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Development, Reproductive Morphology,
and Cytology of Halosaccion glandiforme

(Gmelin) Ruprecht (Rhodophyceae, Palmariales)

I. INTRODUCTION

Halosaccion glandiforme, a member of the Palmariaceae, is a

common macrophyte found in the mid to upper tidal zones of the

northern Pacific Ocean. Its range is from the Sea of Ochotsk south

to the northwestern coast of Mexico. The thallus is a hollow cylin-

drical sac, usually partially filled with sea water, which appears

to arise from a cluster of wiry parenchymatous haptera. The mature

thallus consists of several layers of cortical cells which gradually

become larger medullary cells inward with no distinct boundry

between the two cell types. Plants vary in size but may attain a

diameter of 3.5 cm and a length of 30 cm.

The life history of this seaweed has long interested phycolo-

gists for although tetrasporangial plants are common, carpogonial

and carposporangial plants have not been described for this species.

H. glandiforme has been studied by phycologists since it was

described by Gmelin (1768) as Ulva glandiforme. Later it was

described as Dumontia hydrophora Postels and Ruprecht (1840).

Kutzing (1843) erected the genus Halosaccion for the three species

described by Postels and Ruprecht: Dumontia hydrophora, D. fuci-

cola, and D. firma. He characterized the genus as having a saccate
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thallus with dense parallel rows of small cortical cells, a medulla

composed of very large flaccid, colorless cells, but did not see any

fertile material. In 1849, he replaced these species in the genus

Dumontia Lamouroux. Ruprecht in 1851, however, accepted the genus

Halosaccion and Kutzing (1866) later revised the genus adding three

further species (Guiry 1974). For a more detailed account of the

history of the genus see Guiry (1974) and Lee (1978).

More recently Halosaccion glandiforme was examined by Sparling

(1961) but only tetrasporangial plants were observed. She suggested

that the life cycle is not heteromorphic because of the similarity

between cultured plants and those that occur in nature. Also, she

proposed the possibility of the gametophyte thallus being absent in

the life history as in Lomentaria rosea (Harvey) Thuret of the of

the Rhodymeniales, which has apomeiotic tetraspore formation

(Svedelius 1937).

Guiry (1974) reevaluated the taxonomic position of several

genera of algae in the Rhodymeniaceae and proposed that Palmaria,

Halosaccion and Leptosarca be placed in a new family: the Palmari-

aceae. He based this family on characteristics which the three gen-

era shared: (1) No carpogonial or carposporangial plants were

recorded; (2) the presence of a stalk cell which upon release of

tetraspores divides to produce another tetraspore mother cell and

stalk cell; (3) lack of secretory cells in the species with hollow

thalli (4) spermatangia formed in pairs on spermatangial mother cell
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that are contiguous in large irregular patches (Guiry 1974). In

1981, Guiry and Irvine proposed these three genera be placed in a

new order for the same reasons that defined the family; they have no

obvious close relationships with the other rhodophytes.

Guiry (1982) has recently again reexamined various members of

the Palmariales and has made some comparisons based on their vege-

tative and sexual characteristics. As a result of this comparison

he removed H. ramentaceum from that genus and renamed it Devaleraea

ramentacea (Linnaeus) Guiry. He found that the thallus more resem-

bled a non-hollow Palmaria than a Halosaccion species. Also, Guiry

gives a description of spermatangial plants found on the west coast

of the United States.

Lee et al. (1979) reported an examination of tetrasporangial

and male plants of Halosaccion glandiforme from Kamchatka, the

Kurile Islands and the Aleutian Islands. He feels that the Halosac-

cion glandiforme from this location conforms more with the type

specimen and that the American variety is a different taxon: Halo-

saccion americanum I. K. Lee nomen Nudum.

Recently, van der Meer and Todd (1980) and van der Meer (1981)

provided proof that a sexual cycle exists for Palmaria palmata and

Halosaccion ramentaceum from the east coast of Nova Scotia. Spore

tetrads were shown to form a 2:2 segregation into male and female

gametophytes. They found that the female gametophytes attained

sexual maturity within six days, while the male gametophytes usually
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need several months to mature. Because of this, fertilization must

occur from a male plant of the previous generation. The carpospor-

ophyte was found to be absent, and the new tetrasporophyte developed

from the fertile carpogonium and eventually obliterated the small

female gametophyte.

