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ne Liagora-inhabiting species of Acrochaetium

By ISABELLA A| ABBOTT
Hopkins MARINE STATION oF STANFORD UNIVERSITY

INTRODUCTION

nge (1909),2 Bgrgesen (1915-1920, 1927, and 1937),

the genus for limited geographical areas. Only Hamel (19
provides an understanding of the species known up to
apenfuss (1945, 1947), in reviewing the literature of

ly scanty material. Furthermore, the limits of variation in

suggests, that a species may be known under more than

ent rich collection of Liagora, a red alga belonging to
bnales, from the Sulu Sea afforded me an opportunity to st
ation in Acrochaetium as it gecurs in that genus. For d
e purposes, good collections of properly preserved Liag
:rmuda, the Hawaiian Islands, jand the Gulf of California

1Al
P. Abbott
Philippine

2 Date

f the algae from the Philippines discussed in this paper were collected by Dj
on the 1957 Sulu Sea Expedition, jointly sponsored by Bishop Museum an
National Museum.

s in parentheses refer to Literature Cited| p. 119.

=

genus Acrochaetium (Rhodophyceae, Nemalionales) is knpwn
rom floristic accounts, the most notable of which are those of

and

1944). Drew (1928) and Nakamura (1941, 1944) mono-

27)

the genus from various geographical areas, and his contri-

his
the

vetium-Rhodochorton complex, organized the species into ton-
press) pointed out the need for
evision, and he is now preparing a monograph on the group.
of the difficulties facing any worker in this group is the large
of inadequately described species, most of which are knpwn

the

y of the species are unknown! It seems likely, as Baardseth

one

one had studied Acrochaetium inhabiting a given genus until

the
udy
om-
yora
vere

onald
d the
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Caribbean and the Indian Oceans, especially the area

6

ized. This leaves only two large geographic areas known tg contain
hy species of Liagora from which no collections have been optained :

around

ritius. No mention has been made of Formosa, the Ryukyus, the
in Islands, and southern Japan because a cursory examination of
Philippine Liagora shows |that the species of the two areas are
largely similar.
The small filamentous plants which constitute the gengs Acro-

chaetium are usually epiphytes on other algae and on othey marine

plaj

are
sist]

simple also. Many species produce only monospores; others,
1 to this mode of propagation, bear simple carpogonial branches,
ose carpogonia produce only a few carpospores after fertiliza-
tion. Spermatangia may occur on the same plant or on
nts from the carpospore-bearing ones. A few species may also
have tetrasporangia.
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tions are great, there is remarkable uniformity in the inters
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all
stu
one
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Ses
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for the most part, very simple in construction, a few spe

Liagora is widely distributed in the tropics, especially
pics. It is composed of forms which are multiaxial and hav

accompanied by a mucosoid material. The plants average
in height, varying greatly| in size, shape, and branching
elopment of reproductive structures. Although their extern

ve structure. Few of the approximately 60 species are wel
So far, the epiphytes under study have not been repord
the localities where Liagora species are known, but my]
dies indicate that it would be a rare Liegorae which did not
or more species of Acrochaetium.

This study encompasses 23 species of Acrochaetium, four
being placed in synonymy and six of which are proposed
cual plants for eight species are described. Two new spe
m the Philippines, three are from Hawaii, and one is from B
The specimens cited will be deposited in the herbaria of Bq
hop Museum (BISHOP),|the University of Michigan (]
Philippine National Museum (PNM), the University of
Berkeley (UC), the Cryptogamic herbarium of the Univ
ris (PAR), and my own herbarium (IA).

