
nantly chrysotile fiber and sheet sil- 
icates (Fig. 1), whereas the Noumean 
ores appeared to be mixtures of clay 
(montmorillonite), other sheet silicates 
including the serpentine phases, and es- 
pecially large amounts of chrysotile fiber 
(Fig. 2). The sheet silicates consisted of 
aggregates, often intergrown and con- 
tiguous with chrysotile fibrils. Selected- 
area electron diffraction (SAED) pat- 
terns obtained on single clay grains dis- 
played Debye-Scherrer rings, which 
clearly indicated the aggregate nature of 
these particles on the submicron-sized 
scale. Chrysotile in the ore specimens 
consisted of fibers and fibrils with shapes 
ranging from equant (clumps) to the 
more characteristic asbestiform fibers. 
The SAED patterns obtained on chryso- 
tile tended to range from single, well- 
defined reflections to Debye-Scherrer 
rings. The most common pattern con- 
sisted of both forms (Fig. 1C). Chemical 
analyses of chrysotile fibers from "gar- 
nierite" indicate a marked increase in 
the integrated peak count ratio of silicon 
to magnesium from 1.73 + 0.05 mea- 
sured on non-nickeliferous chrysotile 
specimens from Globe, Arizona, to 
5.41 ? 0.05 obtained on most Noum6an 
chrysotile fibers, to 7.84 ? 0.05 obtained 
on some low-magnesium chrysotile fi- 
bers. The increasing peak count ratio re- 
flected magnesium depletion and was ac- 
companied by a corresponding increase 
in the nickel x-ray emission. 

The New Caledonian "garnierite" 
specimen and the three ores obtained 
from Noum6a were heavily contaminat- 
ed with chrysotile asbestos. The occur- 
rence of lung cancer, and possibly other 
tumors, among workers at this smelter 
might be due to exposure to this mineral. 
Various hypotheses are possible: (i) that 
the nickel is the essential factor, with the 
asbestos fibers serving as a vehicle to lo- 
calize and maintain the metal in the tis- 
sue; (ii) that the asbestos fibers are of pri- 
mary importance, with the carcinogenic 
potential of the nickel of less con- 
sequence; or (iii) that the metal and the 
fiber interact, both adding to the risk, an- 
other example of multiple factor inter- 
action in carcinogenesis (16). It will be 
interesting to test these possibilities in 
appropriate animal models and to reeval- 
uate epidemiological data in relation to 
exposures in various smelters. Also, 
mineralogical analysis of lung tissues 
from miners in these locations will pro- 
vide needed information. 
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ite" specimens, suggest that asbestos 
contamination by either chrysotile or 
amphibole fibers may be common. As- 
bestos contamination of chromite ores 
should also be studied in relation to lung 
cancers in chromate workers (17). Other 
ores, for example, platinum and related 
metals, are derived from or are associat- 
ed with serpentinized host rocks. Here 
too a mineral-biological interface may be 
present. 
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Wetherbee (1) described pit plugs be- 
tween carposporophyte cells of the red 
alga Polysiphonia novae-angliae and 
suggested that the pit plugs are structur- 
ally specialized for nutrient translo- 
cation. His hypothesis is based on in- 
terpretations of plug ultrastructure; no 
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direct evidence of translocation was pre- 
sented. The structural features Weth- 
erbee described involve plug shape, plug 
core density, and most importantly, the 
presence or absence of a plug cap mem- 
brane (membrane between plug core and 
cytoplasm of adjacent cells). 
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Reports earlier than Wetherbee's de- 
scribed plugs lacking distinguishable cap 
membranes (2), as, well as plugs with a 
cap membrane visible on only one face 
of the plug (2, 3), but usually a mem- 
brane is visible on each face (2, 4, 5) or a 
membrane is present within a multi- 
lamellar plug cap (5, 6). Determining the 
number and position of plug cap mem- 
branes is often exceedingly difficult be- 
cause of the electron opacity of the plug 
caps; contradictory interpretations of the 
same species are not uncommon (7). In 
contradiction to his abstract Wetherbee 
concedes, "Although a membrane does 
not appear associated with these layers, 
the electron opacity of the cap might 
obscure such a structure." Procedures 
such as freeze-etching, membrane ex- 
traction, and induced plasmolysis (6) 
could have been used to resolve the cru- 
cial question of whether a cap membrane 
is appressed to or included within the 
plug caps in Polysiphonia carposporo- 
phytes. 

