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INTRODUCTION 

There i s  a  c r i t i c a l  need f o r  accurate da ta  i n  order  t o  make dec is ions  
regarding t h e  const r u c t i  on, emplacement, and f u r t h e r  devel opnent o f  a  r t i  f i c i a l  
ree fs  i n  t h e  State o f  F lo r i da .  The past, present  and p o t e n t i a l  importance o f  
a r t i f i c i a l  r ee fs  as a  center  f o r  recreat iona l  and commercial f i s h i n g  a c t i v i -  
t i e s  as we l l  as a  s o l u t i o n  t o  problems i n  management and conservat ion o f  
marine f i s h e r i e s  has a  d i r e c t  a f f e c t  on F l o r i d a ' s  econany. A t  a  meeting o f  
F l o r i d a  Sea Grant 's  Reef Advisory Committee i t  was made c l e a r  through discus- 
s i o n  w i t h  t h e  committee members t h a t  F l o r i d a  needs t o  be ab le  t o  make i n t e l l i -  
gent and r a t i o n a l  decis ions concerni ng t h e  emplacement o f  a r t i f i c i a l  reefs. A 
problem ar ises ,  however, i n  t h e  f a c t  t h a t  t h e r e  a re  t o o  few data a v a i l a b l e  on 
which t o  base these decisions. 

Th rough our  con t i  nued d i  scussi ons a  po i  n t  was made whi ch might  he1 p  so l  ve 
sane o f  t he  immediate problems i n  the  decision-making and eva lua t i on  process 
as we l l  as i n d i c a t e  t h e  f u t u r e  needs regarding needed research on a r t i f i c i a l  
reefs. This  has t o  do w i t h  determining what da ta  on a r t i f i c i a l  r ee f  b io logy  
were a v a i l a b l e  and then an eva lua t i on  o f  those data. A data m a t r i x  l i s t i n g  
ree fs  on t h e  v e r t i c a l  a x i s  and the  associated b i o t i c  and a b i o t i c  data o r  
a t t r i b u t e s  a v a i l a b l e  from pub1 i shed and non-pub1 i shed sources on t h e  h o r i -  
zonta l  a x i s  would permi t  several goals o f  our  i n i t i a l  i n v e s t i g a t i o n s  i n t o  t h e  
f u t u r e  o f  a r t i f i c i a l  r ee f  research t o  be rea l i zed :  1) a  c a n p i l a t i o n  o f  what 
data were ava i lab le ;  2 )  an i n d i c a t i o n  o f  t h e  completeness and extensiveness o f  
t f ie  data; 3 )  a  summary o f  t h e  d e s c r i p t i v e  s t a t i s t i c s  o f  t h e  data; 4) a  pre l im- 
i n a r y  ana lys i s  o f  t he  r e l a t i o n s h i p  among t h e  b i o t i c  and a b i o t i c  parameters 
through c o r r e l a t i o n  analys is ;  5 )  some p re l im ina ry  modeling o f  t h e  a r t i f i c i a l  
r ee fs  t o  form t h e  bas i s  o f  p r e d i c t i o n  through stepwise and m u l t i p l e  l i n e a r  
regression ana lys is .  This  compilat ion, d e s c r i p t i o n  and ana lys i s  would g i v e  
those o f  use i n te res ted  i n  understanding the  present state-of-knowledge, t h e  
cur ren t  s ta tus  o f  a v a i l a b l e  research, and quest ions which should be posed a  
perspect ive on the  e n t i  r e  subject .  

T h i s  s t u d y  i s  t o  be used i n  concert w i t h  two o ther  F l o r i d a  Sea Grant 
Col lege sponsored research p ro jec ts :  one deal i ng w i t h  an annotated b ib1 i o -  
graphy o f  most o f  t h e  a v a i l a b l e  1  i t e r a t u r e  known t o  r e f e r  t o  a r t i f i c i a l  reefs; 
and another review paper summarizing the  past research on a r t i f i c i a l  r ee fs  as 
wel l  as i n d i c a t i n g  t rends and f u t u r e  needs i n  a r t i f i c i a l  ree f  research. The 
present study when coupled w i t h  t h e  o ther  two s tud ies  w i l l  g i ve  i n v e s t i g a t o r s  
i nteres ted  i n the  devel oprnent and f u t u r e  s ta tus  o f  F l  o r ida '  s  a r t i f i  c i a l  ree fs  
a  d i s t i n c t  advantage i n  p lanning f u t u r e  research so t h a t  i t  w i l l  be e f f i c i e n t ,  
s i g n i f i c a n t ,  and usefu l  t o  a1 1  those i n t e r e s t e d  i n  t h i s  p o t e n t i a l l y  va luable 
resource. 

