Recently, Gold (4) extended Hill’s
model to cover a range of speeds, argu-
ing that if animals increase speed by in-
creasing stride frequency, and if the
work per gram per stride is constant
over the entire range of speeds, this
would explain the empirical relation
between energetic cost of running and
body size in mammals (). We have
found that stride frequency and stride
length both increase with increasing
speed, and that within a gallop speed
is increased primarily by increasing
stride length while frequency remains
nearly constant. At comparable speeds
(such as at the trot-gallop transition),
however, Gold’s argument remains valid
for geometrically similar animals. Mc-
Mahon (3) suggested a model based
on elastic similarity whereby animals
regularly thicken their proportions as
body size increases. Herschman (5)
extended Gold’s argument to conform
to an elastic similarity model and pre-
dicted that stride length will be pro-
portional to W0-375, McMahon (6) has
also used his model to predict that run-
ning speed is proportional to W° 25 and
stride frequency is proportional to
W—0.125 at the trot-gallop transition
(7). Both Herschman’s and McMahon’s
predictions are in substantive agree-
ment with the data reported here.

We propose that the speed at the
trot-gallop transition point is a “physi-
ologically similar speed” for animals
of different size. It has the advantage
over top speed that it can be easily
measured. If one uses this transition
point to construct new scaling models,
however, it is important to understand
why animals change gait at this point.
It seems likely that at the transition to
each gait additional elements of the
body are recruited for storage of elastic
energy, with little energy being stored
in elastic elements during walking, en-
ergy being stored in the elastic elements
of the limbs during trotting, and finally,
the entire trunk being involved in elas-
tic storage during galloping. This re-
mains very speculative and much more
work is needed before the reasons for
changing gaits can be clearly defined.
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Vermetid Gastropods and Intertidal Reefs in Israel and Bermuda

Abstract. Small-rimmed intertidal reefs develop in the subtropical marine waters
of Israel and Bermuda when erosion of exposed promontories is arrested by
vermetid gastropods. The reefs in Bermuda are actively growing, wave-resistant
biogenic structures, while those in Israel are limestone structures only encrusted
by a relatively thin layer of vermetid shells cemented by coralline algae.

Several species of vermetid gastro-
pods are gregarious, and encrust inter-
tidal bench-like ledges or form massive
reefs (7). This report describes reefs
in Shikmona, on the Mediterranean
coast of Israel (32°49’N, 34°57'E),
and in Bermuda, which is at the same
latitude and has several similar physical
marine conditions (2). In both cases
vermetids have a significant role in reef
development (3). The reefs are small
intertidal formations 2 to 5 m in diam-
eter resembling miniature atolls (Fig.
1) and are usually circular with raised,
overhanging rims somewhat higher at
the seaward side. They enclose a shal-
low basin with a flat bottom in Shik-
mona and a deep cup-shaped hollow in
Bermuda.

The Shikmona reefs are made of
limestone encrusted by vermetids. The
limestone relief is leveled off and sur-
rounded by an elevated rim about
10 cm high, covered by a crust of
Dendropoma petraeum (Monterosato)
10 to 15 cm thick. The basin is cov-
ered by a crust of Vermetus triquetrus
Bivona-Bernardi 2 to 4 cm thick. The
rim is incessantly swept by the surf
and is exposed to the air at low tide;
the basin is protected from the full
impact of the waves and from ex-
posure to air by the water retained by
the rim. Correspondingly, the short,
rugged shell of D. petraeum is tightly
sealed, with a wide operculum which
protects the animal from predators,
desiccation (4), and wave impact. The
shell of V. triquetrus is longer and
thinner, with a fragile, upturned termi-
nal part, and the tiny operculum is
nonfunctional, allowing the animal to
withdraw deep into the shell (4).

Both species are plankton-feeders.
Vermetus produces a mucus web, and
agitation at the reef’s rim would prob-
ably render its employment difficult.
Dendropoma  petraeum filter-feeds
through a well-developed gill (5), and
turbulence at the reef’s rim ensures a
food supply and facilitates water in-
halation.

