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COM PARISON OF CATCH A N D  R ECREATIO NAL  
ANGLERS FISHING ON ARTIFICIAL REEFS A N D  

N ATURAL SEA BED  IN  G ULF ST. VINCENT,
SOUTH A U ST R A L IA
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A B S T R A C T

T h e  a b ility  o f  a r tif ic ia l re e fs  to  e n h a n c e  f ish in g  su c c e s s  w a s  e v a lu a te d  in  G u lf  S t. V in cen t, 
S o u th  A u s tra lia . A  1 2 -m o n th  c ree l su rv e y  p ro v id e d  d a ta  on  th e  u ti l iz a t io n , c a tc h  c o m p o ­
s itio n  an d  ca tch  ra te s  o f  a n g le rs  fish ing  o v e r a r tif ic ia l tire  re e fs  a n d  a d ja c e n t n a tu ra l seab ed  
s ite s . A  lo w  p e rc e n ta g e  o f  a n g le rs  (6 .4 % ) fish ed  o n  th e  a r tif ic ia l re e fs , a l th o u g h  th e  fish in g  
in te n s ity  (a n g le r-h o u rs  p e r  u n it  a rea ) w as 92—171 tim e s  h ig h e r  th a n  fo r  s u r ro u n d in g  na tu ra l 
seab ed  a rea s . E f fo r t  w as  se a so n a b ly  v a r ia b le  a n d  s ig n if ic a n tly  h ig h e r  o n  w e e k e n d s  than 
w eek d ay s . C a tc h  ra te s  o f  a b u n d a n t ta x a  w e re  c o m p a re d  b e tw e e n  a r tif ic ia l a n d  n a tu ra l  s ites. 
O f  27  c o m p a r iso n s , 5 y ie ld e d  s ig n if ican tly  h ig h e r  c a tc h  ra te s  o n  a rtif ic ia l h a b i ta ts  and  9 
o n  n a tu ra l s ite s ; th e  re m a in d e r  w e re  n o t s ig n if ic a n tly  d if fe re n t. A r tif ic ia l h a b i ta ts  sh o w e d  
e n h a n c e d  c a tc h  ra te s  o f  p e la g ic  sp ec ie s  w h ile  n a tu ra l s e a b e d  fa v o re d  d e m e rs a l  ta x a . T h e  
a rtif ic ia l r e e fs  y ie ld e d  7 .5 %  o f  th e  to ta l c a tc h  o f  th e  s tu d y  area . H ig h e r  ta x o n  r ic h n e s s  w as 
re c o rd e d  fo r  n a tu ra l s e a b e d  a reas  than  fo r  a r tif ic ia l r e e fs  (4 7  and  2 9  ta x a  re s p e c t iv e ly ) ,  w ith  
18 ta x a  re c o rd e d  as b e in g  u n iq u e  to  n a tu ra l s e a b e d  a re a s . S h a n n o n -W ie n e r  d iv e rs i ty  w as 
s ig n if ic a n tly  h ig h e r  fo r  a ll n a tu ra l h a b ita ts  w h e n  c o m p a re d  to  a r tif ic ia l h a b ita ts ,  fo r  bo th  
in d iv id u a l an d  p o o le d  d a ta , an d  sh o w e d  a s ig n if ic a n t p o s itiv e  c o r re la tio n  w ith  s p e c ie s  r ic h ­
ness.

