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ABSTRACT

Wave and current measurements were made across a rough—bottomed fore—reef shelf along the south
coast of Grand Cayman Island. Wave hei ghts attenuated 20% and current speeds 30% from the shelf
margin ( ~22-iueter depth) to a depth o~ approximately 8 meters , a distance of ~O.4 km. Strong,
rectilinear tidal currents (~ 50 cia s ) dominated the deep shelf marg in , but weak , directionall y
variable currents were characteristic of the shallow shelf. Attenuation of wave heights and current
speeds across the shelf is attributed to frictional effects resulting from strong interactions with
the uni que boundary conditions of the extreme ly rough bottom .

A dye experiment illustrated that strong (~ 35 cm s~~) on—shelf flow is directed up the deep
coTal r€ef grooves at the shelf marg~n. 2Hi 8~ levels of turbulence (turbulence intensity ~23 cm
s di !  fu5jon coefficient ~ 2.4 x 10 cm s ) characterize this process.

Wave force-dominated versus current force—dominated portions of the fore—reef shelf were defined
from in situ meapurement s . Variations in organic coimnunities , growth forms , and reef structure are
C )flSlS te flt with these zones

~~~~
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KEY I~ RDS: Waves , Currents , Sottom Roughness , Yore—Reef Shelf , Turbu lence , Tidal  Current , Wave—
Dominated Zone , Current-Dominated Zone
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PHYSICAL PROCESSES IN A FORE—REEF SHELF ENVIRONMENT

Harry II. Roberts , Stephen P. Murray , and Joseph N. Suhayda
Coastal Studies Institute , Louisiana State University

Baton Rouge , Louisiana 70803

In troduction shelf edge and seaward marg in of the deep fore—
reef terrace. Along the south coast it is corn—

General utiderstanding of the magnitudes and non for the shelf edge to disp lay overhang ing
spatia l—temporal variations of physical processes reef lobes or a near—ver tical seaward—facing
(in par ticular waves and currents) on the sea— reef wall. This seaward reef face extends to
ward shelves of well—developed reefs is based on various depths (commonly near 700—800 meters)
very few octual measurements. Recent work (1) where the deep island slope is encountered.
has shown that the concept of tranquil conditions Both the shallow and deep fore—reef terraces
below the effective wave base on fore—reef support coral communities that are viable but of
shelves is not well founded . On the contrary, somewhat different composition. The shallow
the margins of island shelves are commonly terrace is dominated by Acropora palmata. Other
exposed to strong, periodic currents. The pros— corals , such as Diploria strigosa , Dichocoenia
ent paper is designed to present results of stokesii , ~~~~4cia agaricites , Porites astreoides ,
physi cal pro - ess studies conducted on the fore— and Montastrea annularis , are also common . In
reef shel f of Grand Cayman Island and to relate addition , Gorgonians and various alcyonarians are
wha t we have learned about the physical environ— important members of the community. The deep
mon t t o  the reef and some of its constituents, fore—reef terrace can be divided into two zones

based on composi tion of the coral communities:
Fi gure 1 illustrates the central Caribbean (1) an Acropora cervicornis zone and (2) a

l ocation of Grand Cayman Island , where in situ Montastrea annularis zone. Coral—covered rid ges
data on waves and currents , as well as reef mor— extend from the seaward extent of the shallow
phologv , were collected. A site along the south terrace to th e buttress zone or shelf marg in reef
coast was selected for study because of its (2) at the shelf edge. These coral spurs are
we il-do - eloped reef morphology on the fore—reef separated by sediment—floored grooves and larger
s)elf , its, ~deqt~ate exposure to dominant ocean open areas of sediment accumulation . ACr2~~,~

l
waves , and i ts accessibility from our docking cervicornis and A garicia agarici tes compose the
t o  i l ity to-ar Georgetown . As is characteristic dominant coral growth on the coral ridges ,
‘1 ill fore—reef areas around the island , the whereas Montastrea annularis, M. cavernosa, and
si -If in ti e  study area has a general stepped A garicia are the most important corals of the
confi ci r at ion and is very narrow (-0.6 km wide), shelf margin reef.
An abr upt break in slope at approximately 8
as ters d c’ I ltta te s the seaward edge of the shal— Bottom roughness of both the shallow and the
low fore—reef terrace , and a second break in deep terraces is primarily the result of coral—
slope at approximately 20-22 meters marks the covered spurs oriented at a high ang le to the

coastline and separated by linear areas of sedi—
-~ , . , ,  ment accumulation. The spurs and grooves of the

