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IN SITU GROWTH RATES OF THE SCLERACTINIAN CORAL
OCULINA VARICOSA OCCURRING WITH ZOOXANTHELLAE ON 6-M

REEFS AND WITHOUT ON 80-M BANKS

John K. Reed
Harbor Branch Foundation. Inc.. RR 1, Box 196. Fort Pierce. Florida. U.S.A.

ABSTRACT

Rates of linear branch extension were determined for Oculina uaricosa for one year on a nearshore, shallow
water reef (6 m] and on a shelf-edge. 0. uaricosa coral bank (80 m) off central eastern Florida, U.S.A. Both site and
season had a significant effect on growth with most of the variability due to the site factor. Linear branch growth
was significantly greater at 80 m (x= 16.1 mm/yr) than at 6 m (x= 11.3 mm/yr) although temperature was
significantly lower at 80 m than 6 m (x= 16.2, 24.6° C, respectively). The growth of the 6-m coral, possessing zoo
xanthellae, showed a negative response to high sedimentation rates which reduced light levels. Growth rates at
both stations showed a positive response to water temperature and solar radiation and a negative response to
current velocity.

INTRODUCTION

Growth rates have not been measured directly on
deep-water banks of ahermatypic corals although
estimates have been made based on growth on sub
marine cables or on bank height (Duncan 1877,
Teichert 1958, Wilson 1979). Only a few studies
have reported growth of hermatypic corals on
relatively deep reefs (Dustan 1975, Bak 1976). In ad
dition, there have been relatively few field studies
where environmental conditions are marginal for
growth in terms of temperature (Shinn 1966, 1972,
Glynn and Stewart 1973) or sedimentation and light
(Dodge et a1. 1974, Bak 1978).

This paper compares the growth rates of the
scleractinian coral Oculina varicosa Lesueur 1820
occurring under cool and turbid conditions on
shallow-water reefs (6 m) and deep-water banks (80
m) off central eastern Florida, U.S.A., and analyzes
the effects of environmental factors and the
presence of zooxanthellae.

STUDY AREAS

Two study sites with dense populations of Oculina
varicosa were selected off central eastern Florida at
depths of 6 and 80 m. The 6-m reef consists of co
quinoid limestone ledges which run parallel to shore
and have colonies of 0. varicosa widely interspersed
among a cover of algae and sponges (Reed et aI., in
press). 0. varicosa grows on these ledges as low «15
em in height), wave resistant colonies with en
crusting bases and stout branches and are light to
dark brown with zooxanthellae. Near the continen
tal shelf-slope break, at depths of 70-100 m and

25-40 km offshore, massive thickets of contiguous,
white colonies of O. uaricosa; which lack zoo
xanthellae and reach 1.5 m in height, form coral
banks (Reed 1980) similar in structure to the deep
water, ahermatypic coral Lophelia prolifera [=L.
pertusa]. The deep-water growth form of O. varicosa
has thinly tapered branches with fewer polyps per
unit surface area than the 6-m colonies. The base of
an isolated, 17-m high coral bank was selected as the
80-m station (27°32.8'N, 79°58.8'W).

Physical data are summarized in Table 1 and fur
ther described by Reed et a1. (in press).
Temperatures are significantly colder and more
variable at the 80-m bank than the 6-m reef.
However, cold-water upwelling in July or August
(Smith 1981) produces 4-8°C temperature reduc
tions at both stations and temperatures drop below
lOoC at 80 m. Although the mean current velocities
are similar at both sites, the 6-m reef is often in
fluenced in the winter by strong wave surge from 2
3 m swells. This causes sedimentation rates
primarily from resuspension, to be 10 times greater
at 6-m than 80-m although the 80-m bank is often in
undated with highly turbid, bottom nepheloid
layers. The percent transmittance of surface light is
always less than 1% at 80 m but varies from 0- 31%
at 6 m depending on turbidity levels.

METHODS

Linear branch extension of Oculina varicosa was
studied from July, 1978 to July, 1979 at depths of 6
and 80 m. Scuba was used at the 6-m reef and
lockout diving from JOHNSON-SEA-LINK
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Table 1. Linear growth rates of Oculina varicosa measured between July, 1978 and July, 1979 and physical parameters
measured between July, 1976 and July, 1979 at 6- and 80-m stations. Range (mean ± 1 standard deviation).