Considering these new findings made by van der Meer, it seemed

that other members of the Palmariales might be critically examined

to see whether they exhibit a life history similar to that of Pal-

maria palmata and Halosaccion ramentaceum. In the following thesis,

the life history of Halosaccion glandiforme will be examined as well

as various aspects of its cytology and morphology, to show that it

too exhibits the characteristics which typify the Palmariales.
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II. MATERIALS AND METHODS

Plants of Halosaccion glandiforme were collected primarily at

Seal Rock, Lincoln County, Oregon, every two weeks over the period

of time from 1980-1983, but plants were also periodically collected

from Boiler Bay and Yaquina Head in Lincoln County, and Cape Arago,

Coos County, Oregon. Upon collection, plants were wrapped in a

newspaper and placed in polyethylene bags, and transported back to

the main lab in Corvallis for processing.

Tetrasporic plants were made to shed spores by the following

procedure: Minimally epiphytized tetrasporic plants were sorted

from the collected plants. They were then washed with sterile sea-

water, rewrapped in newspaper, placed in a polyethlene bag, and put

in a refrigerator at 8 C overnight. The following day several of

these plants were placed in petri dishes, filled with sterile sea-

water, covered, and put back in the refrigerator; spores were shed

within a few hours.

Cultures were initiated by pipetting tetraspores onto. small

squares of clear polyester film (Tekmar FO 4578) placed in the bot-

toms of 5 ml polyethylene beaker cups (VWR# 13915-985). A pasteur

pipet with a drawn capillary tip was used in transferring spores to

reduce contamination with epiphytic diatoms, protozoans and other

algae. Groups of four beaker cups with spores were placed in plas-

tic petri dishes and individually filled with sterile seawater and
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the dish covered. These cultures were placed in a culture chamber

at 8 C and 2000 lux under cool white fluorescent lights with a

photoperiod of 12 hours. Sterile seawater was changed once a day

during the first week, then once weekly for the next month. After

one month's time cultures were transferred to SWM-3 without liver

extract (McLachlan 1976) and changed once monthly. During each

change the polyester sheet was rinsed with sterile seawater from a

squeeze bottle and transferred to a new beaker cup to reduce contam-

inants. Periodically, some cultures were inoculated with spermatia

to induce fertilization of carpogonia. Spermatia were collected and

inoculated into the cultures in the same manner as were tetraspores.

Cultured plants were prepared for examination under the scan-

ning electron microscope at various stages in development. As the

gametophytes and fertilized female gametophytes matured in culture

they were fixed in 15% acrolein in seawater for 24 hours, and dehy-

drated in an ethanol series (15-30-50-75-95=100-100%) within 24

hours, both on a rotater at 8 C. They were then critical point

dried by the OSU Electron Microscopy Lab by treatment in freon.

Samples were coated with gold-palladium and examined with the SEM.

Portions of the mature thallus from the field were punched out with

a paper punch and were also fixed and dehydrated in the above manner

for the SEM.
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Material to be sectioned for light microscopy was fixed and

dehydrated in ethanol in the above manner. Two changes of LR White

acrylic resin (Ernest Fullam Inc.) within 24 hours were used to

infiltrate samples on a rotater at room temperture. LR White resin

embedded material was polymerized at 60 C in 0.5 ml microcentrifuge

tubes capped to exclude oxygen.

Polymerized plastic blocks were sectioned at 1 -3u m using a

Porter-Blum MT-1 ultramicrotome with a dry glass knife. Sections

were floated on individual drops of a 30% acetone-water mixture on a

microscope coverslip and dried on a hotplate.

