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The genus Turbinariz in eastern seas
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{Aeeepted for prllioation Juse, 1985}
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~ The Algal genus Tusbineria (Phaeophyecac-Sargassaceae) has long been known as an
impartant ane in tropical and subiropical tioras. These plants share space on intertidal and
doecly infratidal reefs with their justly more famous and diffienlt relatives in the geEnns
Sergiessun, Beside the complexities of that genus those of Tirfinarin seemed to earlior

{ botanists relatively unimportant. However, when the writer et wbont identifying

Tavanese and Philippine specimens he found a most confising degree of variability among
trom. The type descriptions are in all cases too bejef to be conclusive, On recourse bo har-
larin there seened little agreement as to what names should ha applied to given forms,
Theonly reletively modern treatment of the genus {Barton 1801) proved zo imenmpleta in
data a8 to be of Emited help.

Consequently the writer has been compelled to review the fenns gl toapply his intee-
pretation of the various species net only to the Javanese-Philippine items originally
fefure him but to all the epecimens be was able to boreow ariginating from the eastern
Mrican coasts, the Red Sea, Indisn Ocean, sontheastorn Aria, Austrulin and the islande of
the Pacific Ocean. The two western Atlantie-Caribbenn speries he has already teeatad
Haylor 1960). With the synonymy as reported by Barton and modified by M. A, Howe
(1920} and . Bargrsen {1933) Ie has in goneral been content. It is not presumed that the
present seconnt represents o definitive monograph of the genus, It is primarily concerns
vith defimitation of the several species, reporting their range of variation and their
ieographical distribution on the basis of specimens seen, and the writer feels that he has
been able to correet long-established misconce ptions of the ranges of some, Ll 7, deowrrens,
Eim]nninmrlﬂtidcni-iﬁmtiunsaﬂmillﬁlinﬁhaIit-a-r:ll.l:m. Hehaenot, in fuet, placed muelh
'.:;Zlﬂﬁliﬂl'bllu in old distribution records which he sonld not eonfiom [Murbens 18668, Weber-
fun Bosse 1823). The reported ranges of the leaser-lnown species are, of course, anbject to
sitimate major vevision, There are curiows gaps in the reported ranges of some well-known
tneg, sich as T, ornate, for which we lack records from munch of the Indian Qeesn and
Fersian Gulf. Studies are needed of the variability of such spaciea as T, filamentosr,
I eompressa and 2. gracilis, He has seen only oo specimen of the Purbinaria reputedly
um South Afdea [T trialata (or . vuljaris) var, cupensis, Kiitzing 1560 p. 24, pl. 67,
iz, I0], which specimen came from the herbarium of the Riksmunszect, Stooklolm, and so
s not attempted to define it, but recognizes no esential relationshi pr o 1 terdimate (1)
Auntze {Barton's T, trialaia),

This sty has been greatly fucilitated by the use of the rich eollections loaned from He
University of Californin {Berkeley) theough the kindness of Professor G, T, Papentiss and
It . €, Silva, including new eollections from the African eontinent by the former, In
Hdition equally appreciated, if emaller, collections and authentic specimens have been
fened by the British Museum (Natural History) through the Keeper, J. E. Dandy, K.
“oan the Musenm Notional d°Histoim Nnturelle, Paris, by M. P, Bowrrvelly and M, 3L,
Uenieot; from the Rijkeherburium, Lelden, by Dr J. Th, Kostor; from the University of
Western Australia by Prof. (2. . S8mith; from the State Herbarium, Perth, by De R. .

 § Mnpee; from the University of Adelaide Ly Dr H. B. 8, Womersley; from Indin by Dr F.

?_EI'W}'; from The Roval College, Nairabi, Keiya, by Prof. W. E, Tenne: from the Benwerd
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Laboratory, Rondehosch, South Afriea, by Mr R, H. Simons; by Prof. G. T, Velamgie,
from the University of the Philippines; from the University of Huwaii by Trof. M. 8, Dy,
from the Hopkins Marine Station by Iir I, P, Abhott; from the Farow Herharium,
Harvand University, by Prof. T. A, Lamb; from the New York Botanionl Carden by I
C. T. Rogerson; and from the U.5. Xational Herbariom by Dr M. E. Hale. Part of this:

was eartied on wnder a grant by the Homee Racklam Cradunte Bchool from the Faoulty
Rezearch Fund of the University of Michigan, which is gratefully sekuowlodgad.

TURBINARIA Lamouroux, 1828

Plants with wide-spreading fibrous bases which iy have both hapteral and thizomas.-
ous functions; erect axes borne singly on thess, simple or branched, with age genarally
roughened below by stuba representing discarded leaves or branchlets, but the leaves
generally erowded on the axes or branches above. Faliny organs showing n slender gub.

KEY TO SPEOIER®

1. Tadernl longltudina riclges wormally deniats 5 : E
1. Lateral bongitudinal ridges sdontate, but someatimes ill-tlnfirsed 1
2. Loaves evesicaluts | a P ! : . . . 3
4. Leaves normally veslenlabe on matuee plants i : i ok
4. IMotal morginal blade ohealeta | Z 7 L 2 : 2 T. murrayann Bartos
3. Dhistal masginal blade conspiosons (an Atlantie-Caribbean apecies) | T. trlcostatn Bardon
4. Lesvessmall | H . 4 . ; a i . - ' 5 . i
4. Leaves barge, commnly vver B . brond ; Iateral vidges pouto to nlnts, with several bt ;
intramarginal distal teeth abesnt - : . : i 2 : : : Ll
& Distal marginal biade narrow bt ovident; katern] fnces somewhat compressed bub thels
MATEing not ke, often sparingly dentatn | . _ : : T, comdensntn Sonder
&, Distal maeginal blade obeolete, vod wesd to a shight ridge, which niny be edentato or alightly
tocthed | z 7 : ; ; ;i i 4 , 3 T, papenfussii n. oy,
4. Lenves musth longer than broad, tha distal blade tramsverse d - T.decurrons Bary
G, Lepves hurdly loniger than brodd, the distal blade obliges T.triquetra (T, Ag.}J. Az
T, Dustalmarginal hlacde desply Iobed, or diseont Inaoes, or olsolsis ; 3 H . S
7. IHetal maegingl blade evidol, eesentially coanplets 4 ; : - : - Ly
B Leaves small, weoally odes & mon. brod, crowded on thie branchbeta, il Bndes ey
rexluced to teeth, or abealeto i 5 p . . 1 { T. luzenen=ls . ap.
§. Lenvea larger, often eareeding 10 mm, in width, not notalsdy crowaled, the blades il

