more closely related to human type A
strains circulating in the middle 1930’s
than to other known influenza virus
strains, including the virus of swine
influenza.
PauL BROWN
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Reef Coral from Aldabra: New Mode of Reproduction

Abstract. 4 unique mode of asexual reproduction in recently collected specimens
of Goniopora (Scleractinia) is reported. Skeleton is absent from new polyps; the
skelton develops independently of the parent colony as the new polyps themselves
increase. The young colonies eventually become detached. The cycle seems to be a
response to a sandy habitat, a conclusion reached by analogy with Fungia and

Manicina.

The shallow waters of the atoll of
Aldabra are generally poor in coral
growth (). Areas of densest growth are
most often found just inside the lagoon,
in the region of the passages through
the atoll rim. Current action is generally
stronger here, and the better circulation
is presumably an important factor fa-
voring coral growth. In one area just
inside the lagoon at Passe Gionnet, con-
sisting of scattered coral patches and
open sand, there is a patch of coral
measuring approximately 20 by 5 m;
the patch is composed almost entirely
of the coral Goniopora stokesi Edwards
and Haime (a new species record for
Aldabra and the region). This coral
occurs as small hemispherical colonies,
between 2 and 8 cm in size, which lie
unattached on a soft substrate consist-
ing of a clean, white, detrital calcareous
sand.

Where it grows Goniopora cov-
ers about 80 percent of the substrate
surface. Small growths of the marine
phanerogam Halophila and the algae
Caulerpa and Halimeda also occur. The
coral patch extends up to the prop
roots of a mangrove fringe surround-
ing a lagoon islet, and for much of the
day the corals are shaded by mangrove
trees. At low spring tides the area is
covered by about 1 m of water (tidal
range approximately 2.5 m).

The Goniopora polyps are usually
expanded during the day (at low water),
a habit which is unusual in corals (2),
but which has been recorded (2, 3) in
other species of this genus in other
regions. The columns of the polyps
may extend by as much as 5 cm from
the corallum and are brown-mauve in
color. Another feature is that in the
retracted state, the polyps are still not
withdrawn entirely into the skeletal
calice; the columns project about 2 to
3 mm. Even the action of a preserva-
tive fails to increase retraction (Fig. 1),
and this condition must, therefore, be
taken to be normal for these specimens.

By far the most unusual feature,
however, is that of small, closely at-
tached, spherical masses of polyps (re-
ferred to here as polyp-balls) borne by
the principal colonies. In one of our
preserved specimens (Fig. 1) measur-

ing 6 cm in diameter, about 25 percent
of the surface area is obscured by some
40 polyp-balls. These polyp-balls are of
all sizes between 3 mm and 2 cm, and
bear anything from 1 to about 30 pol-
yps. Each possesses its own small spher-
ical calcareous corallum (skeleton)
(Fig. 2), but surprisingly, there is no
rigid connecting tissue between the
principal corallum and the polyp-ball
coralla; they are held in place by soft
tissue alone. Each polyp-ball is derived
from an individual polyp. No feature of
this kind in corals has ever been de-
scribed before, or otherwise made
known to us (4).

Examination of two sets of dried
specimens (originally two colonies bear-
ing polyp-balls) and seven preserved
specimens (several with polyp-balls), to-
gether with the facts of their occur-
rence, leads to the conclusion that the
polyp-balls are part of the life cycle of
the species. The attached nature of
what are evidently young colonies sug-
gests that they represent a form or
phase of asexual reproduction. By an un-
usual mode of budding, young colonies
could develop and grow in the attached
polyp-ball state until they are about 2
cm in diameter, after which they de-
tach. They then gradually assume a
hemispherical shape with an epithecal
base. Development of epitheca results
from the partial withdrawal of fleshy
tissues which previously surrounded
the entire polyp-ball skeleton. Epitheca
also serves as a useful means of dis-

Fig. 1. Preserved colony of Goniopora
stokesi showing the protuberances of the
polyp-balls (X 0.75).
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Fig. 2 (left). Dried and cleaned skeletons of polyp-balls at various stages of develop-

ment, all from the same colony (X 0.9).

