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and Doyal Van Orman is published in Technical Paper
No. 34, July 1985,



INTRODUCTION

There is a critical need for accurate data in order to make decisions
regarding the construction, emplacement, and further development of artificial
reefs in the State of Florida. The past, present and potential importance of
artificial reefs as a center for recreational and commercial fishing activi-
ties as well as a solution to problems in management and conservati on of
marine fisheries has a direct affect on Florida's econany. At a meeting of
Florida Sea Grant's Reef Advisory Cmmittee it was made clear through discus-
sion with the ccmmittee members that Florida needs to be able to make intelli-
gent and rational decisions concerning the emplacement of artificial reefs. A
problem arises, however, in the fact that there are too few data available on
which to base these decisions ~

Through our continued discussions a point was made which might help solve
sane of the immediate problems in the decision-making and evaluation process
as well as indicate the future needs regarding needed research on artificial
reefs. This has to do with determining what data on artificial reef biology
were available and then an evaluation of those data. A data matrix listing
reefs on the verti cal axi s and the associated bi oti c and abi oti c data or
attributes avail abl e f rm publ i shed and non-publ i shed sources on the hori-
zontal axis would permit several goals of our initial investigations into the
future of artificial reef research to be realized: I! a ccmpil ation of what
data were available; 2! an indication of the canpleteness and extensiveness of
the data; 3! a summary of the descriptive statistics of the data; 4! a prelim-
inary analysis of the relationship among the biotic and abiotic parameters
through correlation analysis; 5! scme preliminary modeling of the artificial
reefs to form the basis of prediction through stepwise and multiple linear
regression analysis. This canpilation, description and analysis would give
those of use interested in understanding the present state-ot-knowledge, the
current status of available research, and questions which should be posed a
perspective on the enti re subject.

Thi s study is to be used in concert with two other Florida Sea Grant
College sponsored research projects: one deal i ng with an annotated biblio-
graphy of most of the available literature known to refer to artificial reefs;
and another review paper summarizing the past research on artificial reefs as
well as indicating trends and future needs in artificial reef research. The
present study when coupled with the other two studies will give investigators
interested in the development and future status of Florida's artificial reefs
a distinct advantage in planning future research so that it will be efficient,
significant, and useful to all those interested in this potentially valuable
resource.

MATERIALS AND METHODS

A careful search was made to find sources of data for the matrix. Al-
though there are literally thousands of articles written on artificial reefs,
our prime concern was to find articles in which a field study had been con-
ducted whi ch addressed both bi ol ogi cal and non-bi ol ogi cal data. A second
concern was to obtain data from studies relevant and applicable to Florida
zoogeographic areas. Therefore, our main emphasis was on studies conducted in
the Carolinian province, and in the subtropical and tropical Western Atlantic.



Studies from areas outside those mentioned above were considered if they were
particularly complete and/or if they were frcm areas where at least compari-
sons might be made on the family or the generic level ~

In total, data were obtained frcm 177 reefs primarily from Florida and
the southeastern coastal areas of the United States. These reefs were listed
on the vertical axis, and their associated physical and biological parameters
were listed horizontally. The physical data were obtained directly fran the
resea rch sources or, as i n many cases because the data were i ncompl ete or
lacking, the data were supplemented fry other sources. Below are presented
the physical parameters considered in this report along with the code used in
the computer printout found in the appendix, the criteria for inclusion,
definition of units, and source of information.

Each reef was assigned a five digit identification number. The first two
digits of the number indicate the state in which the reef is 1 ocated. The
third digit gives its geographic area  generally foll ows those areas frcm the
Florida Artificial Reef Atlas!, and the final two digits identify the specific
site. For permitted reefs in Florida the areas and sites correspond to the
numbers 1 isted in the Atl as of Arti fi cial Reefs publ i shed by Fl orida Sea
Grant, Non-permitted Fl orida reefs and reefs 1 ocated in other states can be
identi fi ed f rcm the literature references.