cleaply bobed . . . A . : F : T, gracilis Bomler
8, Intramarginal crown testh sormally prrusent L 3 ; T, ormata (Teen,) T, Az
Lowves rather small, withoub vesicles or with rare simal] cnsis, Wit h fisw or oo carand tepth
f. evesiculosn (art.) o, consh.
Leaves with very prominent vesiclos distending tliw benves more than in fhe tarpical form,
gnmarally withnut any coromd festh | s ? ;i . : f. ecoronats . T
Lenves with anall vesicles, broad distal mnzging, irreguinely placed marginal teeth and
sealtered distal intromarpinn teeth not forming o regular erown
f. hainanensis s, £
9. Intrmmarginal crown teetly nbdent i . ) , . . p , S . 1
10, Heeoptockes chiofly basnlly bramehed, thy lung divifons often encemding the loaves
T filamentosa Yamnda

M. Recoptaoles pragressively raeosmose on an svdent axis : . ; . . - e 1
1. Lenves larger, obpyramidal, the distal inarminal toeth small, Hhs vesiclres rulmtively small (nn
Atlontle-Coribhearn ppsairs) 3 - T.turbinata {L.] 1. 45

11, Lewves smaller, furbinnte, the distal mnrginal tsoth relatively lnrge and the vesiches very
pramitm ‘ . P 5 " 4 . i : T conoldes (F, As. ) Hitt
Wingod distal mneglinz often brnally notehad ta the vesloks on one abtler, puwd with hrowd,
i i I P O T e s g
Leaves often conspicuoasly relaxed, rathar saller than in the type | retroflexanf

* This ke does oot sullices to diffarendiate depauperate Individuals, or sceount for otheewiss typical
fratres of I ormat and T eondenamia with b or mo digtal or eeawn bosth, For theae of 1. camoides nml -"i-r'
condenamie with vedused marginal blades, or for thos individuals of alrsost nny s which may' @
Part ba evesiculate, so thot In all vases the det uiled desoriptions should be cavefully considered.
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| ferele arlieulation or n substantial lower stalk at the Lage, the ouler portion constituting
' the effective part of the leaf triangulardy obpyramidal or turbinate, teansate at the distal
* ondd where often bounded by a firm fleshy alate mangin, or, the stalls chiefly subterete and
ihe leaf peltate; lateral longitndine] ridges, like the distal marging, sometimes alate, some-
 times obsolete. Vesicles generally present, immersed in the outer portion of the leaf, often |
~ahsent in immatace plants and even st maturity in some speeles. Cryplostomata genereally
- present, small. Beceptacles attached to the slender portions of the leaf-stalks, racemaoss,
il luteval divisions simple or irregularly divided, sometimes appearing subeorymbose.
Turbinaria papenfussii n, sp,  Plate 1, figa, 1-0

+
Plants to 20 cm. tall, the axes simple or branclied, Leaves 12-18 mm. long, 5-10 mm,
hroad, miler abruptly expanded nhove the very short tevete atalle with the sides commenly
' nearly parallol, the greatest width often not at the distal end, Terminal face emall, rournded-
iriangular, flattened transversely or somewhat obliquely, the distal marginal blade

CilF.

reduced to a eparingly dentate ridge, or edentate, or even in part obsolete. Lateral facos
coneave, hardly expanded at all by tho rather obeeare vesioles, or thess ahaent, thoe
 hongitudinal ridges acnte, relatively strongly dentata, the abaxial ridge not shorter than
~the Iateral omes, oceasionally even mere prmminent, Beceptocles compact, at most as

& dong as the leaves, af first roemese but the divisiona nltimately forked and appearing

il enbeorymboes.

Plantan simplices ramosaeve. Folia super stipitem guasi aleupte expansa, lateribos
saepe subparallelis. Buoperficies terminalis parve, rotundo-teiangulacis, transvens put

| ‘paululom oblique complanata, lamina ad costam paroe dentatam, ant edentatam, aut

nbeolescentem redacta. Superficies laterales coneavae, per vesiculas vix expansae, costis

.. < Jongitodinalibus acutis, valdina dentatia, ensta abaxinli non notabiliter brevi.
4 Plantae typieae in loco Sheik Said L. (FRomia L), Dahlae Areliipelago, Ethiopia, dicto, a
| o F. Papenﬁm neo. 20200, 2250 1062 leotae (TTniv, Calif, no. M1G3003).

These specimens differ greatly from the other known Red Sen speeies, They are often

: iaImp]a, but when branched, compact, while those of 7% triquetra may beoome very long
& and loosely branched. The leaves differ in their ehape, which is of rather equal breadth
|« while those of T triguetre ave clearly obpyramidal, in the marked reduction of the terminal

;i:lada. ita more transverse position, and the afmost somplete nhsenee of teeth around it,
Thes longitadinal ridges may be only slightly teothed (in figares 1, 9) or more strongly in

o other individuals of the same sample, or quite notably as in the Suez specimen eited.
41 [Representotive Specimens. EGYPr: near Suez, coll. Mr. Lefevr, 1837 (PC). Ermorra:
| Dablao Archipelago, Bheik Baid I (Bomia 1), G, F. Pupenfuss 20200, 2215 62 (TFC-M 158002

“type).

1 t TH[‘H“ETIB decurrens EI!IIT' 1827, L § B8 Plata 1, jiEﬂ- 2225

. Plants to about 16 em. tall, anbeanched or with an ocensional latoral branch, the axis

: halow ronghened by very conspicuous leaf bages, densely foliate above, Leaves somewhat

Beshy, each obpyramidal on & very short terete stalle, to 15-20 mm. long, 12-16 mn. diam,

{ ' Terminal aspect triangmlar, the morging with nomerous simall teeth, or noarly entire.