nts, but they may also be endophytic, epizooic, or endozoojc. They

ries con-

ing of only a few cells in short filaments. Their reprodyction is

in addi-

separate

the sub-
e radiat-

assimilatory filaments. These filaments contain to a greater or
lesser degree a coating of calcium carbonate which may or

may not
8 to 16
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several hundred species. Follgwing Papenfuss (1945, 19
les Acrochaetium Naegeli, Kylinia Rosenvinge, Audowin
. Bory, md Rhodochorton Naegeli. Liagorophila Yamada has since H
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new species are on micros¢ope

dccompanied by a specimeén of Iliagora. Other material is either
s or on dried specimens of Liagora. I consider the slide s

eci-
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CHAETIACEAE

ins at least five genera which
1),
ella
een

added (‘Yamada 1944). J. Feldmann, lin a paper read at the Bangkok
meetmgs of the Pacific Science Congress (1957), of which I have a

manuscript copy, removed Audouinelle and Rhodochorton to a
family,

Audouinellaceae, in which

(Rosenyinge) Kylin. He adds to the A
and proposes a new genus, Rhodothawm

Papenfuss (1945, 1947) attempte
fusion qf the many species and myriad variabilities in this complex.

He Prof osed in 1945 that all forms with a parietal chromatophore

restrlct(d to the genus Acrochaetivm,

chromai

(1945)

remove

| Chantransia from the Acroch

ophore be restricted to Chroma
the limits for the genera Rhodochorton and Audouinella
aetiaceae.

new
Tnia
dot

e includes the genus Gr
crochaetiaceae Balbiana Sirq
iniella Feldmann.
1 to bring order into the ¢on-
be
and that those with a stellate
strum Papenfuss. He also drew
and
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(1947) placed his genus C
dmann (1958) now states t
is plant, that K. rosulata

res directly. The latter is a

ries which have one chrom
cell] the “spermatocysta born
goniimoblast with sporogenous
carpogonium transversely divi
characterizing the genus so as t
is the fact that in his study of
phores intergrade. I found, in th
A. liagorae, showed this chara
of Acrochaetium (sensu latiore
France, Britain, and Sweden, it
by Feldmann before assessing t
to use the name Acrochaetium
very far; Bgrgesen said the sai
Because of the simplicity i
family, Feldmann consider
ial branch,” and on the stre
etiaceae and Audouinellace
es. I cannot agree with him
at diversity in the form, the
pogonial branch. The Helm
pical” of the Nemalionales
honstrated by Papenfuss (19
[iagora; 1944 in Liagorop
sikachary and Balakrishnan
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D46) in Trichogloea, by Yamad
sis), by Desikachary (1956),

Occasional Papers X X111,

Kylin (1944), in a paper peceived by Papenfuss after ¢
ed that Kylinia rosulate Rosenvinge (1909)—the type sp
inia Rosenvinge—had a stellate chromatophore. Therefore,

romastrum in synonymy with
at Kylin was mistaken in the
s a parietal chromatophore,

genus contains only two species, K. rosulata and K. ¢
ring (1953). The genus is further characterized by the fol
ked “spermatocysta” (“on| hyaline androphore cells,” I
3), and the undivided fertilized carpogonium producing

haracter of prime distinction.

Feldmann proposes that the jgenus Acrochaetium contain oy
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on vegetative undifferentiat
laments bearing terminal carp
ded after fertilization.” His re:

would be wise to await the mo

me thing 25 years ago (1937)

s them to be lacking in a “tru
ngth of this belief he places th
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da 1944, Desikachary, 1957;
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cter ; but since so many of the
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nial branch becomes involved
p as studied by Desikachary 4
on of the cystocarp. In some, th
\lly on a special branch, may
were produced directly on a
aetium papenfussii, A. dotyi, 4
\A. rongelapense. Because the 1
nium are not involved in gonin
t A. trichogloeae and of A.
ted as “stalks” in this paper.
arpogonial branch,” as curren
as part of the branch. In ord
m ‘“‘carpogonial branch one-cell
pogonium” and for the conditi
nvolved, the term “carpogoniuy
5 meant to imply that these fen

or the more fixed ones in the
Cylinia as circamscribed by Fel

pd directly from it after fertili
ntly not dividing but “buddin

tmitator shows the same typ
dy. The transverse division i
cladiaceae (Nemalion, Liagord
: produce carpospores in the sz
judge from Feldmann’s desci
hore or spermatocystophore
lictures bearing the spermatang
ear spermatangia in some sped
4. rongelapense). Stalks of th
of the Helminthocladiaceae (A
Of the four kinds of spermatd
m species in this study, only
‘eldmann’s characterization of t
tative undifferentiated cells.” ']
ants have spermatangia borne
o spermatangial plants may be

erefore, the carpogonium, pl
be thought to be just as sg

{. liagorae, A. tmitator, and
ower vegetative cells bearing
noblast formation in some s

