referred only to the
taxon described by Wood (1962) and Wood and Imahori (1964, 1965) as
Chara zeylanica var. sejuncta f. drouetii, Wood and Imahori (1965)
presented an appendix (Microspecies Appendix) to their rather drastic
revision of the Characeae, in which all forma described in the revision
were raised to species rank. Thus C. drouetii is a validly published
species. It should be pointed out at this time that the appendix
presented by Wood and Imahori results in weakening the main arguments of

the revision in general.




CHARA CIENEGAENSIS sp. nove.
Figure 45
DESCRIPTION OF SPECIMENS (including the HOLOTYPE AND 4 ISOTYPES

60-8-23-1 , and 3 specimens from each of the following collections:
60-8-18-1B, 60-8-21-1B, 60-8-20-2, and é0-8-21-1B): Plantae monoeciae,
7-19 cm altae. Axes —700 n in diam.; triplosticha, tylacantha;
diplostephana. Verticillorum ramuli (9-) 10-11 (-12), (1.0) 1.5-2.0
(=3.1) cm longi, segmenti (5-) 6~7 (-8), gumopodi, O-2 (-4) corticati.
Gametangia sejuncta. Oogonia solitaria, 730-754 p longa, 423-438 p
lata; coronula 120-136 u alta, 168-180 p lata. Oosporae 390-440 p
longae, 275-335 p latae; striae 10-11; membrana granulata., Antheridia
24,5-307 p in diam., 8-scutata.

Plants monoecious but male and female gametangis at different
branchlet nodes (very rarely at same node), 7-19 cm high, spinescent,
ligh’c to medium green, heavily inecrusted with lime. Main axes-to 700 p
in diameter; cortex triplostichous, primary series much more prominent
than secondary series (tylacanthous); spine cenns abundant, 340-515 p
long, acuminate., Stipulodes diplostephanous, well developed; upper
tier to 946 J long, acuminate; lower tier to 645 (-817) Ju long; acuninate.,
Branchlets straight or slightly curved, (9-) 10-11 (-12) in a whorl; |
(1.0-) 1.5-2.0 (-3.1) cm long, usually 1-1 1/2 X internode length;
consisting of (5-) 6~7 (-8) segments of which the basal one is always
uncorticated, next 1-2 (-3, rarely 4) may be corticated, frequently none
corticated; basal segment usually much longer than upper stipulodes;
terminal segment short and acuminate, usually subtended by a whorl of
bract cells. Bract cells distinetly verticillate and well developed;
anteriors 2 (but laterals closely approaching position of anteriors),

645-865 R long, acuminate; laterals 4, 430-735 R long, acuminate,
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Fig. 45. Chara cienegaensis. A. Mature fertile branchlet (60-8-23-1),
X 10, B. Habit sketch of mature plant (60-8-23-1), X 1/2. C. DMature
oogonium with coronula; also showing outline of mature oospore (60-8-
19-1), X 66. D. Mature sterile branchlet (60-8-23-1), X 10. E. De-
tails of stipulodes and axial cortex (60-8-23-1), X 25.
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posterior 1, 248-478 p long, blunt or acuminate. Bracteoles (associated
with cogonium only) 2, 559-775 p long, acuminate. Bractlet 1, 516-820 j

long, acuminate. Gametangia sejoined (very rarely conjoined), at lst-

4th branchlet nodes, Oogonia (N=2) solitary, 730-745 p long, 423-438 p wide;

coronulae spreading, 120-136 u high, 168-180 p wide. Oospores (N=20) medium

to dark brown, (390-) 419%3.1 (-440) m long, (275-) 30734,.7 (-335) g wide;
striae of 10-11 low but prominent ridges; D.B.A. (36-) 43%0.9 (-50) 23
membrane somewhat irregular but usually coarsely granulate. Antheridia
(N=10) solitary, (245-) 2836.8 (-307) j in diameter, 8-scutate.
SPECIMENS EXAMINED: COAHUILA: (TYPE 60-8-23-1) In one of a series
of lagunas, lknown collectively as Altimira, 10 mi. S, 3 mi. B Cuatro
Cienegas, Coahuila, Mexico, D. Tindall, W. Minckley and J. Craddock,
' Aug. 23, 1960, (60-8-18-1B) la Angostura Canal, 1.6 mi S Cuatro Dienegas,
Coahuila, Mexico, D. Tindall, W, Minckley and J, Craddock, Aug. 18, 1960,
(60-8-19-1) La Angostura Canal, 4.1 mi. SSW Cuatro Cienegas, Coahuila,
Mexico, D. Tindall, W. Minckley and J. Craddock, Aug. 19, 1960. (60-8-20-
2) Slow flowing stream, just before emptying into Posos de los Cueros,
11.] mi. SSW Cuatro Cienegas, Coahuila, Mexico, D. Tindall, W. Minckley
and J. Craddock, Aug. 20, 1960. (60~-8-21-1B) Saca del Fuente Canal,
33 mi. S Cuatro Cienegas, Coahuila, Mexico, D. Tindall, W. Minckley and
J. Craddock, Aug. 21, 1960.

DISTRIBUTION: Chara cienegaensis is known only from the intermontane

basin of Cuatro Cienegas (hence the name) in central Coshuila, Mexico.
BCOLOGY: The species formed an extensive bed in the laguna at
Altimira, Utricularia sp. comprised the only significant submerged
vascular flora, whereas Typha latifolia was abundant around the shallow
edge of the laguna. All of the flowing water habitats were characterized

by cool waters and marly substrates. Other plants directly associated
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with Chara cienegaensis include C. gontraria and C. zeylanica (C. elegans)

in Saca del Fuente Canal and (. contraria in la Angostura Canal.

