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SUMVARY

Ef fects of Suspended Sediment and Burial Upon
Survival and Gowh of Eastern Gulf of Mexico Corals

Laboratory experinents were undertaken to quantify the effects
of high suspended sedi ment |oads and total burial upon selected
species of hard corals and sponges fromthe Qulf of Mexico. Suspended
sedi ment studies lasted for 10 days each with survival and growth
rates measured in control and experinmental treatments. The cora
species tested in these experinments included: Phyllangia americana,
Scolym a |acera, Cadocora arbuscula, Manicina areolata, |sophyllia
si nuosa, Sol enastrea hyades, Stephanocoenia mchelinii, and
Siderastrea radi ans. The sponge species tested was C nachyra apion.
Coral growth rates were determned using the buoyant weight technique
and were found to be significantly different between control and
experinental treatnents in one of four experinents, each at different
suspended sedinent |oads. Natural sediments fromthe Qulf of Mxico
were used in all experiments and the average suspended |oads measured
in the four |aboratory suspended sedinent experinents were 49ny/l,

101ng/ |, 165ng/l, and 199ny/l. Sponge survival was not affected by
exposure to the above suspended | oads.

Burial experiments were undertaken with seven of the coral
speci es and the sponge species. Al corals tested displayed a
relatively high tolerance to conplete burial with LTs, values (buria
time necessary to kill half of the specinmens) ranging from7 days to
greater than 15 days. Sublethal stress, in the form of color |oss and
partial tissue death, was observed in nost survivors of buria
experiments. The sponge species tested experienced no nortality
foll owing 15 days buri al

Field measurements on two reef areas included suspended solids
determ nations for bottomwater, coral vertical height neasurenents,
and coral density estinates.



The data collected in these studies are analyzed and
interpreted in light of previous published accounts of simlar field
and | aboratory observations. The coral and sponge species tested in
the present study appear to be among the nost tolerant species tested
within their respective groups

Recommendati ons are made for further studies enploying |onger
exposure periods and different environnental conditions. Additional
field studies at reef sites near the disposal area are recomended.
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. 1 NTRODUCTI ON

Coral distribution and ecol ogy under natural conditions have
been shown to depend upon nunerous environmental factors. Vaughan
(1916) determned that reef-formng corals were limted by: 1) the
effect of sedinentation, 2) decreasing supply of plankton, 3)
decreasing light intensity, and 4) lowering of the tenperature. These
and other factors have been exam ned subsequently and synthesized into
a nore conpl ete understandi ng of Atlantic and Cari bbean coral reef
ecol ogy (Edmondson, 1929; CGoreau, 1959; Squires, 1958; Storr, 1964:
Roos, 1971; Smth, 1971, Rylaarsdam 1981 and references therein).

The specific imting factor of interest in the present
research is that of exposure to high |evels of suspended sedinment in
the water. Since nost vigorous coral reef developnent occurs in clear
tropical waters, it has becone axiomatic that clear water is essential
for coral growth. A closer |ook at the problemhas revealed that the
tolerance of corals to turbid water varies considerably among species
with some corals being quite resistant to sedinmentation effects. Many
of the principal reef-building corals in the Caribbean have a | ow
tolerance to turbid water and as a result, reef devel opnent nay be
more successful in clearer water. In turbid water, reef devel opnment
may be depressed and species conposition may be shifted toward the
more tolerant species (Roy and Smth, 1971).

Fi el d observations have confirnmed the relationship between
suspended sedinent |evels and coral distributions in a variety of
geographic locations including: Palao (Matoda, 1939), Australia
(Mayer, 1918; Marshall and Or, 1931); Hawaii (Ednondson, 1928),
Fanning Island (Roy and Smth, 1971), Florida (Hubbard and Pocock,
1972), Jammica (Dodge et al., 1974) and St. Croix (Rogers, 1983). In
many cases, the same species or genera fromdifferent |ocations are
found to inhabit the suboptimmturbid waters. These sanme corals
appear to be domnant on the west central Florida patch reefs visited
in the present study. For exanple, Mnicina areolata, |sophyllia




si nuosa, (O adocora arbuscula, and Siderastrea sp. were commbn

i nhabitants on the 26mreef off Tanpa Bay, but are found in | agoon
habitats and relatively turbid waters in nore tropical Caribbean areas
(Colin, 1978).

The coral species tested in the present investigation do not
form"coral reefs" off west central Florida, but rather grow as
i ndi vi dual colonies on the |imestone substrata that form the basis of
the patch reefs. The conmposition and geologic' origin of these
| i mestone outcroppings is discussed in Smth (1976). Although these
patch reefs are not typical coral reefs, as occur in the Florida Keys
and el sewhere, they share some common features with the latter. For
exanpl e, many vertebrate and invertebrate animals are found al nost
exclusively on patch reef habitats, and species diversity and
abundance are often nuch higher on patch reefs than on surrounding
soft substrata. Synmbiotic relationships abound within patch reef
communities attesting to the conplexity of interrelationships anmong
organi snms. In addition, many plant and ani nal species attach
permanently to the hard substratum

Storns and strong currents periodically produce turbid water
and stressful conditions for patch reef organi sns. The observed
| ong-term survival of many patch reef communities would suggest that
the inhabitants are well adapted to handling periodic stress. Typica
seasonal conditions in the Qulf of Mexico result in strong wave and
current action with associated turbidity during the winter nonths, and
relatively calmconditions and clear water throughout the sunmer (wth
an occasional hurricane). Mst growh in patch reef corals probably
occurs during the summer nonths when tenperatures are high, plankton
l evel s are high and clear water allows for good light penetration
Hgh turbidity levels during sumer would be expected to reduce |ight
penetration and cause corals to expend nore energy in cleaning
activities. If the stress fromturbid water were great enough, a
reduction in coral growth rate might occur. The nost extreme effect
of turbid water, conplete burial of organisms, mght result in death
of the corals.



The present investigation was undertaken to test the effects of
high turbidity levels, produced by sedinent resuspension, on the
survival and growth rates of hard corals collected fromQulf of Mexico
patch reefs off west central Florida. These tests were conducted
under controlled |aboratory conditions and were intended to sinulate
the levels of suspended sedinment that mght be expected to occur on
t he periphery of an ocean dredged material disposal site. Four
different levels of suspended sedinent were tested in ten-day surviva
and growth experinents. Results of these bioassays were used to test
the hypothesis that increasing suspended sedinent loads will result in
decreased survival and growh rates. Additional |[|aboratory
experinents were enployed to test the resistance of eight species to
total burial under natural Gulf of Mexico sedinent.

Field observations included identification of thirteen species
of hard corals from patch reefs and neasurements of vertical height
for six species on two different reef areas. The results of these
studies are presented in the follow ng sections and interpreted in
light of previous research on the sane topic.

The two reef areas visited during this investigation were
| ocated ten nautical nmiles (nm) and 18nm offshore from Sarasota and
Manat ee Counties respectively (Figure 1). The dates of collecting
trips and |aboratory experinents are presented in the Chronol ogy of
Events (Table 1). The coordinates of the 10nm reef were: 27°4.34

N |atitude, 82°45.55 W longitude and the 18nm reef: 27°27.16" N
| atitude, 83°06.25 W ongitude.



Figure 1. Map of Study Area showing the location of patch reefs
visited. A, 26m reef; B, 15m reef (Barricuda Hole).
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Tabl e 1.

Date (1984)

4] 20
4] 25
5/11
5/11

5/ 18-
5/ 30-
6/01-

6/ 08
6/ 08
6/ 08

6/ 05-

6/ 22
6/ 22

6/ 15-
6/ 25-

7110
7110

7/ 05-
7/ 05-
71 06-

71 24-

5/30
5/31
6/ 11

6/ 13

6/ 25
71 06

7111
71 20
7121

7131

Chronol ogy of field and |aboratory events.

