
'>' Ith the notat ion " Rep ( 194 9)" On 
the current ed iti o n of thi s cha rt (no '>' 
"-0 h - 14thed. ept 194 3. Re \l ed 
4/2 /h9). the notati o n I no lo nge r 
e\ luent. but no additi ona l sound ings 
are Ind icated luentl cal oundln g a re 
abo ho'>'n on H . O . C h a rt o. 5 23 
( Re\ 1 ed 11/12/73). L Coas t a nd 

eodetlc Sune) h art o. 93 02 . 
Benng ea. Eastern Part ( 17th ed .. 
re\ 1956) al 0 ~ho~ these two o und 
Ing~ but '>'Ithout notatio n . Alth ou gh 
none of these charts Ind ica ted th e 
presence of an) depres Io n . th e pauc lt ) 
of soundings did no t necessa ril y p re
clude ItS pos Ible exi tence . 

<)upportlng ev ide nce fo r the dep re -
~Ion IS s till eV ide nt o n the Ja pa n 
Mantlme afe t) Agenc) Chart o . 
H04. Ben ng ea. (1938. Re\ . 19n 1. 
,>,hlch Indica tes soundings of 320 01 

near lat 61°35' . long 175 ° W . a nd 
JI8m near lat61 W . lo ng . 174 ° W . 

o other data are give n w ithin 150-
200 I..m to the nort h o r we t o f these 
,>oundlngs to Indicate the ex tent o f 
depth~ greater tha n norma l she lf depth 
(200 01). and th e c ha rt bea rs th e 
In~cnptlOn "Compil ed chi ef'l , fro m 
the Bntl\h Chart . 1937 with co rrec
tions from the .S .S .R . and U nit ed 

tatC'> Charts .. 

In October 1973. duri ng a VI It to 
the F-ar Seas f-Is henes Research La bo r
alOr). ShimiZU. Japan . I had an oppo r
tunlt) 10 diSCUSS the pos Ible ex istence 
of thiS depreSSion With Capta in T a I.. ej i 
f UJII. R'v Olllow Maw, Facult , of 
f Ishenes. HoI..I..aldo Un ivers ity. For 
o\er t .... o decades annual u mme r 
training crUises ha\e been conducted 
in the Bering Sea aboard th e Olllo/'o 
,\1(/111 and. fr~m1 1964-68. c rul e had 
he en conducted In the ge neral area 
01 the \upposed depression apta ln 
f U)II I..lndl) compiled and for'>'arde d 
tll me the sl)undl ngs th a t had been 
llhtalned 0 sounding In exce of 
IO() m '>'as recorded. and two are par
tlcularl\ significant on"\ u gu~ t 1967 
.I sl)undlng 01 76 m '>'as obta in ed 
nCOlrlatol" .Iong 171 'iO'W .and . 
lIn 4 August 196 ..I sound ing of 9 1 
rn '>'..IS llhtalncd near lat6 1 3 1' 

Illf1g 17" 00 \-\ Thus. it '>' ou ld appea r 
th.tt .lnllthLr nudlc 01 the \ca has been 
rcsllhcu. p..lrtlLularl} In \lC W o f th c 
1.lct th..lt rcccnt SO\lct ma ps d o no t 
shll\l .10\ C\ IJcnLe III the dcpre sio n 
H "'>'L'\Cr .1 plllcntlall\ Int c res tln g 
II htn· 'rllUnU hOl' h\.:o.;n cl lm ln a teu 
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Fis hing intensity over artifici al 
reefs is thousands of times that 
over na tura l habi tat. 

Effects of Artificial Reefs on a 
Marine Sport Fishery 
off South Carolina 

C HESTE R C . BUCHANAN , RICHARD B. STONE , 
and R.O . PARKER , JR . 

ABS TRACT-Two artificia l ree fs c reated recreational reef fisheries off 
Murrells Inlet, S .C . Th ese reefs attracted addi tional anglers to the area and 
p rovided be tter fis hing than existed before the reefs were built. However, 
fishing success was not as high over the artificial reef as over nearby live 
bottom hab it at because of high fis hing intens i ty on the small area covered by 
ree f ma teria l . Th e reefs did not inc rease surface fishing success . 