Parameters

Growth rate (mm/30 days)

Temperature (OC)

Salinity (ppt)

Current (em/sec)

Sedimentation (mg/cm2/day)

% Transmittance of
surface light

6m

O. - 3.43 (0.93 ± 0.71)

13.7 - 31.0 (24.6±3.1)

28.2 - 36.4 (32.5 ± 3.4)

o -70.5 (8.9 ± 2.])
137 - 1640 (846±593)

o - 31.2 (23.4 ± 12.9)

80m

0- 3. 72 (1.32 ± O. 8Il

7.4 - 26.7 (16.2 ± 3.7)

35.7 -36.4 (36.0 ± 0.2)
o - 58.5 (8.6 ± 1.7)

15 - 78 (53 ± 34)

0.22 - 0.55 (0.33 ±0.15)

research submersibles was employed at 80 m. Thin,
plastic bands were secured to three, indiscriminate
ly selected branch tips on each of 44 coral colonies,
and linear growth beyond the bands was measured
with calipers (±0.01 mm) approximately every 2
months at 6 m and 3 -4 months at 80 m.

Initially, 12 colonies were collected at each station
and attached with plastic ties to tables which were
covered with open nylon mesh and secured to the
reefs. In addition, four colonies each were
transplanted from one station to the other. Twelve
colonies, which were not detached from the
substratum but only were disturbed initially when
bands were attached to the branches, acted as con
trols. The controls were used to determine the ef
fects of moving and staining the corals, and their
growth was followed at 6 m for 3 years to determine
interyear variability. Two colonies at each station
were stained with alizarin dye (Lamberts 1974,
Dustan 1975) and all the tips (28-34 per colony) were
measured for new growth after one year to deter
mine the variability of intracolony branch growth.

Current meters and thermographs continuously
monitored both stations. Surface incoming solar
radiation (insolation) and percent cloud cover were
recorded daily on shore, and in situ light levels were
measured at both stations in June and November
with Lambda quantum meters. Salinities and sedi
mentation rates were determined periodically.
Sedimentation traps consisted of three replicate,
3.8-1 jug-s with 3.95-cm diameter apertures.

One way analyses of variance (ANOVA) were used
to compare growth rates within- and between
stations. Negative growth values were excluded
from the analyses but zero growth was included.
Frequency distribution curves plotted for the
growth rates were positively skewed; therefore, a
transformation of log (rate + 1) was applied to the
data (Sokal and Rohlf 1969). All rates reported
herein, however, are non-transformed means. A non
parametric statistic, Mann-Whitney U-Test, was
used to compare seasonal differences of physical fac-

tors within- and between- stations because of possi
ble deviations from normality for these factors. The
relationship of growth rate and various physical fac
tors was analyzed by linear and forward stepwise
regressions (Univ. Calif. 1977).

RESULTS

LINEAR GROWTH RATES

The linear growth rates of Oculina varicosa show
ed no significant difference (F-test, p >.05) between
the stained and non-stained corals at either the 6- or
80-m station; therefore, these were combined for
each station in all further analyses. The table corals,
which were set above the substratum and removed
for periodic weighing, grew slightly faster than the
controls (Table 2), so these tests were not combined.
Increased circulation around the corals attached to
the tables possibly allowed for greater growth.

The mean linear growth rate of the table coral was
significantly greater at 80 m than 6 m (1.32, 0.93
mm/30 d. respectively; Tables I, 2). Thus, mean
yearly growth was 1.13 cm/yr at 6 m and 1.61 cm/yr
at 80 m. Both maximum and mean growth were
usually greater at 80 m during any time of the year
(Fig. 1). Variability in growth was also greater at 80
m although both stations showed reduced devia
tions from the mean during the winter.

The coefficient of variation (Sokal and Rohlf 1969)
of intracolony branch growth of the stained corals
was low at both stations (14.6% at 6 m, 15.6% at 80
m), All tips on t he colonies showed growth, ranging
from 0.8 to 2.2 ern/yr. Interyear variability of
growth rate of the 6-m control corals was low. There
was no significant difference (ANOVA, p=.951) in
their linear g-rowth rates for the years 1977-1979
(0.62, 0.65, 0.69 mm/30 d, respectively).

Of the 240 observations of linear growth at 6 m,
only 2.9% showed zero growth but 23.8% had ne
gative growth (i.e, the branches probably broke
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during the interval), so the latter were not con
sidered in the analyses. At 80 m, however, none of
the 63 observations showed zero growth and only
9.5% had negative values. Although the deeper
coral is more fragile, the smaller percentage of
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breakage suggests that the 80-m station has a more
benign environment at least in terms of wave surge,
possible fish predation, and recreational pressures
from fishing and diving.