Event

Suspended solids sanples obtained from Site 4

Suspended solids sanples obtained from Gulf of Mexico
Suspended solids sanples obtained from Gulf of Mexico
Coral and bottom sedinent collection from Barricuda Hol e

Coral suspended sediment experiment |, 49 my/
Coral burial experinent I, 24 hours
Coral suspended sedinent experinent Il, 101 ng/l

Suspended solids sanples obtained from Gulf of Mexico
Coral and bottom sediment collection from 26 m reef

In situ coral height measurements taken at 26 m reef

Coral burial experinent Il, 96 hours

Coral and sedinent collection from Barricuda Hol e

In situ coral height neasurenents taken at Barricuda Hole

Coral burial experinent 111, 10 days
Coral suspended sediment experinment 11, Phase I,
165 ng/

Coral and sedinent collection from Barricuda Hol e

In situ coral height neasurenents taken at Barricuda Hole
Coral burial experiment V, 6 days

Coral burial experinent IV, 15 days

Coral suspended sediment experiment |11, Phase II,

199 ng/

Coral burial experiment VI, 8 days




[ 1. METHODS

A Col I ection and Handling

Speci al procedures were used for collection and transport of
test organisms to nmaximze survival and minimze stress. Al corals
and sponges were hand-collected by SCUBA divers. Hard corals in the
size range from 10 to 100g (estimated weight in air) were selected for
col l ection. Wien a suitable specimen was encountered by a SCUBA
di ver, the diver would gently maneuver a knife blade or pry bar
between the base of the coral and the substratum and di sl odge the
colony using steady pressure. Care was taken not to touch the fleshy
portions of any corals during collection. Wth sone specimens, it was
necessary to renove sediment from around the base of the coral in
order to locate an appropriate |everage point. Any specinens that
were damaged during collection were not returned to the |aboratory.
Mani cina, |sophyllia, Cadocora, and Scolym a were generally easy to
collect while Siderastrea, Solenostrea, Phyllangia, and Stephanocoenia
required nore care to avoid danage. Once dislodged fromthe bottom
speci mens were placed into nylon mesh bags and returned to the
surface. Mdst hard corals have a |ow tolerance to exposure in air;
therefore, collecting bags were rapidly transferred fromthe divers to
tubs of clean seawater by an assistant on deck. Corals were then

quickly sorted and placed into insulated containers for transport.

The seawater in the containers was replaced with fresh seawater at
| east once per hour and the lids were kept in place to avoid stress
fromdirect sunlight.

In the | aboratory, field specinens were placed into aquaria
with continuously flowing seawater and allowed to acclimate for seven
days before being used in an experinent. Tenperature, salinity,
di ssol ved oxygen, and pH were nonitored during the acclimation period.
The photoperiod was set at 14:10 (light:dark) with a one-hour
transition period on each end at approximately 75% of full
illumnation. Incident light in the photosynthetically active range
(400-700 nm was neasured with a LiCor integrating photoneter and



found to be 2.0 and 2.5 uEs 'mi* for the control and experinenta

aquarium respectively. This converts to approxi mately 0. 3-0.4% of
full noon solar irradiance at the sane wavel ength. Brine shrinp
nauplii were added daily to each aquarium as food and screened
cylinders placed over outflow ports to nmaxim ze brine shrinp
retention. Food was added in the late afternoon, since nost corals
feed during darkness.

No deaths occurred in any coral species due to transport from
the field nor acclimation conditions when the above procedures were
fol | owed
B. Experinmental Exposure System

Al suspended sedinment and burial experinments were carried out
in a climte-controlled |aboratory. Two parallel recirculating
seawater systens were used in suspended sedinent tests. These systens
each consisted of a 200 liter polyethylene reservoir from which
seawater was punmped to a 55 liter head tank provided with two nagnetic
stirrers. Water flowed by siphon fromthe head tank to a 60 liter
exposure tank where the experinental and control aninals were housed
Flow rates fromthe head tank into the exposure tank provided
approximately 44 volume changes per 24 hours. Overflow water from the
exposure tanks flowed back to the reservoir. Total water volune in
each systemwas 115 liters. The seawater used in all experiments was
obtained from the |aboratory-w de system (114,000 liter) which is
supplied from Gulf of Mexico water punped from New Pass, Sarasota
Florida

During initial acclimation periods for corals collected

of fshore, the exposure tanks were connected to flowthrough seawater
fromthe |aboratory-wi de system At least two days prior to beginning
an experiment, water flow through the exposure tanks was switched to
the 115 liter recirculating system Seawater in the tw parallel
recirculating systens was replaced with seawater from the
| aboratory-wi de system after each ten-day experinment. Tenperature,
salinity, dissolved oxygen, and pH neasurements during each experinent
indicated that water quality remained constant for the ten-day
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experimental period.

Coral burial experiments were carried out in 20 liter all glass
aquaria supplied with flowing seawater fromthe |aboratory system A
subgravel filter was placed in each aquarium and covered with 3.5cm of
crushed coral gravel. Experinental aninals were arranged on top of
this gravel and a map constructed showi ng the |ocation of each
organism Sedinent fromthe Gulf of Mexico was sieved through a 0.5nmm
screen and added to the aquarium until all specimens were covered.
The subgravel filter provided sufficient water flow down through the
sediment to prevent anoxic conditions from occurring. At the end of
each experiment, specimens were removed fromthe sedi ment and pl aced
into recovery aquaria provided with flow ng seawater. The health and
general condition of each experinental animl was recorded immediately
following renoval fromburial. Sone organi sns survived burial, but
appeared to be heavily stressed. For this reason, each organi sm was
checked again at 24 hours and seven days with the final survival rate
based upon the data collected at seven days after renoval fromthe
sedi ment .

. Coral Gowth Rates
During each of the four suspended sedi nent bi oassays, the

begi nning and final weight of each coral colony or individual was
measured using the buoyant weight technique described by Dodge et al.
(1984). A basket was suspended beneath an Anerican Scientific
Products DTL 2500 top-loading electronic balance and positioned over a
38 liter aquariumso that the basket and coral would be conpletely
submerged during weighing. Each coral was weighed to the nearest
0.019 and the tenperature and salinity of the water in the weighing
aquarium neasured after every fifth weighing. The buoyant weights
were converted to equivalent weights in air using the fornmula:

(1 - Dw)



W is weight in air
W, i s buoyant weight
D, is the density of water
D,is the density of the coral

D, was assuned to be 2.94 (the density of pure aragonite) and
D, was calculated fromthe tenperature and salinity of the seawater in
the wei ghing aquariumusing Table 2.1 in Riley and Chester (1971).
The resulting weights in air (W) were then used to compute growth
rates. The change in weight of a specimen over the course of the
experiment was divided by the initial weight of the coral to obtain a
nornal i zed val ue expressed as ng growh/g body weight/10 days, Some

probl ens were encountered with this technique and are explained in the
Di scussi on

D. Det erm nation of Surviva

Survival rates were determned for each species of experinenta
ani mal during both suspended sedinment experinents and buria
experiments. Some of the organisms, such as Scolymia and Phyllangia
represented single individuals and could be easily classified as alive
or dead. Mbst species tested form col onies consisting of nunerous
corallites or "individuals", and for these species, internediate
conditions occur. In either case, a corallite was considered alive if
its soft tissues appeared normal, or if its tentacles were extended in
feeding posture during the recovery period. Sponges used in suspended
sedinment and burial experinents were considered alive if still firmto
the touch, and dead if mushy or covered with fungus

Subl et hal responses were recorded for corals exposed to
suspended sedinment or used in burial experinents. Loss of color
associated with expul sion of zooxanthellae was a comon response in
Mani ci na, Scolymi a, Isophyllia, and Sol enastrea. Shrinkage of soft
tissue and exposure of underlying skeletal features was observed in
Mani ci na, Scolymia, and |sophyllia. Mst hard corals produce nucus on
their soft tissues, and this feature was used to assess relative
health. In cases where it was difficult to determne if a coral was




alive, the presence of mucus was taken as a sign of life. The absence

of surface nucus was a common feature on all corals considered to be
dead.

E. Experinental Aninals

Ei ght species of hard corals and one sponge species were used
in suspended sedinment tests and burial experinments. Each specinen
was carefully selected in the field and collected, transported, and
acclimated according to the procedures above, prior to use in
bi oassays.