MATERIALS AND METHODS 

A ca re fu l  search was made t o  f i n d  sources o f  data f o r  t h e  mat r ix .  A l -  
though t h e r e  a re  l i t e r a l l y  thousands o f  a r t i c l e s  w r i t t e n  on a r t i f i c i a l  reefs, 
our  prime concern was t o  f i n d  a r t i c l e s  i n  which a  f i e l d  study had been con- 
ducted whi ch addressed bo th  b i  01 ogi  cal and non-bi 01 ogi  cal data. A second 
concern was t o  ob ta in  data from studies re levant  and app l i cab le  t o  F l o r i d a  
zoogeographic areas. Therefore, our  main emphasis was on s tud ies  conducted i n  
t he  C a r o l i n i a n  province, and i n  t h e  subt rop ica l  and t r o p i c a l  Western A t l a n t i c .  



Studies from areas ou t s i de  t hose  mentioned above were considered i f  t h e y  were 
p a r t i c u l a r l y  complete and/or  i f  t hey  were from areas where a t  l e a s t  canpar i -  
sons m igh t  be made on t h e  f a m i l y  o r  t h e  gene r i c  l e v e l .  

I n  t o t a l ,  da ta  were ob ta ined  from 177 r e e f s  p r i m a r i l y  f rom F l o r i d a  and 
t h e  sou theas te rn  coas ta l  areas of t h e  Un i ted  States.  These ree f s  were 1 i s t e d  
on t h e  v e r t i c a l  ax i s ,  and t h e i  r assoc ia ted phys i ca l  and b i o l o g i c a l  parameters 
were l i s t e d  h o r i z o n t a l l y .  The phys i ca l  da ta  were ob ta ined  d i r e c t l y  f r a n  t h e  
research sources or,  as i n  many cases because t h e  da ta  were incomplete o r  
l ack ing ,  t h e  da ta  were supplemented f r a n  o t h e r  sources. Below a r e  presented 
t h e  phys i ca l  parameters cons idered i n  t h i s  r e p o r t  a1 ong w i t h  t h e  code used i n  
t h e  canputer  p r i n t o u t  found i n  t h e  appendix, t h e  c r i t e r i a  f o r  i n c l u s i o n ,  
d e f i n i t i o n  o f  u n i t s ,  and source o f  in fo rmat ion .  

Each r e e f  was assigned a f i v e  d i g i t  i d e n t i f i c a t i o n  number. The f i r s t  two 
d i g i t s  o f  t h e  number i n d i c a t e  t h e  s t a t e  i n  which t h e  r e e f  i s  l oca ted .  The 
t h i r d  d i g i t  g i ves  i t s  geographic  area ( g e n e r a l l y  f o l l o w s  those  areas f rom t h e  
F l o r i d a  A r t i f i c i a l  Reef A t l a s ) ,  and t h e  f i n a l  two  d i g i t s  i d e n t i f y  t h e  s p e c i f i c  
s i t e .  F o r  pe rm i t t ed  ree f s  i n  F l o r i d a  t h e  areas and s i t e s  correspond t o  t h e  
numbers 1 i s t e d  i n  t h e  A t l a s  o f  A r t i f i c i a l  Reefs pub1 ished by F l  o r i d a  Sea 
Grant, Non-permit ted F l o r i d a  r e e f s  and r e e f s  1 ocated i n  o t h e r  s t a t e s  can be 
i d e n t i f i e d  from t h e  1 i t e r a t u r e  references. 

The s t a t e  legend i s  as f o l l o w s :  

00 - F l  o r i d a  
02 - New Hampshire 
04 - Rhode I s l a n d  
06 - New York 
08 - Delaware 
10 - V i  r g i  n i a  
12 - South Ca ro l i na  
14  - Alabama 
16 - Lou is iana  
18 - C a l i f o r n i a  
20 - Washington 
22 - Mexico 
24 - V i  r g i  n I s1  ands 

01 - Maine 
03 - Massachusetts 
05 - Connect icut  
07 - New Jersey  
09 - Ma ryl and 
11 - Nor th  Ca ro l i na  
13 - Georgia 
15 - M i s s i s s i p p i  
17 - Texas 
19 - Oregon 
21  - Hawaii 
23 - Pue r to  R i  co 
25 - A l l  o t he rs  

The f o l l o w i n g  i s  a l i s t i n g  o f  r e e f  i d e n t i f i c a t i o n  numbers w i t h  re ferences 
t o  t h e  1 i t e r a t u r e  c i t e d :  