Fig. 3 (right). Dried, cleaned specimen

in side view showing the flat base and slightly irregular hemispherical shape (X 0.75).

tinguishing polyp-balls from small
adult colonies in dried specimens. The
absence of any attached colonies
larger than 2 cm in diameter or of de-
tached colonies smaller than 2 cm in
diameter points to this being the critical
size. The essential controlling factor of
size may be gravity, which would place
an increasing strain on the connecting
tissues and either cause them to rup-
ture, or induce in them a detachment
mechanism.

The principal modes of asexual re-
production in corals are intratentacular,
extratentacular, and transverse division
(5). The latter mode is relatively rare
in corals as a group, being almost en-
tirely restricted to members of the
Fungiidae. The two former modes may
be further subdivided into special cases.
Extratentacular budding is produced
either by invagination of tissues out-
side the ring of tentacles, or by the
union of marginal filaments of the
broader subsidiary mesenteries with a
new opening formed outside the ten-
tacular ring. In either case, the skeletal
manifestation is virtually the same,
that is young calices appear between,
rather than within, mature calices. This
latter feature is clearly seen in both
adult colonies (Fig. 3) and polyp-balls
(Fig. 2), the usual mode of increase
in Goniopora and other Poritid genera
being extratentacular (5). This suggests
that the polyp-ball formation is essen-
tially a development of this method
rather than a completely distinct phe-
nomenon. The most problematic fea-
ture of these polyp-balls, however, is
that of the absence of connecting skele-
tal tissue; the very long polyps that this
species possesses or the inability of the
species to retract the polyps complete-
ly, or both, may be the reason. In most
other corals exhibiting extratentacular
budding, the new polyps commence
growth below the outermost skeletal
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surface, that is within the corallum. A
corresponding skeletal part must devel-
op to accommodate the new polyp,
and the resulting new calice will be an
integral part of the parent skeleton. If,
however, a new polyp were to form
very close to the oral end of the col-
umn, within the region never fully with-
drawn, adjustment within the corallum
would not be necessary. When the young
polyp in this latter case began to lay
down its own skeleton, this would be
held to the parent colony by soft tis-
sues alone. Our preliminary examina-
tion suggests that the point of attach-
ment of polyp-balls is often close to the
oral end of the column, but because of
the preservation of the specimens a
precise relationship could not in many
cases be established.

Another possible explanation of this
condition, although unlikely, is that the
polyp-balls result from the settlement
and growth of coral planulae upon the
adult colonies. This could represent an
extreme case of the affinity of many
invertebrate larvae, including those of
corals, for areas of growth of adult
colonies.

A temporary attached phase in coral
growth is rare, but, as Yonge (6) and
Goreau and Goreau (7) have shown
for the other main examples (Manicina
and various Fungiid genera), this is as-
sociated with the colonization of un-
stable soft substrates, an environment
which is unfavorable to most other
corals. Survival is principally due to
marked sediment clearing propensities
and righting reactions. Although in
Manicina the method of performing
these processes is entirely different
from that in the Fungiidae, there is a
broad connection between this ability
and the large size of the polyps. The
fixed stage allows the corals to grow
to a sufficient size to cope with these
substrate conditions. These combined

characteristics give these corals a com-
petitive advantage.

A parallel may be drawn for G.
stokesi. Colonies are commonly ex-
panded during daytime, lie unattached
on a sandy substrate, and pass through
an attached phase during youthful
stages. The colonies possess large fleshy
polyps capable of great extension. Such
polyps shed sediment efficiently and
might even enable colonies to right
themselves. Patches of colonies of this
species would correspond to the clones
and multiple clones of Fungia.