O ne o f  the prim ary o b jectives o f  artificia l habitat d ev e lo p m en t and im p le­
m entation  has b een  the en h ancem en t o f  fish in g  (A m b ro se  and S w arbrick , 1989; 
M ilon , 1988 , 1989; S ton e et al., 1991), particu larly  recreation al f ish in g  around 
these structures (R ad on sk i e t al., 1985; W ilso n , 1 9 9 1 ). E n h an cem en t o f  recrea­
tional fish ing  can  co n ce iv a b ly  be a ch iev ed  in  tw o  w a y s. F irstly , artificia l reefs 
can in crease the tota l habitat availab le fo r  the p rod u ction  o f  so u g h t-a fter  sp ec ies , 
thereby in creasin g  the total potentia l catch  (S o lo n sk y , 1 9 8 5 ). E v a lu a tio n  o f  this 
type o f  en h ancem en t is  p o ss ib le  w here ca tch  data are a v a ila b le  b e fo re  and after 
artificial re e f  d ep loym en t (P o lo v in a  and S akai, 198 9 ).

S econ d ly , artificial reefs m ay p rov id e fish in g  lo c a tio n s  that are superior to 
natural areas, by  concentrating  target sp e c ie s  at abundances greater than those  
occurring naturally. T his is  often  the aim  o f  p la c in g  artificia l hab itats in  areas 
o f  o th erw ise  lo w  productiv ity  and d ev o id  o f  natural topograph ic  features. R ec­
reational anglers in  F lorida reco g n ized  this a sp ec t b y  g iv in g  a “ better ch an ce o f  
harvesting  fish ” the h ig h est im portance rating w h en  g iv in g  their reason s for  
ch o o sin g  to fish  on  artificial reefs (M ilo n , 1 9 8 9 ). C om p arison  o f  catch  data from  
artificial habitats and adjacent natural seab ed  can  b e u sed  to ev a lu a te  th is m ethod  
o f  fish ing  enhancem ent.

W h ile  m any m arine stud ies have com p ared  artificia l and natural ree fs  in  term s 
o f  fish  b iom ass, abundance, d ensity  and co m m u n ity  co m p o sitio n  (rev iew ed  by  
B oh n sack  and Sutherland, 1985; b ib liograp h y  b y  A ik en , 1986; A le v iz o n  and 
Gorham , 1989; H u eck e l and B u ck ley , 1989; D eM artin i e t  ah, 1 9 8 9 ), few er  have  
evaluated  the enhanced  fish ing  o b jectiv e  by com p arin g  catch  rates (Turner et al., 
1969; B uchanan, 1973; W ickham  et al., 1973; C rum pton and W ilbur, 1 9 7 4 , and 
Fast, 1974 , both  c ited  in B oh n sack  and Sutherland , 1985; M ilo n , 1988; B u ck ley
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Figure 1. Location of study site in G ulf St. Vincent, South Australia.

et al., 1989; Feigenbaum et al., 1989a, 1989b). No comparative studies have 
been undertaken on Australian artificial reefs.

Artificial reef developments in the Australian region have recently been re­
view ed  by Pollard (1989) and Branden et al. (1994), including descriptions of 
an extensive tire reef program in South Australia. Other accounts o f this program 
can be found in Olsen et al. (1976) and Branden and Reimers (1987). The tire 
reefs were constructed o f tetrahedron shaped modules o f 28 tires, secured to­
gether and weighted down by concrete in the basal tires (Pollard, 1989). Indi­
vidual m odules stand approximately 1.8 meters high and 3 m3 in volume.

Three o f  these tire reefs were placed in Gulf St. Vincent near Adelaide, South 
Australia (Fig. 1) in 1984, and are known as the Grange, Glenelg and Port 
Noarlunga tire reefs respectively (Table 1). Glenelg tire reef is supplemented by 
tw o 50-meter sunken vessels located approximately 800 meters away. Although 
fish and algal colonization have been studied on these tire reefs (Reimers and 
Branden, 1994), this is the first study to assess their effectiveness in terms of 
enhancem ent o f  recreational fishing.