However, in the loosely de

er to avoid the awkward u

n on a one-celled stalk.” Ne
nale reproductive structures
es in, for example, the Dug
Rhodomelaceae.
dmann (1958), the carpogomnium
h a trichogyne. Carpospores
zation, the carpogonium pi

ng Achrochaetium

(Trichogloea, some specis
nd Balakrishnan, 1957) in

vegetative filament, as it

tuticorinense, they have
tly understood, they would

ed,” I have used the term
on arising when more than

g off” carpospores. Except
onium after fertilization, 4
e of carpospore developmer
s similar to genera in the
, Helminthora), although
ame way as does Kylinia.
ription and illustrations of
of Kylinia (1958), these s
ria are homologous to the s
ies of Acrochaetium (A. pd
is kind are commonly foun
Vemalion, Liagora, and Hel
ngial plants found in the A4
one, A. wmitator, would qui
he genus: “spermatocysta b
['he other seven species shoy
on specialized cells. The sp
grouped as follows:
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rmatangia in terminal corymbag
A. rongelapense, A. trichogloea
rmatangia in lateral circinnately
matangia in small panicles, the s
tangia on all surfaces: 4. liagor
rmatangia in terminal groups of
tative cell: A. imitator.

These comparisons are not
wn by Kylinia as a genus sej
Acrochaetium has species
ge of variations in almost 3

h sexual reproduction—are
malionales. Because of these
smmend the continued inc

DESCRIPTI

The species of Acrochaeti
uding those reported here,
ural groups. (The only o1
iesit.)

rowth from a persistent basal ¢
tate or becoming septate, chrg
crochaetium barbadense (Vicker
occidentale Bgrgesen
comptum Bgrgesen
angustum (Drew) Papenfuss
rongelapense Abbott IN Taylor
dotyi Abbott, new species
liagoraefilum Bgrgesen
nemalionis (De Notaris) Borne
catenatulum Howe

rrowth from a persistent septate
omatophore parietal :

. trichogloeae Bgrgesen
nitidulum Abbott, new species
omatophore stellate:

. papenfusii Abbott, new species
krowth from an aseptate spore,
ts partly to wholly endophytic.
omatophore parietal :

. laxum Abbott, new species
liagorae Bgrgesen

liagoroides Bgrgesen

imitator Abbott, new species

m—Qccastonal Papers XXI111)

se or nearly corymbose clusters;
e, A. papenfussit, A. tuticorinense.
formed clusters: A. dotyi.
permatangial mother cells producing
ae.

one to three, formed from an ordin

meant to detract from the ch
parate from Acrochaetium, but
within it which demonstrate
any character selected for com
nt of these characters—those ag
directly comparable with thos|
phylogenetic relationships, 1
lusion of the Acrochaetiacea

ONS OF SPECIES

um reported as growing on
may be placed in four compq
1e not discussed in this pape

ell representing the spore, the origi
matophore parietal, plant mostly
s) Bgrgesen

t

spore, plant partly to wholly endopl

soon pulled out of shape (non-pe

6

stalked :

y sperma-

ary vege-

aracters
to show
a wide
parison.
sociated
e of the
strongly
e in the

[ iagora,
ratively
er i A.

nal spore
epiphytic.

hytic.

rsistent),
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gorae Bgrgesen
oroides Bgrgesen
nocladium Abbott, new species

lination not known, or kinds other than those listed above.

Germin
A v

Only thW!

A. seriatum Bgrgesen
tuticorinense Bgrgesen

gragile Bgrgesen

dav

tate or

1. Ac

Ch

Rh

Pla
(mostly
usually
filamen
subdich
and tap
Lower
attachm
reach h
portion:
becomiy
lowest

Ty

ation unknown :
bosseae Papenfuss

bases, which are multicellular, embedded in Liagora:

iesii (Dillwyn) Naegeli (Bgrgesen

Group| I

wth from a persistent basal cell representing spore, original spore
becoming septate, chromatophore parietal, plant mostly epiphytic.