Reef Number L i t e r a t u r e  

Stone e t  a1 ., 1979 
Smith e t  a1 . , 1979 
Has t i  ngs, 1979 
Bortone, 1976 
W i  ckham e t  a1 . , 1973 
Has t i  ngs e t  a1 . , 1976 
K l  ima and W i  ckham, 1969 
S te im le  and Ogren, 1982 
Parker  e t  a1 . , 1979 
C r o z i e r  e t  al . ,  1977 



Lukens, 1981 
Sonnei r e t  a1 . , 1976 
Turner  e t  a1 . , 1969 
Walton, 1982 
Hueckel and Slayton, 1982 
Fast, 1974 
Randal 1  , 1963 

Be1 ow a  r e  1 i s t e d  t h e  headings on t h e  canpute r i  zed da ta  m a t r i x  as p r i n t e d  
i n t h e  appendix : 

YR-BLT: Year b u i  1  t , usual l y  de te rmi  ned f ran F l  o r i d a  
Sea Gran t ' s  A t l a s  o f  A r t i f i c i a l  Reefs (Aska 
and Pybas, 1983). 

MATERIALS: Pr imary m a t e r i a l  o f  which t h e  r e e f  was composed: 

A  = Aluminun P  = P l a s t i c  o r  f i b e r g l a s s  
R = Rubber t i r e s  F = F i s h  aggregat ing dev i ce  
C = Cement N  = Natu ra l  m a t e r i a l s  ( rocks) 
S  = Stee l  W = Wood 

PROFILE : 

ham (1971). 

AREA: 

DEPTH : 

SUBSTRATE: 

DST-SHORE : 

DRAINAGE : 

H = H i g h ,  L Z L O W ,  S = Specia l  

The p r o f i l e  should be a  r a t i o  o f  h e i g h t  t o  wa te r  
dep th ,  b u t  f o r  our  purposes s t r u c t u r e s  such as 
boats,  barges, sh ips ,  o r  o t h e r  vesse ls  were 
cons idered  t o  have h i g h  p r o f i l e .  Rubber, t i r e s ,  
e t c . ,  were cons idered t o  have low p r o f i l e .  The 
category " s p e c i a l "  i n d i c a t e s  mid-water f i s h  
a t t r a c t o r s  such as those  used by K l  ima and Wick 

2  Recorded as M when a v a i l a b l e .  

Recorded i n  meters.  

Recorded as: S  = sand; M = mud; G = g rave l ;  
C = co ra l ;  R = rocks; 1  = s h e l l  m a t e r i a l ;  
V = vegetat ion.  

Nearest l a n d f a l l  i n n a u t i c a l  m i l es .  

Each ma jo r  watershed f o r  t h e  F l  o r i d a  coas ta l  area 
was assigned an  i d e n t i f y i n g  number: 

1 = Nassua Sound 
3  = 101 anato R i v e r  
5  = H a l i f a x  R i v e r  
7 = I n d i a n  R i v e r  
9  = B i  scayne Bay 

11 = San Car los Bay 
13 = Tampa Bay 
15 = Suwannee R i v e r  

2 = St.  Johns R i ve rs  
4  = Mantanzas R i v e r  
6  = Banana R i v e r  
8  = Lake Worth 

10 = F l o r i d a  Bay 
12 = Char1 o t t e  Harbor  
14 = Waccasassa Bay 
16 = Deadman Bay 



DST-PASS : 

DRAIN-VOL: 

DST-100F 

WIND-DIR: 

WIND-VEL: 

LATITUDE : 

CURR-D I R  : 

17 = Apalachee Bay 18 = Apa lach ico la  Bay 
19 = S t .  Andrews Bay 20 = Choctawhatchee Bay 
2 1 = P e n s a c o l a B a y  2 2 = P e r d i d o B a y  
23 = Mobi le  Bay 24 = M i s s i s s i p p i  Sound 
25 = B ig  Marco R i v e r  

A d r a i n a g e  code was t h e n  assigned t o  each r e e f  
based on i t s  p r o x i m i t y  t o  t h a t  drainage. 

D i s tance  i n  n a u t i c a l  m i l e s  t o  t h e  pass o r  en- 
t r a n c e  o f  t h e  c l o s e s t  dra inage.  

Mean volume o f  d ischarge  o f  t h e  nearest  d ra inage  
i n  cub i c  f e e t  p e r  second. Sources f o r  t h e  d ra in -  
age i n f o r m a t i o n  was S t a t e  Univ. System o f  F l  o r i d a  
I n s t i t u t e  o f  Oceanography (1973), U.S. Dept. o f  
I n t e r i o r  (1975), and U.S. Dept. of Comm. (1980).  