MORPHOLOGY, CYTOLOGY, AND TAXONGMY: Only minor variations were
observed among specimens of Chara cienegaensis. These include degree of
fertility, number of corticated branchlet segments, and general habit.
Plants which showed a greater degree of fertility also displayed more
numerous corticated branchlet segments., Variations in habit were limited
to height of plants and length of branchlets. The compact nature of
some plants resulted in a conspicuous display of spine cells.

A chromosome number of 14 was determined for specimens from each
collection of Chara cienegaensis. This number agrees with that found in
the closely related C. sejuncta and C. drouetii.

Like Chara sejuncta and C. drouetii, C. cienegaensis is a member
of the C. zZeylanica complex with sejoined gametangia., Although C.
cienegaensis is characterized by sejoined gametangia, it shows closer
relationships to forms referable to C. incongtans (a member of the C.
zeylanica complex with conjoined gametangia) than it does to C. sejuncta.
Thus, in concurring with previous works which maintain the sejoined forms
as separate species, it has been necessary to establish the new species.
Both C. cienegaensis and C. inconstans are characterized by uncorticated
or slightly corticated branchlets, well developed spine cells and stipulodes,

and distinetly tylacanthous cortex on their axes, Chara cienegaensis is

distinguished by its sejoined gametangia, 8-scutate antheridia, and
chromosome number of 14, whereas C. inconstans displays conjoined

gametangia, 4-scutate antheridia, and a chromosome number of 28.



SUMMARY AND DISCUSSION

The present treatment of species of Nitella and Chara was based
primarily on the work of Braun and Nordstedt (1882) but was supple-
mented in part by the works of Allen (1882-1900), Robinson (1906), Groves
and Bullock-Webster (1920, 1924), Zaneveld (1940), Daily (1953), Allen (1954),
and Wood and Imahori (1964, 1965). All of these authors followed a similar
approach to the problem of delimiting species, although their respective
interpretations of variability differed considerably. None of these authors
stated directly his concept of species but it is apparent that these treat-
ments were based on the typological or morphological species concept.
The present state of our knowledge of this group necessitates the continued
following of this concept. Not until experimental study is carried out on
representatives of all sections of the various genera will we be able to
apply the genetic and biologic species concepts to members of the Characeae.

Bcological studies of the Characeae in the study area had not been
carried out prior to the present study. The ecological data presented in
the text usually represent results obtained from single samples made at
the time of particular collections. The incompleteness of such sampling
permits only general interpretation of the results at this time. The
data are intended to represent a starting point for more refined ecological
studies.,

Nitella.--Prior to the present study less than 30 collections of
Nitella representing 16 species had been reported from the study area
(Wood, 1948; Horn af Rantzien, 1950; Hevly, 1961). Eighty-three additional
collections representing 9 species are reported in the present study.
Collections from adjacent areas are also reported. Three species are

reported from the area for the first time, hamely N. hotchkisggii sp. nov.,
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N. mirabilis, and N. tenuissima (except for var. compacta). The remaining
species reported here; N. missouriensis, N. acumjnata,v N. clavata, N,
oligospira, N. hyalina, and those that refer to the N. gracilis species
group, are considered to represent 19 species or varieties previously des-
cribed or reported from western North America, Central America, and northern
South America. Much of this synonymy was suggested by earlier workers but
several new combinations have resulted from this study. Species previously

reported from the area but not treated here include N. annularis, N.

asagrayana, and N. pygmaea which are known only from their respective type
localities in northermn Mexico (reviewed by Wood, 1948; Horn af Rantzien,
1950); N. praelonga which is known only from single localities in South
Carolina, Texas, and Vera Cruz (Wood and Imahori, 1965); and N, mucronata
which is known from single localities in Texas, New Mexico, and Mexico
(Wood, 1948). The latter species has been reported from Europe, Africa,
Asia, South America, and elsewhere in North America (Wood and Imahori,
1959).

. The genus Nitella has been variously subdivided in the past, (Braun

and Nordstedt, 1882; Groves and Bullock-Webster, 1920; Groves, 1935;

Zaneveld, 1940; Allen, 1954; Wood, 1962). The major subdivisions were

based originally on the number of cells in the ultimate rays of the branchlets,
i.e. Section 1, Anarthrodactylae (ultimate rays one-~celled), Section 2.
Arthrodactylae (ultimate rays two-or more-celled, Groves and Bullock-Webster,
1950)., However, Groves (1935) proposed a system separating the genus on

the basis of presence or absence of accessory branchlets (Sections Homoeoclemae
and Heteroclemae respectively). Both systems have failed to produce completely
natural arrangements of species. Wood (1962) proposed intricate and for

the most part quite natural subdivisions of the genus based on three sub-

generas,
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According to Wood'!s subgeneric classification, Nitella missouriensis,
No mirabilis, N. hotchkissii, N. acuminata, and N. clavata of the present
study would be included under subgenus Nitella., However, the data presented
here indicate that there are two distinct parallel lines comprising this
group each of which should receive separate subgeneric status. Nitella