“Laternl leaf faces somewhat concave, excepl above where a little inflated by the rather
(small, deep vesicles, the marginal ridges extending to the angles of the terminal blades,
nota to alate, finely to aculeate-toothed, Receptamlar clustera compact, abont half the
lepgrthy of the leaves, racemose, the primary divisions with 2-8 branchlota,
The type materinl of T'. decurrens was examined (Text-figs. 5-8) eritieally and it showed
“tlearly thal the plants from the Red Sea area commeon in herbaria under this name hod

* been misidentified, Western Pacifie speeimena agroed well with it Leaves of T decurrens

“arg hardly to be distinguished from these of T'. murragana, except for the presence of the

E s
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vealeles in moat leaves, and n tendency to he somewhat Jess feshy, but there iz not enough
evidenoe at the present time an which to reduce T, mrurrayens to synonymy.
Hepresentative Specimens, I8pra: Madras State, Gulf of Maguar, Pulli I, F. Thivy, 39
xii 59 (Thivy), Palk Buay, Pamban L, Akkalnadam, Thivy, 21 iii 59 {Thivy). PrrLieerszg -
Lazon, Hoooa Bur, Sinait, H. H. Bartlett 14239, 2 vi 56 (MICH), Albay, Legaspi, M. 8, Doty
and G, T, Velasquez, 18 v 58 (Doty 16870, Libog, Doty and Velnsgues, 19 v 58 (Doty
16843}, Cebu I, Danao, P, D, Pages 220, 13 i 62, Mindanao, Misamis Oceidantal, Balinp.
gao, B, R, Manacop 5120, 1ii 36 {UC-833807), Burigao del Sur, Bidlig, Agonoy 1., K. 2.
Menez, 7 vii 58 (Doty 15328B), Mawes 1., Menes, 7 vii 48 (Doty 18117 }. Davao, Dalisg,
L. B. Copeland 556, (IC-604977), Mulalag, Copeland G191, 24 iif 04 {UC- 699279}, Basilan

Test-fign, 1-B. Figs, 1A, Ieawes of Tarbino i trigu e from Fontanisr's Red Bea materinl, Figs.
-5, lenves of 1" decarrens froom D Uewille's original meateriel. Bar seale 1| om. equiv, Mug-
nifleation x 2.

L., Pangayan Tds., Balhani G613, i, i1 41 (MICH). Bovoyow Tstaxos: Malaita I., Tras Clowe,
C.T. Crocker, 27 v 33 (U0-513203). Tyre Srrerves : *Flotante entre lea Tles de 1a Sociité
& la nouvelle Guinde. Dorvills 1825* (0.

Turbinarla murrayana Barton 1551, p- 218, pl. 64, fig. 2

Flants with stout, simple ersct axes to 8 cm, tall. Leaves rather firmly flealiy, evesioulate,
to 20 mim. long, 17 mm. diam. at the somewhat coneave distal end, ebpyramidsl with an
inconspicucus terate stalk. Terminal aspect trlangular, the distal marginal blade ohsoles-
cont, thick, minutely but sharply dentate, or sometimes sibentive, distinct only between
the lateral ridges which, however, rench £o it anglea. Lateral faces conenve, the ridpes
acute, finely dentate or orcasionally subentive, Receptacles nttached near the leafhoses,
b first rncemose, later appenring aubcorymboss, about half s long &8 the Fewres.

In describing this species the writer has followed the original author in including only
these plants which seem to lack vesicls entircly, bub since to prove their absenes would
recuire sonking up and eutting inte each leaf superflain] evidence alone conld he nsed.
However, plants now recognized as T, dectirrens nee very similar, with differences presented
in the disenssion accompanying its description, The figures of the leaves of that specics
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could almost serve for T', murragesia, except for the presenee of the vesioles and the less
fieshy character of the whole structure. In a subsequent paper (1908) Mre Gepp (néo
Barton) re-emmphasizes the absence of vesiclos in this Apeaies,
. Represenintive Specimens, MaLaya: Singapore, H.N. Ridley, n.d, (BMNH). Ivpoxgssa ;
sumates, Tegang (TPadang), H, Zollinger, 'Tter Javanicum secundum T1 no. 1086%3
{L-837, 253-404), Java, Toppershoedje T., A, J. Kostermons 526, 15x 38 (MICH);
Dedjoeng Koelon, Kostermans 693, 18 x 38 (Mich), Bali, Sancer, W, A. Sotchell BR253,
15 vi 20 (UC-G24797). Celebes, ‘Palm ex herh. W. F. R, Buringar” (L-937, 253-366).
Timaor, Zippelins, x 1828 (L-806, 43-23). Nuw Gurvea: floid-preserved epenimen coll,
Capt. Bir E. Beleher, apparently an lsotype (BMNH),
E
Turbinaria triquetra (T. Agandh) J. Agardh apud Kiiteing. Plate I, figs. 10-21
Flants probably much exceeding 15 dm. in height, the main axes smooth, with Interal
branches which reach a bength of 0-5-1-5 dm,, borne at intervals of 4-5 em, on the lower
partions of the plants, but eloser nbove. Leaves congested on the latern] branches, ahout
8-18 mm. long, 5-18 mm, broad, the stalk portion very briefly subtercte at the bhass,
sharply expanded to the distal end, obpyramidal with coneave sides, but the broed vesicles
nsually ewident. Distal marginal blades often markedly obligoe, commonly distendod
centrally by the vesicles, broadly triangalar with convex tnargine which are often asym-
metrienl, seldom entire, generally strongly aculeatedentate, the longitudinal ridges acute
to alate, generally strongly acoleate-dentate or even ciliato. Receptacles attached to the
leaf stalks near the base, rather shorter than the leaves, racemose, the branches littla
‘divided.
- Thisisa Red Sea plant which is fairly frequent in herbaria under the name 7', decwrrens,
Turbinaria decirrens was originally deseribed on material from *entes bes iles de la Bocitts
.ei In Nouvelle-Guinde’. Turbinaria triguefre was described Toorm Red Sea matarial colleated
by Fontanier and preserved in Paris. This has been examinad and o few lonves are illustrated
in Text-figures 1-4. While its eastward range limits are not known, ng western Pacific
plants resemble it at all elosely, The Nicobar Tslands specimena fignred by Kiitzing (1860,
pl. 68 fig. IT} as this species seem to be T, decurrens, though hardly dentate. Specimens in
herbaria generally eonsist of the lateral branches anly, pgiving an albogether false idea of its