INTRODUCTION 

By providi ng o r improvi ng ree f
fi sh habi tat acce ible to a ng lers . con-
tructio n o f art ificia l reefs affo rds 

con idera ble prom ise fo r enh a nce
ment o f recrea tiona l fis hin g. Befo re 
the full poten t ia l of a rti fic ia l reef fo r 
rec rea ti o nal fis h ing can be rea li zed . we 
mu t determ in e th e ir impact o n fi shi ng 
succe and effort. Seve ra l investiga
ti o n ha ve con Ide red th e e e ffects . 
but th e ir findi ng we re Inco ncl u ive 
(Buchanan . 1972 : E I e r . 1960 ; Tu rner . 
Ebe rt . a nd Given. 1964 . W ic kham . 
W a{ o n . and Ogren. 1973) . T he pur
po e o f th l IU d). which encom pa ed 
the summer (Ju ne- eptember) of 1972 
a nd the u m me r and fa ll (June- 0 -

\ cmber ) f 1973 . wa to com pare 
ti ~htng ucce s . pec ie com po It io n . 
a nd f1 hlng e ffort on a rt ificia l and 
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na tura l habitats off Murre lls Inl et . 
S .c. Res ult o f th e ur vey in th e sum
m er a nd fa ll o f 1973 a re pre ent ed 
a nd compa red with res ult s fro m th e 
1972 sur vey re po rt ed by Buch a nan 
( 1973) . 

The re a re tw o a rtifi c ia l reefs loca ted 
o ff Murre ll Inl et : P a radi se Arti fic ia l 
Reef. begun in 1963 and loca ted 3 
mil es fro m th e Inl et : and Pawl eys 
I la nd Arti fic ial Reef. begun in ea rl y 
summe r of 1973 and loca ted 5 mil e 
fro m th e Inl et (Fi g . I) . Pa radi se Arti 
ficia l Reef. th e la rge r o f th e two. is 
compo ed of eve ra l th ousa nd ca r tires 
a nd fo ur ves e ls . Pa wl ey I land Arti 
fic ia l Reef con i t o nl y o f two landin g 
craft. The ree f . togeth e r . cover a bo ut 
0 .0 I q ua re mi Ie and pro t rude I to 
10 fee t a bove th e bo ttom . Th e ree fs 
are nch with es il e a nd m otil e inve rt e
bra t u ch as tuni ca te, ba rn ac les . 
oy ter . spo nge. hydro ids. ea urchin . 



Figure 1.-The locetion 01 ertiflclel reels end live bollom (shaded aree) 
wllhln Ihe survey erea (dolled line) olf Murrells Inlel, S.C . 

crab. and shrimp . Onl y private boat 
angler u e the e reef . 

Acco rding to Struh aker (1969). 
natural bottom off South Carolina i 
classified as either coastal or live 
botto m habitat. Coastal habitat, char
acterized by mooth, sandy-mud bot
tom, cover about 264 square miles of 
our survey area . Live bottom , charac
terized by low profile rock outcrop 
rich with es ile invertebrates , such a 
sponge, oft corals, and sea fans (Fig. 
2). is restricted to several locations 
within the survey area and coll ectively 
totals about 22 square miles . 

METHODS 

Fishing effort , measured in a ngler
hours, was calculated from boat cou nt s 
and number of anglers and angle r
hours per boat. Boat-da ys each month 

Chester C. Buchanan, Richard 
B. Stone , and R. O. Parker, Jr . 
are members of the staff of the 
Atlantic Estuarine Fisheries 
Center, National Marine Fish
eries Service , NOAA, Beau
fort, NC 28516. 

were estimated by expanding the num 
ber of private boats leaving the Inl et 
during stra tified rando ml y se lected 
periods. Boats were counted by per
sonnel of the South Carolina Wildlife 
Resources Department . They sampled 
6 week days and 2 weekend days 
each month . Each day was divided 
into 2 half-days, from 0600 to 1200 
hours and 1200 to 1800 hours. The 
number of anglers was estimated by 
multipl y ing the es timated number 
of boat-days by th e mean number of 
anglers per boat. The num ber of 

a ngler-hours was estimated by multi 
pl yi ng th e estima ted number of a nglers 
by the mean number of hours fished 
per a ngler. obtained from dock ide 
interviews . 

We interviewed anglers at dockside 
to determine where they fished. what 
baits th ey used , the number of hours 
they fished. th e number of fish they 
caught and the composition of their 
catch (Fig . 3). Usi ng a systematic 
sampling design, we interviewed an
glers during 5 consecutive days (3 
week days and 2 weekend days) each 
mo nth from 11 00 hou rs to 1800 hours. 
W e counted and identified the fish 
of each party we interviewed. We 
used CPUE (catch per unit of effo rt) , 
calculated from catch and fishing 
effort data , as a measure of fishing 
success. 