missouriensis, N. mirabilis, and N. hotchkissii of the present study together

with N, opaca, N. syncarpa, and N, flexilis form a continuous series charac-
terized by l-2-furcate branchlets, blunt to acuminate dactyls, oogonia with
deciduous coronulae, oospores ranging from 225-575 P long, antheridia ranging
from 500-945 P in diameter, and chromosome numbers of 6 and 12 (the latter
number being characteristic of N, flexilis only). Species including N.
acuminata (consisting of numerous subspecies, varieties, and forma, some

of which may represent species), N. clavata and probably N. stuartii, N.
macounii, and N, allenii form a distinct but somewhat broken series charac-
terized by 1-2-furcate branchlets, distinctly acuminate dactyls, oogonia
with persistent corcnulae, oospores ranging from ca. 200 to 380 ye long,
antheridia ranging from ca. 190 to 510 J* in diameter, and chromosome numbers
of 9 or 18 (n=9 is characteristic of N. acuminata from the study area, whereas
n=18 has been reported for that species from Kentucky, North Carolina, Japan,
and India). Chromosome numbers are not available for other members of this
series. Marked differences in vegetative morphology are not always apparent
between the two groups but gametangial characteristics in association with
particular vegetative types readily separate them. The distinctly contrast-
ing series of chromosome numbers serves as one major criterion for separating
the two groups at the subgéneric level., The chromosomes of the two groups
also differ markedly in size. Species of the N. missouriensis-flexilis
series display relatively large chromosomes ranging from ca, 2-11 P long,

whereas, N, acuminata and N. elavata display small chromosomes
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ranging from ca. 1.5-5}& in length. Further distinction between the two
groups is demonstrated by marked differences in their respective axial
nodal structure (Sawa, unpublished). It is, therefore, concluded that
subgenus Nitella should be limited to species of the N. missouriensis-
flexilis series and that a new subgenus be established to include species
of the M. acuminata-clavata series. The actual naming of the subgenus
must await examination of all species that are to be included.

Wood designated two additional subgenera, Hyella including species
with 2-or more celled dactyle without mucros, and Tieffallenia including
species with 2-or more celled dactyls but with mucros. Species of the sub-
genus Hyella were not examined during this study but several specimens of
Taxon A of the Nitella gracilis species group displayed abnormal dactyls
vwhich superficially resemble those of species belonging to the subgenus.
Based on Wood's treatment the remaining species examined during the present
study, including N. oligospira, N. tenuissima, Taxon A and Taxon B of the
N. gracilis species group, and N. hyalina, belong tocthe subgenus Tieffallenia.
At present, there is no conclusive evidence supporting further subdivision
of this group at the subgeneric level. However, observations on the latter
mentioned species and their close relatives from elsewhere in North America
reveal three distinctly isolated groups that may warr;ht sugbeneric status,

These groups and their representatives include (1) N. oligospira, N. mucrqnata,

and N. megacarpas (2) N, gracilis, N. tenuissima, N. transilis, and N. intermedia;

and (3) N, hyalina, These groups represent Sections Tieffallenia, Gicallenia,

and Decandollea respectively of subgenus Tieffallenia (Wood, 1962), Group 1
and 2 appear to represent independent parallel evolutionary lines.

For the purpose of discussion, the series or groups of species of
Nitella reported here will be referred to as species groups. A species

group is defined as a group of closely related species, usually with partially
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overlapping ranges (Mayr, 1964). The names which are presently applied
to these groups are the oldest named species representing the particular
groups in North America,

Nitella missouriensis, N. mirabilis, and N. hotchkissii are members of
the N, flexilis species group. Other representatives of this group known
to occur in North America include N, flexilis and N. opaca. The current
interpretation of N. missouriensis follows that of Allen (1954) and Daily
(in Hevly, 1961) in that N. missouriensis, N. montana, N, blankinshipii,
and N, oceidentalis are placed under N. acuminata., This treatment emphasizes
the close similarities of the N. flexilis and N. acuminata species groups.
However, the morphological and cytological data presented here show con-
clusively that N. missouriensis is distinctly related to members of the
N, flexilis species group. In fact, N. missouriensis shows marked tendencies
toward intergradation with N. opaca. The latter species has been reported
from single localities in Texas, Nevada, Utah, California, Oregon, Montana,
and Mexico (Braun and Nordstedt, 1882; Allen, 1892) which is approximately
the same range as that occupied by N. missouriensis. Although I have:j;not
examined the specimens of N. opaca from the above localities, the literature
suggests that the specimens may well represent forms actually referable
to N. missouriensis. No specimens were collected from the study area that
could definitely be regarded as N, opaca but forms most closely approaching
that species were observed in central lowland areas inecluding parts of
Kansas, Oklahoma, and Texas. Specimens of N. missouriensis from the western
highlands, including parts of Arigona and Chihuahua, were very uniform and
did not show tendencies toward N, opaca. The greatest concentration of N.
opaca in North America appears to be in the northeastern and Great Lakes
regions of the United States. The central plains may represent a zone of

overlap between N. opaca and N, missouriensis.,
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The Nitella misgouriensis complex is further complicated by the presence
of}populations in Okalhoma that display characteristics somewhat intermediate
between N, missouriensis and N. mirabilis. This apparent intergradation is
marked primarily by relative sizes of oospores and the character of dactyl
apices, Such intergradation may be only superficial, resulting fram vari-
ations in environmental conditions or it may represent actual hybridization
between the two species.