The inshore waters o f G ulf St. Vincent adjacent to Adelaide support about 
38% o f the recreational marine boat angling effort in South Australia (Philipson 
et al., 1986). This study seeks to quantify and compare the effort, catch rates 
and catch com position o f this group o f anglers on the artificial tire reefs and 
surrounding natural seabed over a 1-year period.
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F igu re  2. D e ta ils  o f  s tu d y  s ite  sh o w in g  lo c a tio n  o f  a rtif ic ia l h a b ita ts  (A R ) w ith in  th e  c ree l survey  
sub-reg ions (G ran g e , G len e lg  and  P o rt N o arlu n g a). T h e  lo c a tio n s  o f  th e  fo u r b o a t la u n c h in g  ram ps 
u sed  as d a ta  c o lle c tio n  p o in ts  a re  a lso  show n .

M e t h o d s  a n d  M a t e r i a l s

S tu d y  S ite .— G u lf  St. V in c e n t is an  in v e rse  e s tu a ry  o f  a p p ro x im a te ly  6 .8  X IO3 k m 2 (B y e , 1976), 
ly in g  b e tw ee n  la titu d e s  3 4 °1 0 'S  and  3 5 °4 0 'S . T h e  s tu d y  s ite  c o n s is ts  o f  a  s e c tio n  o f  th e  G u lf  on the 
eas te rn  co as t, w ith  a c o a s ta l le n g th  o f  a p p ro x im a te ly  105 k ilo m e te rs  and  e x te n d in g  15 k ilo m ete rs  
to  th e  se a  (F ig . 2 ).

T h e  se a b e d  o f  G u lf  S t. V in c e n t has b een  d e s c r ib e d  by  S h e p h e rd  a n d  S p r ig g  (1 9 7 6 ) . T h e  n o rth ern  
reg io n  o f  th e  s tu d y  s ite  is d o m in a te d  b y  P o s id o n ia  a u s tr a lis  s e a g ra s s  m e a d o w s  in  th e  in s h o re  areas, 
w ith  a s c id ia n -sc a llo p  a sse m b la g e s  c o m m o n  o ffsh o re . T h e  s o u th e rn  re g io n  h a s  a s c id ia n -s c a llo p  as­
sem b lag es  in sh o re , w ith  b ry o z o a n  o r h a m m e r o y s te r  (M a lle u s  m e r id ia n u s)-r i\z .o rñ sh  (P in n a  sp .) 
a ssem b lag es  o ffsh o re . T h e  a p p ro x im a te  a re a  o f  th e se  h a b ita ts  w ith in  th e  p re s e n t  s tu d y  s ite  are 
a sc id ia n -sc a llo p  (3 5 % ), se a g ra ss  m e a d o w s  (2 5 % ), b ry o z o a n  (2 0 % ), o y s te r - ra z o rf ish  (2 0 % ) an d  sand 
(5% ). L o w  r e l ie f  re e fs  o f  k u n k a rise d  sh e ll b ed s  o c c u r  i r r e g u la r ly  th ro u g h o u t th e  s tu d y  s ite .

D a ta  C o lle c tio n .— A n  a c c e ss  p o in t c re e l su rv e y  w a s  c o n d u c te d  fro m  S e p te m b e r, 1 9 9 0  to  A u g u st, 
1991, w ith  a to ta l  o f  4 ,8 2 6  in te rv ie w s  b e in g  c o n d u c te d  o n  41 s a m p lin g  d ay s . T h e  m e th o d o lo g y  is 
d e sc rib e d  in  d e ta il e ls e w h e re  (M cG len n o n , 1992) b u t  a  b r ie f  su m m a ry  is g iv e n  h e re . T h e  s tu d y  s ite  
w as d iv id ed  in to  s ix  su b -re g io n s , th re e  o f  w h ich  c o n ta in  a r tif ic ia l t i re  ree fs  (F ig . 2 ) . O n ly  d a ta  fo r 
th e se  th re e  su b -re g io n s  h a v e  b een  in c lu d e d  in  th is  p ap er, a n d  c o m p a r is o n s  a re  m a d e  b e tw e e n  the 
in d iv id u a l r e e f  an d  th e  su b -re g io n  in  w h ich  i t  is  p la c e d . A s  P o r t N o a r lu n g a  tire  r e e f  is  lo c a te d  c lo se  
to  th e  b o u n d a ry  o f  re g io n s  5 an d  6 (M c G le n n o n , 19 9 2 ), d a ta  f ro m  th e se  re g io n s  h a v e  b e e n  co m b in ed .