T o simplify our presentation we 
combined data for similar species. We 
ca ll ed black sea bass (Celllropri.llil 

.llri(/(a) and rock sea bass (Celllro

prisli.1 philadelphica )..-sea bass; sum
mer fl o under (Pawlichlhy.1 dellllllll .l) 

and southern flounder (Paralichlhy .l· 

l elhosli.lllllll)..-flounder; pinfish (u1.II0-

dOli rholl1hoide.I), spottai I pinfish 
(Di plodll s ho i hrook i). longspi ne porgy 
(SleIlOlOIl1I1S caprilllls), and scup 
(Sl eIlOlolllll .1 chry.lop.I)-porgy; weak
fis h (CYllmcioll re.llali~) and spotted 
seatrout (CYlloscioll nehl//o~lIs)..-sea

traut , a nd blue runner (Carallx cn'sol) 
and greater amberjack (Serio/a dl/lIler

ilil--jack . 

SURFACE FISHING 

We estimated that private boat 
anglers expended over 30,000 angler
hours (64 percent of the total effort) 

Figure 2.-Pelches 01 live bollom scellered 
throughoul the survey area provide a herd, ir
regular habllal lor many species 01 demersal 
fishes . 
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tor pelagic ~pecle\ 011 lurrell, Inlet 
(Fig 4) Elght)-ntne percent v.a, e 

pended O\er coa, tal hahlt at. I} percent 
o'er the reet~. and 2 percent o\er Il\e 
hottom Peat.. eltort occurred o\er 
coastal hahltat In Augu~t dnd o\er th e 
reeh tn June ahd eplemher ll\ e 
bottom v.a\ fished onh In Augu\t and 
September 

CPLE tor pelag ic !i\hes v.a~ higher 
o'er coastal hahltat than o\cr the reel, 
<Mann-Whltne) L te\t L 1.114 . 
P < a 0000.3) On the a\erage dunng 
the season . pn\ate hoat angler, ca u ght 
I 9 !ish per angler-hour o\er coastal 

Figure 3 - Blologl.t ( r ight ) 
Int.rv lew lng In Ingl.r I t 
dock. Ide lor cltch and eflort 
datI 

hahltat and llnh 0 I I"h per "ngler
hllur lH er the reeh 'We did nIH ct'm 
pare (PL l lHer Llld,tal hdhltat 1<1 

that In er 11\ e hpttl")) hahltat hecau,~' 
01 In\ulhl:lent data \lllnthh ( P 

v.htle t'lut.:luatlng I..l'rl"derah" v.ere 
con",tent" higher Iner l,;lla ... tal hahl
tat than In er the reel, (rig -) 

v. ~ e\tlmated that prt\ate hllat 
angier, caugh t nearh 'i2,()OO 11\h 
repre,enllng 10 ,peue, (Tahle I) \I l"t 
01 the ,pel:le, caught v.ere pelagll.. -\\ 
tn I Y7'2. panl,h mact..erel ( ( '111/>. I -

IIIOUII 1//(/( 11/"//11) I..l'rl,tltuted lHer 
I}O percent 01 the I..atch Irom each 

Teble 1.-Eatlmated p.rcentege ot .pecie. ceught by prl .. t. boat .ngl." In 1973 wh ll •• urt.c e 
ti,hlng different heb,teto: (A) ertlflcle l , (LB) II •• bottom, .,d (C) cou t. 1 

Species Habitat Jun Jul Aug Sep Oct Nov Season 

Bluellsh A 00 00 00 00 00 00 00 
LB 00 00 00 00 00 00 00 
C 00 00 o t 36 97 994 79 

King A 00 00 00 00 00 00 00 
mackerel LB 00 00 00 00 00 00 00 

C 138 4 1 05 04 90 00 10 

Spanish A 944 00 tOO 0 1000 00 00 964 
mackerel LB 00 00 1000 1000 00 00 1000 

C 839 939 993 960 806 06 905 

Others A 56 00 00 00 00 00 36 
LB 00 00 00 00 00 00 00 
C 2.3 20 01 00 07 00 06 

Estimated A 240 0 19 101 0 0 360 
Number LB 0 0 134 78 0 0 212 

C 1,138 2,054 35,285 6,525 2.434 3,557 50993 

(2,91 81 (1 ,694) (10 ,972) 18 ,539) (3 ,543) 11 ,249) (30,0 5 9 ) F)gure 4.- Eatlmeted number 

100 . nd percent ot eng l. r-hour. 
~ ~ i'!i e. pended by prl •• te bo. t en-

I I I I i'!i gle" .uriec. tI,h lng over 
80 I I I I .rt ltlc lel (A) , lI.e bottom 

I I I I (LB) , end co .. tel (C ) hebltat. 
I I I I ott Murrell. Inlet , S.C., 1973. 