Prior to the present study, the known distribution of Nitella mirabilis
was limited to a few widely scattered localities in Asia, The present
records of the species represent a major extension of its range. This
rather broad range suggests that the similarities between typical N.
mirabilis and the specimens described here may be only superfic¢ial.. The
name, N. mirabilis, is currently applied since no other name is available
and from a morphological standpoint the American specimens can not be com~
pletely separated from the type specimens from Asia. The present specimens
do, however, appear tc represent a separate subspecies which in turn may
be comprised of two lesser taxa. One of the latter being characterized by
rather acuminate dactyls and basal oogonia, whereas, the other displays
acute or blunt dactyls and only rarely displays basal oogonia. These
rather marked variations could possibly be a result of the supposed hybrid-
ization between N. mirabilis and N, missouriensis., Infraspecific names
can not berapplied to these variations until the entire complex is more
fully understood,

Nitella missouriensis and N, mirabilis were found growing together
on one occasion, but the species usually occupied somewhat contrasting

environments. This was especially evident in respect to light conditions

and water chemistry. Nitella missouriensis usually occurred in quiet waters

which received direct sun light, whereas, N, mirabilis occurred in heavily
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shaded areas of slowly flowing streams. The latter species was observed
primarily in waters characterized by high alkalinity, moderately alkaline
PH, and an abundance of free carbon dioxide. Nitella missouriensis, on
the other hand, was most frequently observed in waters which were characterized
by rather low alkalinity, high pH, and negligible free carbon dioxide.,
Both species occurred on rather soft substrates in coocl shallow waters.

~The new species, Nitella hotchkdissii, is closely related to N,
missouriensis and N. mirabilis but is readily distinguished from them by
consistently 2-furcate branchlets and relatively small cospores. These
characteristics are rare in the N, flexilis species group but it is presently
concluded that N. hotchkissii represents a parallel to a similar morphological
type exemplified by N. stuaritii, N, macounii, and N, allenii in the N,
acuninata species group.

Specimens of Nitella acuminata examined during this study form a variable

but continuous intergrading series which encompasses seven species previously
described or reported from the study area. These include N. acuminata, N,
subglomerata, N, lindheimeri, N. gollmeriana, N. mexicana, N. subspicata, and
N. stellaris. The inclusion of N, subglomerata is intended to represent
only specimens from the study area which have been referred to that species.
All of these species, except N. mexicana, in the past have been variously
treated as infraspecific taxa of N. acuminata, The present inclusion of N;
mexicana in the N. acuminata complex represents a new interpretation,

Wood (1962) concluded that N, mexicana was a form of N. flexilis. Collections
made during the present study from the vicinity of the only known locality

of N. mexicana revealed plants nearly identical to the type description

but they doubtlessly represent N. acuminata as deseribed in this study.

This treatment was based primarily on the very small gametangia and oospores

of typical N, mexicana which correspond precisely with those of the other
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members of the N. acuminata complex collected in the study area. Of consid-
erable importance also is the bact that N, flexilis is not known to occur
in the study area, whereas N. acuminata is quite common. Specimens of N.
acuninata were also collected in the vicinity of the type localities of N.
lindheimeri and N. stellaris, and localities reported for N. subglomerata.
In each instance the specimens were referable to a single taxon, which is
presently considered to be N. acuminata. Nitella gollmeriana and N. subspicata
are included in this taxon sinee their distinguishing features fall well
within the range of variation displayed by specimens examined during this study.

The prineipal features characterizing the forms that were originally
described as separate species were relative lengths of dactyls and presence
or absence of fertile heads. These characters have proved to be of little
value for distinguishing species in the N. acuminata species group. However,
oospore size, membrane decoration, and size of antheridia, along with general
vegetative features prove to be valuable taxonomic criteria. One of the -
most significant characters tying together all of the specimens of N, acuminata
collected during this study is that of chromosome number. A chromosome number
of 9 was determined for specimens from all populations observed during this
study. This number has not previously been reported :for tiie species. A
chromosome number of 18 is known for the species in Kentucky (Hotchkiss, 1958),
North Carolina (unpublished), Japan (Imahori and Kato, 1961; Sasaki, 1960),
and India (Sarma and Khan, 1964).

The regular occurrence of N. acuminata with 9 chromosomes in more
southern regions of North America and the occurrence of nearly identical
plants in Kentucky and North Carolina and with 18 chromosomes suggest that
the 18-chromosome form represents a polyploid that has accompanied the
northem advancement of the species. One other alternative is that the

18~chromosome form represents an allopolyploid which has resulted from




- 206 -
hybridization between the 9-chromosome plants in the south and hypothetical
9-chromosome plants in the north. Cytological examination of the typically
northermn N. glomerulifera (= N. acuminata ssp. glomeruliffera Braun) may
resolve the problem.

The second member of the N. acuminata species group occurring in the
study area, N. clavata, is also characterized by 18 chromosomes. However,
the species is clearly distinguishable from N. acuminata on the basis of
general morphology. There is a possibility that N. clavata is comprised
of two taxa, one representing the typical form and the other representing
N. clavata var. inflata., It appears at this time, however, that these
morphologiecal variations result primarily from variations in environmental
conditions.

Nitella acuminata and N. clavata have distinetly different distribution
patterns in the study area. The former species was observed only at lower
altitudes of southcentral United States and in tropical regions of north-
easterh Mexico. Nitella clavata appears to be limited to the western high-
lands and Mexican Plateau., Nitella acuminata was most frequently observed
in shallow open areas of slowly flowing limestone streams. These waters
were usually characterized by rather warm temperature, moderately alkaline
pH (7.2-7.85), moderate alkalinity, and an abundance of free carbon dioxide.
Nitella clavata occupied quite variable habitats but water conditions were
similar throughout the range of the species, The waters were usually derived
from spring sources and were characterized by cool temperature, moderate
alkalinity, pH ranging from 7.6~9.4, and negligible or low free carbon dioxide.