The hard corals observed in the field included:

Phyl um Cni dari a
O ass Hydrozoa
Oder MIleporina
Fam |y M| eporidae
M Il epora alcicornis Linnaeus
(not used in experinents)

C ass Anthozoa
Order Scleractinia
Fam |y Astrocoeniidae
St ephanocoenia michelinii MIne Edwards and Hai ne

Fam |y Siderastreidae
Siderastrea radians (Pallas)
Siderastrea siderea (Ellis and Sol ander)
(not used in experinents)

Fam |y Poritidae
Porites porites (Pallas)
(not used in experinents)

Fam |y Rhizangiidae
Phyl | angi a anmericana M| ne Edwards and Haime

Fam |y Mussi dae
Scolym a | acera (Pallas)
| sophyllia sinuosa (Ellis and Sol ander)

Fam |y Faviidae
Mani ci na areol ata (Linnaeus)
(O adocora arbuscul a (Lesueur)
Sol enastrea hyades M I ne Edwards and Hai ne

-10-



Fam |y Cculinidae
Cculina diffusa Lamarck
(not used in experinents)

Fam |y Meandrini dae
Di chocoenia sp. (observed but not collected)
Phyl um Porifera

Fam |y Craniellidae
G nachyra apion Uiczka

Twel ve species of scleractinian hard corals and one species of
hydrocoral were collected from patch reefs off Sarasota and Manatee
Counties. Eight of these species were used in |aboratory experinents,
and six species were neasured in the field for vertical height above

the substratum The species |isted above that were not used in
| aboratory experinents include:

M|l epora alcicornis
Siderastrea siderea
Porites porites
Cculina diffusa
Di chocoenia sp.

These species were not used because insufficient nunbers of specimnmens
were encountered at the reefs visited. Sone of these species are
quite common on other patch reefs in the general vicinity. For
exanple MIlepora alcicornis and Porites porites are quite conmon on a
| arge reef area west of the previously designated dredged materia

di sposal site (Site A) in about 20m depth. Cculina diffusa and

Di chocoeni a sp. have never been observed to be abundant on any | oca
patch reef exam ned by the author.

F. Total Suspended Solids
Seawat er sanples were collected from several |ocations in the
@l f of Mexico during March, April, My and June, 1984 for

determ nation of total suspended solid |loads in near bottom water.
Sanpl es were collected from nost stations with a Niskin bottle within
Im of the bottom and transferred to precleaned pol ypropyl ene



containers for transport to the l|aboratory. Sanples fromSite 4, the
Barricuda Hole, and the 26m reef were collected by divers using
precl eaned col | apsi bl e pol yethyl ene bottles.

Water sanples were collected periodically fromthe experinmenta
and control exposure aquaria during the course of each suspended
sedi ment bi oassay. Al suspended solid sanples were stored at 4°C
until analyzed, and all sanples were analyzed in duplicate.

Pol ycarbonate filters with a pore size of 0.45um were vacuum
rinsed with distilled-deionized water, dried at 100°C for two hours
and wei ghed. A preneasured volune of well-m xed sanple was then
filtered, followed by a second distilled-deionized water rinse to

renove any salt. Filters were dried at 100 °C for two hours and
rewei ghed.
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L. RESULTS AND DI SCUSSI ON

The results of the present investigations are discussed bel ow
under the main headings, Laboratory Studies and Field Studies. The
Laboratory Studies included coral survival and growth experinents
under suspended sedi nent |oads of 49-199ng/l, and coral and sponge
burial experinments. Field Studies included suspended solids
measurenments in the @lf of Mexico, coral vertical height
nmeasurenents, and coral density estinates at two reef areas in the
Qul f.

A Laboratory Studies
1. Suspended Sedi ment Experinents

Four suspended sedinent experinments were conpleted using hard
coral s and sponges exposed to natural sedinment fromthe Qulf of
Mexi co. Each experinent |asted for ten days with survival and growh
rates measured for each coral specimen and survival rate determ ned
for sponges. A different suite of experinental aninmals was used in
each experinent except for the final two suspended sedinent tests in
whi ch the same animals were exposed for a total of twenty days and
checked for survival and growh at ten-day intervals [Suspended
Sedi nent Experiment 111 (SSE I111), Phases | and Il]. The results of
t hese experinents are presented as average growh rates for
experinmental and control groups in Tables 3-6, and graphically for
each species in Figures 2-10. Figures 2-6 summarize the growth
responses for each species tested at a given suspended solids |oad.
Figures 7-10 represent the change in growh response for each species
with increasing suspended solids |oad.

a) Surviva

In general, coral and sponge survival was not affected by
exposure to the levels of suspended solids tested during the tine
course of these experinents. No sponge deaths were recorded and only
one species of coral, Siderastrea radians, had colonies die during

suspended sedinent tests. These coral deaths occurred in SSE Il
Phase Il with colonies from both experinental and control treatnents

-13-



being affected. Four of five control colonies died while two of five
experinental colonies died, suggesting that these deaths were
unrelated to the suspended sedinent | oad.

At the end of the first and second ten-day periods of SSE IIl1I,
each coral was examned for general health and appearance.
Experimental treatment specimens were cleaned of any accumul ated
sedinent prior to examination. At the flow rates used in these
experiments, it was unavoi dable that some sedi ment accunul ated & the
nunbered di shes used to hold the experinmental animals. Some corals
were partially buried as a result of this and suffered sone polyp
death or polyp bleaching. Bleaching of polyps or entire colonies was
assuned to be a result of zooxanthellae expul sion

At the end of SSE Ill, Phase I, the follow ng species in the
experinental treatnent displayed partial polyp death or polyp
bl eaching in sone individuals: Scolyma |acera, Stephanocoenia
mchelinii, Siderastrea radians, and Sol enastrea hyades. Contro
specinmens were simlarly affected in S. hyades. At the end of Phase
Il (second ten days), color loss was noted in the experinental
treatment for S. lacera, Minicina areolata, S. hyades, S. radians,
| sophyllia sinuosa, Cadocora arbuscula, and S. michelinii. Simlar
color loss was observed in control treatnent individuals of M
areolata, S. hyades and S. radians. It is difficult to quantify

bl eaching on coral specimens since only a portion of the animl was
affected in nost cases. On the basis of nunber of individua
speci nens affected, regardless of the extent of bleaching, fourteen
experimental treatnent corals and ten control treatnent corals
experienced sonme color |oss. Some hernmatypic corals are known to
expel their zooxanthellae if kept in the dark for extended periods of
ti me (Ednondson, 1928). Reduced light levels in the experinenta
treat nent aquarium nay have contributed to zooxanthellae loss in the
present case, but was not a factor in the control aquarium

Sponges exposed to suspended sedinents tended to becone coated
with up to 1mm of clay-like material by the end of ten days.
Cross-sections of these experinental treatnment sponges reveal ed dark
streaks leading into the interior of the speci mens suggesting that
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some sedi ment may have accurmulated within the circulatory channels.
These dark streaks were absent in cross-sections of control sponges.

All sponges in all four suspended sedinent experinments survived the
exposure.

b) Gowh Rate

Gowh rates were variable between different species of corals
and variable within species between different experinments. The
average growh rates for seven species that were exposed to contro
conditions in |laboratory experinments are presented in Table 2. One
speci es, Phyllangia anericana, was used in suspended sedi nent
experiments | and Il but is not included in Table 2 due to the
unexpectedly high variability of the data. This species was commonly
collected with relatively large anounts of non-coral substratum
attached and this may have affected the growth rate measurenent.

| sophyllia sinuosa had the |owest control growh rate of the
corals tested and O adocora arbuscula had the highest (Table 2).
Gowh rates for control and experimental treatments for each of four
suspended sedi ment experiments are presented in Figures 2-5 and Tables
3-6. The data are summarized at the bottom of each table as the
average growh rate for all species tested including the significance
(t-test) of any difference between control and experinental

treatments. In all experiments except SSE IIl, Phase | (Table 5),
there was no significant difference in average growh rate between
control and experimental treatments. In SSE Ill, Phase |, the average

control growh rate was significantly higher (P<0.05) than that of the
experimental group. The sane group of specinmens exposed for the

second ten days of the experiment (SSE IIl, Phase Il, Table 6)
di spl ayed no significant difference between treatnments. The growth
rates for the entire twenty-day period (SSE IIl, Phases | and Il) were

not significantly different between control and experinental
treatments when analyzed collectively (Figure 6). Average growh

rates of corals were higher in the second phase of SSE Il than the
first phase for both treatnents (Tables 5 and 6). This may indicate
that the corals were still adapting to the specific |aboratory

conditions during the first phase. The specinens used in this
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Table 2. Average growh rate (ng/g/ 10 days) of corals from control
treatnments of four suspended sediment experiments.