60 I I I I I I I I 
40 I I I I I I I I I I I I I I I 

~ I I I I ~ I ~ I 
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hilhltat t\ pc Although thl:\ ","ere 
Laughl throughout the \ea\nn . the 
large ... t l:dtLhe, v.ere madl: In m ld 
,ea,lln Hlucll\h ( / '(11/11/1(1/11111 111//1/111 \). 

cdught onl\ o'er LOd ... tal hdhltdt were 
t h~ ,econd mo\1 nu ml:rnu\ pdaglc 

'peue, tdt..l:n I hc\ I)r"t dppearl:d In 
th~ Latch In ugU\t dnd gradual" In

c rea'ed In numher untt! o\l:mher 
v.hen the\ rl:pre\enled 99 perLent 01 
th e l..alLh 

ngler, e\pended ncar" 14,()(J() 

nHlrl angler-hllur, ,eeklng peldglc 
'peLle, dunng the ,ummer 01 1971 
(June-t,eptemhl:rl than the\ did In the 
,uml11~r <11 IlJ72 lTahle 21 (l1a\tdl 

hdhltat recel\ed ncar" "lithe tnCred e 
I "hlng ,ucce" V.a, npt the 'dme 

IIH hoth ,ummer, In IlJ ~ angler 
had Ihelr hlghe\t (P f- II\er clla\ tal 
hahlt"t v.herl..a, In IlJ~2 the\ had 
ahllut the ,am~ (P l' Iner all hahl
tah (P ~ .I\~r artlhclal hahltat \\a, 
hi gher In IlJ~2 "nd IlJ 1, II I Iish per 
angkr-hllur In 14 ~ and I In IlJ72 
( \lann -\\hltne) L te,t L '24~. 

P 0 00"') 

Our e,tlmate, III \urlace 11\hlng 

\ULl..e" ma~ mIt he apprllpnate Illr 
e\aluatlng the reel. "nce angler dl\ 
nl t randllm" Ii h Illr pelagic reCrt~a

tillnal Ii he hut \ "ualh \earl..h lor 
\urlaLe Chllol\ Thu\ , a \\ tem III 
Cllntrlllled h hlng ,Her each habitat 
t~ pe ma\ pro\ Ide the mo ... t ... atl fa tOr) 
method 01 e\ aluattng reel 'W Ict..ham. 
'W at ... on. and gren (11}7.31. u Ing con
trolled ti ... htng technique . hov. ed that 
Il1ldv.ater tru lUre... In the ulf 01 

Surfoce 
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Figur. 5 .-Cetch per engl.r-nour while auriece 
tI.hlng .nd boHom "ahlng (with cut belt only) 
o.er coeatel (open circle.) , II .. boHom (,olid 
c ircle.). and ertitlci.1 (,ol id tri.ngle.) h.bit.t. 
trom June through No.ember 1973. 



Table 2 .-Number 01 angler-hours expended oil Murrell. Inlet over artilicial (A), live bottom (LB), 
and coastal (C) habita ts, by method ollish ing , and yea r, June - September. 

1972 1973 
Fishing 
Method A LB & C Total A LB C Total 

Surface 2.632 8 .810 11 .442 2.779 505 21 .983 25.267 
(23 '*) (77 ,* ) (11 '* ) (20/c) (87 ,* ) 

Bottom 4 .553 5 .134 9 .687 8 .909 2.927 891 12.727 
(47 ,* ) (53 '*) (70 0/c) (23'*) (7 '* ) 

Total 7. 185 13.944 2 1.129 11 .688 3.432 22 .874 37.994 

Table 3.-Bottom lishing intens ity by habitat 
type , June-November , 1973. 

Square Angler-hours! 
Habita t Angl er-hou rs miles sq mile 

Artif icial 
Live Bottom 
Coastal 

11 .268 
4 .379 
1.554 

0 .01 
22 .00 

264 .00 

1.126.800 
199 

6 

Mexico increased the CPUE of seve ra l 
pelagic recreational fishes . 

Certain pelagic fishes. such as king 
m acke rei (SCO/ll herol/ /Om S C( /I 'lI /Ill) 

and little tunny (£IIIhYI/I/II .I lI/1el/el'{/

Il/.l l. a re attracted to a reef by the 
presence of prey fishes (i.e .. scads . 
herringsl. while other pelagic fi shes . 
such as d olphin (Cor.' ·p//(/ el/ll hip

pili'l/,l l. cobia (RlIc!n'('elll r Oil C(II/(/c/IiI//l. 
and greater barracuda (Sphy/'{/el/ll 

h(I/T(/c/u/lI) a re attracted by the struc
ture (Wickham. et al .. 1973), During 
our surveys of the reefs in 1972 . we 
often observed schools of both scads 
(Dec lIpI (, I'II .1 sp .) (Fig . 6) and Spanish 
mackerel at or near the surface . But 
in 1973 we observed few schools of 
either species. Spanish mackerel are 
probably attracted to the scads rather 
than the reef structure and the poor 
success for that species over the reefs 
in 1973 may have been due to the low 
number of prey. 