Finally, mention must be made of
the systematic significance of these
polyp-balls. Although mode of repro-
duction is usually taken to be an im-
portant factor in distinguishing genera
and higher scleractinian groups, the
corals described here are not thought
to represent a new genus because (i)
apart from the polyp-balls themselves,
they exhibit all the skeletal features
typical of the genus Goniopora; (ii) as
already mentioned, polyp-ball forma-
tion accompanies the more usual extra-
tentacular budding typical of Gonio-
pora in the same colonies; and (iii)
our specimens closely resemble others
belonging to the established species G.
stokesi (8, 9). We conclude that this spe-
cies exhibits a remarkable ability, with-
out parallel in other corals, to modify .
its mode of asexual reproduction in re-
sponse to environmental differences, the
prime factor for polyp-ball formation
being a sandy substrate (or perhaps a
particular type of sandy substrate).
Polyp-ball reproduction may represent
incipient speciation, and its presence or
absence in G. stokesi could be indicated
by subspecies names.

B. R. ROsEN
School of Physics,
University of Newcastle upon Tyne,
Newcastle upon Tyne, England

J. D. TAYLOR
Department of Zoology, British Museum
(Natural History), London, England
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one of us (J.D.T.) was engaged in ecological
studies on the atoll of Aldabra in the western
Indian Ocean (46°24’E, 9°24’S). These in-
vestigations are part of the Royal Society
Expedition to Aldabra. The specimens which
were collected are now in the British Museum
(Natural History). We thank J. W. Wells
for commenting on the manuscript and G.
R. Adams for the photographs.

5 June 1969 L]

Sensitive to DDT in Synapses of Rat Brain

Abstract. The insecticide DDT selectively inhibits the action of a Na',K*,
Mg?*-adenosine triphosphatase found in the nerve ending fraction of the rat
brain. As judged by the concentrations of inhibitors that give 50 percent of
enzyme inhibition, DDT was approximately 1000 times more toxic than its non-
insecticidal analog, 1,1-dichloro-2,2-bis(p-chlorophenyl)ethylene. The degrees of
inhibition of this enzyme system by various toxic and nontoxic DDT analogs
were closely related to a general toxicity in vivo of these compounds. Moreover,
the extents of inhibition of this enzyme system by DDT were much higher at low
temperatures, an indication of a causal relation between poisoning in vivo by
DDT and the inhibition in vitro of the Na',K*,Mg%*-adenosine triphosphatase

system.

The toxicity of DDT may result from
its ability to disrupt the transport
mechanisms of sodium and potassium
ions in the nervous system (/). How-
ever, the biochemical mechanisms by
which DDT causes such disruptions are
unknown.

Chlordane and other chlorinated
hydrocarbon insecticides partially in-
hibit the adenosine triphosphatases in
rabbit brain (2), and also there is an
adenosine triphosphatase that is particu-
larly sensitive to DDT in. the rat brain
(3).

There are at least three different
groups of adenosine triphosphatases
existing in the nervous system: Na* K,
Mg2+-adenosine triphosphatases (4),
which are particularly sensitive to oua-
bain; Mg2?+,Ca?+- or contractile adeno-
sine triphosphatase, which is sensitive to
Mersalyl (5); and other Mg2*-adenosine
triphosphatases (4, 6). The former two
enzymes may take part in the mecha-
nisms of ion transport in the nervous
system.

In view of the possibility that a causal
relation might exist between the enzy-
matic system involving active ion trans-
port mechanisms and the sites of DDT
attack, we have expanded our earlier
study (3) to partially characterize the
DDT-sensitive adenosine triphosphatase
and to study the effects of other DDT
analogs on the enzyme system.