In Shikmona “microatolls” form on
rocky promontories that have been
chemically and biologically (6) eroded
into basin-shaped depressions surround-
ed by slightly elevated rims. When ero-
sion lowers the basin to fall within the
narrow vertical range of the vermetids,
the water-covered surface becomes col-
onized by V. triquetrus. The top of the
seaward edge, which is exposed to the
waves, becomes encrusted by D. petrae-
um. This cemented crust apparently
stabilizes the substrate against further
erosion. A small-rimmed ledge is thus
established at the seaward side of the
promontory. It is then progressively
widened when solution basins located
farther leeward are eroded to the level
where V. triquetrus can flourish. The
direction of the incident waves varies
with the configuration of the shore.
Reflected backwash from other rocky
promontories initiates at the lee side
the same processes that have previously
taken place at the seaward side, until
the promontory becomes surrounded
by a rimmed edge from all sides. Even-
tually, when all rock remnants have
been eroded to the level of effective
vermetid growth, a miniature atoll is
formed, whose rim and enclosed basin
are preserved by the protective growth
of Dendropoma and Vermetus, respec-
tively (Fig 1). The upward growth of
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the crust is limited by the contemporary
sea level, and when the upper limit for
optimal growth within the intertidal
range is reached, the crust does not be-
come any thicker, but a lateral out-
growth of Dendropoma takes place.
Below the level of this rim the rocky
surface is directly exposed to intensified
erosion initiated by boring organisms
that produce a deep undercut and an
eventual collapse. Thus, the advancing
sea destroys existing reefs and initiates
new ones, and by the time younger
reefs are being formed at the retreating
shore, older ones have already been
destroyed.

The Bermuda microatolls have been
widely referred to as “serpulid reefs”
(7), although the amount of serpulid
tubes in them is insignificant and Den-
dropoma irregulare (Orbigny) provides
the bulk of their crust (8). Since the
rims of both the Shikmona and the
Bermuda reefs are overgrown by a
Dendropoma, it has been suggested that
in Bermuda the rim surrounds a deep
and not a shallow basin because no
species of Vermetus is available in Ber-
mudan waters to perform the protec-
tive role played by V. triquetrus in

Israel (9). However, I have found D.
irregulare growing not only on the outer
rim but all over the reef’s surface, and
discovered that a species of Vermetus
occurs in the intertidal zone of Ber-
muda, although not on microatolls.
The Bermudan formations have been
described as made of eolianite, with
rims encrusted but not built by lime-
secreting organisms (10). However,
cross-sectional exposures of several
reefs (11) showed that at least to the
depth of 5 m the reefs are made of
biogenic material. Thus, while the Is-
raeli microatolls are rocks only en-
crusted and temporarily maintained by
vermetids, the Bermudan ones are gen-
uine organic reefs built by vermetids
and coralline algae (Fig. 1). In Ber-
muda, older vermetid and algal materi-
al is removed because of destruction by
borers below the actively growing sur-
face, and the hollows are filled by a
new growth of algae, forminiferans,
and serpulids, but not by vermetids.
Many voids are also filled with sand-
sized skeletal debris that is pumped
into the internal crevices, where it be-
comes firmly cemented. Thus, although
Bermudan microatolls are largely non-
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eee ®» o Dendropoma irregulare
o000 @ o Dendropoma petraesum
siunnn Vermetus triquetrus
C = C(Coralline algae
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QOrganogenetic rock

:ﬁ Eolianite or limestone

Fig. 1. Microatolls off (A) the south shore of Bermuda and (B) Shikmona, Israel.
Their schematic profiles are shown in (C). The biogenic rock is made mainly of
cemented empty shells and skeletons of the vermetids and coralline algae living on
the surface. Coralline algae encrust all surfaces not covered by vermetids. The ex-
tension of the eolianite core in the Bermudan reef is uncertain and probably varies
between reefs. The range between mean high water of spring tide (HWS) and mean
low water of spring tide (LWS) in Bermuda is about 1 m. Both reefs are about 2 m
in diameter; the photographs were taken at low tide; MSL. mean sea level.
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vermetid, they were initiated and are
perpetuated by vermetids and certain
algae. These organisms are continually
replaced by a secondary growth and
deposition of other organisms and ma-
terials.

The initial stages of the formation
of Bermudan and Israeli microatolls
are similar: solution basins at the high-
er intertidal level of exposed Bermudan
promontories are lowered to form
bench-like ledges with pronounced sea-
ward rims encrusted by D. irregulare.
But in Bermuda Dendropoma also en-
crusts much of the ledges’ surfaces,
where Vermetus sp. (?) is rare. Also,
the surfaces of fully mature microatolls
and of younger, vermetid-encrusted
ledges are at the same level in Israel,
whereas in Bermuda the surface of
microatolls is lower than that of ledges
(Fig. 1). This is due to continuing ero-
sion of the Bermudan ledges, even after
they are encrusted with vermetids, by
the boring activity of sea urchins, Echi-
nometra subangularis (Leske). These
densely inhabit the ledges, whereas in
Israel the number of sea urchins is
negligible. Thus, the surface of a Ber-
mudan ledge is rapidly lowered to a
level not inhabited by sea urchins,
where growth of D. irregulare and cor-
alline algae proceeds unhindered and is
directed laterally to form overhanging
edges. Borings in these edges presum-
ably fill rapidly, and the outgrowth is
consolidated into an enduring mass.

