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TWO SPECIES OF THE CHLOROPHYTE GENUS OSTREOBIUM
FROM SKELETONS OF ATLANTIC AND CARIBBEAN REEF CORALS1,2

Karen ]. Lukas
The Harbor Branch Foundation Laboratory, Fort Pierce, Florida 33450

SUMMARY

Two species Of the siphonaceous chlorophyte
Ostreobium inhabiting the aragonite skeletons of
Atlantic and Caribbean reef corals were studied.
Ostreobium quekettii Bernet & Flahault has been
previously reported from these locations, but the
species is here amended to include filament forms
previously described under the name O. reineckei
Bornet. Ostreobium constrictum sp. n. is described
here for the first time. The 2 sympatric species are
distinguished on the basis of filament morphology
and chloroplast form.

INTRODUCTION

This paper treats the 2 species of the chlorophycean
genus Ostreobium which inhabit the skeletons of
Atlantic reef corals. O. constrictum sp. nov. is de
scribed here for the first time, while O. quekettii
Bornet & Flahault is amended to include plants pre
viously described under the name Ostreobium rei
neckei Bornet. A new genus description taking all
described species into account and a key for species
identification are provided.

Five species have been described and reported pre
viously within the genus (3,4,21): O. quekettii Bornet
& Flahault, O. reineckei Bornet, O. brabantiurn

'Received December 17, 1973; revised June 11, 1974.
2 Contribution No. 27 from the Harbor Branch Foundation

Laboratory, Fort Pierce, Florida 33450.

Weber-van Bosse, O. duerdenii Weber-van Bosse, and
O. okamurai Weber-van Bosse. O. quekettii (includ
ing O. reineckei) is worldwide (5) within carbonate
substrates of all types, while the latter 3 species have
been reported (7,12,21) only from corals or calcified
red algae from tropical Indo-Pacific locations. The
plants bore into carbonate substrates producing ir
regularly shaped tunnels which they subsequently
occupy. Because of this mode of life they are known
as boring, endolithic algae.

The genus Osireobium, first reported by Bornet &
Flahault (4), was included within the order Siphon
ales (Chlorophyta) by Fritsch (5), and this affiliation
was confirmed by Jeffrey (9) on the basis of pigment
composition. Fritsch (5) placed the genus within the
family Phyllosiphonaceae on the basis of its mor
phology and presumed production of aplanospores.
Related genera are Phyllosiphon Kuhn and Phyto
physa Weber-van Bosse, both of which are endo
phytes found most commonly within tropical vascular
plants (5). Comparative life cycle studies have not
been performed.

The species of Ostreobium discussed here were
obtained from preparations made from Atlantic and
Pacific corals, and studied in comparison with draw
ings and descriptions by Bornet & Flahault (4),
Setchell (17), Weber-van Bosse (21), and Hackett (7).
Exsiccata samples of O. quekettii (23), obtained from
the Farlow Reference Library, Harvard University,
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were examined, but proved to be of virtually no use
since, even after lengthy rehydration in water or lactic
acid, the filaments remained shriveled and broke
into short segments upon decalcification. Comparison
was also made with material from the Maldive Islands
provided by H. Hackett, Bates College, which he
identified as O. reineckei.

MATERIALS AND METHODS

Corals were collected using SCUBA equipment. Sections were
cut from each coral with a rock-cutting saw, and fixed in 4%
paraformaldehyde in filtered seawater. Coral polyp tissue was
removed from the sections by jetting filtered seawater at their
surfaces with a syringe. For light microscopy samples were
decalcified in 5% Na 2 EDTA (disodium ethylenediaminete
traacetic acid) and mounted in glycerin. Samples for scanning
electron microscopy were fixed in the same manner, de
hydrated in acetone, and embedded in Epon-8l2 (6). The
polymerized samples were cut in half and etched for 30 sec to
2 min in 5% Na 2 EDTA, leaving the infiltrated filaments and
casts of vacated borings standing free and visible in three
dimensions. Etched samples were coated with gold-palladium
and examined with a Cambridge S-4 scanning electron micro
scope.