3(1):43, 1915 (figs. 1, a-h; 2, a).

1905.
rochaetium barbadense (Vickers) Bgrgesen sensu Hamel
cherches Acrochaetium 70, 1927.
rochaetium occidentale Bgrgesen, Dansk. Bot. Arkiv. 3 (1
1915.

rochaetium occidentale var. ¢
Vidensk. Selskab., Biol. Meddel. 6 (6) : 28-32, 1927.
rochaetium angustum (Drew) Papenfuss, Univ. Calif. Pub
18 (14) : 312, 1945.
bdochorton angustum Drew,

1928.

nts epiphytic with endophytic system of branches, 1 to 5 mm. in
1 to 2 mm.), arising from a single, large, globular persistent
12 # in diameter, with thickened walls, spore sometimes septate;

niv. Calif. Pub. Bot. 14(5)

lent, or this filament sending up secondary erect branches, some of
ighest level of originally erect branches and bear monosporangia.

rells.

pe locality : Barbados.
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asep-

rochaetium barbadense ( Vickers) Bgrgesen, Dansk. Bot. Arkiv.

ontransia barbadensis Vickers, Ann. Sci. Nat. Bot. IX, 1:60,

Re-

144,

spitosa Bgrgesen, Kgl. Danske

Bot.

185,

height
spore
erect

s branching directly above spore lor some distance from it, branching
ptomous, irregular, favoring upper|portions; terminal filaments hairlike
ering. Monosporangia borne usually to one side, sessile or pedigellate.
penetrating portions of plant below| spore developing a linear rhizgidlike

which
[ .ower

s may develop massively thickened lateral walls (fig. 1, d), and crosg walls
1g obscure. Cells of penetrating portion usually colorless, especidlly in
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Geographical distribution:
nds (Bgrgesen), Channel 1
New records: Guadalupe Is
nds ; Bermuda.

Bermuda: in Liagora farin

nilton [sland and St. Georgg
icz, W. R. Taylor 48-801

osa, along Hamilton to St.
% | é(.y}/

b
FIGURE 1.—Acrochaetium barba
hip of upper and decumbent br:
or 48-801 in Liagore farinosa
lalupe Island (Silve in Liago
ate and nonseptate conditions i
agora farinosa) ; d, basal portig
ents (Bermuda, Tavylor 49-515
oth stalked and sessile monospor
d, Silva in Liagora californic
d, Silve in Liagora celifornica
ed and sessile monosporangia (B

Isla
Isla

Han
tow
MU

tion
Tay
Gua
sept
in L
filam
ing b
Islan
Islan
stallq

Han
IA)
Apr
]
194¢

bor, March 31, 1949, Bern,
; in Liagora ceranoides, §
il 19, 1956, Taylor 56-708

Hawaiian Islands: in Liago
b, Abbott 1475 (BISHOP,
California: in Liagora calif

Garflner 4921 (UC 294547). 1)

m-—CQccasional Papers XXI11,

slands, California (Drew).
land, Pacific Mexico ; Oahu, Hj

»’s Island, April 16, 1949, 4. J

eorge’s Causeway, west side g

Virgin Islands (Bgrgesen),

osa, west side of causeway 1

MICH, UC, PAR, IA); in

dense: a, habit diagrams, showi
anching to persistent basal spore (1
; b, similar diagrams of specimg
a californica) ; ¢, basal spores,
n adjacent plants (Bermuda, Tay!
n, showing lateral thickening of d
in Liagora mucosa) ; e, young pla
angia and undivided basal spore (G
a); f, g, germinating spores (G
; h, portion of mature plant, show
ermuda, Taylor 48-801 in Liagora fi

ntowicz, Tayloy 49-575 (MIC
MICH, UC, IA).
ra farinose, Oahu, Laie Bay, ]

MICH, UC, 1A).

ype of Rhodochorton angustu

6

Canary

lawaiian

petween

Berna-

Liagora

f Castle

ng rela-
Bermuda,
ns from
showing
r 48-801
ecumbent
nt show-
uadalupe
uadalupe
ing both
1rinosa).