Average Gowh rate as ng/g/ 10 days

Speci es Cont rol Nunber Tested
Scolym a | acera 1.55 10
Mani ci na areol ata 2.15 20
Sol enastrea hyades 4,95 20
Si derastrea radians 1.63 15
| sophyl lia sinuosa 0.35 10
C adocora arbuscul a 7.18 20
St ephanocoenia michelinii 3.30 10
Average for all species: 3.45 105
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Figure 2. Average growth rates (n=5) for five species of corals exposed to control and experinental
conditions (49 nmg/l suspended solids) for 10 days. Suspended Solids Experinment I.
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Table 3. Average growth rates for five species of hard corals exposed to

an average of 49 ny/l

| aborat ory. Suspended Sedi ment

Speci es

Cl adocora arhbuscul a

Mani ci na areol ata

Sol enastrea hyades

Phyl | angi a anericana

Si derastrea radi ans

Average for all species:

St andard devi ati on
Nunber t est ed

Si gni ficance

suspended solids for 10 days in the

Experinment 1.

Average Gowh rate (n=S) as ng/g/ 10 days

Cont r ol Experinenta
9.2 11.0
7.2 8.8
5.3 6.1
7.1 3.1
2.6 -6.4
6. 28 4.52
5.20 13. 67
25 25
t, = 0.602 (Not Significant)
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Figure 3. Average growth rates (n=5) for seven species of corals exposed to control and experinental
conditions (101 ng/l suspended solids) for 10 days. Suspended Solids Experiment II.
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Table 4. Average growh rates for four species of hard corals exposed to
an average of 101 ng/l suspended solids for 10 days in the
| aborat ory. Suspended Sedinment Experinent 11.

Average Gowth rate (n=5) as ng/g/ 10 days

Speci es Cont rol Experi nent al
C adocora arbuscul a 1.3 -1.0

Mani ci na areol ata 0.4 2.4

Sol enastrea hyades 2.5 4.4

Phyl | angi a anericana -9.8 34.8
Average for all species : -1. 40 10. 15
Standard deviation : 16.7 34.6
Nunber tested : 20 20
Significance : t, = 1.344 (Not Significant)
Average wi thout Phyllangi a: 1.4 1.9
Standard deviation : 3.8 9.8
Nunber tested : 15 15

Signi ficance t, = 0.184 (Not Significant)
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Figure 4. Average growth rates (n=5) for seven species of corals exposed to control and
experimental conditions (165 mg/l suspended solids) for 10 days. Suspended
Sediment Experiment III, Phase I.
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Table 5. Average growh rates for seven species of hard corals exposed to
an average of 165 ng/l suspended solids for 10 days (first 10
days) in the |aboratory. Suspended Sedi nent Experinent 111,

Phase |.
Average Gowh rate (n=5) as ng/g/ 10 days

Speci es Cont r ol Experi nent al
Scolym a | acera 2.4 0.4
Mani ci na areol ata 0.5 0.6
Sol enastrea hyades 4.1 -2.8
Si derastrea radi ans -0.3 0.5
| sophyllia sinuosa 0.6 -0.1
C adocora arbuscul a 1.9 -6.5
St ephanocoenia michelinii 3.8 -0.7
Average for all species: 1.85 -1.22
St andard deviation : 4.89 5.05
Nurmber tested : 35 35
Si gnificance : P <0.05 (t-test)

t, = 2.584
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Table 6. Average growh rates for seven species of hard corals exposed to

an average of 199 my/|

suspended solids for 10 days (second 10

days) in the laboratory. Suspended Sedinment Experiment II1I,

Phase I1.

Speci es

Scolym a | acera

Mani ci na areol ata

Sol enastrea hyades

Si derastrea radi ans
| sophyl lia sinuosa
d adocora arbuscul a

St ephanocoeni a michelinii

Average for all species:

St andard devi ati on
Nunber t est ed

Signi ficance

Average Growth rate (n=5) as ng/g/ 10 days

Contro

0.7
0.5
7.9
2.6
0.1
16. 3
2.0

4.42
6. 80
35

Experi nent a

0.5
3.3
13.6
2.0
-0.9
20.3
3.6

6. 05
8.17
35

ts = 0.907 (Not Significant)

t S
[0. 05, 68] =

24-

1.997
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experinent were acclimated to laboratory conditions for seventeen days
prior to the beginning of Phase I, and both phases of SSE Ill were
conducted under virtually identical physical and chem cal conditions
(Table 7)

The response of individual coral species to the various
suspended solids loads tested is presented in Figures 7-10. Some
species (Manicina areolata) had consistently higher (although not
significant) growh rates in experinental treatnents than in contro
treatments. Qther species displayed nore variable responses but no
clearcut trend was evident indicating a significant decrease in growh
rate with increasing suspended solids |oad. Species that grew nore in
experinental treatments than in controls nay have been obtai ning
additional nutrients from the suspended sedinent, which contributed to
growh or facilitated calcification. A possible solution to the
probl em of variable growh rates within species would be to chart
individual growth rates of corals for several weeks prior to beginning
an experinment. This would provide a baseline for conparison wth
subsequent experinental treatnments and would help to establish
adequate acclimtion tines for growth studies.

Field research on tropical corals has indicated an inverse
rel ati onshi p between coral growth and suspended sedi nent |evels
(Dodge, et al., 1974). The hypothesis that increasing suspended
solids loads will result in decreased growth rates of corals is based
upon the assunption that every specimen has a given energy budget to
work wi thin. Anabolic processes depend upon heterotrophic feeding
efficiency and autotrophic synthesis (in hermatypic forms). Catabolic
processes include respiration, cleaning maintenance and self-defense
The bal ance between anabolic and catabolic processes is positive if

food energy intake and autosynthesis are higher than energy
expenditures. A positive energy balance results in growth of the
coral and devel opnent of reproductive organs. As the bal ance
approaches zero, less energy is available for growh and reproduction.
An increase in suspended sedinent levels will result in an increase in
cleaning activity of a coral and may interfere with normal feeding
mechani sns. |f the energy expended in cleaning becones sufficiently



Table 7. Physical and Chemcal parameters of seawater during Suspended
Sedi ment Experiment 111.

Temperature Salinity Dissolved Oxygen
1984 °c o/00 pH mg/%
Date Control Exper. Control - Exper. Control Exper. Control Exper.
Phase I
6/25 24 24 34.0° 34.5 7.86 7.84 6.0 6.1
6/27 24 24 34.0 34.5 7.91 7.88 4.3 4.8
6/28 24 24 34.5 34.5 7.92 7.90 4.3 5.2
6/29 24 24 34.5 34.5 7.93 7.87 5.8 5.8
7/01 24 24 34.5 34.5 7.94 7.93 - -
7/02 24 24 34.5 35.0 7.88 7.88 - -
7/03 24 24 34.5 35.0 7.94 7.97 - -
7/05 24 24 35.0 35.0 7.91 7.93 5.4 5.5
Phase II
7/11 25 26 34.5 34.5 7.99 8.06 - -
7/12 24 24 34.5 34.5 7.90 7.94 - -
7/13 24 24 34.5 35.0 7.83 7.91 6.2 6.2
7/16 24 25 35.0 35.5 7.94 8.01 - -
7/17 25 25 35.0 35.5 7.90 7.97 - -
7/18 25 25 35.0 35.5 7.89 8.01 6.1 6.2
7/19 25 25 35.0 35.5 7.86 7.95 - -
7/20 25 25 35.0 35.5 7.88 7.91 - -

_27-



Figure 7.