BOTTOM FISHI NG 

We estimated that private boat an
glers expended over 17.000 angler
hou rs (36 percent of the total effort) 
for demersal species from June 
th rough November 1973 (Fig . 7) . 
Six ty-six percent was expended on the 
reefs. 25 percent o n live bottom . and 
9 percent o n coasta l habitat. Fish ing 
intens ity (angler-hours per squa re 
mil e of habitat) o n th e reefs was 
a lmost 6.000 t imes th at o n live bott o m 
and 200.000 t imes th a t o n coasta l 
habit a t (T abl e 3). A nglers fis hed fo r 
demersa l species o n a rtificia l and li ve 
bott o m ha bit ats durin g the entire sea
son . ex pendin g th ei r peak effort in 

September. and on coastal habitat 
from June through October . expend
ing their peak effort in October . Th ey 
fished more intensively on the reefs 
than over coastal o r live bottom hab i
tat s. even though the reefs consisted 
of less than 0 .0 I percent of the sur
veyarea . 

We found 30 species represented 
in th e catch and estimatec that a nglers 
caught nearly 58.000 fish (Table 4 ). 
Most o f the species caught were de
mersal. Nearl y 97 percent were from 
the reefs a nd live botto m . Sea bass. 
porgy. and fl o under co nstitut ed ove r 
75 percent o f the catch from artificial 
and live bottom habitats and o nl y 
3 percent of the ca tch from coastal 
ha bitat. The catch from live botto m 
was largel y sea bass (55 percent) while 
the catch from the reefs was mostl y 
porgy (Table 4) . Sea bass accounted 
for a la rger percentage of th e mont hly 
catch from live bottom than from the 
reefs. Porgy. which we o bserved o n 
the reefs throughout th e season. rep
resented a la rger and more consistent 

proportio n of the monthly catch from 
th e reefs th an from live bottom (Table 
4 ). No sea bass or porgy were reported 
caught over coastal habit at. Flounder 
represe nt ed near ly 22 percent of th e 
ca tch from the reefs and less than I 
percent from li ve bottom. Bluefish 
was the most numerous species caught 
over coasta l hab i tat (43 percent l. even 
though they occurred in the catch only 
du ring September and October. 

Sea bass. althou gh appearing 
throughout th e season in ca tches from 
artificial and live bot tom habitat s. 
were most abunda nt in ea rl y summer 
and again in fall (Table 4). On th e 
basis of underwater observations. life 
hi story in formation (Cupka. 1972) . 
and catch and effort data. we believe 
th at immi gration from surroundi ng 
areas during these periods caused 
peaks of abundance both on the reefs 
and in catches . 

There were monthly differences in 
the re lative composition of sea bass 
and porgy in catches from the reefs 
and live bottom. Porgy we re mo re 
abundant o n the reefs and sea bass 
more abundant on live bo tt o m These 
differe nces could be the result of: (I) 
the sea bass stock on th e reefs being 
reduced faster by high fish ing inten
si ty th an the stock on live bottom. 
(2) porgy having a greater affinlt) 
than sea bass for high profi le objects. 

Figure S.-Scads school ing around Paradise 
Artlllcial Rael In 1972. 



Table 4 .-Est imated percentage 01 species caught by prlvale boat angle .. In 1973 while bottom 
lishlng dillerent habltato: (A) artificial , (LB) Ilv. bottom , and (e) co .. tal. 