- ~~~~~~~~~~ shallow terrace generally have a shorter wave—
/ , .~ ‘ - length and smaller amplitude than similar features

•,, ~~ -~~~- on the deep fore—reef terrace. Figure 2 quanti—
- - tativel y illus trates this relationship in the 

-~‘ form of two bottom roughness spectra derived from
- ) ‘‘ 

-,  the two bathymetric profiles run across the struc—
- v - ~~~~~ ‘~ ‘~~~~~~~~~“ tural grain of the shelf at the approximate mid—

‘
~~~ \~~~~, 

.
~

-
~~~

_ _

;~~~ 

poin ts of the shallow and deep fore—reef terraces.

- ~~~
- - -- - - 

.. 
-
.- Because Grand Cayman is located in the cen—

tral Caribbean region, it is sheltered by other
land masses from strong storm swells that origi—
nate in high lati tudes. Therefore , the trade
wind system is the driving force behind the wave

FI gure 1. I.urat b r  map of Grand Cayman Island regime. The process climate in which Grand Cayman
and the a r ea of study. resides can be characterized as follows : (1) a
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Figure 1. Rat vas t r I c  p r o f  i i  s - across the  fo re—

Deep she l l  16m I , - ’ -  t -&lisht In t i ~~- St  ~idv s r i - ., a d j a c e nt to South
Soun d I s ,  Cj g  1 ) .  N t ~ t he  e x t r e m e  b o t t o m16 bo t tom r o u g hn e ss

- 
, ,u,’iu , ‘.- r s - . i l t in g  t r o m  or.il —c v,’red spurs and

nt s - t v . -  i i  n , , s u t i —  I s,sr ed grooves . Lo ca t  ions  of
12 I A p  50m w . i . e  , I I i d , r r , - ~,t  s. T , s ’ r S  a re  p l o t t e d  on t he  she l f

pr I I I.- .

8
I shelf , p lus the two submarine or ra ,  vs p - ~t ioned

along the s h e l f .  I n s t r u m e n t s  were pos i t  -ned so4
that the modification of both w iv e s  and currentsP2 could b~ assessed is they impi nged on the shelf
and p r o p a g a t e d  over .i s u r f a c e  of unusua l b o t t o m0

I I I I I I I I I roughness .  T i d e  m e a s u r e me n t s  were made with a
0 16 32 48 64 80 96 112 128 capac i tance  t i d e  gage i n s t a l l e d  in the  back—ree f

lagoon ad j acen t  to the she l f  s tudy  area.Frequency ,  cyc les  per meter

In situ continuously recording, bottom—
Figure 2. Bottom roughness spectra of the shal— mounted current meters (Marine Advisors Q—l6)
low and deep fore—reef terraces in the study were used , One curren t meter was deployed at the
area. Note the longer wavelengths and greater seaward margin of the shallow fore—reef terrace
amplitude (related to peak heights) of the forms (‘8 meters). A second current meter was posi—
on the deep shelf terrace . tioned on top of a coral spur at the shelf edge

(~2l meters), where unobstructed on—shelf cur-
rents could be monitored . Data collection was

mixed diurnal and semidiurnal microtidal regime , continuous over a 2—week period .
(2) a moderately strong unidirectional trade wind
and wave field , (3) moderate—strong oceanic cur— Current meters were not deployed in the deeprents , (4) a sheltered position with regard to groov es at the shelf  ma rgin .  In order to mea—high—l a t i tude  storm swell , and (5) occasional sure the hydrodynamic a c t i v i t y  levels in t h i s
hurricane winds and waves. environm ent , a dye experiment was designed .

Time—lapse photographs were taken as dye (Rhoda—
Dat a Collect ion Meth ods mine B) was diver released at a depth of ~33

meters on the groove floor. The experiment wasWave and current data were collected from conducted during a peak in the current  cycle to
the instrument array shown in Fig. 3. Ins t ru— assess wh~ether the grooves were act ive or pas—
ment positions are plotted on a bathymetr ic  pro— sive s t ruc tures  wi th  regard to the on—shelf  move—
f i le  of the fore—reef shelf that  i l lustrates the inent of oceanic wate r .