AVERAGE GROWTH RATE mg/g/10 DAYS

AVERAGE GROWTH RATE mg/g/10 DAYS

Average growth rates (n=5 per data point), for Sol enastrea hyades (A)
and Siderastrea radians (B) exposed to increasing suspended solids.
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Figure 9.
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Figure 10. Awerage'gromﬁh rates (n=5 per data point) for C adocora arbuscula (A)
and Manicina areolata (B) exposed to increasing suspended | oads.
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hi gh, a decrease in gromh rate nmay occur. At the extreme, if
sediment continues to settle on a coral faster than it can be renoved,
the coral will be buried and may ultimately die. Suspended solids may
al so reduce light penetration, resulting in decreased photosynthesis
by zooxanthel | ae and subsequently decreased growh in the coral

Results of the present suspended sedinent experinments do not
support the hypothesis that increased suspended sedi ment | oads cause
decreased grow h rates in the species tested under |aboratory
condi tions.

Sone coral specinens experienced a weight [oss during one or
nore of the experinents. This happened in both control and
experinental treatnents but was nore conmon in the latter. An
assunption of the buoyant weight technique is that the weight of a
coral in seawater is due entirely to the aragonite skeleton, with al
soft tissues having the sane density as the seawater. Therefore,
wei ght loss should only occur with |oss of skeleton. Special care was
taken in handling specinmens to prevent chipping of the base or danage
to the living portion of the coral. Skeletal |oss nmay have occurred
in sone specinens through the activity of boring organi sns such as
pol ychaet es, bival ves, and sponges. Dodge et al. (1984) reconmmends
collecting the residue produced by borers and weighing it along with
the corals. This was not possible in the present situation, due to
t he accunul ation of sedinent around corals in the experinental
treatnent. Another possible mechani sm of weight |oss may be rel ated
to the sedi ment accunul ation around the base of corals in the
experinental treatnment. This sedinent accunulated to depths of 12nmm
around the base of sone corals and becane anaerobic (based upon bl ack
color) below 2-3mm from the surface. The chemical conditions wthin
this anaerobic sediment may have caused dissolution of a portion of
the coral base. A third possible contributor to weight |oss may have
been cryptic non-boring invertebrates associated with the corals.
Animal s such as shrinp, echinoderns, and anphipods were discovered on
some corals (especially O adocora arbuscula), and nay have |left the
host or switched hosts during experinents. Attenpts were nade to

limt these associated aninmals as nuch as possible; further, the nass
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of the aninmals that escaped detection was unlikely to be large enough
to account for observed weight losses. In any event, there is no
reason to suspect that boring organisnms or associated fauna were nore
abundant on experinental corals than on control corals, since test
animal s were selected at random and assigned to treatnents.

Sone anonmlous growh rates, such as those reported for
Phyl | angi a anericana (Table 4), were likely due to the small size of

speci nens used. This species was difficult to collect in large
nonospecific colonies and as a result sone small individuals (less
than 2g) were used in the first two experiments. Small corals tend to
exaggerate the experinental error incurred in weighing when the data
are normalized

The experinmental error associated with the buoyant weight
nmet hod was determined in two ways. First, the sane specinen was
wei ghed three times and variations were noted. This was perforned
with five different specinens: the |argest variation observed was
0.6nmg/ g. The second nethod of determining experinental error involved
wei ghi ng the sane specinens three days apart, and subtracting the
expected ampunt of (determ ned from separate wei ghings of control
corals) growmh from any observed change in weight. The renainder
represents experinental error. Forty-five specinens from SSE |11
Phase Il were weighed and then rewei ghed three days later with an
average weight change of 0.218ng/g/day. The expected growh was
determi ned fromthe average growh rates of all control treatnent
corals (105 neasurenents on seven species), and was deternined to be
0. 345ng/ g/ day (Table 2). The difference between these two, =

O 27nmgy/ g/ day, represents the estimated experinmental error in
wei ghi ng

2. Burial Experinents

Six burial experinments were undertaken in which coral and
sponge specinmens were conpletely covered with natural Qulf sedinment
and left for various lengths of tinme. Not all species of corals were
used in each experinment. The survival rates for individual species of
corals are presented in Figures 11-14. A standard tine-response curve

was constructed for each species that exhibited any nortality during
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burial tests and the LTy, was calculated fromthis curve. The LTs,
represents the burial time necessary to kill half of the experinental

organisns and is presented for each species tested in Table 8.

Scolym a | acera and |sophyllia sinuosa had the | owest tolerance to
burial with 50% nortality at about seven days. Sol enastrea hyades and
t he sponge Cinachyra apion were nost resistant to burial with 100%
survival after 15 days burial (the |ongest burial period).

Many coral specinmens tested in burial experiments suffered
subl ethal damage that was expressed as color |oss, soft tissue damage,
invasion by algae, or reduced feeding activity in recovery aquaria.
Each specimen was exam ned seven days after being disinterred and if
still alive, considered to have survived the experinment. Holding
t hese specinens in recovery aquaria for |longer periods of tine would
likely have resulted in additional nortality therefore, the LTs,
val ues reported in Table 8 should be considered as prelimnary
estimates
B. Field Studies
1. Distribution and Ecol ogi cal Chservations

No quantitative measurements were attenpted of coral abundance
at either of the reef areas visited. The follow ng accounts are
therefore based upon qualitative diver observations and field notes
recorded after each dive. Based upon assessnent of typica
conditions, coral and sponge species were classified as abundant (five
or nore specimens per square neter), conmon (one to four specinmens per
square nmeter) or rare (less than one specimen per square neter).
Coral sizes are based upon random field neasurenents
a) Scleractinian Corals

St ephanocoenia michelinii.

Thi s species was encountered on both the 15m and 26m reefs.
Its abundance was characterized as conmon on both reefs. The | argest
speci nen extended 7cm above the substratum and several col onies were

estimated to be 10-20cmin diameter. This species grew in flattened
hem spherical col onies at both depths and was encountered throughout
the reef plateau. Stephanocoenia has been previously reported from
Sarasota (Smith, 1976), West Indies, Bahanas, Florida, and Bernuda
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Figure 12. Survival rates follow ng conplete burial for increasing periods of tine for
Mani ci na areol at a.
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Figure 13. Survival

rates following conplete burial for increasing periods of time for

Siderastrea radians (A) and Stephanocoenia mchelinii (B).

PERCENT SURVIVAL

60 -

40—~

20—

SIDERASTREA RADICANS

n=5

4 DAYS 10 DAYS 15 DAYS
LENGTH OF TOTAL BURIAL

STEPHANOCOENIA MICHELINIT

-
EN o @ o
o o o o
1 } | )

PERCENT SURVIVAL

o
(&)
1

10 DAYS 15 DAYS
LENGTH OF TOTAL BURIAL



_82—

Figure 14. Survival rates followi ng conplete burial for i [ i i
i ncreasing periods of tinme for
Sol enastrea hyades (A) and C adocora arbuscula (B).
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Table 8. Coral and sponge burial results expressed as estinmated
LTs, (burial tine necessary to kill half of the
experinental aninals).

Speci es LTs,

Scolym a |acera 7 days
| sophyllia sinuosa 7.2 days
Mani cina areol ata 10  days
Siderastrea radians 13.6 days
(d adocora arbuscul a 15 days
St ephanocoenia michelinii 16.2 days
Sol enastrea hyades >15  days
Cinachyra apion >15  days
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(Smith, 1971), and Belize (Cairns, 1982). This species is simlar to
Siderastrea radians in appearance, and easily confused with the latter
in the field.

Si derastrea radi ans and Siderastrea siderea.