D i s t a n c e  i n  n a u t i c a l  m i l e s  t o  t h e  100  f a thom 
d e p t h .  P l o t t e d  and measured f r a n  NOAA cha r t s  
1:80000 and 1:486200. 

Predan inan t  wind d i  r ec t i on .  The d i  r e c t i o n  i n  
deg rees  from which t h e  wind most o f t e n  blows. 
Obta ined from Bureau o f  Land Management char ts ,  
O u t e r  Cont i  nenta l  Shel f ,  Eastern Gul f o f  Mexico, 
V isua l  No. 6. 

Mean wind v e l o c i t y  recorded i n  n a u t i c a l  m i l e s  p e r  
h o u r s  ( k n o t s ) .  O b t a i n e d  f r o m  Bureau  o f  Land 
Management char ts ,  Oute r  Cont i  nen ta l  Shel f, 
Eastern Gu l f  o f  Mexico, V isual  No. 6. 

L a t i t u d e  o f  t h e  s i t e  recorded as xx degrees xx 
minutes xx seconds. 

Resu l t an t  wa te r  c u r r e n t  entered i n  degrees. 
Recorded as t h e  d i r e c t i o n  t h e  c u r r e n t  s e t s  and 
ob ta ined  f r a n  Bureau o f  Land Management char ts ,  
O u t e r  Cont inen ta l  Shel f, Eastern Gul f o f  Mexico, 
V isua l  No. 6. 

TIDE-TYPE: S = semid iurna l ;  D = d i u r n a l ;  M = mixed. Obtain- 
ed f r a n  Fernald (1981).  

TIDAL-VA : T i d a l  v a r i a t i o n .  No da ta  were obta ined f o r  t h i s  
category.  

W-STMP-L : Lowest w i  n t e r  su r f ace  temperature.  Entered i n 
Fa renhei t . 

W-STMP-H : Highest  w i n t e r  su r f ace  temperature. 

W-STMP-A: Average w i  n t e r  su r f ace  temperature.  



S-STMP-L : 

S-STMP-H: 

S-STMP-A: 

W-BTMP-L : 

W-BTMP-H: 

W-BTMP-A: 

S-BTMP-L : 

LONGITUD : 

S-BTMP-H: 

S-STMP-A: 

W-SSAL-L : 

W-SSAL-H: 

W-SSAL-A : 

S-SSAL-L : 

S-SSAL-H : 

S-SSAL-A: 

W-BSAL-L: 

W-BSAL-H: 

W-BSAL-A: 

S-BSAL-L: 

S-BSAL-H : 

S-BSAL-A: 

WINTER: 

SUMMER : 

WIN-SUM: 

Lowest summer su r f ace  temperature. 

Highest  s u m e r  su r f ace  temperature.  

Average summer su r f ace  temperature.  

Lowest w i n t e r  bottom temperature.  

Highest  w i n t e r  bot tom temperature.  

Average w i n t e r  bot tom temperature. 

Lowest summer bottom temperature.  

L o n g i t u d e  en te red  as xx degrees xx minutes xx  
seconds. 

Highest  summer bot tom temperature.  

Average summer bottom temperature. 

Lowest w i n t e r  su r f ace  s a l i n i t y  recorded as p a r t  
p e r  thousand. 

Highest  w i n t e r  su r f ace  sa l  i n i t y .  

Average w i n t e r  su r f ace  s a l i n i t y .  

Lowest summer su r f ace  sa l  i n i t y  . 
Highest  summer su r f ace  s a l  i n i t y .  

Average summer su r f ace  s a l  i n i t y  . 
Lowest w i  n t e r  bottom s a l  i n i t y .  

H ighest  w i n t e r  bottom sa l  i n i t y .  

Average w i n t e r  bot tom sa l  i n i t y .  

Lowest summer bottom sa l  i n i  t y .  

H ighest  summer bottom s a l i n i t y .  

Average summer bottom sa l  i n i  ty  . 
To ta l  number o f  i n d i v i d u a l s  w i t h i n  each f a m i l y  by 
r e e f  f o r  Dec., Jan., and Feb. 

To ta l  number o f  i n d i v i d u a l s  w i t h i n  each f a m i l y  by  
r e e f  f o r  June., Jul.,  and Aug. 

The combined sums o f  t h e  above. 



LWIN: Logar i thm sca le  o f .  w i n t e r  abundance. 

LSUM: Logar i thm sca le  o f  summer abundance. 