OSTREOBIUM Barnet & Flahault, 1889

Plants marine; endolithic within carbonate sub
strates. Thalli composed of branched siphonaceous
filaments 1-160 !Lm in diameter. Filaments either
dimorphic or undifferentiated; cylindrical or inflated
or both; with or without constrictions at random
intervals. Some filaments with large, saclike
swellings which are intercalary or terminal on fila
ments or terminal on short, lateral branches. Chloro
plasts small, spherical or polyhedral. Filament walls
sometimes thickened and/or lamellose.

KEY TO THE SPECIES OF Ostreobium

1. Plants with undifferentiated filaments, either
cylindrical or inflated, but uniform along entire
filament length 2

1. Plants with dimorphic filaments having both
thin, cylindrical and inflated or saclike portions 3
2. Filaments either cylindrical or inflated,

branching random, filaments with constric
tions; chloroplasts spherical (2-3 !Lm); color-
less, refractive granules (4-5 !Lm) present _
_____________________________________________________ O. constrictum

2. Filaments always inflated, without constric
tions, subdichotomously branched with one
of each branch pair remaining short; chloro
plasts lenticular; refractive granules absent __
__________________________________________________ O. brabantium

3. Swellings always separated from the filaments
by septa O. okamurai

3. Swellings rarely or never separated from the
filaments by septa 4

1. Filaments 1-25 !Lm in diameter. Swellings
(to 40 !Lm in diameter) intercalary or termi
nal on filaments, swellings vary from dis
tinctly saclike to appearing as gradually en-
larged portions of filaments O. quekettii

4. Primary filaments to 140 !Lm in diameter.
Branches (secondary filaments) 1.5-26 ~
in diameter are indistinguishable from fila
ments of O. quekettii. Saclike swellings (to
250 !Lm) always on short, lateral branches ---
_____________________________________________________ O. duerdenii

Ostreobium quekettii Bornet & Flahault
(Fig. 1-5)

Bornet & Flahault (4), p. CLXI, PI. IX, fig. 5-8;
Bornet (3), p. 269 as O. reineckei Bornet; Setchell
(17), P: 255, fig. 55 as O. reineckei Bornet; Weber-van
Bosse (21), pp. 11-13, pI. I, fig. 1-2 as O. reineckei
Bornet.

Filaments siphonaceous, 1-25 (most 2-5) !Lm in
diameter; filaments straight and sparsely branched
or at times knotted to tangled with profuse, ir
regular branches especially in distal portions of
plants; large filaments frequently with 2 or more
branches arising at adjoining points; successive
branches decrease in diameter; occasionally having
elaborate or lamellose wall thickenings; chloroplasts
reticulate; swellings saclike and larger (20-40 !Lm)

than originating filaments or appearing as gradual
enlargements of filaments; swellings generally single,
occasionally in pairs or clusters.

Type specimen. None known. Type locality. Le
Croisic, France, in oyster shells (4). Distribution.
North America (19), Bermuda (16), Bahama Islands
(14), British Isles (13,22), North and Baltic seas (14),
Faeroes Islands (2), France (4,8), Netherlands (8),

..,.
FIG. 1. Light photomicrograph of O. quekettii showing most of an intact plant. Note increased incidence of branching toward

distal end of plant. Black line indicates growth direction of coral and alga. Scale bar is 500 !Lm.
FIG. 2. SEM photomicrograph showing typical appearance of terminal filaments of O. q uekettii, Scale bar is 10 !Lm.
FIG. 3. SEM photomicrograph showing straight, branched appearance of O. quekettii filaments. Scale bar is 10 !Lm.
FIG. 4. SEM photomicrograph showing inflated appearance typical of some O. quekettii filaments. Scale bar is 10 !Lm.
FIG. 5. Light photomicrograph of large, terminal swelling of O. quekettii. Scale bar is 10 !Lm.
FIG. 6. Camera lucida drawing of cylindrical filament of O. constrictum, Hollow circles are chloroplasts; filled circles are re