Sections on coverslip were stained with a variety of stains:

Toluidine Blue at pH 4.4 (McCully 1966), DAPI (Coleman 1979),

Hoechst Dye (#33258), and the Field-Wartman Thick Film Method

(Humanson 1979). Plants grown on polyester sheets were fixed and

dehydrated in the aforementioned manner, then stained for one minute

in a 0.5 ug/ml concentration of DAPI in 100% ethanol, washed briefly

in 100% ethanol, two washes in xylene and mounted. All material was

mounted in Permount on a hot plate. Living material was also exam-

ined, and thick sections (15 um were made with the aid of a freezing

microtome (Bailey Instruments-Tissu Freez). Sections were stained

with Hoechst 33258 on coverslips by the following procedure: They

were stained for 10 minutes in a 0.5 ug/ml concentration in

distilled water, then washed for one hour in distilled water, dried

on a hotplate and mounted.
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Photomicrographs were made with a Zeiss Universal research

microscope equipped with the following objectives: Neofluar 6.3X,

0.20 N.A.; Neofluar 25X oil, 0.80 N.A.; Planapo 40X oil, 1.0 N.A.;

Neofluar 63X oil, 1.25 N.A. For DIC illumination: Plan 40X, 0.65

N.A.; Plan 100X oil, 1.25 N.A. All objectives were used with the

1.25X Optivar setting. The microscope used tungsten-halogen and

mercury arc illuminators with filters 487702 for DAPI and 487709 for

Hoechst 33258. The camera system used was the Zeiss MC 63, 35 mm

camera using Ilford Pan F film at 25 ASA. Development was seven

minutes in undiluted Ilford Microphen.

Material for Transmission Electron Microscopy was fixed in 15%

acrolein in seawater. The thallus was cut with a razor blade into

pieces measuring less than 1 mm on a side, then transferred to fresh

fixative, and put on a rotater at 8 C for 24 hours. Fixation was

followed by two 15 minute washes of 0.1M cacodylate buffer in sea-

water. The material was then subjected to a series of washes in

cold 0.1M cacodylate buffer plus sucrose in distilled water; the

original 0.2M sucrose was reduced by 25% in each successive wash.

After two washes in pure buffer, specimens were postfixed six hours

in 1.0% 0s04 in 0.1M cacodyllate buffer in distilled water. Speci-

mens were washed in distilled water and dehydrated in ethanol,

infiltrated over two days and imbedded in LR White. Specimens were

stained by dissolving 1.0 g uranyl acetate in 50 ml of the 75%

ethanol of the dehydration series.
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Tetraspores and spermatia were prepared for electron micro-

scopy, by being shed as previously described, transferred to cen-

trifuge tubes, and centrifuged at 10,000 xg for five minutes, and

decanted. The pellet was then mixed with 0.5 ml of sterile seawater

and was recentrifuted ina 0.5 ml microcentrifuge tube. The result-

ant pellet was then removed and prepared for sectioning for TEM as

described above.

Material was sectioned on a Porter Blum MT-2 Ultramicrotome

with a diamond knife. Sections were placed on 300 mesh copper grids

and stained with lead citrate (Dawes 1971). Specimens for the TEM

were examined on the Phillips EM 300 electron microscope.
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III. RESULTS

A. Staining Reactions

Toluidine Blue at pH 4.4 was the best general purpose stain on

sections imbedded in LR White. Cell walls and cytoplasm stained

light blue; nuclei stained blue; spermatangial and tetrasporangial

walls stained dark blue; and extracellular mucilage and cuticle

stained purple. Plastids stained very light blue and were barely

perceivable.

The staining of the Field-Wartman Thick Film Method on sections

was as follows: chloroplasts and cell walls stained very light

blue; cuticle, cytoplasm, starch vesicles and nuclei stained blue;

nucleoli and chromatin stained dark blue; terrasporangial and sperm-

atangial walls stained purple; extracellular mucilage stained pink

and adhesion vesicles in the tetraspores stained red.

DAPI was used primarily as a nuclear stain. This stain causes

DNA and RNA to fluoresce a bright blue-white with filter #487702.

Also other cell components fluoresced a lighter bright blue-white.

This proved to be a good general morphological stain.