The state legend is as follows:

The following is a listing of reef identification numbers with references
to the literature cited:

Li teratureReef Number

00 - Florida
02 - New Hampshi re
04 - Rhode Isl and
06 - New York
08 - Delaware
10 - Virginia
12 - South Carolina
14 - Alabama
16 � Loui si ana
18 - Cal i fornia
20 - Washington
22 - Mexico
24 - Virgin Islands

00348

00429

00634/00640
00635

00636

00637/00638
00639
07011/07111/12011
12010

14001

01 - Maine
03 - Massachusetts
05 - Connecticut
07 - New Jersey
09 - Maryland
11 - North Carolina
13 - Georgia
15 - Mississippi
17 � Texas
19 - Oregon
21 - Hawaii
23 - Puerto Rico
25 - All others

Stone et al., 1979
Smith et al., 1979
Hastings, 1979
Bortone, 1976
Wickham et al., 1973
Hastings et al., 1976
Klima and Wickham, 1969
Steimle and Ogren, 1982
Parker et al., 1979
Crozier et al ., 1977



Lukens, 1981
Sonneir et al., 1976
Turner et al., 1969
Walton, 1982
Hueckel and Slayton, 1982
Fast, 1974
Randal 1, 1963

Bel ow are listed the headings on the canputerized data matrix as printed
i n the appendix:

Year built, usually determined fran Fl orida
Sea Grant's Atlas of Artificial Reefs  Aska
and Pybas, 1983!.

YR-'BLT:

Primary material of which the reef was composed:MATERIALS:

P = Plastic or fiberglass
F = Fish aggregating device
N = Natural materials  rocks!
W = Wood

A = Aluminum
R = Rubber tires
C = Cement

S = Steel

E = Low, S = SpecialH = High,PROFILE:

The profile should be a ratio of height to water
depth, but for our purposes structures such as
b oats, ba rges, shi ps, o r othe r vessel s we re
considered to have high profile. Rubber, tires,
etc., were considered to have low profile. The
category "special" i ndi cates mid-water f i sh
attractors such as those used by Klima and Wick

ham �971! .

Recorded as M when available.
2

Recorded in meters.

AREA:

DEPTH:

SUBSTRATE: Recorded as: S = sand; M = mud; G = gravel;
C = coral; R = rocks; 1 = shell material;
V = vegetation.

Nearest landfall i n nautical miles .DST-SHORE:

DRAINAGE: Each major watershed for the Florida coastal area
was assigned an identifying number:

15001

16001

18001/18002/18003
20008

20010
23001
24001

1 = Nassua Sound
3 = Iol anato River
5 = Halifax River
7 = Indian River
9 = Bi scayne Bay

ll = San Carlos Bay
13 = Tampa Bay
15 = Suwannee River

2 4 6 8
10
12

14

16

St. Johns Rivers
Mantanzas River
Banana River
Lake Worth
Fl orida Bay
Charl otte Harbor
Waccasassa Bay
Deadman Bay



A drainage code was then assigned to each reef
based on its proximity to that drainage.

Distance in nautical miles to the pass or en-
trance of the closest drainage.

DST-PASS:

Mean volume of discharge of the nearest drainage
in cubic feet pe r second. Sources for the drai n-
age information was State Univ. System of Fl orida
Institute of Oceanography �973!, U.S. Dept. of
Interior �975!, and U.S. Dept. of Comm. �980!.

DRAI N-VOL:

DST-100F Distance in nautical miles to the 100 fathom
depth. Plotted and measured frcm NOAA charts
1:80000 and 1:486200.

Predaninant wind direction. The direction in
deg rees from which the wind most often bl ows.
Obtained f rm Bu rea u of Land Management cha rt s,
Outer Continental Shel f, Eastern Gul f of Mexico,
Visual No. 6.

WIND-DIR:

Mean wind velocity recorded in nautical miles per
hours  knots! . Obta i ned f rom Bureau of Land
Management charts, Outer Continental Shel f,
Eastern Gul f of Mexi co, Vi sual No. 6.

WIND-VEL:

Latitude of the site recorded as xx degrees xx
mi nut e s xx seconds .

LATITUDE:

Resultant water current entered in degrees.
Recorded as the di recti on the current sets and
obtained from Bureau of Land Management charts,
Out e r Conti nenta l Shel f, Easte rn Gul f of Mex i co,
Vi sual No. 6.

CURR-0 IR:

S = semidiurnal; D = diurnal; M = mixed. Obtain-
ed frcm Fernald �981!.

TIDE- TYPE:

Tidal variation. No data were obtained for this
category.

TIDAL-VA:

Lowest winter surface temperature. Entered in
Fa renhei t.

W-STMP-L:

Hi g hest wi nte r surface tempe rature.

Average winter surface temperature.