The enzyme source was the acetone
powder preparation of the nerve ending
fraction (3). The preparations were
either suspended in 0.05M tris(hydroxy-
methyl)aminomethane - hydrochloride
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(tris-HCl) buffer (pH 7), or in buffer
similar to the one developed by Skou
(7) (pH 7.6), containing 0.25 mole/
liter of sucrose, 0.03 mole/liter of imi-
dazole, 1 mmole/liter of ethylenedia-
minetetraacetate, and 0.1 percent deoxy-
cholic acid. The preparations were
homogenized at 0°C for 3 minutes with
a small Potter-Elvehjem homogenizer.
The homogenate was centrifuged for
30 minutes at 20,000g. The precipitate
was resuspended in the same medium to
contain 0.1 to 0.2 mg/ml of protein. A
portion (0.2 ml) of the enzyme prepara-
tion was added to 1.6 ml of a standard
incubation mixture containing 0.1M
NaCl, 20 mM KCI, and 6 mM MgCl,
in 0.03M tris-HCI buffer (pH 7.6) (8) or
in 1.6 ml of a standard assay mixture
at pH 7 as described (3). In all cases

Activity of Nat, K*
Mg?*adenosine triphosphatase (%)

167 169 15T T TR
Concentration (M)

Fig. 1. Relation between the concentration
of DDT and DDE and the degrees of
inhibition of Na*K*,Mg*-adenosine tri-
phosphatases. Degrees of inhibition .of the
enzyme was plotted in probability units to
give a linear relation against log-concentra-
tion of inhibitors (7/6).

the system was first incubated at 24°C
with Mersalyl (10-¢ mole/liter, Sigma)
for 10 minutes (added with 18 pnl of
distilled-deionized water). The DDT and
its analogs (9) were added to the system .
with 18 ul of ethanol (95 percent); the
system was maintained for an addi-
tional 10 minutes. To assay the adeno-
sine triphosphatase activity, 1 umole of
adenosine triphosphate (ATP) (disodium
salt) was added with 0.2 ml of tris-HCI
buffer, and the system was maintained
for 30 minutes, normally at 24°C. The
total scale of assay procedure for in-
organic phosphorus was 15 ml (0). The
enzyme activity (24°C) of average prep-
arations was in the order of 15 nmole
per milligram of protein per minute of
ATP hydrolyzed at pH 7.6. In all cases,
an identical set of tests was made with
the same enzyme sources, except that
they were first incubated with 10-*M
ouabain (Nutritional Biochemicals). This
portion of the enzyme activity was sub-
tracted from the total activity to esti-
mate the Na+K+Mg?+adenosine tri-
phosphatase activity. On average, 37
percent of the total activity of these
enzyme preparations was due to the
adenosine triphosphatases sensitive to
ouabain at pH 7.6 and 24°C.

To establish the general identity of
the adenosine triphosphatase sensitive to
DDT, (i) the Mg2+,Ca2*-adenosine tri-
phosphatase was isolated from the rat
brain homogenates at pH 7 by the
method of Puszkin et al. (5), and (ii)
the Na+,K+,Mg2+*-adenosine triphospha-
tases of the acetone powder preparation
(3) from the nerve ending fraction of
the rat brain were partially activated by
the enzyme solution and the assay buf-
fer mixture of Skou at pH 7.6 in the
presence of 10—6M Mersalyl (5). The
Mg2+,Caz+-adenosine triphosphatase was
more sensitive toward DDE than to
DDT (inhibition of 10-°M DDT and
DDE was 33.7 percent and 47.1 per-
cent, respectively). It cannot, therefore,
be the DDT-specific, target enzyme.
This was in agreement with the previous
observation that 2.5 X 10-*M Mersalyl
mainly inhibited Mg?+,Ca2*-adenosine
triphosphatase so that the remaining
enzyme became more sensitive to DDT
than to DDE (3).

When the Nat K+ Mg2+-adenosine
triphosphatase was tested against DDT
and DDE (Fig. 1) it became evident
that a portion (approximately 50 per-
cent) of this enzyme system was par-
ticularly sensitive to DDT but not to
DDE. Since the DDT-inhibition curve
showed a sharp break at 50 percent,
it appeared likely that there were more
than one Na* K+ Mg?+-adenosine tri-
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