extreme i rregulari ty of the bo t tom——i.e . ,  the
spur and groove morphology oriented across the Wave data were collected from three absolute
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Induced pressure changes have been defined In
terms of wave spectra which essentially show the
var .snce density of the orig inal data. The two
most strikin g fs-ature s of this comparison are (1)
the general consis t ency o f shape between the
spectr a and frequency relationships between major
peal. id (2) the overall decrease In peak ampli—( tude.; or variance density of the landward as corn—
pared t e  the seaward spectra.

The dominant peak in each spectrum is at

~ typical of the area and appears to have remained
~0.l3 cps , or a wave period of ~7.6 s, which is/ constant between the two monitoring sites. A

U

C i. , decrease in energy density of about 45% exists
throughout the frequency range of the spectrum
between the seaward and the landward stations.
Translated into wave heights, this trend indi-

S cates that waves are reduced in height by about

~ ~~ 

~ combined processes , such as shoaling, refraction ,

20% as deepwater waves intersect the shelf and
translate a distance of ‘0.4 kxtt across it. This
wave height reduction can arise from a number of

0
> i0~ reflection and scattering, and frictional attenu-

ation . Because of the complex nature of fore—
reef shelf morphology, the relative importance of
each process is difficult to quantif y; however ,
general estimates can be made. Frictional atten-
uation and scattering of wave energy depend to
some extent on bottom roughness . For a bottom

lO t I I I roughness amplitude averaging 2 meters (which is
0 .05 .10 .15 .20 .25 a very conservative estimate for the Grand Cayman

Fr .qu .ncy ,cpi shelf) , wave scattering (3) and the bottom fric-
tion coefficient (4) would be about 10 times that
found on a sandy shelf of equal width. This esti-

Figure 4. Wave spectra (variance density) from mate means that it would take a sandy shelf 4 km
wave measurements at the shelf edge (dashed wide ~‘o produce the same wave height reduction asline) and near the shallow reef crest (dotted results in 0.4 kin over the highly irregular Grand
solid line). Cayman shelf. As Munk and Sargent (5) pointed

Out with regard to Pacific atolls , the reefs are
molded into natural breakwaters consisting of

pressure sensors buoyed at the shelf edge , long ridges and channels that efficientl y dissi—
mid—shelf , and mid—shallow fore—reef terrace pate the energy of incoming waves. Although Munk
positions. The output from each sensor was cor— and Sargent were primarily referring to shallow
rected to give surface measurements. Pressure surge channels and their seaward extensions , thechanges caused by passing waves were registered concept is valid for all depths where waves feel
on a boat—based Brush analog recorder. Sensor bottom and is the configuration common to the
depth was read before each measurement by employ— entire Grand Cayman shelf. Wave reflection could
ing a low—pass filter. Data collection periods be significant in some circumstances , but becausewere ~2O mm at each sensor site. Multiple read— 

of the extreme complexity of the shelf morphology
ings were taken. Data from the pressure sensors 

~ is difficult to estimate. Taking the seaward
were used to define wave spectra at three loca— face of the shallow fore—reef terrace alone, the
t ions on the shelf, reflection coefficient (4) is about 0.1 or 10%.

Refraction and shoaling can also result in reducedResults wave heights.  For the example given in Fig. 4 a
reduction of about 10% is estimated ; however,