Last of all, Hoechst Dye 33258 was used as a fluorescent dye

with filter #487709. It caused chloroplasts to fluoresce bright

yellow, and cell walls a lighter yellow. No other structures

stained with this dye.
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B. Morphology

General Morphology

The general morphology of both tetrasporangial and sperma-

tangial plants was similar when they were immature. The thallus was

a hollow cylindrical sac, usually partly filled with sea water,

originating from a cluster of wiry parenchymatous haptera. The

stipe was very short or not apparent depending on the plant. The

thalli varied in size but some plants attained a diameter of 3.5 cm

and a length of 30 cm, when growing in sheltered areas (Fig. 1).

The older sac walls were composed of cortical and medullary

layers up to 400 pm thick. The cortex consisted of 1-4 rows of

small, anticlinally elongated cells. From the outer surface inward,

they ranged in size from 3-8 um broad and 5-10u m long and were

arranged in simple or branched rows (Fig. 2). Secondary pit connec-

tions did not occur. The chloroplasts were oblong, parietally

arranged, and they numbered from three to many. The cortex was the

primary site of photosynthesis for the plant, although occasional

small chloroplasts or fragments were seen in the medulla (Fig. 3).

The cells of the thallus became gradually larger inward toward

the central cavity forming the remaining 3-10 layers of isodiametric

medullary cells. The first one or two layers of subcortical cells

were sphaeroidal, but the lumina became gradually mere stellate
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inward. These "starch storage" cells were highly vacuolate and

contained as many as eight nuclei. The cells measured up to 150

u m in diameter with cell walls up to 60 pill thick, and often had a

relatively small lumen in the innermost cells. The walls appeared

to be deposited in layers, with the only connections between cells

being pit connections. Secondary pit connections were quite common

in the medullary layer (Fig. 4).

Young tetrasporic or spermatangial plants of Halosaccion glan-

diforme (100p m long) appeared as an upright oblong projection from

a small disc of cells (Fig. 5). This small plant in anticlinal sec-

tion was solid and composed entirely of cortical cells (Fig. 6). As

the plant matured, the inner cells eventually differentiated into

large, thin walled vacuolate cells 100p m or more in diameter, leav-

ing a single row of cortical cells (Fig. 7). As the plant continued

to grow these large thin walled cells ruptured and died and were

eventually sloughed off leaving a hollow cavity (Fig. 8). Later,

more layers of cortical cells grew inward and these former cortical

cells formed secondary pit connections, and developed into medullary

cells (Fig. 9). This process continued for about eight months until

the plant reached maturity in late July.

The thallus of H. glandiforme had an interesting morphological

feature not common among the algae. It had microscopic pores in the

thallus ranging from 10-100 pm in diameter which ejected fine jets

of water if the plant was squeezed. When plants were exposed to
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direct insolation in summer during low tide, water is expelled grad-

ually from the thallus, leaving it nearly empty (Figs. 10-12).

The vegetative thallus was examined by TEM, but the thickness

and strength of the cell walls, makes ultra thin sections of the

thallus very difficult to make, however, the observations that were

made confirmed observations made by light microscopy. Vegetative

cortical cells possessed elongate, parietal chloroplasts surrounding

a central nucleus. The thylakoids were not stacked and often had

vesicles of floridean starch between them.

The medulla was examined in young plants (1 cm in height).

Cell walls were about 2pm thick and layers as occurred in the cor-

tex of older plants could not be seen. The interior of medullary

cells was mostly vaccant with the exception of some membraneous

material which appeared to be vacuolar in nature. Most of the cell

contents seemed to adhere to the walls (Fig. 13). Plastids, pro-

plastids, nuclei, and mitochondria were stained. Also, unusual

fingerlike projections which pointed toward the interior of the cell

wall were seen (Fig. 14). These projections were vacant of any

structure and were up to 3.0p M in length. Their function is not

known, but they may be vacuolar in nature.
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Tetrasporangial Plants

Mature tetrasporangial plants were found from late July to

May. It was difficult to distinguish them from non-sporangial

plants in the field, but once examined under a dissecting microscope

it became evident that approximately two-thirds of the plants col-

lected were dotted with obvious red tetrasporangia. These sporangia

occurred scattered over the thallus surface and were produced in the

following manner: A cortical cell enlarged and divided periclinally

to produce two cells, a stalk cell and a larger tetrasporangial

-mother cell (Fig. 15). The tetrasporangial mother cell subsequently

enlarged and elongated, and the stalk cell became flattened. The

cortical cells on either side divided and elongated to fill the gap

that was created. The tetrasporangial mother cell then divided

again transversely and produced two cells of equal size (Fig. 16).