Nitella oligospira is the only member of the N. mucronata species group
observed in the study area. Nitella mucronata has been reported from single
localities in New Mexico and Texas but the descriptions of these specimens

are inconclusive and the localities from which they were recorded are the
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the same as those reported here for N, oligospira. Thus, there is a distinct
possibility that the N. mucronata reported from the area is actually refer-
able to N, oligospira. Good representatives of N. mmcronata have been
observed elsewhere in North America, Other species of this group occurring

in various parts of the Americas include N, microcarpa and N, megacarpa.

The range of the former species overlaps that of N. oligospira, especially
in Central America. Nitella megéZé.;pa apparently does not occur within

the range of N. oligospira but its range does appear to merge somewhat with
that of N, mucronata (mid-Atlantic coast). The available morphological

data on representatives of this group from North, Central, and South America
suggest that N, microcarpa (as described from South America) and N. megacarpa
(as described from northeastern United States) represent the extremes, -
ﬁhereas s> N. oligospira and N. mucronata display intermediate characteristics.

Nitella oligospira was observed only in still or flowing waters of
limestone streams. The species appeared to be especially suited to completely
open areas of clear flowing waters. Although water temperature varied
somewhat (20-30 C), pH (7.2-7.85), alkalinity (162-315 mg/1), and free carbon
dioxide (6.0-38.0 mg/1) were relatively consistent throughout the range.
These conditions and the distribution of N. oligospira being limited to
southermn regions of North America suggests that the species may be regarded
as a tropical form. Of course, when habitat conditions are suitable and
dispersal mechanisms are available the species can be expected to occur
temporarily in more northem regions.

The Nitella gracilis species group is represented in North America by
at least four previously deseribed species, namely N, gracilis, N. intermedia,
N. transilis, and N. tenuissima, All of these species show a concentrated
distribution in Northeastern United States. A single population of N.

tenuissima was observed in the study area (San Luis Potosi). Nitella tenuissima
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var, compacta has been reported from several localities in the area but
this form is considered here to represent a taxon completely isolated
from N, tenuissima (see below). The record of N. tenuissima from San Luis
Potosi represents a considerable extension of its range in North America.
Specimens with morphological features nearly identical to N, tenuissima
from the study area have been examined from Massachusetts and North Carolina.
Other specimens referable to the species have been examined from midwestern
United States.

Nitella tenuissima from the study area shows definite relationships
to Taxon A of the N, gracilis species group which is described in the text,
but the two forms display sufficiently contrasting morphological features
to maintain them as separate species, Taxon A is characterized by two
morphological forms which can be attributed to differences in environmental
conditions. One form is referable to N. tenuisgima var, compacta, whereas
the other form is similar to specimens previously reported from the study
area as N. gracilis., It is presently conecluded that Taxen A does not represent
either of these species., Separation from N, tenuissima is based on morpho-
logical differences, whereas separation from N. gracilis is based on differences
in morphology and chromosome numbers. A chromosome number of 18 has been
reported on several occasions for N. gracilis, Taxon A shows 9 chromosomes
exclusively, Taxon A is presently considered to represent an infraspecifie
taxon of an unnamed species which also includes Taxon B, Taxon B is comprised
of two forms which are distinguishable from one another both morphologically
and cytologically. Neither of the forms is referable to previously described
taxa, Although Taxon A and Taxon B are presently considered to represent
a single species, it is quite clear that more data may reveal a complex
made up of two or three separate species. The present treatment of these

taxa is rather tentative but application of names to them at this time




- 209 -

would serve only to complicate future work on the complex.

Taxon A and Taxon B can not be differentiated on the basis of their
suitability to particular environmental conditions. Both taxa appear to
be adapted to clear waters of limestone streams. These waters were charac-
terized by temperatures of about 20 C, moderately alkaline pH, medium to
high alkalinity, and low to high free carbon dioxide. The variations in
specimens of Taxon A which are referable to N, tenuissima var. compacta at
one extreme and to N, gracilis at the other extreme correlate precisely with
variations in flow conditions of the various streams. The former type
which is characterized by short compacted branchlets was observed only in
swiftly flowing waters., The type referable to N. gracilis (which is charac-
terized by relatively long, thin, and spreading branchlets) was observed in
still or slightly agitated ponded waters. Intermediate morphological types
were observed in intermediate flow conditions.

Nitella hyalina is one of a few gpecies of the genus which appears
to be completely isolated from other species. This species is most closely
related to members of the N. gracilis species group but is readily distinguished
from that group by its characteristic accessory branchlets. The general
branchlet and gametangial characteristics of both groups are quite similare.
Nitella hyalina possesses very consistent morphological features throughout
its range in North America.