Transgression (I2) has presumably
provided an opportunity for the Ber-
mudan vermetids and algae to grow
upward and thus increase the thickness
of the crust. The crust should be thick-
est and the eolianite core buried deep-
est in the older microatolls, which are
now located far off the present Ber-
mudan shore. Thus, the basins of the
Israeli formations result from differen-
tial erosion, whereas those of the Ber-
mudan microatolls result from differ-
ential growth. The rims of the Ber-
mudan reefs, being at a lower level
than the Shikmona rims, do not pro-
tect the basins from turbulence. There-
fore, basins are not inhabited by Ver-
metus but by some D. irregulare.

In Shikmona live D. petraeum are
confined to patches cleared of seaweeds
by grapsid crabs. Presumably, the dense
growth obstructs the flow of plankton-
carrying water. In Bermuda grapsid
crabs on microatolls are rare, and D.
irregulare thrives under algal cover. I
have found that this species utilizes
mucus webs, although it uses ciliary
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feeding too (/3). Thus, in the Israeli
formations Vermetus and Dendropoma
diverge in both habitat and feeding
techniques, but in the Bermudan forma-
tions the local Dendropoma occupies
both habitats and possibly utilizes both
feeding methods.

Intertidal reefs with features similar
to those in Israel and Bermuda are
known from the Cape Verde Islands
(14) and Fernando de Noronha Island
(15). They should probably not be
expected where fringing coral reefs oc-
cur: the habitat of vermetid reefs in
subtropical waters is very close to that
of fringing coral reefs in tropical wa-
ters. In Bermuda, where winter surface
temperatures are higher than in Israel
(16), coral reefs do occur, but they do
not reach the surface, and microatolls
are located at the seaward edge of these
reefs, where one could have expected a
fringing coral reef.

, URIEL N. SAFRIEL
Department of Zoology,

Hebrew University of Jerusalem,
Jerusalem, Israel
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Radioimmunoassay for Human Procollagen

Abstract. Rabbit antiserums were produced against the procollagen molecule
secreted into the medium of cultured human skin fibroblasts. The isolated anti-
genic, amino terminal portion of the procollagen molecule was purified, labeled
with iodine-125, and used in a radioimmunoassay which detected nanogram
quantities of the same antigen. With the assay, immunologically identical mole-
cules were detected in the culture medium of different strains of human fibroblasts
and in normal human serums. Serums from human cord blood contained a 12-
fold higher concentration of the antigen than serums from adults, while serums
from other vertebrates gave reactions to incomplete cross-reactivity or non-

reactivity.

Cultured human skin fibroblasts syn-
thesize a procollagen molecule (molecu-
lar weight, 360,000) composed of three
polypeptide chains (1, 2). The first 200
residues at the amino termini of each
of the three chains (the propeptides)
are in a globular conformation (3)
stabilized by interchain disulfide bonds
between half-cystine residues. The re-
mainder of the molecule is in a triple-
helical array stabilized by noncovalent
interactions between the chains. An en-
zymatic excision of the amino terminal
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globular sequences occurs after procol-
lagen is secreted from the cell. One
product of the excision is tropocollagen
(molecular weight, 285,000), the triple-
helical molecule which aggregates to
form collagen fibers.

Procollagen accumulates in the medi-
um of cultured human diploid skin
fibroblasts because the enzymatic ex-
cision of the globular sequences occurs
slowly and appears to be a rate-limiting
step in this system (2). Rabbits in-
jected with culture medium from these
cells develop antibodies directed only
against antigenic determinants in the

Fig. 1. (a) Electrophoresis of **I-labeled
antigen on polyacrylamide gel containing
SDS and urea. The sample was dissolved
in the running buffer for electrophoresis
and denatured by heat; electrophoresis and
measurement of radioactivity in gel slices
were performed as described (7). (b) Ti-
tration of antiserum to iodinated antigen.
All dilutions were made with a standard
buffer containing 0.025M phosphate, pH
7.6, 0.1 percent ovalbumin, and 0.03 per-
cent Triton X-100. Duplicate tubes con-
tained dilutions of adsorbed rabbit anti-
serum (in 0.1 ml), 0.1 ml of *I-labeled
propeptide (50,000 count/min), 0.1 ml of
5 percent normal rabbit serum, and 0.2
ml of buffer. Tubes were incubated for 2
hours at 37°C and then for 24 hours at
4°C. Sheep antiserum to rabbit 75 globulin
(0.075 ml), 0.1 ml of EDTA (0.1M in
buffer), and buffer to a final volume of
1.0 ml were added. Tubes were incubated
for 1 hour at 37°C and 4 hours at 4°C
and then centrifuged at 5000g for 10 min-
utes. Supernatants were added to Aquasol
(New England Nuclear), and the radioac-
tivity was measured in a scintillation spec-
trometer. Rabbit antiserum was omitted
from control tubes.
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