Each of these two cells then underwent an anticlinal division to

produce four tetraspores as the final product in the tetrasporangium

(Fig. 17). Either the distal cell or the proximal cell divided

first; there did not seem to b'e a particular order to the two anti-

clinal divisions (Figs. 18 and 19).

Once the tetrasporangia were mature, the tetraspores were shed

(Fig. 20). From experiments in the laboratory a period of drying

appeared necessary to trigger the release. The empty cavity that is

left after tetraspore release was soon filled by divisions of the
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stalk cell forming a secondary tetrasporangial mother cell. As many

as nine remanent tetrasporangial walls were seen subtending a single

tetrasporangium in thin sections (Fig. 21).

Electron microscopy of the cortex of a tetrasporangial plant

showed that the cell walls of vegetative cells measured 1-5p m and

were composed of 1-6 layers. Tetrasporangial walls were all about 5

pm thick and had up to 10 layers (Fig. 22). Old tetrasporangial

walls were of very electron dense material and could be seen sur-

rounding the new tetrasporangium (Fig. 23).

Tetraspores were also examined by TEM and were found to be

composed mostly of starch vesicles, adhesion vesicles, plastids and

proplastids. Often the distribution of the plastids and starch

vesicles was polarized (Figs. 24-26).

Spermatangial Plants

Macroscopically, spermatangial plants and tetrasporangial

plants were isomorphic, but under close microscopic observation a

superficial layer of small (4-6y m) tightly clustered cells, appear-

ing almost a-cellular could be distinguished on the surface of

spermatangial plants. Spermatangial and tetrasporangial plants

became mature during the same period of time (late July-May).

Approximately one-third of the plants collected from the field were

spermatangial. the spermatangial layer occurred as a continuous
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sorus over the thallus surface. Spermatangia were produced in the

following manner: Cortical cells divided once periclinally each

producing two cells. The outermost cell then underwent an anti-

clinal division to produce two spermatangial mother cells. Each

spermatangial mother cell divided to produce one or two mature

spermatangia. Often the spermatangial mother cell produced a small

second spermatangium which grew out next to the first after the

spermatium from the primary spermatangium was shed, rather than

producing two spermatangia simultaneously. Several generations of

spermatangia were produced from the same spermatangial mother

cell. The final arrangement had the following appearance: A basal

cell with two spermatangial mother cells attached, and each sperma-

tangial mother cell bearing one or two or one immature--one mature

spermatangia. Each spermatangium produced one spermatium (Figs. 27-

28). As in the case of the discharge of tetraspores, the male thal-

lus needed to be exposed to a period of drying for spermatia to be

shed. They were 4-6 )m in diameter, colorless and were shed in

strands of mucus.

Spermatia were examined by TEM and the nucleus was found to

occupy up to one half of the cell. The remainder of the cell was

vacuolar. Mitochodria and electon dense perinuclear material were

also found. The spermatangial thallus was not examined in detail

(Figs. 29-31).
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Development and Fertilization of Gametophytes

Approximately one half of the released tetraspores developed

into male gametophytes, and half developed into female gameto-

phytes. The male tetraspores divided repeatedly to form a small

disc (Fig. 32) from which, in about eight months, a mature, upright

hollow sac developed, as previously decribed.