Attantl c 
croaker 

Bluefish 

Flounder 

Porgy 

Sea bass 

Seatroul 

Sharks 

Others 

Estimated 
Number 

Habitat 

A 
LB 
C 

A 
LB 
C 

A 
LB 
C 

A 
LB 
C 

A 
LB 
C 

A 
LB 
C 

A 
LB 
C 

A 
LB 
C 

A 
LB 
C 

A 
LB 
C 

Jun 

0 .0 
00 
00 

19 
00 
a a 

10 1 
27 
00 

136 
2 7 
a a 

497 
67 
00 

13.6 
80 0 
00 

28 
0.0 
a a 

35 
53 

800 

48 
2.6 

20 a 

4 156 
987 
66 

Jul 

as 
as 
00 

24 
00 
00 

333 
23 
00 

52 
136 
00 

381 
20 7 
00 

143 
597 
00 

10 
a a 
00 

1 4 
28 

83 a 

38 
04 

17 a 

3417 
2.992 

83 

AU9 

29 
5 a 
a a 

a a 
3.5 
00 

165 
00 
00 

235 
10 
a a 

382 
492 
00 

76 
34 2 
00 

6.5 
25 
00 

06 
10 

1000 

42 
36 
a a 

3259 
3.812 

38 

Sep 

00 
237 
a a 

2 a 
00 

25 a 

388 
03 
00 

10 
39 
00 

356 
237 
00 

201 
3 1 
00 

02 
148 
00 

00 
00 

250 

23 
25 

50 0 

10.394 
8742 

107 

Oct 

a a 
08 
61 

11 
00 

49 a 

55 
00 
3 1 

119 
00 
00 

473 
55 
00 

279 
812 
00 

13 
10 a 
00 

04 
00 
00 

46 
25 

41 8 

7 117 
6265 
1.542 

Nov 

00 
00 
00 

00 
25 
00 

00 
00 
00 

263 
00 
00 

295 
00 
00 

388 
85 1 
00 

00 
83 
00 

00 
08 
00 

54 
33 
00 

1936 
2931 

a 

Season 

04 
90 
52 

15 
08 

429 

21 6 
as 
26 

98 
32 
a a 

405 
193 
00 

203 
55 1 
00 

16 
88 
a a 

08 
08 

10 2 

35 
25 

391 

30279 
25729 

1836 

Table 5.-Bottom fishing .tatl.t1e. lor angle.. interviewed .1 dock.lde Irom June through 
November, 1973. 

Habitat Type 

Artif iCial Live bctlom Coasta 
Ba it Bal 

Number 01 
angler-hours 

Number 01 fish 
Catch per 

angl er-hour 

Species 

Atlantic croaker 
Bluefish 
Flounder 
Pigfish 
Porgy 
Sea bass 
Seatrout 
Sharks 
Spanish mackerel 
Others 

Live 

180.5 
368 

2 a 

00 
2.7 

67.0 
0.5 
7.4 

11 .0 
70 
1.3 
0 .3 
2 .0 

such as the vessels on the reefs , and 
sea bass h avi ng a greater affi nity than 
porgy for th e low profi le of live bot

tom , and (3) porgy h aving a greater 
preference than sea bass for encrusti ng 
organisms o n the reefs . 

Flounder , which appeared in the 
catch from June through October , 
were caught most freque ntly in the 
summer . This was also the period we 
observed their greatest abundance 

Cut 

3788 
1 116 

3 a 

as 
06 
2 .5 

147 
50 .8 
236 
07 
0 .9 
0.0 
5 .3 

Cui 

a 2343 
a 1.343 

a 57 

Percent 01 Catch 

00 69 
07 
06 
30 

178 
576 
77 
10 
0 .3 
4 a 

Live 

a 
a 

a 

00 

Cut 

883 
115 

13 

52 
429 
26 
00 
0.0 
0.0 
00 

10.2 
08 

38.2 

around the reef. We suspect flounder 
were as abundant on li ve bottom habi 

tat as on artificial habit at and that th e 
sma ll catch on live bottom wa due to 
a lack of a specific , live bait fishing 
effo rt for flounder . 

We recognized two possibilities for 
bias In our estimates of CPUE's for 
bottom fishermen on different habi
tats . First, CPUE on a particular habi
tat could be influenced by the relative 
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nu m ber~ of novice and ex perl enced 

ang ler\ . and \ccond. P r for a par

ti cular 'peCle\ could he Influenced bJ 
the ty pe 0 1 ball u\ed We defined 

experlcnced partle\ a\ tho~ e With the 

large\ t catc he\ and who\e combined 
catch repre\ented appr\lmatel J 50 

percent (I I the total hottom catch ""ith 

cut bait ( Rupp . 19n1) ut bait Wa\ 

deflned a\ any kind of dead natural 

ba it and It\e halt a\ an, 11\lng ball. 

The experienced b\herman \ etfi

LlenCy per unit of effort I~ grea ter th an 

that 01 the nO\lce fi\herman. probabl) 

becau\e he 1-.no",,\ the area and 1\ 

,i-.tlled In Ihhtng Thl\ v.ould rewlt 

In the C P f- for a habitat ""Ith a rela

tl\el) large number of e perlenced 

II,hermen being higher than the C PL.- f
lor a habitat v.lth a relatl\e\) \mall 

number ll t experienced fi.,hermen 

nl\ 12 percent of the partlC'> that 

Ii hed o\er the reel\ v. ere experienced 
a\ contra\ted v.lth 2() percent o \er II\e 

b )[lorn Thl difference pro babl) I 

not large enough to alfect our con lu

'Ion The reet attracted more nO\lce 

anglers because the) are ea ) to locate. 

a rc clo e to \hore. are v. ell bu ) ed. 
and ha\e recel\ed much publlclt) in 
I :'Ica l nev.s media dUring the pa t fev. 

) ear \1 0st of the II \ e bottom patche 

are located farther I rom t he I n let a nd 

their exact po Ition are kn o""n to onl) 

a mall gr up of fi h ermen. 