Comparison of wave data collected at three roug~~ess of the fore—reef shelf may cause changespoints on the fore—reef shelf of Grand Cayman in the wave phase speed. Because of energy losses
Island (Fig. 3) indicates that deepwater wave resulting from percolation and water movement into
character is t ics  are s ignif icant ly  modified by the reef m a t r i x  and sediment , this  process cannotreef morphology. An interesting point concerning be estimated at the present time . Several studies
these modifications is tllat changes occur over a (5) (2) have shown that the wave field plays a
very short lateral distance (‘0.4 1cm). Figure 4 major role in determining reef morphology . From
illustrates data taken from the seaward (shelf the present study it is also apparent that theedge) and landward (near the shallow reef crest) reef morphology or bottom roughness strong lywave moni tor ing stations. In this f i gure , wave— a f f e c t s  wave processes. Therefore , va r i ab i l i t y
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F i g u r e  5. T I m e— s e r i e s  p i t  of current speed . i n i d i r . -  I -n  t - ~- - I -  - t  h
sha l low and deep f o r e — r e e l  s h e l f  s or  t e l  ~~~~~ s r  -~ t i t  I u s - . • S - I  t 1 ,

posit  Ion in t he  c u r ren t  c y c l e  whets t h e  des -p  - - - , I - I 1- r  - - v s dv ,-
e x p e r i m e n t  was c o n d u c t e d .

in reef morp ho logy  Imp l ies  a c o r r e s p o n d i n g ly  t h a t  - I r e  ii . i r tht~ d i i  t i c  I t id, i  I I r , q u t .u s  V.  SIsa l—
s t r o n g  v a r i a b i l i t y  in the  r a t e  of the  a f o r e —  low t sr.-— r e t  I er r .  l i t  c -.. I s t . 1  I i b l u s —
m e n t i o n e d  wave processes. t r a t u  t i e  ~~.Im . -  b a s i c  I r s - t i ;  l s s w , -v - t , i c r , .  I s i t s

gre a t l y  t- s - si in ~-d inst mti r , - d I r  .‘t c , , .,i l y  var i t  I . - .

F igure  5 i l l u s t r a t es  the  t ime—dependent  C u r r e n t  speeds It  t b.- - . i ,  I t  • - i g , - , o n o n iv  ~ s r .  In
behavior  of c u r r e n t s  moni to red  at bo th  the  edge excess s t  i) ii - i t  t h e  s, - . c ~ i t t  I I, ,  - c r 1  , . n t
of the  she l f  and the m a r g i n  of the  sh a l l o w  fo re— y le , wh e n - i s  c u r l s - I S  - s t  t i c ,  sli d 1- sw s l i s  I t
reef t e r r ace  ( F i g .  3).  A l t h o u g h these  and o the r  ra re1~t -s s - i  i s .  I’~ c -rn .~~~ c u d  i s  i, i . c I 1 ~ ‘.‘ I s  ‘7 .S
r ecords f rom the Cayma n sh e l f  were i s t l  Iv i -t est In cm s • l o r I s  ot  . 7 5 - I s i S  i t  t i  t , - , - ~s I y r  r i  c - S t e
a region strongly influenced by the steady t rade d is tinctly hi gher . iv~- rct i tcg 21 . Q ~m s -

~ 
winds , currents display very distinct variations selected 6—day peri od . A s amp .cniss - r - - I  itr. t
in both speed and direction. Records from the speeds -It t he  t w s  m o n I t s r i u c , ~ s i t  r the s im s-
deep shelf current  meter s t a t i o n  c lea r ly  show t i m e  per iod  l b s  I i  ~es a ts0— 70~ s s s - s d  t i t u s l i o n
pe r iod i c i tie s  in cu r r en t  magn i tude  and d i r e c t i o n  f r o m  t he  d e ep — s h e l f  s t a t  Ion , a d i s t . I t i s  e s i t  t ) . 4

-- 
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-- 
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N V I E W  ~ 297, and 10% of the  t ime  the  c u r r e n t  f lows  south ,A 

J 

5 P IA 

directly off the shallow reef crest , and is proba-
b ly  related to tidall y induced water exchange with
the back—reel lagoon .

A dye experiment was conducted in a deep
coral reef  groove in o r d ei  to d e t e r m i n e  the hy dro—

I y/
~~ 

dynamic ac tivity in these distinct shelf—edge fea—

I — tures. The experiment was conducted in a groove
I 