W-STMP-H:

W-STMP-A:

17 = Apal achee Bag
19 = St. Andrews Bay
21 = Pe nsa col a Bay
23 = Mobil e Bay
25 = Big Marco River

18 = Apalachicola Bay
20 = Choctawhatchee Bay
22 = Perdido Bay
24 = Mississippi Sound



S-BTMP-H:

S-STMP-A:

W-SSAL-L:

SUMMER:

WIN-SUM:

S-STMP-L:

S-STMP-H:

S-STMP-A:

W-BTMP-L:

W-BTMP-H:

W-BTMP-A:

S-BTMP-L:

LONGITUD:

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:

Lowest sunmer surface temperature.

Highest summer surface temperature.

Average summer surface temperature.

Lowest winter bottom temperature.

Hi ghest wi nte r bott cm temperature.

Average winter bottom temperature.

Lowest summer bottcm temperature.

Longitude entered as xx degrees xx minutes xx
seconds.

Highest summer bottom temperature.

Average summer bottom temperature.

Lowest winter surface salinity recorded as part
per thousand.

Highest winter surface salinity.

Average winter surface salinity.

Lowest summer surface sal inity.

Highest summer surface salinity.

Average summer surface salinity.

L owe st wi nte r b ot t om sa 1 i ni ty.

Highest winter bottan salinity.

Average winter bottom salinity.

Lowest summer bott cm sal i ni ty.

Highest summer bottom salinity.

Average summer bottom salinity.

Total number of individuals within each family by
reef for Dec., Jan., and Feb.

Total number of individuals within each family by
reef for June., Jul., and Aug.

The cabined sums of the above.



Logarithm scale of wi nter abundance.

Logarithm scale of summer abundance.LSUM:

L oga ri thm seal e of ccmbi ned wi nte r and summer
abunda nce.

LW I N-L SUM:

Species identified in the literature were arranged according to the
Hoese, Moore, and Sonnei r �977! cl assi fi cation scheme. Those species not
included in their publi cation were entered at the end of appropriate famil ies.
In cases where information was incomplete only the family identification code
was used. These data were recorded for each reef with he reported abundance
entered for each species in the appropriate season in which the data were
col 1 ected. Thi s provided abundance f'i gures by seasons for each species by
reef. If seasonal information was lacking, the abundance was entered as
annual data. In instances where abundance was reported in qualitative terms
numeri cal values were substituted for comparative analysis purposes. The
numeric values uses were: rare = 1; moderate or occasional = 10; common or
frequent = 100; and abundant = 1000.

For analysis the biological data set was reduced to four families which
are represented by the foll owing codes: 54 = Serranids; 62 = Carangids; 65 =
Lutjanids; and 68 = Haemul ids. These families represent the majority of reef
target species sought by recreational fishermen, and most often addressed in
terms of reef fisheries management. The summer and winter seasons were se-
lectedd f or analysi s because the greatest amount of bi ol ogi cal abundance data
was recorded for those seasons by the mai ority of the most thorough studies.

RESULTS

Of the 177 artificial structures for which physical data were available,
only 23 provided biological information which paralleled our needs. Out of
these 23 reefs, only nine were noted in Florida coastal waters, and only one
study addressed a �! Fl orida permitted reef  Smith et. al., 1979!. Four of
the other studies were conducted within the Carolinian province, and two in
the tropical Western Atlantic. The remaining eight studies encompassed other
coastal areas of the United States.

Physical parameters were obtained on 177 artificial reefs. Of these, 155
we re pe rmi tted Fl ori da reefs, and- the rema i nde r f rom other states, Puerto
Rico, and the Virgin Islands. The composition of these structures was pre-
dcmi nantl y steel, a combi nati on of' steel, rubber, and concrete  mi xed!, or
concrete  Fig. 1!. Their physical attributes indicate a broad variance in
most features  Table 1!. It is noted that the reef areas, considered one of
the most important factors by Smith �972! and Walton �982!, was only ad-
dressed by seven of the studies. Other prominent factors such as the height
of the structures, their cryptic nature, and accurate evaluations of the
compositions of the substrate upon which they were placed were so few and
varied that they had to be estimated and recorded in qualitative terms. As
such they could not be used as part of the descriptive statistics of physical
features or in the data matrix for analysis.