F o u r  o f  th e  m a jo r  b o a t la u n c h in g  fa c ilit ie s  in A d e la id e  a re  lo c a te d  w ith in  th e  s tu d y  s ite  (F ig . 2), 
and  s e rv e d  as th e  a cc ess  p o in ts  o f  d a ta  co llec tio n . S a m p lin g  w as  c o n d u c te d  o n  fo u r  ra n d o m ly  ch o sen  
day s  p e r  m o n th , s tra tif ie d  in to  2  w eek d ay s  a n d  2  w e e k e n d -d a y s . In te rv ie w s  w e re  c o n d u c te d  b e tw ee n  
1200 a n d  1800  a t e a c h  ra m p  o n  e a c h  d a y  to  m a x im iz e  th e  n u m b e r  o f  in te rv ie w s  p e r  s a m p lin g  day. 
A n g le rs  re tu rn in g  f ro m  th e ir  fish in g  tr ip  p ro v id e d  d a ta  o n  th e ir  f ish in g  lo c a tio n , f ish in g  tim e  and 
sp ec ie s  and  n u m b e rs  re ta in e d .

D a ta  A n a ly s is .— S a m p lin g  d ay s  w h e re  no  a c tiv ity  w as  re c o rd e d  w e re  n o t re p e a te d , re s u lt in g  in an 
u n b a la n c e d  d e s ig n  fo r  so m e  an a ly se s .

a) F ish in g  E ffo r t.— F o u r  te m p o ra l an d  sp a tia l a s p e c ts  o f  re c re a tio n a l f ish in g  e f fo r t  w e re  a n a ly z e d : 
c o m p a ra tiv e  u s e  o f  e a c h  ree f , re la tiv e  u se  o f  each  r e e f  b e tw e e n  d if fe re n t d a y - ty p e s  (w e e k d a y s  and  
w eek en d -d ay s) , s e a so n a l tren d s  in  u se  o f  each  r e e f  a n d  re la tiv e  f ish in g  in te n s ity  o n  th e  a r tif ic ia l and  
n a tu ra l h ab ita ts .

A s th e  n u m b e r  o f  an g le rs  in te rv ie w e d  in  each  s u b -re g io n  v a r ie d  s ig n if ic a n tly , th e  a n a ly se s  o f  
fish in g  e ffo r t w e re  m a d e  on  d a ta  o f  th e  p ro p o r tio n a l u s e  o f  e a c h  a rtif ic ia l r e e f  an d  its  su rro u n d in g
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Table 1. Sum m ary o f habitat type, loccation and area o f artificial habitats in Gulf St. Vincent near 
A delaide, South A ustralia

Location H abitai lype
]) Latitude 

2) Longitude
Area*
(m1)

G range tyre modules 1) 3 4 ° 5 5 .r s 83,200
(1,200) 2) 138°24'E

G lenelg tyre modules 1) 34°58.8'S 78,000
(900) 2) 138°26.4'E

sunken vessels 1) 34°58.4'S 114,400
(2) 2) 138°26.4'E

P ort N oarlunga tyre modules 1) 35°05.2'S 73,840
(650) 2) 13S°26.5'E

* Area includes enhanced fishing zone o f 100 m around each habitat.

sub-reg ion . The proportional data w ere transform ed using an arcsine-type transform ation recom ­
m ended for data w ith sm all and large proportions (Eq. 14.5, Zar, 1984).