~~~~~~~ Iioos.d Cosol~~p~

adjacent to the deep—shelf current meter mooring
si te. Time—lapse photograph y was used to track

S the dye expatssion. Figure 6 schematically repre-
sents the history of the dye expansion over a time

0 16 

~i1~-) 
~‘°“

period of 105 s. Pho tographs taken at 15—s inter-
vals from the top of the adjacent coral spurs ,
some 20 meters obliquely above the injection point56.11 .d5.. -~ si*p’ h 4$s.s 

- — — —I ~~~~ -
. 

- - - . (an angle  of ~70°), were used as a data base f o r
~~~6Om - 

calculations of mear. advection speed , turbulence
in tensity , and a diffusion coeffi cient.

Plume b o u n d a r i e s  were traced from the onigi—
- nal t ime—lapse photogr—s phs and used to quan t i f yB 

~~~~ viE w - 
the horizontal diffusion . Only the first four
exposures (60—s) were used to quantify p lume

/ Co,& ip,~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
was used to analyze the dye expan sion behavior.

expansion because of perspective problems and
source deterioration. Tay lor (6) diffusion theory

~ - ?
Details of app lica tion of this theory to the dye

,~ 

/ 

‘

~~~
“ .“

~~
•‘ diffusion in a groove is given by Roberts et a l .

(7). Similar analyses have been successfully- 

applied to the spreading of continuousl y emitted
- oil slicks at sea (8).

, s
_ 

-

‘.. so.’- — For b r i e f  d i f f u s i o n  t i m e s  Tay l o r ’s ( 6 ) rela-
tion can be written as

F l - - i r s  Si , S~
1 c.-m.i t I. v h w s c f  itve expa nsion in

is t i ,  p la n I A )  c o i l  p t - I lit- (B) views IS i n t e r  
diy/dx 

<V1 2> h/2 /U (1)
; . t s  t . - , i  I l - sm t c : .  —l aps - s t c s c t c s g r a p h s  and div i -r

- s  t - 1 i n s .  ~ - Fig. S !- -r t ifl . n t - 1 . c t i o t i s l c i p where -~ is the cross—stream standard deviation of
is ,  i~~~. s V t I .  i l s i  c x p s  I L m e ’n t  and c u r n i - t i t  vi i s ’  p a r t i c l e  spread ( visible outline of plume), x is

a- t i  u s s r  ..‘d i I i s  id  c c  s i t  cli s t i  s t u ’  i f  or— 
the down—p l ume dis tance = U~~, U is the c o n s ta nt

I~~ st i t c  1 ‘~t i t  I t i •  ambient  speed across  the  source , measured by
t r a c k i n g  t he  l ead ing  ed ge of the dye p lume, V ’ is
the cross—stream turbulent speed , and the ang le

ka. I s t . . v~ t ti 5,1 and 1 ii r d  I n i c - t ics ti ,c i forces b r a c k e t  is th~’ aver aging ps-rotor. Long d i f f u s i o n
44,s,5s I i t s  I I  W I  I i i  l i i ,  , i it i I ~ sc rye I induced extreme t i mes can he expressed by
h , - t  t i ,e  t - u s s r . .~~ .,tcd wa l i  t - , c 2 i r ri- ~,~., w h i c h  are

- i  I - s i  I- . r e s 1 s s i i s s , i l l s  I - t t i c . -  t i  r r c . i t k & i s  I c  I t  I_~— -r i i u a —  
dci

I l . sn  ot t c ,  - t  t r i l l  ~pt .ed Iv s - r s u b  d short ~
2 / dx 2 ’ V ’ - > 1/ 2  A /u ( 2 )

S~- . c m.- o t  .rc . I I •  where ~~~~~, the’ Lagrangian scale length , commonly
is considered a representativt - edd y size. Thus

1 .  i - i d  c i  con t i  - i  u - O t i s  i sI s -i cl i i  \ stronger , dcs~ /dx for short distances and dci /dx for long
t , r i l . .  un 6 1  c , sb , - , I - - r . - r , s  I i c ,  I I  - i n c  mu ch 

dis tances should be constants (al’ temms on the
uii &sl tr, - , t 1 5 . 1 1 . 1 1 .  is, . t  - 1 - - u - - s t i l l  I and right side of eqs. 1 and 2 are known to be approx—

-. - I, ’I sI I .  .s s s c t i c w ,  - . 1 —  ( . i L - t i i - s l r e i l  ) i t t  lug cur — bmately constatit). The tanget it of h a l f  the ang le
s ic “t in t  I - - r  il’, i i  t c i t  ,~ l hot  to rn  c u r —  

of  expansion i f  the plume (ut ‘~ /d x) can now be mea—
, . f l t S  c i  t h i s  . 1 1 , . As - sr lii- st’etu in Fi g. i . sured from the phot9raphs, which g ive  a turbu—
t i c s dir. - I I . s t i . i i  t t  c c -  is  - Pi ,I r .ic - ts-nlzt’ d by long lent intensity <v’2~

. /2 24 cm s~~ f rom eq. 1 ,
- s t c . ’ i i ’ , ‘it un i .ti r ec -tioita l t low t i t a t  are  i n t e r —  as U is already known from movement of the p lume
r c , i s l . - d  by s i c , . I t  l i s t s  tva i~ ut c - u r n - u t re versal front (- 15 cm s 1 ). Average valu es of the rela—
,. c iiai1s ,, ii l rd liv ml I l i m l i m s  In t i e  speed record . t lye t u r b u l e n t  i n t e n s i t y .  ~v ’ .~~ 1 ,1 1. , f rom both

I c n n - r u ’. en Ic , - s i s , i i l c c w  ‘s i l l - I t  Ir e’ generally much field and lab oratory studies varies between 0.05
r, dir.’. t c ’ t c . i i i y  variable ’, .clt lu oug iu this trend 

and 0.20. Murray (9) reported a value  as h igh  as
is n i t s - ~ c i -  b i l l y  ch ar In t h e record selected 0.25 during a hurricane . An extremely high value
• t ~ 1g. ~~. As might be - x i i i  ted , the domina n t 

~f ~o,7 was obtained from this stud y and appears
- . l c . s i I s s W  - i c r T ~ u t  I s  t o  tic e s w e St  1 I I I ? ) .  A ~e c o~d— to be the result of current and/or wave inter—

I V  i- - s - I  t , s  S s i i & t l i , .iI, t d i r ect i on  accoun t s  for
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W691 0O~~#c6I ID CUIi ~ Ht 0O~~~~ 6tI D It  is in t er e s tin g  to not s . -  ( F i g .  7) that
curr ent—induced forces at  the shelf edge are
approxima tely equal to wave—induced forces at a

1000 dep th of 3 meters near the fringing reef crest.

°°°°I 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 9 delineates a position that separates the shallow
- 6  Crossi ng s f  the wove and cui rr -nt profiles (Fig. 7)

iWO
- u s

‘ 00 -  
wave—dom inated portion of the shelf from the

- ;~~V~ 
3
~lu, 

“0110 deeper corn -nt—dominated zones. Sediments have
li e -’