Reduction of the biotic data to four key families with abundance figures
for winter and/or summer periods resulted in lowering the number of studies
containing usable information to 11 reefs  Crozier et. al., 1977; Fast, 1974;
Hastings, 1979; Hastings et. al., 1976; Klima and Wickham, 1969; Randall,
1963; Steimle and Ogren, 1982; Stone et. al., 1979; Wickham et. al., 1973!.
To compl i cate matters, two studies  on three separate reefs! presented
abundance data in qualified terms such as rare, common, etc., and necessitated
the conversion of the figures to a log scale for purposes of analysis  Crozier
et. al., 1977; Hastings et. al., 1976!. One study covering three reefs
recorded only five species for each reef  Steiml e and Ogren, 1982! . The
overall effect was that out of the reduced data, a combination of six to nine
studies  depending on whether or not they contained data for all families for
both seasons! were used for analysis  Table 2!.

Correlation coefficient analysis was used to indicate relationships
between bioti c and abi oti c variables associated with the reefs  Appendix!.
Correlations which were noted as significant  .05 level! are presented by
family.

SERRANI DS

Winter abundance was negatively correlated with: river drainage volume,
winter surface salinity, and saner surface salinity. Saner abundance
was negatively correlated with winter surface salinity.

CARANG!DS

Winter abundance was negatively correlated with drainage volume, current
velocity, winter surface salinity, and summer surface salinity. Winter
abundance was positively correl'ated with distance fran 100 fathoms.

LUTJANIDS

Both winter and summer abundance were positively correlated with depth
and distance from shore.

HAEMUL ID S

Wi nter abundance was negatively correl ated wi th drainage volume and
current vel ocity. Both winter and samer abundance was positively cor-
related with year built and winter surface temperature.

In most instances, family abundance was correl ated to non-control 1abl e
factors such as drainage volume, temperature, salinity, and current velocity.
The Lutjanids were the only family for which there were correlations  depth
and distance to shore! that could be controlled by persons constructing arti-
ficial reefs.

Stepwise regression and attempts to build a predictive model using mul-
ti pl e l inca r regression were unsuccessful because of the number of mi ssi ng
data in the cells of the matrix.



DISCUSSION

There is no shortage of literature which addresses artificial reefs, and
while many of the studies were designed to acconplish certain goals in arti-
ficial reef research most were not directed to support the type of information
needed in this investigation. Within the available publications there exists
a definite lack of continuity in the way researchers assess standing crops and
present the results of their investigations.

Di fferent methods of measuring the density and diversity of artificial
reef communi t i es i ncl ude t imed a nd non-timed spot counts, t r a nsect eval ua-
tions, kill and collect results, and hook and line assessments. Yariations in
the time frames in which the studies were conducted covered single and short
term 1 imi ted observati ons, seasonal studies with several assessments, and
controlled samplings at regular interval s over extended periods.

The contrast in formats used in reporting the results of the studies was
al so significant. Some studies reported only on the target species on a reef
while others recorded all species observed, but failed to provide abundance
data or presented the information in qualitative terms. Other methods in-
cl uded reporti ng seasonal abundance as i t was col 1 ected and recorded, or
consolidating the results of extended efforts into one figure which ignored
the impact of seasonal fauna changes. Few thoroughly addressed the influence
of physical features to biological observations. This resulted in many miss-
ing cells in the data matrix and prevented analysis using stepwise and mul-
tiple linear regression.

These are examples of the variations in methodology which serve to ad-
versely influence results of data canbined from a wide range of sources. Con-
sidered in concert with the results of the data reduction and statistical
analysis, it appears that the variations in sampling techniques and reporting
methods would cause non-representative results.

CONCLUSIONS

Wide variations in the methodology in existing literature make it impos-
sible to construct a data matrix and mathematical model which will be useful
in predicting fish populations on artificial reefs. A consistent point which
appeared as a result of our efforts is that a conmon or convertible method of
col 1 ecting and reporting data i s necessary i f we expect to rely upon each
other's research result for information useful in interpreting conditions and
making decisions concerning management and research.

While this investigation failed to establish a functional data base, it
provided other significant information. It helped provide valuable insight
into our present status in evaluating artificial structures, the wide range of
efforts being expended on artificial reef research by the scientific
community, and a direction in which to proceed to attain our future research
goals. It exemplified the need to construct a data matrix for use as a tool
in directing further functional research, and established the necessary
methodology with which it can be initiated. Then, as more and better data are
produced, it wil 1 be possible to construct a predictive mathematical model.



Host of all, the results clearly show that a concerted, unified effort is
needed if research is to proceed in a positive direction which will lead to
the proper answers for successful management of our marine resources.
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APPENDIX

Physi cal and Bi ol ogi cal Data

and

Correl ation Coefficient Analysis
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