-magnitude, for it is surely the largest species of the genus. The dimension given above
baged on an herbarium specimen collected long ago, will undoubtedly be excoeded by the
langtha of those eollected by G. F. Papenfuss when they becoane available, for hae in
correspondence reports it at least as long as 4 meters. Qocasionally the reseptacles elongate
“preatly, 2-3 times exceeding the leaves, at least in part bacoming sterile, The lateral divi-
sions misy become locally fusiform or even bear simplified vesiculate leaves,
- It appears possible to dispose of the names T, membranacee and T'. tetraddre of Ruprecht
[Dat, 1549), The former ia based an Schimper's Un. Ttin, no. 265, which he indieales mame
Trom Nowebe, and the Jatter on no. 458 from Bl Tor. Examples of no. 458 have bean seen,
and found clearly referabile to T, triguetra (. Ag) J. Ag. in Witzing (ante Aug. 1849). Tam
Jnformed by Dr Paul C. Silva that the specimena from the Sharbaro eolleetion cited helow
were identified by Ruprecht and are presumably isotypes, although neither arve ascribed to
Schimper on the labels. Both seem to be T, triguetra, theugh no. 10, labellod . tefraidre (ElL
Tor), has less extended, less dentate marging than is usual. Agardh's atatement that his 7',
vitlgaris var. triquetra has the ‘lamine peltasformi subnulla' is stedSsed by Ruprecht in his
discussion, Lot as this statement does nob conform with the nctualities of Fontanier's
specimenit may be diseounted. As the Ruprecht names probably pefer to the same spocies,
nd as they seom to be proceded by T friguetrs, it appears that they should e reduced to
EYNUNYIY.
' Reprosentotive Specimens. ' Red Bea’; coll. Dris Bimder, n.l,(NY), Hohenacker, Mesrpsal-
2en 168, nad. (UC-433722). Eevre: El Tor, W. Bchimper 458, 27 Iii 1835 (N Y, TIC-40aa0a3),
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herb. 1. Sharbaro 10, n.d. (UC-840473); Koweba (Wuweibn), herb. M. Sbarbaro 11, nd,
(U 434007 ; Ghardagua (Hurghads), C. Crossland RE23, ix, x 43 (UC-50TE75), Crescent
Reef, Crossland RS851, RS64, 1 xi 49 (UC-513161, 513164); Kosseir (Quecir), Schimper 935,
iv 1837 (NY, UC-436480), Evirorra: Massawa, Dalilase Archipelago, Entedbir 1., Golia
Bay, @, F. Papenfuss 20044, 14 iii 62 (UC-M153003), 20207, 3 iv 62 (UC-MIGS0HL).
Sonratia: Lasgori (7Las Koreh), J. M, Hildebrand, iii 73 (UC-434097).

Turbinaria gracilis Sonder 1845, col. 52, Plate 3, fige. 13-21

Plants to 2 dim, tall, the eroct axes sparingly branched. Leaves 10-22 mm, Jong, 8-18
. broad, the lower half stalle-lile, subterete, the upper part rounded-turbinate, some-
whist distended by the vesicle, Dista]l marginal blade deeply lobed or discontinuons, some-
timea represented by lnrge teeth, or in part by flat, ligulate, or even subfoline projections
which may be 2-5 mm. long, and sparingly dentate on the ends; Interal ridges obacare,
entire. Receptacnlar elustersattached very near the stalk base, at first recennss, the lateral
beanchlets beooming ireegularly forked, at muturity as long as the leaves.

The eriginal description does not cleardy define this species. However, a fragment of
Preiss’ material is available for comparizon and it agreea well with Kiitzing’s figures {1360,
pl. 70) and with figures of this paper. Only the Western Austrolian apecimens seem clearly
within the typical form range of ', grociliz. Those from Cueensland are suspiciously Ll
forms of T, connides, and specimens in herbaria ealled T grocilis from Malaya, Indonesis
and the Philippines all seem to be 1% conoides,

Representubive Specimens, AUSTRALIA: Westorn Australia, *Twrbinaric gracilis Somd.|
Preiss leg. 2534 (WRT-1187, probably an isotype); *-Cape Cuvier, K. Bheard A353, viii
46 (UTWA) ; Fioutrann-Abrolhos Tds,, Pelsart I, G. G, Smith 198, vii 47 (UWA), H. B.&,
Womersley A-5884d, h, 2 ix 47 (UC-754051, MICH); Rottnest T., A. B. Cribb 67 : 10, 9 viii
50 (UC-016308), Tt. I, Royea 869, & viil 50 (PERTH]), Smith A355 (UWA); Cotteslor,
Smith vii 44 (PERTH, UWA); Banbury, Boyes 378, 25 ix 49 (PERTH); Hamalin Bay,
Toyee 718, 21 vi 50 (PERTH}; Cape Leenwin, Amith A354, B vill 61 (UWA); Queemsland,
v.Goode L, W. D, Powell, nd, (FH), t-near Daintree River, 6. Tandy 238, 2 xii 23 [BM),
Thunk L, E. J. Banfield, 1913-14 (as1". decierrens fa_ouritn Locas; BY DNEY).

Turbinaria conoldes (T, Apanlh) Kiitzing 1880, p. 24, var. conoldes, Plate 2, figs. 1-8

Plants to &5 dm. tall, the stems generously branched, with branches to 2 dm, in length.
Leaves spreading or erect, bo 16 mm. long, 15 mm. brond at the distal end, the stalk portion
suhberete to slightly triangular for one-halfto three-fourthe of its length, sharply turbinate-
inflated by the rather small vesicle when one 1s present; distal marginal blades evident,
irregularly trinngular in end view, the edges sharply dentate; gldes of the inflated portion
hardly eompressed, the ridges obtuse and edentate, Receptacles attached near the base of
thestalle, about three-fourths aslong as theleaves,

This is n very variable species in the breadth of the istal marginel blades, in the siz2
and number of the marginal teeth, and in the prominence of the vesicles, in the ahseiee of
which the leaves are peltate. Tt i3 not unusual for cne edpn of the blada to be relatively fren
of teeth and s littls retuse, Kiitzing’s (1860, 10:25, pl. 69 T} illustration of 1. heterophylls
pppears to represent merely a proliferated plant of this species.