The present study revealed that N, hyalina is much more common in North
America than previously expected. The species was observed in a variety
of habitats which were characterized by a wide variety of water conditions.
This was especially evident with regard to temperature (9.5-30.0 C), alkalinity
(22-315 mg/1), total chlorides (12~324 mg/l1), and free carbon dioxide (0.0-
38.0 mg/l). Consistencies among the various habitats included substrate
types (usually containing silt or clay), water depth (10-60 cm), light
conditions (always in open areas), and pH (7.1-8.5). The ability to

withstand a wide range of environmental conditions probably accounts for
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Chara.—As & result of the numerous repeated recordings of the
same specimens of Chara, it is impossible to determine the actusl
number of specimens previously reported from the study area. Members
of the C. yulgaris specles group, and certain ones of the C. geylanica
species group (see appendix) which are presently omitted, represent
ov&r half of the total collections of Chara made during the present
study. Species other than those of the above species groups known
to occur in the study area but not examined during the present study
include C. buckellii, C. canescens, and C. gvoluta. These three
species have not been reported in the literature but were recently
collected from several localities in New Mexico (Vernan Proctor,
perscnal commmmication). The number of specimens reported in this
study for the various species more than doubles the number previously
reportede Two species are reported for the first time, namely C.
drouetii and C. cienegaensis sp. nov.

Braun (1849) divided the genus Chara into two sectiomns, the
Haplostephanae and the Diplostephanae, Representatives of the former
section are characterized by a single row of stipulodes, whereas those
of the latter section are characterized by a double row of stipulodes.
In revising the Characeae, Wood (1962) elevated these sections to
subgeneric rank; and in doing so gave new names to these categories.
According to Wood, the subgenus Chara is equivalent to section
Diplostephanae and subgenus Charopsis is equivalent to sectian
Haplostephanae. Species representing each of these subgenera were
collected in the study area. Those treated in the present study include
Chara brawnii, C. hydropitys, and C. hornemannii of the subgenus Charopsisg:

and C. aspera, C. leptosperma, C. globularis, C. sejuncta, C. drouetii,
and C. cienegaensis of the subgenus Chara. The limited number of species
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examined during this study prevents making conclusions regarding their
interrelationships. As was the case with species of Nitella, the
species of Chara are discussed from the standpoint of relationships
within particular species groups. The above species comprise four
species groups; however, one group (C. braunii) is characterized by
only a single species in North America,

Chara braunii is a cosmopolitan species not closely related to
any other species occurring in North America. Its closest relatives
are C. corallina and C. sustralis, both of which are limited to
Australasian regions. The Chara braunii complex is comprised of
several infraspecific taxa, three of which are reported here. These
include f. novi-mexicana, f. gracilis, and f. gschweinitzii. Chara braunii
N\ gracilis, as defined here, represents a new interpretation of C. corocnata
var, gracilis (Allen, 1882) and C. pallide (Robinson, 1906). This
treatment is a further separation of the species at the forma level than
that proposed by Wood (1962)., The latter author included var. gracilis
and C. pallida under C. braunii f. novi-mexicana. The specimens utilized
by Robinson (1906) to establish C, pallida are the same as those described
as C. coronata var. gracilis by Allen (1882)., Likewise, the specimens
typifying C. coronata f., novi-mexicana (Braun and Nordstedt, 1882) are
the same as those described as C. coronata f. tenera (credited to
Braun by Allen, 1882). Results of morphological study of specimens
collected during this study reveal that the two forms are distinct from
one another. They are presently included as formae in concurrence with
Wood's treatment, Chara braunii f. schweinitzii is easily distinguished
from the above on the basis of several morphological features. Although
these three morphological types are reported as formae, it is quite clear

that this complex is made up of several more or less distinct taxa and
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when they are more fully understood higher infraspecific or even specific
rank may be required.

Chara braunii occurs throughout North America in a wide variety of
habitats. The species is found primarily in lowland areas in regions of
higher latitude, but in more southern regions the species appears to be
limited to areas of higher elevation., In the study area the species was
observed in swift streams, lakes, quarry ponds, and on one occasion in |
a spring.fed concrete tank. These habitats usually were characterized
by sandy substrates and cool waters (20.,0-25.0 C), These conditions
appear to be the most critical with regard to maintenance of significant
populations. C‘opsiderable variation was observed in light conditions
and water chemistry (pH 7.3-10.0, alkalinity 42-270 mg/l, free carbon
dioxide 0.0-26.0 mg/l). The ability to withstand such extremes probably
accounts for the cosmopolitan occurrence of the species,

Chara hydropitys and C, hornemannii are presently included in the
C. fibrosa species group. However, these species appear to be only
distantly related. Other species occurring in North America which can
doubtlessly be placed in this species group include C. fibrosa and C,.
keukensis. The former specles is clearly defined by C. keukensis displays
marked similarities to C, hydropitys. In fact, examination of specimens
from Texas, Arkansas, Missouri, Indiana, and Michigan revealed a somewhat
variable but intergrading series of morphological forms ranging from
typical C. hydropitys in the south to forms similar to C. keukensis in
the northern localities. This intergradation was especially evident in
respect to branchlet cortication and number of branchlet segments.
Specimens from Texas, Arkansas, and Missouri were characterized by 6-8
segments of which (1-) 2 (~3) were corticated, whereas specimens from
southern Indiana displayed 5-6 segments usually with only one corticated,
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and those from Michigan were characterized by 4~5 segments of which one
was rarely corticated. Several of the Michigan specimens displayed a
complete lack of branchlet cortex which is the principal feature
characterizing C. keukensis., The known geographical range of C. keukensis
includes portions of New York, Ontario, Indiana, and Illinois. This
range overlaps the northern limits of the C. hydropitys range. Chara
keukensis may represent only a growth form of C. hydropitys which is
pecullar to certain northern environments or it may actually represent
a distinct infraspecific taxon possibly distinguishable at the subspecies
level. |

The habitats found to support C. hydropitys varied considerably
with regard to size, substrate type, and water depth. The species
occurred as scattered tufts in very shallow waters and in some instances
on saturated soil at the edges of rather large bodies of water. The
species occurred as luxuriant stands at depths of about 1 meter in
small bodies of water in Texas, Arkansas, and Missouri localities. As
a result of the shallow conditions in the northern localities light
and temperature conditions were similar to those of the deeper socuthern
habitats. Chemical conditions of the various habitats were relatively
uniform, being characterized by moderately alkaline pH, a low to medium
alkalinity, a low chloride content, and on occasion a complete lack of
free carbon dioxide.