F ish ing  effort on each reef and the relative use o f each ree f on different day-types were analyzed 
w ith  a tw o-facto r (tire reef and day-type) M odel I ANOVA, using a general linear m odel suitable 
fo r unbalanced  designs (SAS Institu te Inc., 1988). The data used were the means obtained from 
each  o f  the 12 m onthly sam ples o f  the creel survey. Seasonal trends in the monthly data were 
analyzed  using  a goodness-of-fit procedure, the log likelihood ratio (G statistic), to test whether 
p roportional use was consistent throughout the year for each reef.

F ish ing  in tensity  was calculated by dividing the annual effort estim ates (M cGlennon, 1992) for 
each  artificial reef or sub-region by  its area (angler-hours* 1,000 m 2). The area of influence o f an 
artificial habitat extends beyond its physical limits, giving rise to an enhanced fishing zone which 
is generally  dow ncurrent o f the habitat (Bohnsack and Sutherland, 1985). Because the tire reefs are 
sub jec t to four tidal m ovem ents p er day, as well as longshore currents, the enhanced fishing zone 
has been  assum ed to exist equally around the habitat and has been set a t 100 meters (Bohnsack and 
S utherland , 1985) (Table 1). A reas fo r the natural seabed sub-regions ranged from 158 km 2 to 476 
km 2 (Table 1).

b) C atch R ates .— Catch rates (fish-angler-hour ]) of the 12 m ost abundant taxa were compared 
betw een indiv idual tire reefs and their surrounding sub-region, as spatial variation in catch rates 
ex isted  betw een sub-regions for som e species (M cGlennon, 1992). The 12 taxa included 4  demersal 
te leosts, 5 pelagic/m idw ater teleosts, 1 cephalopod and 2 benthic decapod crustaceans, representing 
98 .8%  o f the recorded catch. As the distribution of catch rate data for each taxon was highly 
positively  skew ed, due to a large num ber o f responses where catch =  0, the catch rates were 
analyzed  using the non-param etric Kruskal-W allis test (SAS Institute Inc., 1988), w ith the test 
sta tistic  corrected  fo r tied  ranks (Eq. 11.31, Zar, 1984).

c) C atch C om position .— The diversity  o f  species caught from each site was m easured by calcu­
la ting  the Shannon-W iener d iversity  index (H ') and its com ponents the species richness index (D) 
and the species evenness index (J) (Legendre and Legendre, 1983).

k
Shannon-W einer diversity: H' =  n log n -  J  f| log fj,

i=i

Species richness: D = s — 1/log n, and

Species evenness: J =  HVlog S,
w here f, is the frequency o f  each taxon, n is the total num ber o f  individuals and S is the number
o f taxa. .

V alues o f  H ' w ere com pared betw een 1) each artificial habitat and its surrounding natural sub- 
reg ion  and 2) the pooled daLa o f  three artificial habitats and three natural sub-regions by M est (Zar, 
1984).

R e s u l t s

Fishing Effort.— Mean monthly fishing effort varied significantly between the 
three artificial habitats (F =  10.15, df =  2, P  <  0.001), ranging from 1.6% 
( ± 0  6 SE) at Port Noarlunga to 11.3% ( ± 2 .0  SE) at Glenelg (Table 2). Effort
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Table 2. S u m m ary  o f  re la tiv e  effo rt (x ±  SE ) by rec rea tio n a l ang lers  fo r  th ree  a rtific ia l h ab ita ts  in 
G ulf St. V incent, S ou th  A ustralia . F igu res rep resen t th e  p ro p o rtio n  o f  e ffo r t ex p en d e d  o n  th e  artificial 
habitats com pared  to  e ffo rt in the  ad jacen t natura l seabed  area . S tudy  a reas  are  sh o w n  in  F ig u re  2.