Hegwesentative Specimens, Txpra: Travencore, Trivandrom, E. W. Erlanson, nid.
{(MICH); Andaman Ids., eoll. ynkn., n.d. (TC-00863), De Christ, n.d. (NY). Maraya:

. Bingapore, R. E. Holttam, x 28 (UC), 5. John's T., . J. H. Corner 22189, 51 xii 20 (UG-

417174), Prtrerrses: Luzon, Tocos Sur, Sinait, H. 1. Bartlett 14241, 2 vi 34, Pangosinad,
Ouexon L, J. V. Santos 1168, 9 v 38 (MICH), Alomines, E. Fenix, x 20 (UC}, Pelillo L.,
Polillo, A. Toher, v 08 (U0-240242), Taynbas, Mauban, H. M. Curran 9554, iii 08 (XY
Minidare, Puertn Galers, G. Aloasid 5125, v 34 (UC-890278); Cabu L., B, 0. MeGregor 1305
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[UC-6002584); Mindanao, Zamboangn, Caldern Bay, J. B. Domantay 5113, iv 39 (U b
AI3000), Basilan L., Bohoh, Balhani 756, i-ii 41 (MICH}; Sula Archipelago, Tawitawi 1., |
s Tijitiji Reef, 1. P. Abbott 49, 15 i 57 {WET-31025); Palawan Ids,, Palawan ., Puartn
y Princesa, J. V. Bantos 634, 21 iv 37 (MICII), Balahac L, L. Mangubat 5228, iii-iv 08 (NY,
g UC-GO2E6 pp). Aveica: Kenya, Mombasa, W. A, Setchell, 7 vi 27 (UC-3113 p.p.). !
. IxpowEstA: Javs, Oedjoong Keelon, A. J. Kostermans 699, 13 x 38 (MICH), Thouzand ;
W I[=lands, Tjina T, Kostermans 366, § x 38 {MICH]}, Kaliage I., Kostermans 158, 5 x 38 |
(MICH}, Pajoeng I, ostormana 479, 14 x 33 (MICH), Batavia, Amsterdam I, Kostermans [
442, L1 x38 (MICH); Celebes, Macassar, Sotohell M452, 23 vi 20 (UC-735807) ; Flores Sea, I
. Postillon Ids., Sarasss, Weber-van Bosse, n.d. (L-037, 263-410). Prormix [spawps: |
¢ Conton I, M. 8. Doty 10714, 9 iv 52 (NY). Toxea Istaxns: T8, South Pucific Exploring |
o ' Exped, (Willees), 1839842 (MY}, Bamos Teranms: Upaolu, Apis, K, Bechinger 1509, n.d,
. ;LTSRM,N&'J.Hm'ﬂ.m-:nam:Kumh,hﬂh.wuliu,n.r.l.i[raw,m—ml}-ﬁuﬂ'smnnn; ' '
i A, Apnssiz, 1808 (FH), South Pacific Exploring Exped. {(Wilkes), 1838-42 (Y. |

Turbinaria conoides var, conoides f. laticuspldatan. £  Plata 2, figs, H-12

Leaves 712 mm. long, 810 mm. diam. : sublerete portion of the stall prominent, some-
whith thicker distally; vesicles absent amd the leaves peltate, or cansing w littls enlnrge-
ment below, the terminal blade forming a broad rim shout the vesicle, irregular in shape

s

" and often broadly retuse on 1-2 sides, the marpin subentive or more eommonly with a few

Lroiadd, low tecth,

Folia peltata sut vesicnlats, hase laminas terminales latas, 1-2 incissuria lstis raepe
praeditis, atque murgines subintogroa, aut aliquot dentibus latis hamilibus praeditos
kabentis, Plantae typicas in looo I, Cebu, Prov, Cebu, Repub, Philippinensis dicto, ab
B. C. MeGregor, 1906 leetae, in herb. Univ. Californensia {Berkeley) depositae.

These plants approach the typieal form when the uppermost laves ars apinewhat more
eharply dentate (figa. 8, 10), A great majority of the leaves may be without vesicles, hut it

;

i Cingapore, K. v. Martens, n.d. (UC-206305), Marchesstti, xii 80 (L-937, 253-412), R. E.
§ Holttum, x 30 (TIC-302350 p.p). Prirreross: Ceba L, B. C. McGirepor, 1906 (UC Type)+
| Mindanao, Surigno, Maribojoe, G. Manes, 12 xi 57 (DOTY-18304); Zamboangs, N. H.
Whitford and W. L. Hutchinson 0284, i 03 (UC-690287); Palawan Tds., Palawan, Taytay,
E. D, Merrill 8137, iv 13 (NY, UC-207522). Invoxesia: Jave, Anjer, A. J. Eoctermans
i1%a, 16 x 38 (MICH), Thousand Fslands, Bokor I., Doty 12xi 57 (DOTY-16599), Batavia,
Herkhof L., Kostermans 25,25 ix 38 (MICH); Ball, 0. Y. Seng B30T, 1920-30 (UC-024794),
E@lﬂhm,ﬂm,W.ﬁ.EBtﬁhﬂﬂM']Hﬂ,EE Uiﬂﬂ‘[Uﬂ-Eﬂi’?lﬂ,TEﬁHﬂﬁ},Iﬂi Lei, A, Waber-van
Bosse nd, (L-837, 263-421); New Guinea, Tk Tak, Weber-van Bosse n.d. (L0487, !
253-4088), Dobbo, Weber-van Bosss nd. (1-937, 400-415). Soromor Iszaxna: Malaita T
Uraa Cove, C. T. Crocker, 27 v 33 (UC-5 13204},

e T LI

- appears that in the upper parts of the hest developed plants these eventually appenr,
Kiitzing’s figure of 7', concides (1860, 10 24, pl. 00 1) agrees batter with the aathar's con-
-oeplion of this form than it dees with (e original description of the gpeties by J. Agardh
[15348).