These two closely related species were encountered on both reef
areas and were virtually inpossible to tell apart in the field Based
upon the specinens collected and subsequently identified in the
| aboratory, S. radians was nore abundant than S. siderea. Taken
col lectively, Siderastrea spp. were characterized as abundant on the
15m reef and common on the 26mreef. The |argest col ony neasured was
6cm high and henispherical in shape. The average size of colonies (S.
radians and S. siderea) on the 15mreef was 2.4cmin height (Table 9).
Col onies were distributed throughout the reef plateau at both study
sites. Previous records include: S. radians: Bernuda, Florida,
Bahamas, West Indies, South America (Smth, 1971); Bahanas (Storr,
1964, Squires, 1958): Belize (Cairns, 1982); tropical western Atlantic
and eastern Atlantic (Colin, 1978). S. siderea: Sarasota (Smth
1976); Florida, Wst Indies, Bahamas, Bermuda (Smith, 1971); Bahanas
(Squires, 1958); Caribbean, Bahamas, northern Qulf of Mexico, southern
Florida, Bernuda (Colin, 1978); Bahamas (Storr, 1964).

Phyl | angi a ameri cana.

This ahermatypi c species was collected from both the 15m and
26m reef areas, and was nost abundant near the edge of the reef along
the upper portions of undercut |edges. In these specific areas, the
density of Phyllangia was characterized as abundant, wth far fewer
speci mens encountered on the reef plateau. Mst individuals and
colonies were small encrusting forms that were difficult to detach
fromthe substratum This species has been reported from Puerto Rico
(Alny and Carrion-Torres, 1963); eastern Qulf of Mexico (Cairns
1977); southern Florida to the southern Caribbean (Colin, 1978);
eastern Qulf of Mexico (Collard and D Asaro, 1973); Belize (Cairns,
1982); Curacao and Bonaire (Roos, 1971).
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Scol ym a | acera.

This hermatypic species was encountered on both the 15m and 26m
reefs and occurred as solitary individuals. Densities were considered
to be coomon on the 26mreef and rare on the 15m reef, with nost
i ndi vidual s observed on the reef plateau. Coloration was variable
fromlight brown to dark green, and a wi de range of sizes were
observed on the 26m reef. The average vertical height of individuals
was 2.6cm although only a small nunber were neasured in the field
(Table 9). Scolym a was the npost aggressive hard coral collected and
was observed to attack nearby col onies of Sol enastrea hyades in the
| aboratory by extension of nmesenterial filanents. Scolyma was never
observed in the field to be growing in close proxinity to other cora
species. This species has been reported from Sarasota (Smith, 1976);
Curacao, Bonaire, Cuba, H spanola, Puerto Rico, Los Roques
(Netherlands Antilles), Wst Indies (Roos, 1971); Florida
M ddl egrounds (Hopkins et al., 1977); Belize (Cairns, 1982); Atlantic
Ccean and Cari bbean (Smith, 1982); Caribbean, Bahamas, southern
Florida and Bermuda (Colin, 1978).

| sophyl lia sinuosa.

This hermatypi c species was observed on both the 15m and 26m

reefs. Its distribution and abundance were simlar to Scolyma
| acera, with nore specinmens encountered on the 26m reef than on the
15mreef. Densities were considered to be rare on both reefs, with
nost col onies encountered on the reef plateau. Coloration was
brilliant on nost specinmens and varied fromlight green to dark green.
Several specinens had comensal polychaetes (Polydora spp.) protruding
through the top of the colonies. Vertical heights of colonies were
not neasured in the field but specinens collected for |aboratory tests
ranged in weight (in air) fromabout 14g to over 100g. Previous
records of this species include: Curacao, Bonaire, St.Mrtin,
Bermuda, Florida, Puerto Rico, West Indies (Roos, 1971); Puerto Rico
(Alnmy and Carrion-Torres, 1963); Sarasota (Smth, 1976); Bimni
(Squires, 1958); Florida (Smth, 1948); Belize (Cairns, 1982);
Cari bbean, Bernuda, Bahamas, southern Florida (Colin, 1978).
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Mani ci na ar eol at a

This hermatypi c species was encountered on both the 15m and 26m
reefs, with nore speci nens observed on the deeper reef. Densities
were considered to be generally rare, with npst specinens present on
the reef plateau. Vertical size of colonies was neasured on both
reefs, with average heights of 3.1cmand 3.8cm on the shallow and deep
reef, respectively. Vertical height ranged from1 to 10cmfor this
species, with sone specinens estimated to exceed 30cmin dianeter on
the 26m reef. Colin (1978) reported that this species may occur as an
unattached col ony in sandy |agoon habitats; however, all specinens
encountered in the present study were firmly attached to the
substratum Coloration varied from light brown to dark brown to |ight
green. Sonme Manicina colonies had commensal boring polychaetes

(Pol ydora websteri) within the colony. Previous records of this

species include: tropical western Atlantic, except Bernuda (Colin,
1978); Aruba, Curacao, Bonaire, St. Martin, Bernuda, Florida,
Hi spani ol a, Puerto Rico, Barbuda, Martinique, Los Roques, Antilles
(Roos, 1971); Puerto Rico (Alny and Carrion-Torres, 1963); Florida
M ddl egrounds (Hopkins et al., 1977); Bahanas (Storr, 1964); Sarasota
(Smith, 1976); Bimni (Squires, 1958); Florida, Bahamas, West |ndies
(Smith, 1948): Belize (Cairns, 1982).
O adocora arbuscul a.

This hermatypic species is one of the nost common hard corals
encountered on west central Florida reefs. It was present on both
reefs visited in the present study, with densities considered to be
abundant on the 26m reef and common on the 15m reef. The author has
encountered this species on patch reefs and artificial reefs in depths
from5mto 45m The vertical height of col onies was neasured on both
reefs, with average heights recorded as 2.8cmon the 15m reef and
7.6cm on the 26m reef (Table 9). C adocora col onies harbored nunerous
associ ated fauna, including anphipods, snapping shrinp, sponges,
pol ychaetes, and brittle stars. Colonies were present on both reef
areas throughout the reef plateaus and on the extrene edges of the
reefs. Densities were highest near the edge of the reefs. Previous

records of this species include: Florida M ddl egrounds (Hopkins et
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al., 1977); Puerto Rico (Alny and Carrion-Torres, 1963); St. Mrtin,

Florida, St. Kitts (Roos, 1971); Sarasota (Smith, 1976); Florida,

Bahamas, West Indies (Smth, 1948); Caribbean, Bahamas, southern

Florida (Colin, 1978); Belize (Cairns, 1982): Janaica (Wlls, 1973).
Sol enastrea hyades.

This hermatypic species is one of the nmpbst conmon hard corals,
along with Cadocora, encountered in the study area. It was collected
from both the 15m and 26m reefs, and was considered to be abundant on
both reefs. This species forms the nost nmassive col onies of any
species used in the present experiments. Average vertical height of
colonies was determned to be 6.0cm on the 15m reef, and 4.9cm on the
26m reef. The largest colony neasured was 20cm hi gh, and was | ocated
on the 15mreef. Sol enastrea col onies were nost common on the reef
pl ateau. Previous records of this species include: Sarasota (Smith
1976); Florida, Bahanas, Wst Indies (Smth, 1948); Jamuica
(Ryl aarsdam 1981; Wells, 1973).

b) Sponges

Nuner ous speci es of sponges are known fromthe eastern Qul f of
Mexi co, although the present state of conpleted systematic studies is
somewhat primtive (Hopkins et al., 1977). Many species observed at
the present study sites appear to be restricted to hard substrata
while a snall nunmber of species are found on soft as well as hard
substrata. The species selected for laboratory testing in the present
study was chosen because of its relatively high abundance on both
reefs and because it is a perennial species. Sanples of this species
were sent to Dr. Klaus Ruetzler of the Smithsonian Institution
Washington, D.C. for identification and have been tentatively
identified as G nachyra apion. This genus of sponges is presently
being revised by Dr. Ruetzler and his colleagues.

G nachyra apion.

This "orange softball" sponge was encountered on both reefs and
was common to abundant in both areas. The shape and growth pattern of
this species nade collection easy, since a knife blade could be
inserted beneath the sponge and the aninmal sliced free of the
substratumwith little effort. The abundance and ease of collection
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Table 9. Vertical height above the substratum of @ulf of Mexico hard
corals fromtwo different reefs.