~~~~~

- ‘ 
~~~~~~~~~~~~~~~~~~~~~~~~~ 

-‘ - accumulated in abundance a t  this site and appear
S O s  4 0  to he relativ el y stabl e, forming a mid—shelf sedi—

27 ment reservoir . Also , at this position on the
30

shelf the coral community changes from a shallow ,5 3 3
- 36 wave—resistant ~~j~9pora palma ta dominated assem—

u s , hiage to a deeper group characterized by the

Figur e 7. Distribution of wave and current in tricately branch ed Acropora cervicornis (Table

fo rces across th~ fore—re ef shelf calculated for I). Obviously, the manner  in w h i c h  the f o r ce is

ver tical surface oriented directly into the app li ed will hel p de termine the response charac—

fl ow. Basic zonation ii f the reef is shown in teristics in the coral community. Periodic oscil—

relation t i c tiue force curves. la tory perturbations by waves , f o r  examp le , may
result in quite diffo-ront growth form responses
f rom those p roduc ed by more stead y, long— term cur—

ac tions with the unusual wall roughness of the ren t oscillations. These detailed into-ractions

cont ining ccrral s p u r s .  Other published values ire , howeve r , beyond the scope of this paper.

ire from situations of unconfined flow . Less de tailed form—process relationshi ps are sum—
nra r i z e d  in  Tabl e 1.

.5 diffusion s et fic i t - n t , K~~, can ri-

,- >. r r ,  .- ,c-d as - In summary , the following statements can be
made as a result of the physic al procc-ss study of

= U / 2  (d~ \. ’~f dx )  = .~~
r 2 > l/ 2  1* (3) Grand Cayman ’s f o r e — n c - c f  s h e l f :

t- -r l bs.- - - r o ve experiment a va l ru , - ~ f 2.-. ~ 
(I) A feedback relationship exists on the fore—

~~ ~~~~ wa-. r - , i l cuula I s  i i .  This v a l u e  is an orsls.’r 
reef shelf such t h a t  reef morpholo gy and c om p o s i —

c j  nv u gri i t iude l rc-; It s r  than might he c-xp(- ct i-ci rom 
tion are somewhat dependent on the combinations ,

cr i- v iccus studies , summarized in 0kuho ’~ ( 10) di1~— 
in t ensi t ies , and sp atial—tempor al variations of

I uNion d i .ig r cro , if .i 12—meter groove spacing is p hys i ca l  p rocesses  while at the same time the

os~ d i s .c diffusi on scale. Both turbulence and rates of these processes are dist in ct i~ in fl u—

turb ulence intensit y appear to be considerably enced by reef morphology and its associated bot—

st ri it ul’ s -r iou  ti c,’ deep coral reef groove than any torn roughness .

rtl. rm lcl chatinelized or open ocean c o n d i t i o n s  would
(2) An In ti -r u ic tion between deepwater waves and
sh e if morphol oi~v ri-sul ts in a 201 dec rease  in wave

C o n c l u d i n g  Remarks heigh t over an 11 ,4_km wid th of shelf . Th is
attenuation rate is about 10 t imes th .ut expected

R . - s r u i t  -
~ of ph ysical procs.-ss studies on a for a sandy shelf.

1.1m w 1 - r i - — r e t - f  she l f  a rc  summar i ze d  in F i g .  7
and Table I. Wave— and current—dominated parts 

(I) hh i g h — v - l c .scit y (‘50 cm ~~ 1 ), rather unidirec—

- i  t I c s ~ shelf ire defined in Fig. 7, where a corn— 
tional currents that have’ a diurnal tidal fre—

mon - ,- I I ’ c r i r e  of their forci- across the ret-f pr iu— quency were fouusd to dominate the deep f o r e — r e e f

I Ic is  p Lotted . Represen ict ive current speeds , 
s h e l f .  Shou l low s l u r - I f  c u r r e n t s  s i - r i ’  fo l Ind  to be

wave - Ic.i r is t s. -ri st ics, and ba thyme t ry I rom f i e l d  weak and d i r e c t i o n a l l y  v a r i a b l e .  A current speed

s I i t . i  were use d In the force , F, calcul cit ions. 
.cttenua t ~ofl of 60—707 fr om tite - chill edge- to the

J I c s -  c i~ mmi ’n q u a d r a t i c  s t ress  law , F 112  c\C it t 
sl ua ll ow f , s r i — r . - s I s h e l f  i s  a t t  r i b u t e d  t i  l a t s .’r , c i

was i i — s i ’d , where  ~- is the  d e n s i t y  of s eawa te r , and vert it -al I r i c t j o n al  ct  t s ’n u , it i on  .cssc sc -iat ed

A is  fl i’xisosed c r o s s — s e c t i o n a l  ci rea ( t a k e n  as w i t h  t i l e  unu su ~i I ho t  t om ruuig hns.-ss .

1 c m  t in  -I v e r t i c a l  p l a n e ) ,  Cd Is the  d rag  i t i e f —
I i c i e n t  I t a k e n  as 1 . 9 5  ( I i ) ] ,  and U is vel o i- ltv 

( 4 )  A (l ye exp er imerc t conducted it the’ peak of t h e