To determine if the bait a fi herman 

u ed InAuenced the pecies compo 1-
tlon of hi catch. we compared the 

ca tc h of reef fi hermen u Ing cut 

bait ""ith the catch o f tho e u ing 
li\e bait. earl) 90 percent of the 
flounder v. e re caught o n li\e bait v.hile 

6 percent of the ea ba and 96 
perce nt of the pigfish (Orlhoprijlil 

chrYjoplera) and porgy were caught 
o n cu t bait (Table 5). Since almo t 32 

percent of the reef fishermen 's effort 
was with live bait a nd no ne of the 

live bottom fis hermen used li\ e bait. 
a higher ca tch of flounder would be 
expected o n the reefs. Fishermen u ing 
cut bait averaged about 2 .7 more fish 
per a ngler-hour over live bottom than 

over the reefs (Mann-Whitney U test : 
U = 465.5, P < 0.003) (Table 5). 
Monthly CPUE's for cut bait fisher
men were consistently higher over 
live bottom than over the reefs (Fig. 
5). 

Over 3.000 more angler-hours were 



expended bottom fis hing in the sum
mer of 1973 than in the summer of 
1972 (Tab le 2\. Effort on th e reefs 
doubled between 1972 and 1973. 
whereas effort on natura l hab it a t de
creased by 25 percent. 

CP E of bottom fis hermen o n the 
reefs wa about the same for both 
ummers (Mann-Whitney U test : U = 

1.063 . P = 0 .29'+6). but th e relati\e 
composi ti on of the catch \\ a not 
(Fig . ). Fishermen caught 3 .0 fish 
pe r a ngler -hour in th e summer of 
1972 and 2 .'+ fi h per a ngler-hour in 
the summer of 1973 . The re lative 
composition of pigfish and porg~ 

(combi ned) in th e catch differed b~ 

onl) 2 pe rcent between umm er . In 
1973 . jack decreased by I I percent. 
sea bass by nearl y 10 percent : flounder 
increased b~ 20 percent. The large 
number of flounder caught from the 
reefs in 1973 ma~ have re ult ed from 
an increase in effort with li ve bai t and 
an increase in the ab undance of flo un 
der . Although we did not separate 
effort by bait categories in 1972. we 
uspect that less than 25 percent of 

th e effort wa wit h li ve bait. During 
underwater urvey of th e reefs . we 
ob erved that flounder were mo re 
abu ndant in 1973 . 

Fi hing ucce in 1973 was better 
on the reefs than on coa tal ha bitat 
and less productive than on live bot
tom . These differences were not ob-
erved in 1972 becau e of a possi ble 

ma king effect caused by combini ng 
data from highly successful fish ing 
over li ve bottom wi th data from rela
ti vely unsuccessfu l fis hin g over coas tal 
habitat. The relative abunda nce of 
each species in the catch from na tura l 
habitat is not comparable between 
summers because the data from li ve 
bottom a nd coasta l habitats were 
pooled in 1972 . 

100 (2 .292 ) 13 .112 ) (2 .492) (4 .831 ) 13 .566) (908) 

80 

60 

40 

Our estimates of bottom fishing 
uccess may no t be appro pri a te fo r 

eva luati ng th e reef . s ince the reefs and 
li ve bo tt o m were of diffe rent s izes 
and received different fi hin g inten
~itie . W e believe th e efficiency of 
a rtifi cia l reefs fo r enh anc ing a marine 
rec rea ti o na l fishery ca n best be eval 
ua ted by a n ex perim ent a l program of 
contro ll ed fis hing ove r natura l and 
artificia l habita ts of eq ual size . 

DISCUSSION AND 
CONCLUSIONS 

The reefs off Murrells Inl et in
creased bottom fis hing op po rtuniti es 
by providing a reef fis h er~ within eas~ 
access of the Inl et. During th e sum 
mers of 1972 and 1973 . bottom fi hing 
ang lers expended nearl~ 50 percent 
or more of their effort on the reefs . 
Effo rt o n the reefs . which probably 
wa inten ified as the resul t of publi
cizing the reef in the loca l news 
media . increased nearly 100 percent 
between summer . while effort in the 
\\oh o le un e) a rea Increased on l ~ 32 
percent. Even though the reef covered 
considerably less surface area than 
live bottom . they received a fi shing 
inten it y several th o usand time great 
er than that on live bottom . oasta l 
habitat received onl y a small port ion 
of the effort. 