Reef Area Aver age Range Nunber St andar d
Speci es (depth in m  Height (cm (cm Measured Deviation
Mani ci na areol ata 15 3.1 1-7 16 1.5
26 3.8 2-10 14 2.0
Cladocora arbuscul a 15 2.8 1-6 16 1.5
26 7.6 4-11 20 2.4
Sol enastrea hyades 15 6.0 2-20 17 4.5
26 4.9 4-7 8 1.2
Scolym a lacera 26 2.6 2.5-3 4 0.3
Siderastrea spp. 15 2.4 -5 14 1.2
26 4.5 3-6 2 2.1
St ephanocoeni a
m chelinii 15 4.6 3-7 4 1.8
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of this species were responsible for its selection for study.
G nachyra is closely related to the genus Craniella, and the tw are
difficult to distinguish. Sanples of our specinmens have been sent to
sponge experts for confirmation of identification. Specinens used in
| aboratory experinents were 2-4cmin dianeter, however, individuals up
to 15cm diameter have been encountered in the field. Previous records
of this species include: Florida Mddlegrounds (Hopkins et al.
1977); Virgin Islands (Wedenmayer, 1977); Florida Keys, Caribbean
(Vicente, 1982).

2. Coral Height Measurenments In Situ

A program of coral neasurenents was initiated in order to
docunent the average vertical height above the substratum of dom nant
species on the two reefs sanpled. Six species were neasured at random
and averaged separately for the two reef areas. The results of these
neasurenents are presented in Table 9. The tallest coral colony
measured was one of Sol enastrea hyades that extended 20cm above the
substratum The |argest average height (7.6cm) was that of C adocora
arbuscul a at the deeper reef and the snallest average height (2.4cm
was that of Siderastrea spp. at the shallow reef. It would be
desirable to obtain neasurements of additional coral specinmens on a
| arger variety of reefs before any general trends become evident and
before any predictions can be made regarding the effects of dredged
material disposal. Wth an adequate sanple size of coral heights and
a quantitative estinmate of sedinent dispersal and accunul ation
predi ctions may be possible concerning the extent of effects and the
most |ikely species to be affected by disposal operations
3. Suspended Solids Measurements

Ni neteen water sanples were collected fromthe Qulf of Mxico
between March and July 1984 for anal yses of suspended solids | oads.
Sanpling stations ranged from1l to 17nm offshore, and results of
anal yses are presented in Table 10. The highest suspended solids |oad
nmeasured was 37.6ng/| at a station 1nm offshore. Sanples fromthe
vicinity of Site 4 contained 22.8ng/l and 7.4ng/l total suspended
solids. Al of the values reported in Table 10 represent relatively
calmwater |oads, and all represent predisposal conditions. A nore
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Table 10. Total suspended solids in water sanples collected fromthe Qulf

of Mexi co.

Dat e Sanpl e Wt er Total Suspended
Col | ect ed Site Depth (m Solids (my/l)
3/13/ 84 1 nm off Sarasota 7 37.6

4 nm off Sarasota 11 34.6
7 nm off Sarasota 12 36.6
10 nm off Sarasota 13 34.2
4/ 11/ 84 1 nm off Sarasota 7 34.2
4 nm off Sarasota 11 16. 2
7 nm off Sarasota 12 8.2
10 nm off Sarasota 13 11. 4
4/ 20/ 84 Site 4 (Station 4-28) 24 22.8
4/ 25/ 84 1 nm off Sarasota 7 19.8
4 nm off Sarasota 11 12.0
7 nm off Sarasota 12 15.0
10 nm off Sarasota 13 9.2
5/11/ 84 1 nm off Sarasota 7 12.0
4 nm off Sarasota 11 9.6
7 nm off Sarasota 12 8.9
10 nm off Sarasota 13 10. 4
5/11/ 84 Barricuda Hol e 15 26.2
6/ 08/ 84 5nm Sof Site 4 26 7.37
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extensive series of neasurenments is desirable in order to ascertain
t he maxi mum and annual average |oads that corals and sponges m ght be
exposed to under natural conditions. This information would also be
inportant for interpretation of the experinmental results fromthe
present suspended sediment bioassays.

C. Di scussi on

Results of field studies on coral distributions have indicated
a negative correlation between suspended sediment |oads and hard cora
abundance. Mayer (1918) found that hard corals on Mirray Island reefs
were distributed in accordance with certain environnental factors;
only corals that were tolerant to higher tenperatures and turbid water
were found near shore. He found Siderastrea radians to be anong the
nost resistant corals tested, and able to survive total burial for
nore than 73 hours. Ednondson (1928) tested the resistance of
Hawai i an corals to siltation and burial in the |aboratory, and found
that tolerance ranged from 12 hours to 10 days between species. He
did not test any of the species or genera used in the present studies.
Marshall and Or (1931) conducted field and |aboratory studies on the
effects of siltation and burial upon Australian corals, and concl uded
that branching colonies or those with |arge polyps were best able to
cl ean thensel ves. They also observed in field tests that water
currents helped to facilitate sedinent removal from living corals. In
general, Mrshall and Or (1931) found the genera Favia and Fungia to
be nost capable of sedinent renoval, while Porites was the |east
efficient in sediment renoval anmong the species they tested.

Detail ed studies by Hubbard and Pocock (1972) on cora
mor phol ogy and behavi or reveal ed clues to environnmental distribution
patterns relative to sedi ment renoval abilities in 26 coral species.
They described four means of sediment renoval by corals, including:
1) distension by water uptake, 2) tentacular activity, 3) ciliary
activity, and 4) mucus entangl ement. Their observations indicated
that coral species vary considerably in their efficiency of sedinment
removal , and that nmany species are size-specific sedinment rejectors.
Several species tested in the present studies were also tested by
Hubbard and Pocock (1972, pg. 604). These authors found Sol enastrea
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hyades to be a poor sedinent rejector, while the follow ng species are
listed in order of increasing sedinent rejection efficiency:
O adocora arbuscula, Siderastrea siderea, Mnicina areolata, and

| sophyllia sinuosa. The efficiency of sediment rejection (rate of
sedi nent renoval ) measured by Hubbard and Pocock (1972) should not be
equated with tolerance of a species to sedinment |oads, since the
present studies indicate that Cadocora arbuscul a was anong the nost
tol erant species, based upon burial and suspended sedinent studies,
while Isophyllia sinuosa was the least tolerant to these conditions.
Roy and Smith (1971) conpared two habitats on Fanning Island in
the Pacific Ocean that differed in water clarity and suspended

sedi nent | oads. They nmeasured suspended |oads in open ocean
(0.03ng/l), clear lagoon water (1.0nmg/l) and turbid |agoon water
(3.5ng/1). Their results on coral distribution showed that only four
coral species recorded in clear |agoon settings were absent from
turbid [ agoon reefs, and that the sane coral species often displayed
different growth fornms between the two habitats. In addition, they
found that live corals covered 62% of the bottomin clear water |agoon
areas and 31%in turbid | agoon habitats.

Dodge et al. (1974) tested the hypothesis that constant energy
expenditure for sediment renoval mght decrease coral growth rates
They neasured growth of Mntastrea annularis colonies from two
habitats in Jamaica that differed in the degree of natural sedinent
resuspension. Analysis of results revealed a definite negative
correl ation between resuspended sedinent |oads and coral grow h.

The emerging trends fromthe above field and |aboratory studies
indicate that many coral species can tolerate natural sedinment
suspended | oads and burial for relatively short periods of tine (i.e.,
the duration of nost |aboratory tests) but that |ong-term exposure to
suspended sediment can cause reduced coral growth and reduced reef
devel opment (as inplied fromfield distribution studies and measured
in quantitative field growh studies).