The tetraspores that a female gametophytes divided once

within the first 24 hours and yielded two cells: a vegetative cell

and a carpogonium with one or two trichogynes (Fig. 33). At this

stage in development of the female gametophyte, released spermatia

attached to and fused with the trichogyne (Fig. 34), and latter an

upright thallus developed. This proved that the two celled female

gametophyte was mature. The initial single vegetative cell divided

many more times during the next few days and formed a small disc of

cells around one side of the larger carpogonium (Fig. 35). How-

ever, the female gametophyte was not fertilized, it continued to

develop, the disc enlarged producing many more carpogonia, each with

many trichogynes (Fig. 36). It was observed that the female gam-

etophytes eventually would abort if not fertilized within a few

months. Unfertilized female gametophytes did not produce an up-

right thallus, as did the male and fertilized female gametophytes,

but remained a small prostrate disc.
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Within 24 hours following fertilization, the carpogonium

divided and yielded 3-5 cells (Fig. 37-38). After two weeks, a

small solid upright projection developed, which matured within a

month into a small water filled sac. The remainder of the female

gametophyte eventually was obliterated, but the site of the plants

could still be identified by the persistent trichogynes (Fig. 39).

The new plants that grew out of the fertilized carpogonium were

assumed to be the new tetrasporophyte generation. The plants did

not become fertile in culture, but attained a height of 1 cm after

six months. The carposporophyte stage was assumed to be absent.
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IV. DISCUSSION

Halosaccion glandiforme has been placed in the Order Palmar-

iales by Guiry (1974, 1982) and Guiry and Irvine (1981) on the basis

of its vegetative and reproductive characteristics. This order is

unlike any other of the Rhodophyceae in that it lacks the typical

triphasic life history. The morphology of the tetrasporophyte of

Halosaccion glandiforme is well known and has been described in

detail (Sparling 1961; Guiry 1974; Lee et al. 1979). Less is known

of the spermatangial plant, but recently published observations by

Guiry (1982) have added to the understanding of its morphology. The

female gametophytes previously have not been described, nor what

happens to them following fertilization of the carpogonium. These

features and others as well as the electron microscopy of

Halosaccion glandiforme is the subject of the following discussion.

Observations of the tetrasporophytes agree with those of

previous investigators. Tetrasporangia occur in coalescing or

continuous sori over the thallus surface. The tetrasporangia are

cruciately divided and occur on stalk cells which are capable of

regenerating as many (in my observations) as nine successive genera-

tions of tetrasporangia. Upon observation by electron microscopy,

released tetraspores of primary sporangia were found to be somewhat

different than those of Palmaria palmata (Pueschel 1979). Mature

chloroplasts were not present, only proplastids. These proplastids
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were often found to be polarized at one end of the cell, while

starch vesicles occurred at the other end. As suggested by Puschel,

this may indicate that in primary sporangia starch may come from

surrounding cortical cells. Observations of secondary sporangia

showed mature chloroplasts present, but much less starch reserve.

Many adhesion vesicles were found in the tetraspores inter-

spersed between the starch granules and chloroplasts. They did not

seem to be concentrated in one area. Pueschel found that these

vesicles were produced late in tetrasporogenesis which supports

having found them in released tetraspores. Dictyosomes presumed to

be responsible for the production of the adhesion vesicles appear to

have disappeared by this time.

Spermatangial plants were found to be similar to those

described by Guiry (1982). A basal cell has two spermatangial

mother cells attached; each spermatangial mother cell however, did

not inevitably produce two spermatangia. From observations it was

found that usually only one mature spermatangium could be found per

spermatangial mother cell. Although, a second, immature spermatan-

gium or one that had already shed its spermatangium was sometimes

seen. This spermatangial development is similar to that described

for Palmaria palmata, in which a second immature spermatangium is

formed beside the mature one (Guiry 1974). The reason for this may

be that the spermatangial layer is very crowded and empty space is

quickly filled. Under low magnification the appearance of the
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thallus surface is almost a-cellular. My observations agree with

the opinion of Delf and Grubb (1924), and Lee (1979) that many

series of spermatangia may be formed by the same spermatangial

mother cell. Upon the release of the primary spermatia, the cuticle

is shed, and secondary spermatangia can be seen to fill the empty

spermatangia.