Location

D ay -ty p e  e ffo rt (% )

(%) W eekday W eekend

G range 6 . 2  ±  1 .6 3 .0  ±  4 .4 5.9 ±  4.5
G lenelg 11.3 ±  2.0 4.1 ±  8,1 18.0 ±  9 .2
Pt. N oarlunga 1 .6  ±  0 . 6 0 .9  ±  1.4 1 . 6  ±  2 . 8

Factor D F F S ign ificance

L ocation 2 10.15 P  <  0 .001
D ay-type 1 16.03 P  <  0 .001
L ocation*

D ay-type 2 7.1.2 0 .0 5  >  P  >  0.01

also varied sign ificantly  b etw een  day-types (F =  14 .91 , d f =  1, P  <  0 .0 0 1 ), 
with w eekend use consistently  h igher for all reefs (Table 2 ). H ow ever, an inter­
action effect b etw een  reef location  and day-type w as a lso  sta tistica lly  sign ificant 
(F =  7 .12 , d f =  2, P  <  0 .0 0 1 ), indicating that the relative use o f  th ese  artificial 
reefs during the w eek  and w eekend  varied w ith  location  (Table 2).

Com parisons o f  seasonal use o f  each reef sh ow ed  sta tistica lly  s ign ifican t vari­
ation betw een  m onths at all reefs (Grange: G =  5 3 8 .9 , P  <  0 .0 0 1 ; G lenelg: G 
=  374 .0 , P  <  0 .0 0 1 ; Port N oarlunga: G  =  3 5 5 .5 , P  <  0 .0 0 1 ), in d icatin g  that 
temporal use varied substantially. H ow ever, the season a l trends w ere not con­
sistent betw een  reefs and show ed  no pattern w ithin  reefs (F ig . 3). F ish in g  in­
tensity w as substantially higher for all artificial habitats than for their surround­
ing natural seabed  sub-regions (Table 3), w ith  com parative va lu es o f  9 2 -1 7 1  
tim es greater intensity.

Catch R a te s .— T axon-specific com parisons b etw een  each  artificial re e f  and its 
surrounding natural seabed, for the 12 m ost abundant taxa, sh ow ed  14 sign ificant 
differences (Table 4 ). Three teleosts recorded greater catch rates on  artificial 
habitats; the dem ersal red m ullet (U, v la m in g ii), and the tw o p e la g ic  sp ec ies, 
blue m ackeral (5. a u stra la s icu s ), and trevally  P seu d o c a ra n x  spp .). B oth  crus­
taceans (P. p e la g ic u s  and O. au stra lien s is ), the squid  {S. a u s tra l is ), 2  dem ersal 
teleosts (.H ale tta  sem ifasc ia ta  and M onacanthidae) and 1 p e la g ic  te leo st (A. tru t­
ta cea ) recorded greater catch rates from  natural seabed.

H ow ever, the sign ifican ce o f  som e o f  these com parisons w as s ite  sp ecific , 
with com parisons for the sam e taxa at other sites sh ow in g  no d ifferen ce . A b­
solute catches o f  som e taxa w ere low  at so m e sites (Table 5) and cau tion  should  
be used  in their interpretation.

Catch C om position .— T he total number o f  taxa recorded from natural seabed  
fishing sub-regions (47) exceed ed  those from  artificial habitats (2 9 ) (Table 5). 
N o taxa w ere recorded ex c lu siv e ly  from  artificial habitats, w h ile  18 taxa w ere  
only caught on natural seabed. H ow ever, m ost o f  th ese  taxa w ere re la tiv e ly  rare 
(N  <  2 0  ind iv iduals), with on ly  the p elag ic  sp ec ies  snook , S p h y ra en a  n o v a e ­
hollandiae , and barracouta, Thyrsites atun , ex ceed in g  5 0  in d iv id uals.