Table 2. Comparisons of mean linear growth rates of Oculina varicosa within- and between-stations using ANOV A. (T =
table coral, C = control coral.-e-> transplanted coral, * = significant difference of F-test at p < .05).

BETWEEN-STATION
ANOVA

*F=11.230, p=.OOl
F=3.133, p=.080

*F=23.785, p<.OOOl
F=1. 354. p=. 25

TEST CORAL
X GROWTH(MM/30d)
No. OBSERVATIONS

80m T
1. 32
57

80m C
1. 08
6

6m+80m
1. 07
22

6m T
0.93
109

6m C
0.69
84

80m+6m
0.46
16

WITHIN-STATION
ANOVA

F=.030,p=.87
F=1.418,p=.237

*F=6.601,p=.011
*F=7.361,p=.088
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The corals transplanted from 80 m to 6 m grew
significantly slower than both the 80-m and 6-m
table corals (0.46, 1.32, 0.93 mm/30 d, respectively).
These four transplants never became brown with
zooxanthellae and by the end of the year were nearly
100% dead and encrusted with algae and fouling
organisms. Also 43% of their branch tips which
were initially measured became broken or missing.
These results were possibly due to the fragile nature
of the deep-water O. varicosa which could not with
stand the wave surge at the 6-m depth.

Figure 1. Growth rates of Oculina varicosa on a near
shore, shallow reef (6 m] and a deep-water bank (80 m)
from July, 1978 to July, 1979. Horizontal bar, mean;
box, ± 1 standard deviation; vertical line, total range.
Number of observations are indicated at top of range
lines. Sampling time periods for each mean growth rate
are indicated under x-axis. Solids lines, 6-m station;
dashed line, 80-m station.

TRANSPLANT STUDIES

The corals transplanted from 6 m to 80 m grew
slightly, but not significantly, faster than the 6-m
table corals (1.07, 0.93 mm/30 d, respectively; Table
2). The transplants, which were brown with zoo
xanthellae when initially placed at 80 m, became
white to pink, apparently through the loss of zoo
xanthellae, during the first four months. These cor
als transplanted to 80 m did not grow as fast as the
autochthonous 80-m corals (1.07, 1.32 mm/30 d,
respectively) and the slopes of the growth curves
were significantly different (p=.014).

ENVIRONMENTAL EFFECTS ON GROWTH

Two seasons, based on environmental factors
described above and designated as low and high,
were selected at both stations. The low season, for
example, consisted of low water temperatures and
light levels (i.e., low insolation, high percent cloud
cover, high sedimentation rates, and low percent
light transmittance). Both site and season had
significant effects on linear growth (ANOVA,
F=8.167, p=.005; F=5.107, p=.025; respectively);
however, the interaction effect was not significant
(F=3.493, p=.064). During the low season mean
growth rates were 0.70 mm/30 d at 6 m and 1.35
mm/30 d at 80 m but increased to 1.26 and 1.44
mm/30 d, respectively, during the season of high
temperatures and light levels.

To further elucidate the environmental effects,
linear growth rates were regressed on water
temperature, insolation, sedimentation rate, and
mean current velocity. At the 6-m site linear growth
showed significant correlation with water tempera
ture and insolation (r= .399, .386, respectively;
F-test, p<.05), whereas growth was inversely cor-
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Figure 2. Daily mean water temperatures at 6- and 80 m
stations, daily insulation on shore, and cumulative
growth curves of Oculina uaricosa.

R (6-m) = 0.068 T - 0.911, and
R (6-m) = 0.002 L + 0.047,
R (80-m) = 0.194 T + 0.014 L - 1.641 C - 20.863,

REED

where R=linear growth rate (mm/30 d), T=water
temperature, L=insolation, and C=current velo
city.

The linear growth rates of both symbiotic 6-m and
aposymbiotic 80-m Oculina varicosa are relatively
slow (11.3, 16.1 mm/yr, respectively) and more close
ly approximate the rates of massive hermatypic
corals as well as other deep-water ahermatypics.
Linear rates reported for the massive hermatypic
coral Montastrea annularis range from 4 to 10
mm/yr (Macintyre and Smith 1974, Dustan 1975,
Hudson 1981) whereas rates for the fast growing,
branched species Acropora cervicornis range from
80 to 264 mm/yr (Shinn 1966, Lewis et al. 1968).
Rates for the ahermatypic Lophelia prolifera, which
forms banks at depths of 130-900 m and at
temperatures of 4-10°C, have been estimated at 6-15
mm/yr (Duncan 1877, Teichert 1958, Wilson 1979).
Vaughan (1915a) reported rates of 7.5-22.6 mm/yr
for Oculina diffusa, a symbiotic patch reef species
that is similar in structure to shallow-water 0.
varicosa.