A spermatangium releases only one spermatium at a time. The

spermatia measure 4-6 )m, and under observation by TEM the cell

consists of a nucleus containing condensed interphase chromatin at

one end of the cell with the rest of the cell consisting of vacu-

oles, sparse mitochondria, and dense perinuclear material. The

condition of the nucleus is a much earlier stage of mitosis than has

been found in other red algae investigated (Coralina, Jania,

Rhodomela and Griffithsia). It appeared more like those found in

Nemalion (Peel and Ducket 1978) and Janczewskia (Kugrens 1974) in

which the nucleus of the mature gamete has evenly dispersed

chromatin.

Female gametophytes were found to be very similar to those of

Halosaccion ramentaceum as described by van der Meer (1981a). In

both species, one week old females were small and bore a large

carpogonium on the margin of the disc of cells. Also, many car-

pogonia developed as the disc expanded. These latter formed car-

pogonia were produced internally by the vegetative disc with only

trichogynes protruding. These female gametophyte characteristics
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reaffirm the placement of Halosaccion in the Palmariaceae of Guiry

by examination of vegetative and spermatangial plant character-

istics.

Some distinct differences were noted in the morphology of the

female gametophytes with respect to other members of the Palmari-

ales, and other algae for that matter. Within 24 hours of

tetraspore release the carpogonium is formed, complete with

trichogynes receptive to spermatia. The early functional female

gametophyte consists of one 5pm carpogonium and one 5 um vegetative

cell. Female gametophytes with this rapid an onset of maturity

have never been described. The other unique feature is the

production of multiple and branching trichogynes per carpogonium.

This is not a feature seen in any other rhodophyte group, but should

be looked for, particularly in other members of the Palmariales.

The significance of long, branching, and multiple trichogynes

in H. glandiforme may be that these females are very small and do

not live long before aborting. They need to maximize their surface

area for spermatial attachment. This would especially be true if

selection favored early fertile females, so that tetrasporophytes

could be established early as van der Meer (1981b) suggests. Also,

spermatia mature at the same time as tetraspores, so that the early

production of mature female gametophytes potentially enhances

tetrasporophyte production.
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Carpogonia were easily fertilized in cultures by introduced

spermatia and within ten hours the first division of the zygote

occurred. It was a transverse division yielding an inner larger

cell and a smaller outer one with trichogynes. Within 24 hours a

five cell stage could be seen as a result of two divisions of the

inner cell. These results were similar to those of van der Meer

(1981), with the exception that the first division of the zygote in

P. palmata and H. ramentaceum are equal. Also, in H. ramentaceum

van der Meer found both the inner and outer cells of the two celled

diploid phase divided to contribute to the formation of a disc.

This may be developmental character that differentiates the genera

and gives additional support for the placement of H. ramentaceum in

the genus Devaleraea by Guiry (1982).

Halosaccion glandiforme is a highly successful plant in the

high to mid intertidal zone and occupies a wide band at about the +2

foot mark. Vast areas at this level are covered with this plant.

Some morphological reasons for its success may be its saccate form

and the presence of pores. Being hollow, the plant is naturally

buoyant and able to withstand the battering of the waves. It also

has very thick cell walls which retard desiccation, and vast starch

reserves. The pores enable the plant to be cooled by expelled water

when it becomes hot during low tide in the summer.

From these observations, it is evident that Halosaccion glan-

diforme exhibits a diphasic sexual life history (Fig. 40), similar
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to that found in P. palmata and H. ramentaceum by van der Meer and

Todd (1980) and van der Meer (1981), the carposporophyte being

absent. In other rhodophytes the presence of the triphasic life

history is believed to compensate for the lack of motile gametes.

Thus, the carposporophyte is present to replicate the zygote in the

form of carpospores which are retained and nourished parasitically

on the female gametophyte. In effect many replicate zygotes are

created instead of only one. Halosaccion and Palmaria appear to

have arrived at an alternative solution to the problem of non-motile

spermatia. Instead of producing the normal complement of carpogonia

on a single plant, which mature carposporophytes in several months,

they produce multitudes of immediately mature female gametophytes

with, initially, one carpogonium each. The other factors that

contribute to the success of Halosaccion are the several very long

and often branched trichogynes produced per carpogonium,

tetrasporangia that produce multiple sets of spores per sporangium,

and last of all, large spermatangial plants from the previous

generation that produce enormous numbers of spermatia concurrently

with production of tetraspores by tetrasporangial plants. The

spermatia are produced in long slime strands which also enhance the

possibility of fertilization. The hazardous carposporophyte stage

was abandoned or never existed and instead tetrasporophytes are

nurtured by the female gametophytes. Halosaccion glandiforme is

properly placed in the Palmariales, an order unlike any other in the

Rhodophyta.
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Fig. 1. Entire plant (IX).