Shannon-W iener diversity values ranged from  0 .81  to 0 .9 4  for natural habitats, 
and from  0 .77  to 0 ,8 0  for artificial habitats (Table 6). A ll com p arison s o f  
betw een  individual artificial habitats and adjacent natural seabed, and b etw een  
pooled  artificial habitats and natural seabed, sh ow ed  sign ifican tly  greater diver­
sity in  the catches from natural seabed (Table 6).
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Figure 3. T he proportional use (%) of each artificial habitat is shown as a deviation from the mean 
value for that site. M ean and standard error (SE) percentages are shown on the y-axis.
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Table 3. S u m m ary  o f  com para tive  fish ing  p ressu re  on  each  artific ia l h ab ita t and  th e  ad jacen t natural 
seabed . V alues are  annual estim ates fo r the  d u ra tio n  o f  the cree l su rv e y  perio d , S e p te m b e r 1990 to 
A ugust 1991 (M cG lennon  and E vans, in press).

Location H abitat
Hours
(N o.)

In tensity  
(h-1,000 trr2) Ratio

G range A rtificial 5 ,495 66.05 171.1
N atural 91 ,1 8 7 0.39

G lenelg A rtificial 11,064 57.51 92.8
N atural 98 ,0 7 9 0.62

P ort N oarlunga A rtificial 1,352 18.31 100.6
N atural 86 ,749 0.18

S pecies richness values ranged from  8 .3 6  to 1 1.15 for natural seabed  catches, 
and from  6 ,0  to 8 .47  for artificial habitats. Natural seabed  values w ere invariably  
higher than th ose for the corresponding artificial habitats, for both individual 
and p oo led  data. S p ecies even n ess va lu es, on  the other hand, w ere consistently  
low er at natural seabed sites (range 0.51 to 0 .5 6 ) than at artificial habitats (range 
0.55 to 0 .70 ).

Shannon-W iener d iversity show ed  a sign ificant p o sitiv e  correlation  w ith spe­
cies richness (r  =  0 .93 , P  <  0 .0 0 1 ) but w as not sign ifican tly  correlated with 
sp ecies evenn ess (r =  —0 .3 2 , 0 .5  >  P  >  0 .0 2 ).

D i s c u s s i o n

The South A ustralian m etropolitan creel su rvey  has a llo w ed  a com prehensive  
com parative analysis o f  recreational m arine fish ing  catch  and effort from  arti­
ficial and natural reefs in eastern G ulf St. V incent. A lthou gh  the resu lts w ould  
be a b iased  record o f  .the actual com m unity  com p osition  o f  both natural and 
artificial habitats (due to angler preferences and gear se lec tiv ity ), they provide 
an excellen t indicator o f  the e ffec tiv en ess  o f  these artificial habitats in enhancing  
fishing su ccess.

R elative effort b etw een  the artificial habitats and surrounding natural seabed  
areas varied substantially betw een  artificial reefs. T he lo w  usage rate o f  Port 
N oarlunga tire reef m ay be due to its lo w  y ie ld , particularly o f  K ing G eorge  
w hiting, S illa g in o d es  p u n c ta ta , w h ich  is  a prim ary target sp ec ies  for 63%  o f  the 
anglers in terv iew ed  (M cG lennon, 1992). M ilon  (1 9 8 8 ) has reported anglers’ 
preference for sites w ith higher average y ie ld s and greater variation in yield .

H ow ever, this does not exp lain  the sign ifican t d ifferen ce in proportional effort 
lev e ls  for the G range and G lenelg  artificial reefs, as their catch rates are sim ilar 
for m ost target sp ecies. Further, both sites are located  about fiv e  km from  the 
nearest launching site, suggesting  that travel co st and tim e are u n lik e ly  to be 
determ ining factors (cf. M ilon, 1988; B ock stae l et a l., 1986, c ited  in M ilon, 
1989).

Other factors m ay contribute to the disparity in  use betw een  the G range and 
G lenelg  reefs. G range tire ree f is subject to the h ighest fish ing in ten sity  recorded  
in this study. T his spatial concentration m ay set an upper lim it on  the number 
o f  anglers that can fish on the site before fish ing  su ccess is ad versely  affected  
to the extent that other sites are chosen .