H, US,

5t. George’s Island, Whalebone Bay,

May 30,

prnica, Catalina Island, Avalon, June,

.
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Pacific Mexico: Guadalupe Island,
(PCS, UC, PAR, TIA).

The gpecies placed in synonymy hav
spore, fr
constitut
are prod
differ fr
erect por

Whe

ing the main part of the plant)
nced rhizoidlike filaments that

tions.

h Bgrgesen described A. occide
species was perhaps the sam
dense had sexual organs which
a were badly described in rega
Hamel figured and described
presumaply from Vickers’ exicattae of I
of Liagoya farinosa appears in Hamel’s
cidentale (semsu stricto) hav
show that such plants in other species
think. However, they add little to the 4
species level. Inasmuch as Hamel’s fig
spore in| A. barbadense to be similar
inasmuch as the ramification of the er
angia, and the measurements of cells
variations of plants examined in this
dentale and its variety caespitosa in s
mptum, also from the Virgin
idientale by two main characterig
persistent basal spore and the pedice
Germinating spores growing side by sid|
species
show that they can be undivided or divi
Figure 1, & shows the pedicellate and
with an|undivided basal spore (also g
I believg, therefore, that these charact

A. barba

two closely related species and feel that, since other characteris

shown hy both species (branching, he
brancheg to the basal spore) intergrade

ngustum (fig. 1, b) represents g

om whose free surface erect filaments are produced (th

pm each other mainly in their

pon which A. occidentale was first described as growi

rhtly broader filaments than in either A. occidentale or

g Achrochaetium
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February 1, 1950, P. C. Sifva
sal
ese
hce
ey
method of branching in the

e in common a persistent ba

and from whose lower surf
may bear erect branches. T

ntale (1915) he suggested that
e as A. barbadense, but that
his plants lacked and that the
rd to position, shape, and size.
A. barbadense in some detpail,
arbados algae, since a filamlent
figure. While no sexual plants
e yet been found, my studies
are not as rare as one might
ystematics of the genus at the
ures show the persistent bgsal
to that of A. occidentale, and
ect branches, the sessile sp
and spores all fall within
study, I have placed 4. o¢
ynonymy with 4. barbaded
Islands, is distinguished fn
tics : the divided nature of
late nature of the sporang

e in Liagora farinosa, the same

ng,
).
ant
a).
ate
Hcs
ect
ust
See

ded on germination (fig. 1,
sessile sporangia from a pl
rowing on Liagora farinos
ers cannot be used to separ

ight of plant, relation of er
, Acrochaetium comptum m
entale (A. barbadense). (

horter plants (0.5 to 1.5 mm.),
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mptum. The internal portions below the spore are said
028) to show a more horizontal nature than the vertical
pwn for A. occidentale by |Bgrgesen (1915, his fig. 42,
prangia in 4. angustum are reported by Drew to be p
ereas Bgrgesen says they are sessile in A. occidentale. 1

by Drew
condition
¢). The
edicellate
find that

angustum most commonly has vertical (linear) lower filaments and
5 sessile as well as pedicellate sporangia (figs. 1, ¢; 2, ¢). The same

true of A. occidentale. The |germinating spore in both ent
single or septate (figs. 1, ¢, 1, g, 2, a). In old plants of 4. a
in A. occidentale, many terminal laterals show a lightly|

ties may
ngustum,
staining

ptoplast and an apparent conversion to hairlike appendages to as

ich as half the diameter of the filaments giving rise to th
g. 2, a). All things considered, A. angustum may be noth

e laterals
ing more

in a more robust 4. occidentale. Its occurrence in an isolated, well-

rked species of Liagore might well account for the differenc

es which,

my opinion, are minor. I believe the two species to be cqnspecific
o. 1, a, b). As reconstituted here, Acrochaetium barbadenise is dis-
guished by its persistent basal spore, from whose free surface is
duced a tuft of erect branches terminating in hairlike filaments.

e lower surface of the basal spore produces rhizoids.