Chara hornemannii is clearly distinguishable from C. hydropitys
and other members of the C. fibrosa species group. The species is
characterized by a very robust habit and attains heights of over 2 meters,
whereas other members of the C. fibrosa species group are quite small
and delicate. Specimens from all populations of C. hornemannii examined
during this study displayed 28 chromosomes exclusively. Chara hydropitys

is characterized by a chromosome number of 14 and C. fibrosa from coastal
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regions of North Carolina is characterized by a chromosome number of 42.
Although C. hornemannii and C. hydropitys display similar distribution
pattemns the species occupy completely different habitats. This is
especially evident in respect to the brackish conditions and wide range
of temperature (14.0~37.0 C) and pH (7.2-9.8) of the waters supporting
Ce. hornemannii. This is the only species of Chara examined from the
study area which can be classified as a true halophyte.

The Chara globularis species group is represented in the study
area by three species, C. aspera, C. leptosperma, and C. globularis.
Chara aspera has been observed only rarely in the area, primarily in
regions of high salinity other than coastal areas. It is quite
probable, however, that the species is abundant and widespread in the
area because many habitats characteristic of those found to support
the species were not examined. Chara aspera is easily distinguished
from other members of the species group by its diocecious condition and
distinctive spiny appearance. The species is also distinguishable
cytologically, in that it is the only species of the group displaying
a chromosome number of 1.

Chara aspera was found in abundance in still and swiftly flowing
waters but it reached greatest size and sexual maturity in flowing
waters. The species flourished in highly alkaline and brackish waters,
and appeared to be particularly adapted to cool waters with maximum
light penetration.

The specimens of Chara leptosperma reported here represent the
only records of the species other than that of the type specimens from
Vera Cruz, Mexico. Thus, the present records from southern Arizona
extend the range of the species considerably. This species is dis-

tinguished from C. aspera by its monoecious condition, reduced spine-cells,
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golden-brown oospores, and chromosome number of 28. Chara leptosperma

and C. globularis are similar in respect to sexual condition, general
habit, and chromosome number but they are clearly distinguishable on

the basis of stipulode and bract-cell development, and oospore character.
Chara leptosperma displays well-developed stipulodes and bract-cells and
is characterized by a distinctly marked oospore, whereas C. globularis
displays very reduced stipulodes and bract-cells and is characterized

by dark brown to black oospores. These characters are very consistent
in both species.

The two habitats found to support C. leptosperma were similar in
that both were small bodies of water derived from spring sources. They
were also basically similar in respect to alkalinity, pH, temperature,
and light conditions. The waters differed primarily in amounts of total
chlorides and free carbon dioxide (18.5-383 mg/l and 0.0-20.0 mg/1,
respectively).

Chara globularis was observed in abundance throughout areas of
higher elevation in the study area. All specimens of this species
observed in the area are referable to a single infraspecific taxon,

C. globularis var. capillacea. These specimens were consistent with
regard to axis cortication, spine-cells, stipulodes, bracteoles, and
branchlet number. Variations in vegetative morphology were limited

to height of plants and number of branchlet segments. These characters
were relatively wniform within particular populations. It is presently
concluded that this variation resulted primarily from differences in
environmental conditions. Considerable variation in oogonia and oospores
was observed between specimens from different populations and between
specimens from single populations. These variations were observed in
size and shape of the oogonia and associated coronulae, and size, shape;

and cage character of the oospores. Five rather consistent groups were
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differentisted on the basis of these characters. Representatives of
these groups were obtained from separate individuals of single popu-
lations as well as from different populations. It is presently
concluded that these groups represent five distinct morphs which are
controlled genetically rather than by differences in environmental
conditionss Thus, C. globularis var. capillacea actually displays true
polymorphic characters. Such a condition has been attributed to many
other species of Chara but the term has been wrongly used in that it
has been used to refer to polytypic conditions.

The results obtained from habitats supporting C. globularis in
the study area indicate that the species is capable of inhabiting a
rather narrow range of environmental conditions. The species appears
to be particularly adapted to cool, sandy-bottomed, and well-lighted
bodies of quiet water. The species was rarely observed in swift waters,
and under such conditions the species showed no signs of sexual maturity.
The waters were characterized by a moderate to high alkalinity, pH,
ranging from 7.3-10.0 (usually above 8.2), low chlorides, and usually
a complete lack of free carbon dioxide.

The Chara zeylanica species group is represented in the present
study by only those species characterized by sejoined gametangia, namely
C. sejuncta, C. drouetii, and C. cienegaensis. These species are readily
distinguished morphologically. Some of the characters which reveal
distinct differences include general habit, number and length of
branchlets, branchlet segment number and degree of cortication, degree
of spine-cell development, axis cortication (tylacanthous in C. cienegaensis),
and size and shape of gametangia and cospores. It is presently concluded
that these species represent three independent evolutionary lines with

their closest relatives being found among the members of the species group
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characterized by conjoined gametangia. All three species are characterized
by a chromosome number of 14 and an antheridial plate number of 8.
Morphological counterparts of C. sejuncta and C. cienegaensis which
display conjoined gametangia are characterized by a chromosome number
of 28 and an antheridial plate number of 4. A similar counterpart of
C. drouetii has not been reported. Further relationships between these
three species can not be discussed until a complete study is made of the
conjoined members of the species group.