LWIN-LSUM: Loga r i t hm sca le  o f  combined w i n t e r  and summer 
abundance. 

S p e c i e s  i d e n t i f i e d  i n  t h e  - l i t e r a t u r e  were arranged accord ing  t o  t he  
Hoese, Moore, and Sonnei r (1977) c l a s s i f i c a t i o n  scheme. Those spec ies not  
i nc l uded  i n  t h e i r  p u b l i c a t i o n  were entered a t  t h e  end o f  app rop r i a te  f a m i l i e s .  
I n  cases where i n f o r m a t i o n  was incomplete on l y  t h e  f a m i l y  i d e n t i f i c a t i o n  code 
was used. These da ta  were recorded f o r  each r e e f  w i t h  he repor ted  abundance 
en te red  f o r  each species i n  t h e  app rop r i a te  season i n  which t h e  da ta  were 
c o l l e c t e d .  Th i s  p rov ided  abundance f i g u r e s  by seasons f o r  each spec ies by 
ree f .  I f  seasonal i n f o r m a t i o n  was l ack ing ,  t h e  abundance was en te red  as 
annual data.  I n  ins tances  where abundance was repor ted  i n  q u a l i t a t i v e  terms 
numerical va lues were s u b s t i t u t e d  f o r  comparat ive a n a l y s i s  purposes. The 
n m e r i c  va lues uses were: r a r e  = 1; moderate o r  occasional  = 10; common o r  
f requent  = 100; and abundant = 1000. 

F o r  a n a l y s i s  t h e  b i o l o g i c a l  da ta  s e t  was reduced t o  f o u r  f a m i l i e s  which 
a r e  represented by t h e  f o l l o w i n g  codes: 54 = Serran ids;  62 = Carangids; 65 = 
L u t j a n i d s ;  and 68 = Haemul i d s .  These f a m i l i e s  represen t  t h e  m a j o r i t y  o f  r e e f  
t a r g e t  spec ies s,ought by r e c r e a t i o n a l  f ishermen, and most o f t e n  addressed i n  
terms o f  r e e f  f i s h e r i e s  management. The summer and w i n t e r  seasons were se- 
l e c t e d  f o r  a n a l y s i s  because t h e  g rea tes t  amount o f  b i  01 og ica l  abundance data 
was recorded f o r  those seasons by t h e  m a j o r i t y  o f  t h e  most thorough s tud ies .  

RESULTS 

Phys ica l  parameters were obta ined on 177 a r t i f i c i a l  ree fs .  O f  these, 155 
were p e r m i t t e d  F l o r i d a  ree f s ,  and- t h e  remainder from o t h e r  s ta tes ,  Puer to  
R i  coy  and t h e  V i  r g i n  I s l ands .  The canpos i t i on  o f  these s t r u c t u r e s  was pre- 
d a n i n a n t l y  s t e e l ,  a  cornbinat ion o f  s t e e l ,  rubber,  and concrete (mixed) ,  o r  
concrete (F ig .  1 ) .  T h e i r  phys i ca l  a t t r i b u t e s  i n d i c a t e  a  broad var iance  i n  
most f e a t u r e s  (Table 1 ) .  It i s  noted t h a t  t h e  r e e f  areas, considered one o f  
t h e  most impor tan t  f a c t o r s  by Smith (1972) and Walton (1982), was o n l y  ad- 
dressed by seven o f  t h e  s tud ies .  Other p ran inen t  f a c t o r s  such as t h e  he igh t  
o f  t h e  s t r u c t u r e s ,  t h e i r  c r y p t i c  nature,  and accura te  eva lua t i ons  o f  t he  
composit ions o f  t h e  subs t ra te  upon which t hey  were p laced were so few and 
v a r i e d  t h a t  they  had t o  be es t imated  and recorded i n  q u a l i t a t i v e  terms. As 
such t hey  cou ld  no t  be used as p a r t  o f  t h e  d e s c r i p t i v e  s t a t i s t i c s  o f  phys i ca l  
f ea tu res  o r  i n  the  data m a t r i x  f o r  ana l ys i s .  

O f  t h e  177 a r t i f i c i a l  s t r u c t u r e s  f o r  which phys i ca l  data were a v a i l a b l e ,  
on ly  23 p rov ided  b i o l o g i c a l  i n f o r m a t i o n  which p a r a l l e l e d  our  needs. Out o f  
these 23 ree fs ,  on l y  n i ne  were noted i n  F l o r i d a  coas ta l  waters, and on ly  one 
study addressed a  ( 1 )  F l o r i d a  pe rm i t t ed  ree f  (Sm i th  e t .  a1 ., 1979). Four  o f  
t he  o t h e r  s tud ies  were conducted w i t h i n  t h e  C a r o l i n i a n  prov ince,  and two i n  
t h e  t r o p i c a l  Western A t l a n t i c .  The remaining e i g h t  s t u d i e s  encompassed o t h e r  
coasta l  areas o f  t he  Un i t ed  States. 