The largest of these plants (to 5 mm.) is A. occidentalq, a plant

5t described from the Virgi

Islands. It is characterized by a single

divided persistent basal spore, from which arise, directly or in-

ectly, the soft, flexible, tufted erect branches (fig. 1, a).

T'he cells

these branches are 5 to 12 p wide by 24 to 72 u long in the middle
rtions of the plant. They taper upward into hairlike filaments. Mono-
rangia are borne in small numbers usually to the adaxidl side of

se erect branches. They are usually sessile, 7.0 to 12 p
to 21 u long.
Acrochaetium nemalionss, \reported by Vickers to be in

wide by

Liagora

inosa from the Canary Islands, is similar according to Rgsenvinge
D09, p. 126, figs. 53-54) ; |but according to Bornet (1904), the

rminating (original) spore becomes indistinct. Rosenvinge
the germinating spore. I

rould not
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upper filaments of 4. hyalosiphoniae

frequently produce hyaline hains which 4. dotyi does not produce, and

the

endophytic system of branches is more developed than in H4. doty.

Ac¢ording to Nakamura (1941)) the erect branches and branchlets are

irrg

gularly formed. They are more regularly formed in 4. dd

tyt.

The material of 4. dotyi is abundant, most of the plants being

monosporangial only. Next in abundance are the male plants, then

fem
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algal materials for my examination,

4. |Acrochaetium catenatulum|/Howe, Marine algae of Peru,
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Geographical distribution :
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ochaetium.
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84, 1914

Thallus microscopic, partly endophytic in superficial tissues of Li (gora, up

aseptate

I spore that bears no rhizoids|or filaments from its lower surface. Erect
on linear for a short distance before branching once or twice dichotomously,
of the branches so formed bearing short few-celled laterals opposfte, alter-

of these

liametric,

in same

eru (type locality), Tierra del Fuego
vlin), Fast Indies (Weber-van Bosse), and Ryukyus (Nakamura).
Hawaiian Islands, Oahu in Liagora spp.: Oahu, Hanauma Bay,
v 29, 1954, Doty 12466 (BISHOP) ; Waianae, Kahanahaiki, May
1959, Doty 19091, collected by Max and Meng Doty and Jan
I collections with other spgcies of

T'he thalli of the Hawaiian specimens of Acrochaetium catenatulum
very similar to those described by Nakamura (1941) from the

n speci-

s. The scattered but very wide distribution of this species indicates

ecies of
widely

reported. Acrochaetium unifilm var. mesogloiae Jao and A. com-

pactum Jao (Taylor, 1937, 1957) are similar species and nj

ay not,

indged, be distinct from A. catenatulum. A catenatulum, however,

doe

s ot resemble any other of the Acrochaetium species in this study.
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A} trichogloeae can be distinguished from others in this |series
having a septate germinating spore in that its filaments are|more
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prim |
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(from decumbent system), describing loops at lower ends (fig. 6, ¢), but these
secondary branches weakly developed (fig. 6, @), not as fully branched npr bear-
ing many spores as main erect system which arises from persistent spore.
Mongsporangia borne to one or both sides of erect filaments, large, frequently
broad and flat at distal end (fig. 6,| b, ¢), otherwise obovate, averaging 12 u
broad and 17 to 24 & long. Monosporangia deeply staining, glistening| 1 to 4
to each cell on which they occur.

ells of filaments 7 to 10 # wide, cells of upper (free) portions 10{to 15 &
long, |lower decumbent cells up to 36 [ long. Cells with one prominent pyrenoid,
and al parietal, chromatophore.

Bhilippine Islands: type in Liagora sp., south end of Balabac
Islarld, Gnat Reef, Sulu Sea, March 4, 1957, Abbott 1823 (BISHOP).
Isotypes in BISHOP, PNM, MICH, UC, IA.

BiGURE 6.—Acrochaetium nitidujum drawn from Abbott 1823, Philippine
Islands, type: a-c, habits of mature plants.