. Representative Specimens. Twpra: Tuticorin, W, Fergnson 4, n.d. (BMNH). Marava:

e I

h Turbinaria conoides var, conoddes f. retroflexan, & l

Leaves on older parts of the stems generally strongly reflaxed, often small, to about 8 :
mim, long, 5-6 mm. diam., the stalles slender, at the top very brieflly expanded by the vesicle .
“whieh may be 8 mm, diam. ; distal marginal blade often appearing campanulate, irregular,
& Barrow, sometimes with 2-3 major lohes, prominently acutely dentate.
©  Foliainstipitibus vetustioribus vabde reflexa, saepe parva, satis campantlata, manifiste
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acute perrata, Flantae typicae in loeo I Tandayong, Prov. Pangasinan, Repob. T ilip-
pinensis dicto, ab E. Y. Tawson et J. Domantay no. 11619, m. Apr, d. 5 lectae, in hesh
Univ. Californiensis {(Berkeley) no. M-045556 depuositae. i
Representative Speeiwmens, Mavava: Singapore, W, Birtwistle, v 28 (UC-34 1536,
Priarrmirs: Lozon, Pangasinan, Lingayan Gulf, Tandyong L, K. ¥, Dawson and I
Domantay 11518, n.d., (UC-MOEESE) ; Nogroa T, Negros Oce., Mureielagos Bay, Baling-
gao, . & Manacop, iil 36 (TPC-633509). Tvnowgsia 1 Java, Batavia, Kelapa I, A J, Koster.
mans 202, 5 x 35 (MICH); Macassar Steait, A. Weber-van Bosse nud., {L-037, 263414,

Turbinaria lInzonensis n.ep.  Plate 2, figs, 13-17

Plants to about 10 em. tall, the axes simple or sparingly branched. Leaves 6-10 mm,
long, 3-7 mm. diam., the lower half subterete and slender, sharply expanded by the vesicl.
anil furbinate, Interally indistinetly B-ridged, the ridges autdm.Tcrmirmlect-irnguhﬂy
rounded tedangular, somewhat fattened, with the distal mergina] blede reduced to 2
relatively thick, narrow and sormewhst undulate ridge, or sparingly and bluntly teothed, o
represented by a very fow teeth directly on the vesicle, or entirely supprassed. Beceptaclos
shorter than theleaves, attached near the base, racemose, the lnteral divisionsseldom forled,

Folin tarbinate, vix lateraliter compressa ; laminae terminales marrinalos moltem redne
tae, quas ad dentes directe in vesicula saepe redactas sunt, ant etism omning deaunt,
Tlantas typicas in loco Mulanay, Prov. Quezon, T. Luzon, Rep. Philippineneia dicto, ah
H. M. Curran no. 11125 lectas, n. Ape. 1908, in herh, Univ, Californiensis (Berkeley)
no. GIBEEL depositas.

These plants resembla small T'. condensata in Jeaf size, but the leaves do not have the
distinet angled aspect of that species, and instead of a marginal Blade and even snpor-
numerary teoth on the distal face show obsolescenee of rims and teeth. Their relationshin
is probably more close bo T, coneides than to 7', condensnte. -

Represenlalive Specivaens. Pritarrings: Luzon, Quezon Prov., Mulanuwy, muddy eopal
fats cxposed ot low tide, H. M. Corran 11126, iv 08 (UC-000281 Type, N.Y., isotypal,
Baler, on coral veef,J. V. Bantos 320, 22 ix 35 (MICH).

Turbinaria filamentosa Yamada 1925, p- 243, fig. 1

Flants slender, the axes simple, to 12 em. tall, Leaves to 10-14 mm. long, 5-7 mm. bread,
the stalkk portion subtereta and ahout half the length of the leaf, sharply inflated shove and
turbinate, Distal marginal blade nermow, the few teath relatively conrse, or sometimes
teeth absent; vesicles prominent in some leaves but in many obseure or abeent, whea th
leaves appear peltate. Hoceptacolar clusters attached near the Jeaf bases, reaching a
Teneth of 13 mmn., sparingly branched below, the terminal divisions long, often extending
far beyond the leaves,

Apart from the conspienons reseplacles there is little to distinguish thess plunts from
small individuals of anch a species aa T, condenantn, theugh intramarginal teeth were not
noted on the svailable material. The branched receptacles in Bargassacens often elongate
Eﬂmiﬂﬂﬂhlf ana T..E'I.E:‘? hsjn to dﬁgﬁlb&rﬂtﬂ. Thisz ia nok Plll"tilb'l.lll'l.l'{:'l‘ niotable in Furfimrr,
though seen prominently in material of T, triguedre (UC-M158004),

Represenfolive Specimens, Formosa: Garaubl, ¥, Yamada, iii 24 (NY, UC-M199352,
probably isotypes).

Turbinarla condensata E]and&riﬂ'f{ﬂtaiug-mﬁﬂ_lj, 25, pl. 68 IT, Plate 2, figs. 15-28

Plants of moderateo size, the axes with numerous Intera] branchlets to 8§ om. or moss i
bemgth, Lesves to =13 mm, Jong, 5-10 mm. dism,, the lower portion stalk-like and terete
for Lwo-thivds the length, distended above by the prominant vesicls, more broadly tur-
binate than obpyramidal, but the sides n Titkle compresaed, Terminal aspect ohseusly
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an individual peealiarity 1lan o widespread one. Turner's figures {1808}, ealled Fue,
turbinatus, vepresent T ornata (PL 24, fig, o in part only, as a variety, and instead of show-
ing variation in that species include T decwrrens (fig. b) and, perhaps, T'. condensats (sinee
tooth nre shown on the lateral ridges of a few distal leaves), or T'. conoides. Cerlainly they
do not represant 1. terbinatus as we know it in the West Indies, which is better sliown in
Cmelin's (1768) engraving (PL 5, fig. 1).

Other more prevalent differences necessitate the designation of three lines of variation
by form names, This seems to be the most widespread and common Indo-pacific species,
Upvards of 250 herbarinm sheets of this species and ita variant forms have baen examined
for this study, and those cited selected as representetive and covering the geographical
range. Notably restricted have been the series from the Marshall Islands colleoted hy the
writer (Taylor 1950}, and those from Indonesia, the Philippines and Hawaii,