R e d u c t i o n  o f  t h e  b i o t i c  da ta  t o  f o u r  key f a m i l i e s  w i t h  abundance f i g u r e s  
f o r  w i n t e r  and/or  summer per iods  r e s u l t e d  i n  l o w e r i n g  t h e  number o f  s t u d i e s  
con ta in i ng  usab le  i n f o r m a t i o n  t o  11 ree f s  ( C r o z i e r  e t .  a1 ., 1977; Fast ,  1974; 
Hast ings, 1979; Hast ings e t .  a1 ., 1976; K l  ima and Wickham, 1969; Randal l ,  
1963; S te im le  and Ogren, 1982; Stone e t .  a1 . , 1979; W i  ckham e t .  a1 . , 1973). 
To compl i c a t e  m a t t e r s ,  t w o  s t u d i e s  ( o n  t h r e e  s e p a r a t e  r e e f s )  p r e s e n t e d  
abundance da ta  i n  qua1 i f i e d  terms such as rare,  common, etc., and necess i ta ted  
t h e  convers ion o f  t h e  f i g u r e s  t o  a  1  og sca le  f o r  purposes o f  a n a l y s i s  ( C r o z i e r  
e t .  a1 . , 1977;  H a s t i  ngs e t .  a1 . , 1976) .  One s t u d y  c o v e r i n g  t h r e e  r e e f s  
recorded o n l y  f i v e  species f o r  each r e e f  ( S t e i m l e  and Ogren, 1982). The 
o v e r a l l  e f f e c t  was t h a t  out  o f  t h e  reduced data,  a  canb ina t i on  o f  s i x  t o  n i ne  
s t u d i e s  (depending on whether o r  no t  they  conta ined da ta  f o r  a l l  f a m i l i e s  f o r  
b o t h  seasons) were used f o r  a n a l y s i s  (Tab le  2 ) .  

C o r r e l a t i o n  c o e f f i c i e n t  a n a l y s i s  was used t o  i nd ica te  r e l a t i o n s h i p s  
between b i  o t i  c  and a b i o t i c  v a r i a b l e s  assoc ia ted  w i t h  t h e  r e e f s  (Appendix).  
C o r r e l a t i o n s  which were noted as s i g n i f i c a n t  (.05 l e v e l )  a r e  presented by 
f am i l y .  

SERKANI DS 

W i  n t e r  abundance was n e g a t i v e l y  c o r r e l a t e d  w i t h :  r i v e r  d ra inage  vo l  m e ,  
w i  n t e r  su r face  sa l  i n i t y ,  and summer su r f ace  s a l i n i t y .  Sumner abundance 
was nega t i ve l y  c o r r e l a t e d  w i t h  w i n t e r  su r f ace  s a l i n i t y .  

CARANGI DS 

W i  n t e r  abundance was n e g a t i v e l y  c o r r e l a t e d  w i t h  d r a i  nage v o l  ume, c u r r e n t  
v e l  o c i t y ,  w i n t e r  su r f ace  sa l  i n i t y ,  and summer su r f ace  sa l  i n i t y .  Winter  
abundance was p o s i t i v e l y  c o r r e l a t e d  w i t h  d i s t a n c e  f ran 100 fathoms. 

LUTJANIDS 

B o t h  w i  n t e r  and summer abundance were p o s i t i v e l y  c o r r e l a t e d  w i t h  depth 
and d i s tance  from shore. 

HAEMULIDS 

W i n t e r  abundance was n e g a t i v e l y  c o r r e l a t e d  w i t h  dra inage volume and 
c u r r e n t  ve l  oc i  ty. Both w i  n t e r  and summer abundance was p o s i t i v e l y  cor-  
r e l a t e d  w i t h  yea r  b u i  1  t and w i  n t e r  su r f ace  temperature. 

I n  mos t  ins tances,  f a m i l y  abundance was c o r r e l a t e d  t o  non -con t ro l l ab le  
f a c t o r s  such as d ra inage  volume, temperature, s a l i n i t y ,  and c u r r e n t  v e l o c i t y .  
The L u t j a n i d s  were t h e  on l y  f a m i l y  f o r  which t h e r e  were c o r r e l a t i o n s  (dep th  
and d i s tance  t o  shore) t h a t  cou ld  be c o n t r o l l e d  by persons c o n s t r u c t i n g  a r t i -  
f i  c i a1  reefs .  