fractive bodies characteristic of this species. Scale bar is 40 !Lm.
FIG. 7. Camera lucida drawing of inflated form of O. constrict urn. Scale bar is 40 !Lm.
FIG. 8. Light photomicrograph of a portion of an O. constrictum filament showing typical appearance of chloroplasts. Scale

bar is 20 !Lm.
FIG. 9. Phase contrast photomicrograph of fungal hypha within a filament of O. constrictum, Scale bar is 10 !Lm.
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Black Sea (14), Red Sea and Ceylon (14), Maldive
Islands (7), Australia (8), Samoa (17), Caroline
Islands (12), Marshall Islands (12,18). In this study I
have found O. quekettii in all corals (156/156)
regardless of genus collected from Bermuda, the
Florida Keys, the Bahama Islands, Puerto Rico,
Jamaica, Damas Cays, British Honduras, Curacao,
and Bonaire in water depths ranging from 1.5 to 60
m (11,12, unpublished). It was associated with the
cyanophyte Plcctonema ierebrans Bornet & Flahault
in 40% of the corals sampled and with O. constrictum
sp. nov. in 86% (39% in Bermuda) from all water
depths. I have also found it in coralline sponges
from Jamaica accompanied by P. terebrans.

Ostreobium filaments were usually abundant
enough in massive corals such as Montastrea, Di
ploria, Porites, Stephanocoenia, and Agaricia to pro
duce densely pigmented, green bands at or just
beneath the surfaces of colonies (12). The orienta
tion of these algal filaments within corals and their
absence within the living animal tissue indicate that
Ostreobium first penetrates coral skeletons shortly
after metamorphosis of the coral larvae. The direc
tion and rate of algal growth then parallel those of
the corals (12). Although the majority of the algal
filaments are located within the calcium carbonate
itself, some also traverse intracoral spaces and such
filaments may become encased in precipitated arago
nite crystals. Similar calcification of O. quekettii
filaments located within rock cavities was noted by
Schroeder (16) in Bermuda.

Filaments encountered in this study, similar in
form to those originally described by Bornet &
Flahault (4), ranged from 1 to 8 /-lm in diameter.
Filaments were also found which were very different
from those described. The diameters of these fila
ments ranged from 3 to 25 /-lm, being largest at sites
of branching. However, branches arising from these
large filaments had the same appearance and were of
the same size and appearance as filaments of O.
quehettii as originally described.

In his only published account of O. reineckei,
Bornet (3) offered the following comment: "0.
reineckei differs from the only other known species
of the genus O. quekettii Born. & Flah.... through
free branchings rather than netlike combining, by
its thicker cell membranes and the location and form
of its sporangia (?) which in the case of O. quekettii
are scattered, proportionally short, as well as often
irregularly saclike and distended" (3, p. 269) (free
translation from German). Bornet and Flahault's
published works on the species of Ostreobium (3,4)
do not state that the terminal branchlets of O.
quekettii anastomose, although subsequent authors
(16,20) have stressed the importance of that char
acteristic in distinguishing O. quekettii from O.
reineckei. I have encountered the criss-crossing net
work of terminal branchlets ("rameaux rapproches,"
4, p. XXXVI) discussed by Bornet & Flahault for O.

quekettii. However I have never observed the
branches to anastomose. Rather they lie closely
appressed to one another in decalcified preparations.
In all cases of apparent anastomosing the inde
pendent filament tips and walls could be resolved
using phase contrast and Nornarski interference
phase contrast at X 1000 magnification. Single fila
ments within my samples exhibited wide variation
in wall thickness and had swellings of a variety of
shapes. No morphological differences were found
among samples from Atlantic and Pacific locations.
These observations indicate either that all Ostreo
biurn filaments from Atlantic and Pacific corals, as
well as from mollusk shells from the North American
Atlantic coast, not attributable to O. constricturn,
belong to the species O. reineckei or that morpho
logical differences used as the basis of distinction
between O. quekettii and O. reincckei are in
sufficient and the 2 species should be united. I
support the latter view, which gains support from
the observations of Wainwright (19) and Alex
andersson (1). 'Wainwright studied filaments from
Hawaiian corals, and reported finding characteristics
attributed to 3 of the 5 described species of Ostre
obium in one single plant. Alexandersson (1), study
ing scanning electron photomicrographs of endoliths,
observed that the filaments avoid boring into the
tunnels of other plants and turn so that their borings
become parallel to one another.