REPTEFE—HMIIW HTHM. Ceyrox: W, H. Hl'l-l-‘l-"'l‘."]" 102. n.d. :E‘.Lr, UE—M;E] Yier
Nan: Nhatrang, B. Y. Dawson of al, 11135, 201 53 {US, UC-MOD5823). Carxa: Kwantung
Prov., Hainan T, Wenchang, C. K. Tseng, 20 iii 34 (UC-531730); Pratas L, Taeng 1164,
viii-ix 35 (UC-531734). Formosa : Kyukyushe, Y. Yamada, iv 41 (UC-053473). Ryvsvr
Israxns: US. North Pacifie Expl. Exped. (Ringgold-Rogers), 185356 (U5); K. Okamura,
. (DC-418221), Jaraw: Amani Ide., ¥oron I, T. Tanaks, 19 vii 65 (IC-M000238),
Prnnareraes : Batanes Prov,, Batones Tds., Baseo, FL H, Bartlett 15402, 20 vii 35 (MICL;
Babuyan Ida,, Dalupiri T, Bartlett 14509, 17 vii 33 (MICH); Luzon I, Cagayan Frov.,
St Ana, G, T. Velasques 2378, 17 vi 85 (MICH), Iocos Sur Prov., Binait, Bartlets 14242,
2 vi 35 (MICH), Narvacan, Kelaw 12, 12 vi 35 (MICH), Tayabas Prov., Baler,J. V. Santes
440, 22 vi 356 (MICH), Manban, H. M. Curran f58¢, 111 08 (UC-609280) ; Mindora 1, Tuecho
Galero, Boayse Pt., Velaeques 1060, 26 iv £1 (MICH), Ban Tsidre, Velasgues 075, 23 iv 41
(MICH), Bulalacao, C. B. Robinson 644, 14 i 08 (K'Y, DC-6a0238) ; Calaminn Ids,, Culics
1., Culion Harbor, Bartlett 16598, 27 vii 35 (MICH); Oce. Negros I, Murcielagos Bay,
Baliangro, . B, Manacop iii 36 (UC-633898); Cebu I, Lilioan Beach, Bartlett 16204, 20
ix 45 (MICH); Zamboanga L., Pta. Mariki, Balhani 373, i-ii 41 (MICH); Littla Sta. Cruz
I, Bartlett A402s, i-3i 41 (MTCH) ; Tabtabon L., Balhani 570, i-ii 41 (MICH); Buln Archi-
pelego, Sibago T., Balhani 126, i-ii 41 (MTCH); Basilan L., Ponte Matangal, Sitkeans,
Ealhani 503, i-ii 41 (MICH); Tengolan 1., Balhani 688, i-ii 41 {(MICH}); Jolo I, Bartltt
10044, 16ix 36 (MICH) ; Cagayen Sulu L, D . Abbott 36, 2811 57 (WRT-31037); Palawan
Tslands, Balabae 1., Mangubat 622¢, iii-iv 08 (NY, UC), Gnat Heel, Abbott 1T, 4 1 57
(WHT-310%7). Marraxas Isnaxpa: Saipan, Tenapag Harbor, A. B. Kruckeborz & Wil
45 (MICH); Guam, Anigua, P, Kelson 514, nd. (NY), J. B. Thompson ef al. 424, v 12
(UC-207325). Marswact Tanaxna: Eniwetok Atoll, Elengelab I, W. R, Taylor 46-F,
2 vi 46 (UR, MICH, WRT-34500) ; Polak (Taongi) Atoll, Kannen I, F. B. Fosherg 3434,
20 iii &2 (MICH), Sibylln I, Fosberg 34500, 21 vii 52 (MICH); Bikini Atoll, Bikini L,
1., Palumbo21, 25 vii 40 ([C-M142540) : Ewajalein Atoll, Kwajalein L, Davwson 12655,
26 ix 53 (UC-MORIEET) ; Majuro Atoll, Rogeron L, E. T. Moul 8004 (WRT-27301); Jalait
Atoll, Kabenbock I, Dawson 13125, 3 x 54 (UC-MO58901). Live Istaxns: Jarvia L., T T,
Crocker 30, 2 xi 86 (UC-633077); Christmas I, Fosbery 13278, 50 viii 36 (WRG-20733)-
Hawarr: French Fripnte Shosl, Crocloer 21, 18 xii 36 (TC-G35065) ; Pearl and Hevmes Pm'f:
P. Glaltsoff 41, 26 vii 30 (NY); Nithan T., A, & S-Robinson 13, 1008 (UC-622120); Molskai
1., Pukoo, M. Reed 335, 3 viii 05 {UC-622604); Oahn ., Waialua, Molkuleis, (1. Degenes
97365, 4 v 61 (DCM186026) ; Hawaii L, Hilo, W. A, Setchell 5234, 15 vii OO (UC-622HH).
AFEICA: Somalia, Chisimaio { = Kismaju), A. Vatova, 26 x 30 (UC-786057); Tanganyiks.
D ex Salanm, 1. Jacolsen, ix 36 (UC-559924); Union of South Africa, Natal, Iuiping.
W. E. Tsane B37, B1008, 11 vii 653 (UT). Manaoascan: Nossi Ba, J, ML Hildebrand 56
% 70 (Y, UC-434006), Mavrrrios: Port Louis, N, Pike 1521, 1568 (NY). Ixpoxtsid-
Juva L, Pangandesan, Panti Teluk Prigi, H. M. Burkhill 2067, 22 ii 62 (MICH), Baa: vaa
Rutavin, Bil Amaterdum, Kostermans 443, 11 x 38 (MICED; Bali L, Sanoer, Botehell &
Parks 253, 16 vi 29 (UC-735812); Timar T,, Koepang, Martens xii 1862 (WRT-11750;
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Armboinn L, Robinson 2401, vik-ix 13 (KY); Banda Idz., Banda Neira, 1), F. Visser, v 81
|L-B41, 312-252). Averrarra: Queensland, Cooktown, F. v. Miiller, 1879 (UC-303808).
Tonres Brairr; Moy Ida., H. L. Clarck, x 13 (FH}. New Guisea: Hatzfeldhafen,
w.Heydrich 31, 1892 (US, NY). Gnenr Isuaxns, Onoton, P. Clond & . T. Manl 8821, 2
vil GL (WERT-273000, Bonomon Isnaxng: Bellona 1., Crocler GTEE, 20 i 35 (TC-G132045).
Firt Tapamna: Viki Leva, Bova, Betehell & Parla 17768, 22-28 v 26 (JC-G0T5L0). Toxaa
lsnawpa: Tongatabu 1., Hufagalupe, Setchell & Parks 17208, 26 vii 26 (UC-607538.)
Sanioa Tspawng; Wivalon T, H. O, Kellees, 26 1= 30 (NY); Savall 1., Mataatu Harbor,
Crooleer 4, 16.x 86 (UC-6339588) ; Upolu L., Apis, I8, Christopherson 601, 2ix 28 {(UC-791914) ;
Tutuila 1., Ana, Setchell TR, 14 wi 20 (TC-233520), Anape Day, Setehell 1206, 11 il
4t (FHY. Coox Isnawpa: Barotongs L, Avsroe, Packs 224310819), 1980 (OC-G34159).
Bociery¥ Istanns: Emio L, WS, South Pacifie Bxploving Exped. (Wilkes) 18358-42
(U8, NY); TahitiI., Marn'a Pa'ea, C. Crosland T040, xi 28 {UC-T01848). AvsTRar [sTavDs:
Raivavae L., Crocker B80E(36), 3 xii 34 (D-G33314); Rimitams L, Crocker D804(23), 25
xi 34 (UC-6337400.