Fig. 2. Cross-section of living material (DIC illumination).
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Fig. 3. Cross-section of young plant. Chloroplasts stained with
Hoechst 33258.

Fig. 4. Cross-section of living medulla. Note layered cell walls.
DIC illumination.

pc=pit connection
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Fig. 5. SEM of small upright plant growing from disc.

Fig. 6. Cross-section of young plant. Toluidine Blue staining.



O3

0
)

01



31

Fig. 7. Cross-section of plant with inner cells becoming large
and thin walled. Toluidine Blue staining.

Fig. 8. Cross-section of plant with inner cells splitting apart.
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100 p m
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Fig. 9. Cross-section of large plant. Old inner walls being
sloughed off.

Fig. 10. SEM of pore on cortical side of thallus.
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Fig. 11. SEM of pore on cortical side of thallus.

Fig. )2. SEM of pore on medullary side of thallus.
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Fig. 13. TEM of medullary cell.

c=cell wall; v=vacuole; pp=proplastid
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Fig. 14. TEM of medullary cell showing finger-like projections.
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Fig. 15. Cross-section of tetrasporic plant. First division of
_stalk cell. Field-Wartman staining.

Fig. 16. Cross-section of tetrasporic plant. First division of
tetrasporeJnother cell. Field-Wartman staining.

sc=stalk cell; tmc=tetraspore mother cell
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Fig. 17. Cross-section of tetrasporic plant. Mature tetrasporangium
with cruciate division of tetraspores. Field-Wartman*stain-
ing

Fig. 18. Cross-section of tetrasporic plant. First anticlinal division.

Field-Wartman staining.
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Fig. 19. Cross-section of tetrasporic plant. First anticlinal division.
Field-Wartman staining.

Fig. 20. SEM of released tetraspores on thallus surface.
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Fig. 21. Cross-section of tetrasporic plant. Secondary tetraspor-
angium. Toluidine Blue staining.

Fig. 22. TEM of primary tetrasporangial wall.
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Fig. 23. TEM of secondary tetrasporangia (arrow) and cortical cell

walls. Periclinal section.
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Fig. 24. TEM of released tetraspore.

s=starch vesicle; av=adhesion vesicle; P=P1 astids;
pp=proplastids; m=mitochondria
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Fig. 25. TEM of released tetraspore.
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Fig. 26. TEM of released tetraspore.
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Fig. 27. Cross-section of spermatangial plant releasing spermatia.
Toluidine Blue staining.

Fig. 28. Cross-section of spermatangial plant. Toluidine Blue

staining.

b=basal cell; sm=spermatangial mother cell; sp=spermatangium;

s=spermatium
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Fig. 29. TEM of released spermatium.

n=nucleus; v=vacuole; m=mitochondria; ep=electron dense
perinuclear material
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Fig. 30. TEM of released spermatium.
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Fig. 31. TEM of released spermatium.
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Fig. 32. SEM of one week old male gametophyte.

Fig. 33. SEM of 24.hour old female gametophyte. Carpogonium

bearing branched trichogyne with spermatia attached.
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Fig. 34. SEM showing fusion of the spermatium to the trichogyne.

Fig. 35. SEM of female gametophyte as prostrate disc. Carpogonium

with two trichogynes.
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Fig. 36. SEM of one month old female gametophyte with several large
carpogonia with trichogynes.

Fig. 37. SEM of division of fertilized zygote (10 hours old).
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Fig. 38. SEM showing further division of fertilized zygote (24

hours old).

Fig. 39. SEM of upright tetrasporic plant developing out of female
gametophyte with persistant trichogynes.
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Fig. 40. Life History of Halosaccion glandiforme.
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