The effects of sediment resuspension on coral reefs as a result

of anthropogenic activities have been well docunmented. Reviews of
dredging, filling, dredged material disposal and mining effects upon
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coral reefs are presented by Levin (1970) and Endean (1976). Bak
(1978) and Courtenay et al. (1974) have provided additional studies on
the effects of dredging turbidity upon coral reef conmmunities.
W despread destruction of reefs due to these activities has been
recorded in Bernuda; Johnston Island; St. Thomas, V.I.; Ckinawa; and
Magnetic |sland, Queensland. The addition of conplicating factors
such as toxic pollutants in sedinments can significantly aggravate
effects on corals. Endean (1976) reviewed many of these situations,
including the effects of |and clearance, nuclear weapons testing,
sewage pollution, thermal pollution, desalination effluents, Ql
pol lution, and chem cal pollution on coral reef habitats.

One of the nmobst widely studied conplex effluents has been used
drilling nuds from petrol eum expl orati on and production rigs.
Experiments using corals exposed to various concentrations of drilling
muds in the field and |aboratory has revealed significant effects upon
survival (Thonpson and Bright, 1980; Hudson, Shinn and Robbin, 1982,
Rogers, 1983), behavior (Thompson and Bright, 1980), growth (Hudson
and Robbin, 1980; Hudson, Shinn and Robbin, 1982; Dodge, 1982: Kendal
et al., 1983) and physiology (Krone and Biggs, 1980; Kendall et al.,
1983; Szmant-Froelich, 1983).

In the present studies, only natural uncontam nated sedinents
were enployed in |aboratory tests. The species of hard corals
inhabiting reefs off the west central portion of Florida appear to be
anmong the nost tolerant species tested wth regard to suspended
sedi nent and burial effects. Species that can w thstand conti nuous
exposure to 150-200ng/|l of suspended sedinment for 20 days with no
mortality and no significant reduction in growth rate nust be adapted
to living in turbid waters. No literature reports were found that
suggested that any coral specimen could survive total burial for nore

than 10 days, and nost species previously tested could not tolerate
much nore than two days of burial. For the corals tested in the

present studies, the shortest burial LTs; was seven days, with three
species greater than or equal to fifteen days.
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The natural distribution of corals can give a good indication
of general tolerance of a species to environmental factors. Mny of
the corals inhabiting patch reef comunities off west central Florida
have been found to occupy the |east favorable habitats in nore
tropical settings such as |agoons and near-shore reefs (Colin, 1978;
Giffin, 1974). Some species have even been recorded to occur as
unattached colonies in |agoon habitats: and Hubbard and Pocock (1972)
reported that Manicina areolata and Isophyllia sinuosa had the ability
to right themselves if turned upside down in the sedinent.

Compared to nore tropical habitats, the patch reefs off west
central Florida are exposed to nore severe environnental conditions,
such as low winter water tenperatures, turbid water, and shal | ower
light penetration. It is not suprising that the nost tolerant species
inhabit these areas, but alternatively, it nay be that these species
are living near their physiological tolerance limts of environnental
conditions and may be nore sensitive to additional prolonged adverse
conditions (i.e. chronic siltation stress) than their tropica
congeners. Laboratory tests conducted during the present study were
intended to sinmulate environnental |y advantageous conditions for cora

survival and growth with regard to tenperature, salinity, food
availability, and light levels. Additional testing at |ower
tenperatures or lower light levels may result in nore stressful
conditions for the corals.
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Iv. CONCLUSI ONS

Thirteen species of hard corals were identified from patch
reefs off west central Florida. O these, eight species were exposed
to high levels of suspended sediment in the |aboratory and seven
speci es were exposed to prolonged burial. The results of these
experiments indicate that the species tested are anong the nost
resistant corals in the Caribbean region to the effects of suspended
sedi ment and physical burial. These findings are consistent with the
fact that west central Florida patch reefs are exposed to nore severe
envi ronmental conditions, such as cold water, high turbidity, and |ow
light penetration during winter nmonths, than nore tropical reefs to
the south. The species conposition of patch reef corals is likely
governed by the tolerance of individual species to the |ocal
envi ronmental conditions.

Laboratory experinents conducted during the present study
were carried out under controlled conditions intended to simulate

favorable environnental Ilevels of |light penetration, food
availability, salinity, and tenperature. The response of these sane
corals mght be different at tenperature, light, and food |evels

characteristic of winter conditions. In addition, the maxi num
duration of |aboratory suspended sediment experinments (20 days) nay
not have been |ong enough to denonstrate chronic effects.

The paraneters quantitatively measured in |aboratory
experinents (survival and growh rates) were adequate for assessing
potential acute and chronic effects under the exposure conditions
t est ed.

In general, the conclusions that can be drawn fromthe
present |aboratory experinents include

1. Survival rates of the coral and sponge species tested were

not affected by continuous exposure to an average suspended
sediment |oad of 49, 101, 165, and 199ng/| for 10 days.

2. Gowh rates of the coral species tested were not sig-
nificantly different between control and experinental

treatments after exposure to 49, 101, and 199ngy/l for 10
days.
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3. The average coral growth rate for seven species exposed to
165ng/ | suspended sedinent |oad for 10 days was significantly
different in control and experinental treatments

4. The average coral growth rate under |aboratory conditions was
determned to be 0.35nmg/g body weight/day based upon contro
treatments for seven species (n=105).

5. Total burial of corals under natural sedinment was lethal to
nost species. The estimated LTs;, values (burial tine
necessary to kill half the specinens) ranged from 7 days to
greater than 15 days. One coral and one sponge species
experienced no nortality after 15 days burial

6. One species of coral, Siderastrea radians, did not survive
well in the laboratory even under controlled conditions. Two
species, O adocora arbuscula and Sol enastrea hyades, adapted
very well to laboratory conditions and produced the highest
growt h rates of the species tested.

7. Sublethal effects, expressed as |oss of color and partial
tissue death, were observed in survivors of burial
experinents and in some speci mens exposed to suspended

sedi ment .

The present studies have produced sone inportant infornation
concerning the potential effects of suspended solids and burial on
patch reef hard corals and sponges. This report also provides
detailed procedures for collection, handling, and experinental design
that can be useful for future studies. This project was not intended
to provide a definitive predictive schenme for determning the short or
long-term effects of suspended sediment or burial upon patch reef
communi ti es. These predictive capabilities can only come from a
conbi nation of additional |aboratory studies and coordinated field
activities.
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V. RECOMMVENDATI ONS

The follow ng recomendations are offered as a nmeans for

i mproving upon the laboratory procedures described herein and for
designing future studies ainmed at obtaining the goal of predictive
ability.

1.

Longer term | aboratory survival and growth rate studies under con-
stant and fluctuating suspended sedinent |oads should be
attenpted. The growth studies should include at |east two weeks
of pretreatment growth neasurenents on each coral, followed by
weekl y neasurements on control and experinental treatnents for at
| east 60 days.

Coral growth studies, as described above, should be undertaken at
tenperature and |ight levels characteristic of both summer and
winter.

Coral species that were not tested or only partially tested in the
present studies, as well as additional sponge species, should be
included in future survival and growth experiments. Additiona

coral species suggested for testing include Porites porites and
Phyl | angi a armeri cana.

The nmost reliable and representative coral species fromthe
present studies that are recommended for further testing are:
Cl adocora arbuscula, Solenastrea hyades, Stephanocoenia
mchelinii, Mnicina areolata, and Scolyma |acera

Addi tional burial experinents should be undertaken using addi-
tional coral and sponge species, and at |east two different
t enperature regimes.

Laborat ory suspended sedi nent and burial experinents should be
undertaken using dredged material recovered fromSite 4.

Suspended sedi ment |oads in near-bottom water should be determ ned
at Site 4 during actual disposal operations. An average suspended
sediment |oad for several stations at various distances fromthe

di sposal point, and a maxi mum val ue from the disposal plume, would
be useful for interpretation of |aboratory exposure |evels.
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8.

10.

Subl et hal measures of stress should be tested and incorporated
into future studies. Possible paranmeters mght include
quantification of polyp bleaching, and neasurenents of cora

oxygen consunpti on.

Addi tional assessnents for establishing background data on patch
reef popul ations near the disposal site should be undertaken,

including coral density neasurenents, and coral height
measurements for each species.

Field tests should be attenpted to assess the inpact of burial

under natural conditions upon selected portions of existing reefs.
These studies should enploy natural sedinent as well as dredged
material .
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