Turbinaria ornata ver, ornata £ ecotonata n, £, Plate 3, figs, 7-9

Firect axes simple or very sparingly branohed, to 445 dm. tall. Leaves 10-15 mm. long,
S10 mrn, broad, the stallk slender and tercte for 0-5-0-4 its length, abraptly distended by
the prominent vesicle, without conspicuous lnteral ridges or teeth; distal marginal blade
irregrnlarly trianguloe with greatly convex sides, the face distended by the vesicls, the
§ marging narrowly but clearly winged and with prominent large teeth.

Folia satiz magna, stipitibus infra berctibue, per vesivelnm magomm abrupte disbepsn,
laminne ferminales {reegnlariter triangniares, latoribos convexis, marginibue latitodine
variantibug, dentes magnes perspiouss prachentibog., Plantas typicas in loeo T, Bteawn,

¥ Palinyra Atoll dicto, ab E. Y. Dawson no. 19466, d. 18, m. Oct. 1958 lectae, in herh.
| Univ. Californicnsiz Berkeloy no. M142118 depositas,

4 These planta differ from typieal 7', orieate in their looser growth habit, the even more
mnapienously inflated vesiclea which dominate the leaves, and the general abeanco of
intramarginal crown teeth, although oeeasionally one or two of thess were found to boe

Repreacniative Specimens, IRDIA: Madras State, Pallkk Bay, Rameswaram 1., Flakoda,
F, Thivy, 201 53 (THIVY). Marsuarn [spawns: Jaluit Atoll, Jaluit 1., E. ¥. Dawson
13062, 20 ix 5 (UC-MOSESED, Live Tsnavns: Palmyrs Atoll, Stravwn T, Davson 194648,
18 x 58 {UC-M142118, Type), Sand Taland, Dawson 142175, 18 x 58 (UC-M142175). PHoENTX
Isrampa; Canton 1., . I', Papenfuss, 31 1 49 (UC-210554), M. 8. Doty 10714, O iv
{UC-M107042),

Turbinaria ornata var, orpata £ evesiculosa (Barton) n. comb,

Plants to 12 em. tall, simple or spacingly branched. Leaves coarso, butb a litkk: smaller
than in the typical form, 7-12 mm. long, to 10 mm. dinm. (dry), peltate or distally some-
whnt obpyrmidal; vesicles ahsent or inconapionous and not distending the leaves; distal
marginal blade triangular with convex sides, marginally conspicuouzly coarsely toothed,

o the distal face without intramarginal teeth, or oceasionally a very few present,

The plants Barton associabed as a variety with T'. conoides (1801 p. 217) ase, mther,
it sonewhat small voriants of T orngde. Careful examination of authentio material showed
IF that vesieles were not always shsent even from the plants available te Miea Barton, The
| lenves are generally larger than those of T, concides, eoarser, more conrsely toothed, and
| they show distinetive differenees in habit and leaf form from it. Much as typical 7' ornata
i g, figs. 1) seems to differ feom £ ecoronate (PL 3, figs, 7-9) and . evesicifog, MY
! tlants are not sharply distinet in the eritical features. The form names are necded a0 that

——— e
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the variation in the species may be kept in orderly review without risking eonfosion with
other plants theough o singhe, too-generlied deseription.

Representative Specimens. Puiaerises: Celm 1., Liloan, P. D. Pagea 224, § vi 6
(DY) Inpoxesia: Java, Baai van Batevio, Bdom Eil and Enkhuisen Fil., A Weber.
van Bosse ante 1801 {BMNH, type or isotype material), A, Weber-van Bosse T34 (L-017,
253426 and -420, designated 1", conoides v. evesicadosn and probably equivalant to the
British Musenm material), Edan Kil,, Kostermans 102, 20 ix 38 (MICH); Hoorn Eil,,
Kostermans G6, 27 ix 38 (MICH) ; Amsterdam Fil., Kostermans 443, 11 x 38 (MICH).

Turblnarla ornata var. ornats £ halnanensls n. £, Plake §, Ggs, 10-12

Plants stout, to 2-5 dm. tall, the main axes eparingly irregularly branched, Leyves with
subterete stalls 0-5-0-66 the entire length, gencrally somewhat inflated distally by o
small vesiole, or thiz lacking ; lateral faces Aattened but the margins not acute or dentate;
distal marginal blade conspicuous, ronnded-triangular, to 10-15mm. beoad (dey), pmbably
often undulate rather thon plane, most typically with long, acute teeth which are iregn-
larly placad, some patent, others ersct and o not all in the same plane; intramarginal
toeth frequent, ather irregnlacly distealubed, not forming o regular crovw,

Foliasatismagna, interdum peltatn, interdum vesieulam parvam habentia, superficichos
lsternlibus compressia; luminae terminales manginales manifestas, rotundo-triangutams,
slignantolom cempanulates st tortas, dentibuos marginolibes sptis longis, posite maxime
irregulares atqueansepe dentibus distalibus irregulariter positie, praeditas. Plantae typicae
in loco Wenchang, 1. Hainen, Repub, Sinieas dicto, ab C. 5. Teeng no. 954, m. Apr. 4.
25—m. May d.14, 1934 lectae, in herb. Univ. Californiensie, (Berkeley) noe, 551733
depositas,

From the typical variety this form eeema to differ in the irregular featares of the Jesves,
particularly of the toeth,

Represenfative Specimens, Cumea : Kwantung, Haivan I., Wenchang, Eng-ko-hai, C. K,
Tremg 064, 25 iv-14 v 34 (UC-6317338, type), Eng-ko-hai, Teeng 432, 24 vi 33 (DO-531731),
Ci-mon, Teong 717, 20800 34 (UC-531750, Arnioa; Kenye, north of Mombaza, W. E. Lzaac
1942 (WRT), comea close to this form, although with relatively few intoamnrgine teeth.
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