Wetherbee reported acropetal flaring 
of carposporophyte pit plugs and specu- 
lated that flaring increases plug surface 
area to expedite translocation. However, 
increased surface area is advantageous 
only if a semipermeable plug cap mem- 
brane is present; if cap membranes are 
lacking as Wetherbee claims, the nar- 
rowest part of the plug would limit the 
flow rate. Even if one accepts the prem- 
ise that increased surface area is impor- 
tant for translocation, one would expect 
both faces of the plug to be flared equal- 
ly; this is not what Wetherbee found. 

Translocation has not been demon- 
strated for carposporophytes of Poly- 
siphonia or of any other red alga. How- 
ever, translocation has been demon- 
strated in other phases of the life his- 
tories of several parasitic red algae (8). 
Ultrastructural investigations of para- 
sites known to perform translocation 
have revealed plug cap membranes (3, 
8). 

Until the plugs of Polysiphonia car- 
posporophytes are reexamined by tech- 
niques that can reveal membranes ap- 
pressed to or included within the elec- 
tron-opaque plug caps and until trans- 

location is demonstrated to occur in 
carposporophytes, speculation con- 
cerning "transfer connections" should 
be held in abeyance. 
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There are two major points in Pues- 
chel's criticism. The first relates to the 
transport capabilities of transfer con- 
nections, and the second relates to the 
presence or absence of cap membranes. 

The evidence for translocation is cir- 
cumstantial and is based on the assump- 
tion that there is a need. The meristemat- 
ic cells at the carposporophyte surface 
are highly active, yet lack mature chloro- 
plasts to provide for their own nutrition. 
Furthermore, other cells of the carpo- 
sporophyte appear modified to provide 
this assistance (1); and transfer con- 
nections consistently appear only be- 
tween cells where transport would be ex- 
pected, and are structurally modified in a 
manner that would appear advantageous 
for transport. 

The most significant ultrastructural 
feature characterizing transfer con- 
nections in Polysiphonia is that they are 
intracellular and that their size increases 
in positions where maximum transport 
would be expected. Pueschel queries 
whether cap membranes are actually ab- 
sent, stating that additional techniques 
should have been employed to establish 
this point. Although researchers have 
suggested the presence of more than one 
set of cap membranes, the published mi- 
crographs are of insufficient magnifica- 
tion or quality (or both) to warrant such 

conclusions. The transfer connections in 
Polysiphonia clearly lack cap mem- 
branes in the normal position, and there 
is no evidence to suggest that position 
changes, or that more than one set of cap 
membranes ever exists. Pueschel's own 
work on Palmaria demonstrates this fact 
(2). Typical electron micrographs of this 
organism give the impression that sever- 
al cap membranes are present, although 
only one was found. 

Although Pueschel states that cap 
membranes have been observed in para- 
site cells known to perform transloca- 
tion, I disagree with this interpretation. 
To my knowledge, Goff has not pub- 
lished an electron micrograph of a 
parasite-parasite pit connection of Har- 
veyella, although Peyriere (3) has and 
her micrograph strongly suggests that 
cap membranes are absent. Cap mem- 
branes do appear in some micrographs of 
host-parasite pit connections of Har- 
veyella but are absent in others. More 
work is required on these organisms, but 
it is reasonable to expect most parasite- 
parasite pit connections in colorless red 
algae to lack cap membranes. 

Translocation of nutritive materials 
undoubtedly occurs in a number of red 
algae. The remaining question is whether 
the major avenue is the cell wall or the 
pit connections. It would appear more 
logical to suggest that cells take advan- 
tage of their established connections, 
rather than pump materials indiscrimi- 
nately across the cell wall. The fact that 
pit connections look like plugs does not 
preclude the possibility that materials 
pass through. In consideration of the evi- 
dence, circumstantial as it may be, I 
have no hesitation in speculating on the 
presence of "transfer connections" in 
the red algae. 

R. WETHERBEE 
School of Botany, 
University of Melbourne, 
Parkville 3052, Australia 
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