The differences between the growth rates of 0.
varicosa and branching hermatypic corals appear to

DISCUSSION

related with sedimentation and current (r=-.457,
-.366, respectively, F-test, p-c.l ], Between 10 and
15% of the variance of growth was attributed to
each of these factors when considered separately.
The inflection points on the cumulative growth
curves (Fig. 2) may be vertically aligned with the
temperature and light curves to demonstrate
seasonal effects. The slope of the 6-m growth curve,
i.e., the rate, decreases as temperature and light
levels decrease; however, growth at the 80-m site ap
pears less responsive to these factors.

None of the factors tested separately on linear
growth at the 80-m site showed significant effects
although temperature and light showed the best
positive correlation to growth (r=.619, .511, respec
tively; p>.l) and current the best inverse relation
ship (r = - .579, p. > .1). Sedimentation rates had no
apparent effect (r = -.071) on linear growth.

At the 6-m site the interactive effects of any com
bination of environmental factors when tested by
forward stepwise regression were not significant. At
80 m the regression of growth on the combination of
temperature, light and current provided the best
model which accounted for 81.4% of the variance of
growth (F=9.769, p<.05). Thus, the best fit linear
models for the 6- and 80-m stations were:J J F
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be strongly influenced by environmental factors.
The lower lethal temperature limit for most reef
corals is 16-20°C whereas optimal growth is near
26-28°C (Wells 1957, Kinsman 1964). Thus, the tem
peratures over which 0. uaricosa grew for most of
the year Were well below optimal levels known for
reef corals (see Fig. 2). Since O. varicosa showed a
positive growth response to temperature, as do
most reef corals studied (review by Buddemeier and
Kinzie 1976), higher temperatures could possibly
produce growth comparable to other branching
species. In fact, by extrapolating the maximum
growth rate found at 6 m during the warmest
period, the theoretical maximum rate of 41.7 mm/yr
is obtained which approximates that of the bran
ching hermatypic species Pocillopora damicornis
from the Pacific off Panama (Glynn 1977). In addi
tion, when temperatures dropped to 20-21°C
resulting from cold-water upwelling off Panama, the
growth of P. damicornis slowed to less than 1.0
mm/month (Glynn and Stewart 1973), a value near
the mean for 0. uaricosa.

The transplant studies of shallow and deep O.
varicosa also suggest environmental control for
their growth rate differences, since the corals
transplanted from 6 to 80 m increased their growth
rates but those transplanted from 80 to 6 m dec
creased their rates. However, since the average tem
perature is 8.4°C colder at 80 m than at 6 m some
factor other than temperature must be influencing
the greater growth rates at 80 m.

Although the current velocities on the 0. varicosa
reefs and banks were similar to those reported for
other reefs in the Atlantic and Pacific (Jones 1963,
Glynn 1973), sedimentation rates at 6 m were 10
100 times greater than at the 80-m site or on other
Atlantic and Pacific reefs (Aller and Dodge 1974,
Glynn 1977). The linear growth at 6 m tended to
show a negative response to both current and
sedimentation whereas at 80 m growth appeared
unaffected by sedimentation. Thus, the reduced
growth of 0. uaricosa at the shallow, nearshore sta
tion could be a result of sand abrasion from the cur
rents and strong wave surge coupled with greater
sedimentation loads. Sand abrasion has been
reported to limit coral growth elsewhere and may
play a dominant role in reef destruction (review by
Levin 1970). In addition, many studies have shown
that increased sedimentation and turbidity may
reduce coral growth by either light reduction or
smothering of the coral (Dodge et al. 1974, Bak 1978).
The smothering factor is not likely for O. uaricosa
because it is branching and has fairly high calical
relief. Hubbard and Pocock (1972) found these
features important in 0. diffusa which was shown to
be efficient in rejecting medium size sand grains.
However, the loss of important energy reserves for
sediment removal by means of mucus production
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(Richman et al. 1975), polyp extension and ciliary ac
tion could also reduce the growth rates of the 6-m 0.
uaricosa.