Stepwise regress ion  and a t tempts  t o  b u i l d  a  p r e d i c t i v e  model us i ng  mul- 
t i p 1  e  l i n e a r  regress ion  were unsuccessful  because o f  t h e  number o f  m i ss i ng  
da ta  i n  t h e  c e l l s  o f  t h e  m a t r i x .  



DISCUSSION 

There i s  no shor tage o f  1  i t e r a t u r e  which addresses a r t i f i c i a l  ree fs ,  and 
w h i l e  many o f  t h e  s t u d i e s  were designed t o  accanp l i sh  c e r t a i n  goa ls  i n  a r t i -  
f i c i a l  r e e f  research most were no t  d i  rected t o  suppor t  t h e  t ype  o f  i nformat ion  
needed i n  t h i s  i n v e s t i g a t i o n .  W i t h i n  t h e  a v a i l a b l e  pub1 i c a t i  ons t h e r e  e x i s t s  
a  d e f i n i t e  l a c k  o f  c o n t i n u i t y  i n  t h e  way researchers assess s tand ing  crops and 
present  t h e  r e s u l t s  o f  t h e i  r i n v e s t i g a t i o n s .  

D i f f e r e n t  methods o f  measuring t h e  d e n s i t y  and d i v e r s i t y  o f  a r t i f i c i a l  
r e e f  communities i n c l u d e  t imed and non-timed spot  counts, t r a n s e c t  evalua- 
t i o n s ,  k i l l  and c o l l e c t  r e s u l t s ,  and hook and l i n e  assessments. V a r i a t i o n s  i n  
t h e  t i m e  frames i n  which t h e  s t u d i e s  were conducted covered s i n g l e  and s h o r t  
term 1  i m i  t e d  observat ions,  seasonal s tud ies  w i t h  severa l  assessments, and 
c o n t r o l  1  ed sampl i ngs a t  regul  a r  i n te rva l  s  over  extended per iods.  

The c o n t r a s t  i n  formats used i n  r e p o r t i n g  t h e  r e s u l t s  o f  t h e  s tud ies  was 
a l s o  s i g n i f i c a n t .  Sane s t u d i e s  repor ted on l y  on t h e  t a r g e t  species on a  reef 
w h i l e  o the rs  recorded a l l  spec ies observed, b u t  f a i l e d  t o  p rov ide  abundance 
da ta  o r  presented t h e  i n f o r m a t i o n  i n  qua1 i t a t i v e  t e n s .  Other  methods i n -  
c luded r e p o r t i n g  seasonal abundance as i t  was c o l l e c t e d  and recorded, o r  
consol i d a t i  ng t h e  r e s u l t s  o f  extended e f f o r t s  i n t o  one f i g u r e  whi ch ignored  
t h e  impact o f  seasonal fauna changes. Few tho rough l y  addressed t h e  i n f l  uence 
o f  phys i ca l  f ea tu res  t o  b i  01 og i  ca l  observat ions . Th is  r e s u l t e d  i n  many miss- 
i n g  c e l l s  i n  t h e  da ta  m a t r i x  and prevented a n a l y s i s  us ing  s tepwise and mul- 
t i p l e  l i n e a r  regression. 

These a r e  examples o f  t h e  v a r i a t i o n s  i n  methodology which serve t o  ad- 
v e r s e l y  i n f l u e n c e  r e s u l t s  o f  da ta  canbined from a  wide range o f  sources. Con- 
s idered  i n  concer t  w i t h  t h e  r e s u l t s  o f  t h e  da ta  r e d u c t i o n  and s t a t i s t i c a l  
ana l ys i s ,  i t appears t h a t  t h e  v a r i a t i o n s  i n  sampl i ng techniques and r e p o r t i n g  
methods would cause non- r ep resen ta t i ve  r e s u l t s .  

CONCLUSIONS 

Wide v a r i a t i o n s  i n  t h e  methodology i n  e x i s t i n g  l i t e r a t u r e  make i t  impos- 
s i b l e  t o  cons t ruc t  a  da ta  m a t r i x  and mathematical  model which w i l l  be use fu l  
i n  p r e d i c t i n g  f i s h  popu la t i ons  on a r t i f i c i a l  r ee f s .  A cons i s ten t  p o i n t  which 
appeared as a  r e s u l t  o f  ou r  e f f o r t s  i s  t h a t  a  canmon o r  c o n v e r t i b l e  method o f  
c o l l e c t i n g  and r e p o r t i n g  da ta  i s  necessary i f  we expect  t o  r e l y  upon each 
o t h e r ' s  research r e s u l t  f o r  i n f o n a t i o n  use fu l  i n  i n t e r p r e t i  ng c o n d i t i o n s  and 
maki ng dec i s i ons  concern i  ng management and research. 