Conclusions about filament relationships based
on decalcified material should be judged critically
because the decalcification process results in a knot
of filaments which must be teased out to make
preparations in which individual filaments can be
observed. These filaments do not have the same
physical relationships to one another as they had
within the intact substrates, and three-dimensional
structures collapse. Critical observations are also
difficult to make on intact substrates because of
their relative opacity. Samples prepared for scanning
electron microscopy offer the best means of studying
three-dimensional relationships among filaments.

Ostreobium constrictum sp. nov.
(Fig. 6-8)

Plantae endolithicae. Filarncntis duplici forrna:
cylindricis 3-20 /-lrn crassis, vel inflatis 13-60 /-lrn
crassis. Sunt aliqui transitorii status; [ilameniis et
rarnis constrict is ad 30-200 /-lrn interjectis intervalis.
Rarnis [ortuito distributis. Chloroplastis sphaericis
2-3 prn. crassis. Filarnentis ignotis non coloratis,
sphaericis corpusculis 4-5 urn crassis [ortuito distri
butis, pronis tarnen in constrictionibus colligare.
LOCUS TYPI: Plantae endolithicae in Siderastrea
siderea (Ellis et Selander] (Coelenterata, Scleractinia)
in loco Discovery Bay, [am aica.

Plants endolithic; filaments of 2 types: cylindrical
3-20 /-lm in diameter or inflated 13-60 /-lm in diarn-
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eter, transitional stages occasionally occur; filaments
and branches constrict at 30--200 [tm intervals;
branches arising from protrusion of filament which
pinches and then expands once more; chloroplasts
spherical 2-3 [tm in diameter, maintaining shape
even when crowded; spherical, colorless bodies
(unidentified) 4-5 [tm in diameter randomly dis
tributed, except tending to be located at
constrictions.

Type specimen. Lukas (11) IX-7l-l (herb. Harbor
Branch Foundation Laboratory). Type location.
Plant endolithic within a colony of Siderastrea siderea
(Ellis & Solander) collected in 8 m of water at Dis
covery Bay, Jamaica. Distribution. Bermuda, Ba
hama Islands, Damas Cays (Cuba), Florida Keys,
Jamaica, British Honduras, Bonaire, and Curacao
in corals collected at depths ranging from 1.5 to 60
m. It was found in 86% of the corals sampled (39%
in Bermuda) from the various locations. Its manner
of growth within corals is similar to that of O.
quekettii with which it is associated at all depths.
The only other alga associated with the 2 species of
Ostreobium deep within coral skeletons is the cyano
phyte Plectonema terebrans.

The tendency to be inflated is consistent with
other species of the genus. The chloroplasts are 2-3
[tm in diameter, and maintain their shape even
when closely packed. This is in contrast to those of
O. quekettii which vary greatly in size and form.
The spherical, colorless refractive granules retain
their size and shape long after the rest of the filament
contents have deteriorated. The granules resemble
protein granules described as sphaerocrystals by Noll
(15) and Kuster (10) for the siphonaceous genera
Bryopsis and Derbesia, although they are much
smaller (4-5 vs. 100 [tm). Their identity is the object
of continued study.

Filaments of Ostreobium constrictum are occasion
ally infiltrated by hyphae of a reddish brown septate
fungus (Fig. 9) belonging to the class Deuteromycetes.
The fungus begins as a thin, branched filament 2-4
[tm in diameter, and grows until it completely fills
the algal filament. When a hypha reaches a point
of constriction in the algal filament, it sends a
thin projection through it, and generally expands on
the other side to again fill the alga. Although chloro
plasts are found in the agal filaments during early
stages of infestation, they soon shrivel and disappear.
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