( s  to ~ — 1 ), A representative current speed iu f t i da l  c u r r e n t  ey e  i s- in a deep slid f—edge groove

iO cm s~~ ( i nc I cu t- s hsi th wind ;cnd tidal currents) 
II l ust r .ited tt i .c t tin—shelf flow is dirt-c ted up—

Was d e c r - u s & ’ d  l i n e a r l y  ac ros s  the  s h e l l  f s s i l o w l n g  groove. r .e tt eork ab ly it i g h l e v e l s  of t u r b u l e n c e

measured v e l oc i t ie s  at  t i l e  sha l low s h e l f  c u r ren t  (turbulence intensity -23 cm s~~~, d l l f t c s i o n

met er station and the  f r i n g i n g  reef t r eat .  Wave c o e f f i c i e - t u t  2 . 4  x l0~ cm 2 ~— l ) c h a r a c t e r i z e  t h i s

i s , r i &’ c a l i t u l a t i o n s  were  made f o r  t y p i c a l  t rade channeli z ed  f l o w .

wind g s - t u s - r c c t s . ’ d  waves (T — 6 a, H — 75 i-rn) by
e s t i m a t i n g  max imum o r b i t a l  s1s&-eds from linear (5) Calc ulations illustrate the greater relative

wave theory. 
intp cirtance , u f  ,-urrt’n t fiir, i’s over wave forces on
the deep fo re—reef  s h e l f .  C u r r e n t  force  on t h e
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T a b l e  1

Major Form—Process Relationships

Ways.- Dominated Cur r en t  Domina ted

Paramete r s  N e a r — R e e l  Crc - s t  Shallow Terrace Margin Deep Terrace  Sbs i i— E d g e  R e e f

Zonat ion Acropora palmata Acropora palmata Acroj~~~~ c e r vi c o r n i s Mon tas t r ea
M i l l e p o ra  a l c i c o r n i s  A g a r ic ia  A g a r i c i a  ~j a ric i a

Grc r wt hr T h i c k l y branched Branched  D e l i c a t e l y  branched  Massive
Forms Blads.’d Bladed Massive Plateliks.-

E n c r u s t  i ng

Coral  Modera te  Modera te  Abundant  A b u n d a n t
Cove r

Bot tom <2 meters  <5 me t e r s  <4 m e t e r s  <30 me te r s
Roughness

S h e l f  L imes tone pavemen t , Moderate—re lis.-f Moderate—low—relief High—relief
Morphology low—relief spurs and s p u r s  and grooves spurs  and grooves spurs  and grooves

grooves

Sedims.-nt Sparse Thin vene -r in Extensive impounded Off—shelf mass move-
grooves sediment plains ment down grooves

Waves Breaking, high t om— Moderate wave forces , Moderate—low wave Low wave force ,
bulence , high wave 201 ho- igh t reduc tion f o r ce , small—scale small—scale turbu—
f o r c e  f rom s h e l f  edge t u r b u l e n c e  lence

Currents Weak , multi— Multidirectiona l Moderate on—shelf Strong on—shelf
d irectional flow flow , 60—70% speed rectilinear tidal rectilinear tidal

red uction from shelf currents currents (>50 cm s~~~)

reef at the shelf edge Is ;upproximately equiva— Acknowled gments
l en t  to wave fo rces  olc the shallow shelf at a
depth if ‘3 meters. This research  was p er f o r m e d  unde r  a ccintrac- t

w i t h  Geograp h y Programs , O f f i c e  of Nava l  R e s e a r u h ,
(6) Pos i t i on  of the boundary between wave—domi— Arlington , V i r g i n i a  2 2 2 17 .  Techn ica l  a s si st a n c , -
n a t e d  and c u r r e n t — d o m i n a t e d  zones on the  f o r e —  in the f i t - I d  and l c c b o r a t o r y  was provided  by
reef  sh e l f , as defined by the crossing of wave Norwood Rector , Rodney F r e d e r i c k s , and Manue l
and c u r r e n t  f o r c e  cu u rv s . - s , cor responds  to the  H e r n a n d e z — A v i l a .  Ms .  Gs . - r rv  Dunn is ackn owled ged
pos i t i on  on the shelf where the coral community for preparation of illustrations,
undergot’s a distinct compositional change . The
wave—dominated zone is c h a r a c te r i z e d  by t h i c k l y
branched , bladed , and encrusting growth forms
and is dominated by the wave—adaptable coral
Acropora p a lmata .  De l i ca t e ly branched , massive ,
and plate like growth forms are commo n in the
current—dominated zone . Acropora cervicornis and
Montastrea represent this coral community. This
latter zone , which is subject to minimal wave
fo rces yet experiences  considerable current  force
an d asøo c iated high levels of t ur bule nce , dis-
plays the most thriving coral communities on the
fore—reef shelf.
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v , . iV e  and current measurements ‘W~re made across a rough—bottomed fore—reef shelf,~ior .g t~~~ south coast of Grand Cay~~n Island. Wave heights attenuated 20Z and current