Whi le t h i s  i n v e s t i g a t i o n  f a i l e d  t o  e s t a b l i s h  a  f u n c t i o n a l  da ta  base, i t  
prov ided  o t h e r  s i g n i f i c a n t  in format ion.  It he1 ped p rov ide  va luab le  i n s i g h t  
i n t o  ou r  present  s t a t u s  i n  e v a l u a t i n g  a r t i f i  c ia1  s t r u c t u r e s ,  t h e  wide range o f  
e f f o r t s  be ing  expended on a r t i f i c i a l  r ee f  research by t h e  s c i e n t i f i c  
community, and a  d i r e c t i o n  i n  which t o  proceed t o  a t t a i n  our  f u t u r e  research 
goals.  It exemp l i f i ed  t h e  need t o  cons t ruc t  a  da ta  m a t r i x  f o r  use as a  t o o l  
i n  d i r e c t i n g  f u r t h e r  f u n c t i o n a l  r e s e a r c h ,  and e s t a b l i s h e d  t h e  necessa ry  
methodology w i t h  which i t  can be i n i t i a t e d .  Then, as more and b e t t e r  da ta  a r e  
produced, i t  w i l l  be p o s s i b l e  t o  cons t ruc t  a  p r e d i c t i v e  mathematical model . 



Most o f  a l l ,  t h e  r e s u l t s  c l e a r l y  show t h a t  a  concerted, u n i f i e d  e f f o r t  i s  
needed i f  research i s  t o  proceed i n  a  p o s i t i v e  d i r e c t i o n  which w i l l  l e a d  t o  
t h e  p rope r  answers f o r  successfu l  management o f  ou r  mar ine resources. 
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TABLE 1. DESCRIPTIVE STATISTICS OF THE PHYSICAL FEATURES FOR 177 ARTIFICIAL REEFS 
VARIABLE N X SD M I  N MAX 

Year B u i l t  

Reef Areas ( M ~ )  

Depth (M) 

D is tance  t o  Shore* 

D is tance  t o  Pass* 

Nearest Dra i  nage Vol . ( M ~ / S E C )  

D is tance  t o  100 Fath* 

W i  nd Vel oc i  t y * *  

Cur ren t  Vel oc i  t y * *  

Win te r  Surface Temp (CO) 

Summer Surface Temp (CO) 

Win te r  Bottom Temp (CO) 

Summer Bo t tan  Temp (CO) 

W i  n t e r  Surface Sal i n i  t y  (O/oo) 

Summer Surface Sal i n i t y  (Oleo) 

W i  n t e r  Bottom Sal i n i  t y  (O/oo) 25 6 6 5 3 5 

Summer Bottom Sal i n i  t y  ( O/ 00) 2 5 35 1 3 5 36 



TABLE 2, DESCRIPTIVE STATISTICS FOR THE NUMBER OF INDIVIDUALS OF FOUR MAJOR 
FAMILIES OF FISHES OCCURRING ON ARTIF IC IAL REEFS DURING THE SUMMER AND 

( I N  PARENTHESES) WINTER SEASONS 

FAMILY NO. OF STUDIES NO. OF INDIVIDUALS SO M I N  MAX 

Serranidae 
Groupers/Seabasses 

Carangidae 
Jacks 

Lu t j an idae  
Snappers 

Haemul i dae 
Grunts 
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SERGID IHISICA: All0 RtDUCCO 810 DkTA I0 03 THURSDAY, DECLKBIR IS. 1913 1 

rAI(ILl=14 

CORRELATION C0LIFIC:INTS I PRO8 . :R: UKDCR H0:RHO.O I HUKEfI OI OBSERVA'rlOHI 
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V A R I A B L E  N 

5 I R C E D  P H Y S I C A L  AN0 R l D U C L D  8 1 0  OAT1 1 0  01 MURSPAT D E C t l 8 E R  I S ,  I t 1 1  a 
l l l ! l L l ~ 6 1  
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VARIABLE n STO DEV sun nl~lrmn n ~ l ~ n u n  



ntncr3 PHYSICAL AND B I O U C ~ O  8 1 0  DATA 1 0  03 THURSOIT. orctnssn IS. 190: r 
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