Sedimentation rates and current velocity were
strongly correlated at both 0. oaricosa stations
(r=.823, p<.OOl at 6 m: r=.791, p<.05 at 80 m),
which suggests that an increase in current increases
resuspension of sediments and in turn reduces light
levels. The fact that coral growth at 6 m was
significantly correlated with insolation shows the
possibility that the presence of zooxanthellae was
influential. Moreover, Vaughan (1915b) demon
strated that 0. diffuse would die after 43 days if
light was excluded. Although the growth at 80 m
showed a significant response to the interactive ef
fect of temperature, insolation and current, the im
portance of the light factor is an enigma since less
than 1% of surface light penetrated to the 80 m
depth. Insolation levels possibly were correlated
with some unknown factor such as plankton density
thereby affecting growth.

The fact that the corals transplanted from 6 m to
80 rn grew slower than the autochthonous 80-m
corals further suggests that differences in growth
rates may be influenced by physiological factors
possibly resulting from genetic variation, effects of
zooxanthellae, or colony structure. For example,
ecotypes of other coral species have been reported
that are adapted to different light levels (Dustan
1979) as well as temperatures (Clausen and Roth
1975). The effects of zooxanthellae and colony struc
ture may be interactive. Since the density of polyps
per unit surface area is greater for the 6-m than the
80-m 0. oaricosa corals, the production of
metabolites may also be greater at 6 m. Consequent
ly, when the 6-m corals were transplanted to 80 m
and lost their zooxanthellae, a buildup of
respiratory CO2 and waste products could result
along with a concomitant reduction of calcification
such as seen in other coral genera (e.g. Goreau 1959,
Simkiss 1964).

Thus, the paradox still exists in which the linear
growth rates of Oculina uaricosa are greater on
cooler, deep-water banks where they lack zoo
xanthellae than on warmer, shallow reefs with zoo
xanthellae. Although environmental factors such as
greater sedimentation and concomitant light reduc
tion may reduce growth rates on nearshore, shallow
reefs, physiological controls resulting from ecotypic
variations or differing colony structure may also be
important for 0. uaricosa.

ACKNOWLEDGEMENTS

Frank G. Stanton provided excellent assistance in all
phases of the fieldwork. Drs. R.H. Gore. C.M.Hoskin and
R. W. Virnstein provided critical reviews of the

digitstaff
Text Box



206

manuscript. Howard Marshall assisted computer pro
gramming for statistical analyses. The crews of the RIV
JOHNSON and JOHNSON-SEA-LINK submersibles are
thanked. This is Contribution No. 247 of the Harbor
Branch Foundation, Inc., Fort Pierce, Florida, U.S.A.

REFERENCES

Aller, R.C. and R.E. Dodge. 1974. Animal-sediment rela
tions in a tropical lagoon Discovery Bay, Jamaica.
J. Mar. Res. 32:209-232.

Bak, RP. 1976. The growth of coral colonies and
the importance of crustose coralline algae and bur
rowing sponges in relation with carbonate ac
cumulation. Netherlands J. Sea Res. 10:285-337.

_____~ .. 1978. Lethal and sublethal effects of
dredging on reef corals. Mar. Poll. Bull. 9:14-16.

Buddemeier, R.W. and RA. Kinzie. 1976. Coral growth.
Oceanogr. Mar. BioI. Ann. Rev. 14:183-225.

Clausen, C.D. and A.A. Roth. 1975. Effect of temperature
and temperature adaptation on calcification rate in
the hermatypic coral Pocillopora damicornis. Mar.
BioI. 33:93-100.

Dodge, R.E., RC. Aller and J. Thomson. 1974. Coral
growth related to resuspension of bottom
sediments. Nature 247:574-577.

Duncan, P.M. 1877. On the rapidity of growth and
variability of some madreporaria on an Atlantic
cable, with remarks upon the rate of accumulation
of foraminiferal deposits. Ann. Mag. Nat. Hist., ser.
4, 20:361-365.

Dustan, P. 1975. Growth and form in the reef-building
coral Montastrea annularis. Mar. BioI. 33:101-107.

______. 1979. Distribution of zooxanthellae and
photosynthetic chloroplast pigments of the reef
building coral Montastrea annularis Ellis and
Solander in relation to depth on a West Indian coral
reef. Bull. Mar. Sci. 29:79-95.

Glynn, P.W. 1973. Ecology of a Caribbean coral reef. The
Porites reef-flat biotope: Part I. Meteorology and
hydrography. Mar. BioI. 20:297-318.

______. 1977. Coral growth in upwelling and
non-upwelling areas off the Pacific coast of Panama.
J. Mar. Res. 35: 567-585.