~~~~~~~~~~~~~~ 
3c f rom the shelf margin (4.’22—meter depth) to a depth of approximately 8 meters

~.stan~e of 00.4 km. Strong, rectilinear tidal currents (~‘5O ~s s~)-f dominated the
:~-ep shelf mi-trgin, but weak, directionally variable currents were characteristic of

~~~~~~ sh ;~Ls.ow shelf. Attenuation of wave heights and current speeds across the shelf is
a’t ribut ~. J :o frictional effects resulting from strong interactions with the unique
~c” :~d , cci c ns.iitions of the extremely rough bottom. (U)

A lye experiment illustrated that strong (=35 cm s~~’) on—shelf flow is directed
up h dci; coral reef grooves at the shelf margin. High levels of turbulence (turbu—
len -c’ intensity 23 cm ~~~ diffusion coefficient 2.4 x i~

3 s 1) characterize this
— c C 0 - S. h~~~)

‘.~~‘i f e ’  r- doutinated versus current force—dominated portions of the fore—reef
.. : l e~~: ,e r - .’ i,~ t~ ,:sTd from in situ measurements. Variations in organic communities,
-~~, -t . th  f o r . : .  ~~~ reef structure are consistent with these zones. (U)¶

——— - __ _._ F——- —

~
‘
)~~ 

‘
~~~ it~~~ (P4 c

I . ~~~ - l ’~~~ ‘ Unclassified
- I Security Cls~ sufui - ietuon

A - 3 t4 05

___________ - — - -



Unclassified
- ‘  i. s u * S t f i i a t ~~Of l

a k— ” ”  & L i N k  B L i P , ’  Ck E n  C O BO l  ______ ______ ______ ______ ______

P O L E  q O u . E *~~ ‘A O . E  ri ’

~avesand c u r r e n t s
Fore—ree ’ shelf
Grand Ca’,man Island
bot tom roughness
Turbu lence
Tidal  current
Wave-dom ina ted  zone
Cur ren t—dom ina t ed  zone

~ L . .  
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

CD ‘ h  473 ~~~~~~~~~~~ Unclassified
- i ‘ it  Secursty Clas~ t1ucatuon - 3  . -

_____________ - - - ‘., —‘ - ‘ “