We expected bottom fis hing uccess 
10 be imilar over artificial reefs and 
live bottom since the e habitats share 
many characteris ti cs . H o wever , fisher
men caught fewe r fis h per angler-hour 
over the reefs than over li ve bottom . 
We believe the lower CPUE on the 
reef resulted from the combined 
effects of high fis hing intens ity , numer
ou novice angle r . and the sma ll area 
covered by th e reefs . Hi gh fis hing 
intens ity caused greater com peti ti on 

(17 .201) 

Figure 7.-Eatlmaled number 
and percenlage of angler
hour. expended by prlvale 
boal angler. bottom fI.hlng 
over artificial (A), live bottom 
(LS) , and coa.lal (C) habltal. 
oil Murrell. Inlel, S.C., 1973. 
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Figure B.-Calch , in percenl , of major specie. 
group. by pr ivale boal angle .. bottom fi.hing 
on artificial habilal oil Murrells In l el . June 
Seplember 1972 and 1973 . 

amo ng th e reef fi shermen . The lad. of 
\..n ov.led ge of th e a rea and of fi shing 
s\"lils b~ nO\ ice a nglers a lso reduced 
the o vera ll C PU E. Repl eni shment of 
th e reefs SIO C\.. by immigra tion from 
surroundin g a reas \\oill cushi o n th e 
effect o f hi gh fis hin g intensit} . but 
immi grati o n is limit ed b~ th e size a nd 
behavi o r o f periph era l stoc \..s. Unti l 
fishin g intensit y o n th e reefs is red uced 
by decreased effo rt o r an increase in 
reef habit a t. C P UE fo r demer al fishes 
on th e reefs o ff M u rre lls Inlet \\0111 

probably remain lowe r than that on 
li ve botto m . T o correc t this situatIOn. 
not onl y o ff Mu rre lls Inlet but along 
the wh o le Sout h Carolina coa t. the 
South Ca ro lina Wi ld life Resources 
Department is actl\el} expanding a 
num ber of a rt ificial reefs to meet the 
needs o f reef fis hermen. In earl} 1974. 
th e St ate added two landing craft to 
each' o f the reefs off M urrell~ Inlet 
(Fig . 9). 

The reefs d id not increase surface 
fishing success and received onl} about 
20 percent of the effort expended for 
pe lagic recreat io nal fishes . Although 
the tot a l number of angler-hour~ in
creased by 12 I percent between the 
summers of 1972 and 1973 the num
ber o f an gle r-hours on the reefs in
creased by o nl y 13 percent. In 1972 
th e re was no difference in th e success 
fo r pelag ic recreatio na l fis hes amo ng 
habita ts, whi le in 1973 success was 
h ighest over coasta l habi tat. T he dif
fe rence in fis hin g success over th e 
reefs between summers may have 
resulted fro m th e pre ence or absence 
of prey. 

To improve surface fi shing succe s 
over an artificial reef. we need to 
incorporate in the reef design features 
that attract and hold prey. Our kn ow
ledge of the appropriate d esign for 
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thi s purpose IS mco mple te . Although 
in general high profil e reefs attract 
more prey and pelagic predato rs than 
low profile reefs. a low profil e reef off 
Georgia conslstentl) a ttracted large 
numbers of p rey a nd pe lagi c predato rs . 
and a high profi Ie reef o ff Flo nda 
attracted only a few pel agic predators . 
Placmg mldwate r stru ctures. Similar 
to those disc ussed by Wlck.ham . et a l 
( 1973). on the reefs may Improve 
surface fishi ng success by a ttracting 
and holdmg a nu mber o f pelagic spe
cies in the area for a peri od o f time. 
Additi onal studies a re needed to de te r
mine what structura l characteristics 
infl uence the reefs a ttractiveness to 
pelagic fis hes. 

Paradise A rt ific ial Reef and Paw
leys Island Artificial Reef created 
recreati ona l reef fisheries in areas 
where prev ious ly none existed . They 
attracted additional anglers to the 
areas , resulting in an increase in the 
gross economic impact of private boat 
anglers on nearby comm unities 
(Buchanan, 1973) . Bottom fis hermen 
extensively used the reefs and caught 
more fis h per ang ler-hour than they 
did before the reefs were built. Suc
cess, however, was not as high as over 
nearby live bottom . We expect a 
higher qua li ty bottom fishery to de
velop once the reefs are enlarged su ffi 
cient ly to support the fishing pressu re 
th ey receive . Surface fishi ng success 

should al~o Increa\e once the ,truc
tural fca ture~ that attract and hl)ld 
pelagi C fi<;he~ hecome I.. nov. n and can 
be mcorpo ra ted v"lth the reels ,the 
reefs a re e'\panded amf Impro\ed . the 
number and rate at v.hlch reet fl~hes 
are h a n, e~ted . the number of angler
hour l)n the reels . and the e ononllc 
growth o f nearb) communltle \hould 
Increase . 
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