Glynn, P.W. and RH. Stewart. 1973. Distribution of coral
reefs in the Pearl Islands (Gulf of Panama) in rela
tion to thermal conditions. Limnol. Oceanogr.
18:367-379.

Goreau, T. 1959. The physiology of skeleton formation in
corals. I. A method for measuring the rate of
calcium deposition by corals under different condi
tions. BioI. Bull. 116:59-75.

Hubbard, J.A. and YP. Pocock. 1972. Sediment rejection
by recent scleractinian corals: a key to palaeo
environmental reconstruction. Geol. Rund.
61:598-626.

Hudson, J.H. 1981. Growth rates in Montastraea an
nularis: a record of environmental change in Key
Largo Coral Reef Marine Sanctuary, Florida. Bull.
Mar. Sci. 31:444-459.

REED

Jones, J.A. 1963. Ecological studies of the southeastern
Florida patch reefs. Part 1. Diurnal and seasonal
changes in the environment. Bull. Mar. Sci.
13:282-307.

Kinsman, D.J. 1964. Reef coral tolerance of high
temperature and salinities. Nature 202:1280-1282.

Lamberts, A.E. 1974. Measurement of Alizarin deposited
by coral. Proc. 2nd Int. Coral Reef Symp. 2:241-244.

Levin, ,J. 1970. A literature review of the effects of sand
removal on a coral reef community. Nat. Sci.
Found., Sea Grant Prog., GH-93, 78 p.

Lewis, J.B., F. Axelson, I. Goodbody, C. Page and G.
Chislett. 1968. Comparative growth rates of some
reef corals in the Caribbean. Mar. Sci. Manuscript,
Rep. 10, McGill Univ., 27.

Macintyre, I.G. and S.V. Smith. 1974. X-Radiographic
studies of skeletal development in coral colonies.
Proc. 2nd Int: Coral Reef Symp. 2:277-287.

Reed, J.K. 1980. Distribution and structure of deep-water
Oculina varicosa coral reefs off central eastern
Florida. Bull. Mar. Sci. 30:667-677.

Reed, J.K., RH. Gore, L.E. Scotto and K.A. Wilson. 1982.
Community composition, structure, areal and
trophic relationships of decapods associated with
shallow-and deep-water Oculina varicosa coral
reefs. Studies on decapod crustacea from the Indian
River region of Florida. XXIV. Bull. Mar. Sci. 32 (In
press).

Richman, S., Y Loya and L.B. Slobodkin. 1975. The rate
of mucus production by corals and its assimilation
by the coral reef copepod Acartia negligens.
Limnol. Oceanogr. 20: 918-923.

Shinn, E.A. 1966. Coral growth rate, an environmental in
dicator. J. Paleont. 40:233-240.

______. 1972. Coral reef recovery in Florida and
the Persian Gulf. Spec. Rep. Envir. Conserv. Dept.,
Shell Oil Co., Houstan, Texas 9 p.

Simkiss, K. 1964. Phosphates as crystal poisons 01
calcification. BioI. Rev. 39: 487-505.

Smith, N.P. 1981. An investigation of seasonal upwelling
along the Atlantic coast of Florida. Proc. 12th Int.
Liege Colloq. Ocean Hydrodynamics: 79-98.

Sokal, R.R and F.J. Rohlf. 1969. Biometry. San Fran
cisco: W.H. Freeman and Co., 776 p.

Teichert, C. 1958. Cold- and deep-water coral banks. Bull.
Amer. Ass. Petrol. Geol. 42:1064-1082.

University of California. 1977. BMDP-77 Biomedical com
puter programs P-series. Los Angeles: Univ. Calif.
Press, 880 p.

Vaughan, T.W. 1915a. The geologic significance of the
growth rate of the Floridian and Bahamian shoal
water corals. J. Wash. Acad. Sci. 5:591-600.

______. 1915b. Reef corals of the Bahamas and of
Southern Florida. Carnegie Inst. Washington,
Yearbook 13:222-226.

Wells, J.W. 1957. Coral reefs. In J.W. Hedgepeth (ed.),
Treatise on Marine Ecology and Paleoecology. Vol.
I Ecology. Mem, Geol. Soc. Amer. 67:609-631.

Wilson, J.B. 1979. "Patch" development of the deep-water
coral Lophelia pertusa (L.) on Rockall Bank. J. Mar.
BioI. Ass. U.K. 59:165-179.

digitstaff
Text Box


	247 cover
	247_Reed
	247 cover
	247_Reed
	247 cover
	247_Reed
	247 cover
	247_Reed