Chara sejuncta is widely distributed in North and South America but
it has not been found in great abundance in the study area. FEcological
observations on the species are presently reported from localities in
North Carolina, Kentucky, Tennessee, Kansas, and Texas. In these areas
the species showed a distinct preference for shallow, warm, and open
waters characterized by low alkalinity and moderately acid to highly
alkaline pH. Systematic observations on 2 Kentucky ponds revealed
rapid deterioration of large populations of the species following marked
decreases in water temperature. Further evidence suggesting intolerance
to low temperature is that specimens obtained from a Kentucky pond with
water temperature of 11.0 C displayed numerous aberrant mitotic divisions
in their antheridia.

The present specimens of C. drouetii from San Luis Potosi, Mexico
represent the only record of the species other than from the type
locality in Ceara, Brazil. The species was first reported from "shallow
water of a pond at base of dunes.®™ The present specimens occurred as
dense tufts in shallow waters of a ponded area in a slowly flowing
limestone stream. The water was characterized by the following conditions
at the time of collection: temperature 30 C, pH 7.85, alkalinity 193

mg/l, and free carbon dioxide about 5 mg/l.
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Chara cienegaensis was observed only in the intermontane basin of
Cuatro Cienegas, Coahuila, Mexico. The species formed extensive beds
in a small lake and rather large tufts in swiftly flowing canals. Both
habitats were characterized by cool waters and marly substrates.
Estimates of alkalinity, pH, etc. were not made on these habitats but
most of the waters in the same general area displayed high alkalinity

and an alkaline pH.
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APPENDIX

CHARA VUIGARIS SPECIES GROUP

This species group constitutes one of the most baffling taxonomic
probleﬁs of the Characeae. Several species comprise the group but they
are not always easily distinguishable from one another on the basis of
current specific criteria., As mentioned above the various species of this
group are not treated separately. However, my inclusion of the species
under one group name should not be construed as meaning that I concur
with Wood's (1962) treatment of the group as a single species. Rather,
the numerous collections of speciles of this group from the study area
and the extremely variable morphological cystems of most of them
constitute a problem which is beyond the scope of the present study.
Chromosome numbers, general ecology and distribution, and tentative
conclusions regarding taxonomy and relationships of specimens of this
group collected in the study area are included in Table 30. Final

conclusions regarding the group will be presented in a separate paper.

CHARA ZEYLANICA SPECIES GROUP
(excluding sejoined types)

The Chara zeylanica species group is comprised of several more or
less distinct forms which have been classified at various levels ranging
from species to forma (Robinson, 1906; H. and J. Groves; 1911). In the
most recent monographic treatment of the Characeae (Wood; 1962; Wood and
Imahori, 1964, 1965) all forms of this group (including C. gejuncta, C.
drouetii, all forms referable to C. zeylanica, and a very distinct
wcorticated species, C. brittonii Allen ex Rob.) were regarded as a

single species. Griffin and Proctor (1964) demonstrated that at least

2 distinet taxa can be distinguished among members of the group with



Table 30.

Tentative list of probable species of the Chara vulgaris species group collected

in the study area; including possible relationships, chromosome numbers, and general
ecology and distribution.

GENERAL RELATIONSHIPS

SPECIES

C. hispida-like Kutz.

c.

C.

C.

c.

schaffnerii (A. Br.) Rob.

kieneri Daily

contraria A. Br. ex thz.

C. inconnexa-like Allen

C. contraria-typical

C. excelsa-like Allen

vulgaris L.

Undetermined taxon
(delicate)

C. vulgaris-typical

CHROMOSOME RNO.
k2

28

28

28, 42, 56

28, 42

28

14

14

ECOLOGY AND DISTRIBUTION

Observed only in quiet brackish
waters in New Mexico.

Rare but observed in quiet alkaline
waters throughout the area.

Observed only in quiet neutral
waters in Kansas.

Typical inhabitor of cool, flowing,
alkaline waters in desert areas.

Ubiquitous, abundant throughout the
area.

Typical inhabitor of warm intermit-
tent desert pools.

Both characteristic of cool flowing
waters in highland areas of Okla-
homa and Arizona.

-Qee~
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conjoined gametangia but did not suggest the taxonomic level at which the
taxa should be ranked. Their findings indicate that specific status should
be granted these forms. Both authors are currently carrying out experi-
mental study on several members of the group obtained primarily from the
present study area.

Fifty-one collectiens of this group were made during the present study
from southern Texas, southern Arizona, Tamaulipas, San Luis Potosi,
Vera Cruz, Coahuila, Chihuahua, and Sinaloa. All representatives of the
group appear to prefer warm alkaline waters. Some occur in brackish
waters, whereas others appear to be limited to fresh waters. Preliminary
observations on the specimens reveal a marked consistency in certain types.
Morphological types which appear to represent distinct species include
those referable to the following names: Chara zeylanica Klein ex Wild.,
C. elegans (A. Br.) Rob., and C, inconstans A. Br. Final conclusions
regarding these forms must await the outcome of the experimental studies

mentioned above.
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