A dditionally , the survey sub-region surrounding G range tire r e e f  contains at 
least one other large, w ell-k now n  natural reef, w hereas the su b-region  around 
G lenelg  contains sm aller natural reefs that are not easy  to locate  for le ss  expe-
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Table 5, S um m ary  o f  taxa  recorded  in  the  ca tch  o f  m a rin e  re c rea tio n a l ang lers in easte rn  G u lf St. 
V incent, South  A ustra lia . V alues are the  p ercen tages o f  in d iv id u a ls  cau g h t on  artific ia l an d  natural 
habitats, and the  to ta l n um ber o f  ind iv iduals caught. * S ign ifies n o  ca tch  reco rded .

Taxon
A rtificial 

hab ita t (% )
N atural 

seabed  (% )
N um ber o f 

fish

E lasm obranchii
T riakidae

G um m y shark
M ustelus a n tarc ticus  

C archarh in idae
B ronze w haler shark

C archarh inus b rachyurus  
Sphyrnidae

H am m erhead  shark  
Sphyrna  sp.

H eterodontidae
P ort Jackson  shark  

H eterodontus  
p o rtu sja ckso n i

O ther 

T eleostom i 
A rrip idae 

Tom m y ru ff
A rrip is  georg ianus  

A ustralian  salm on 
A rrip is  tru ttacea  

B erycidae  
R ed S napper

C en tro b e iyx  gerrard i 
C arangidae 

S ilver treva lly
P seudocaranax  spp.

Y ellow  k ingfish  
Serio la  la landi 

Y ellow tail scad
T rachurus novaeze land iae  

C entro lophidae 
W arehou

Serio lella  bram a  
C heilodacty lidae 

M agp ie  perch
C heilodactylus n igripes  

D usky  m orw ong
D actylophora  n ig ricans  

D inolestidae
L ong-finned  p ike 

D ino lestes  lew in i 
E noplosidae 

O ld  w ife
E nop losus arm atus  

G em pylidae 
B arracou ta

Thyrsites a tun  
G erridae

S ilverbelly  low fin
P arequu la  m elbournensis  

H em  irham phidae 
S ea  garfish

H yporham phus m elanoch ir

33.33

11.11

5.26
6.25

5 .92

2.49

10.65

4.23

3.23

15.38

10.79

66 .67

88 .89

100.00

94 .7 4
93 .75

9 4 .08

97.51

100.00

89 .35

100.00

95 .77

96 .77

100.00

84.62

100.00

100.00

100.00

100.00

89.21

19
16

8 ,788

643

939

9

142

31

3

26

18

56

21

6 ,247
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T able 5. C on tinued

Taxon
Artificial 

habitat (%)
N atural 

seabed (%)
N um ber of 

fish
K yphosidae
D ru m m er

K yphosus sydneyanus 25,00 75.00 4
L ab rid ae 16.67 83,33 6
M u g ilid ae 6.25 93.75 80
M u llid ae  

R e d  m u lle t
U peneich thys lineatus 10.47 89.53 850

O d ac id ae
W eedy  w hiting

H ale tta  sem ifascia ta 2.28 97.78 569
O p h id iid ae

L in g
G enyp terus  s pp. * 100.00 2

P em p h erid ae
B u llseye

P em p h eris  spp. * 100.00 6
P la tycep h a lid ae

F la th ead
P la tycep h a lu s  spp. 6 .54 93.46 321

P lesio p id ae  
B lu e  devil

P ara p lesio p s  m eleagris * 100.00 6
P leu ro n ec tid ae

G reen b ack  flounder 
R hom b o so lea  tap irina * 100.00 10

P lo to sid ae
E s tu a ry  catfish

C nidoglan is m acrocepha lus 100.00 1
P o m acen trid ae

Scalyfin
P a rm a  vic toriae * 100.00 1

S co m b rid ae
B lu e  m ackeral

S co m b er  austra lasicus 11.10 88.90 1,658
S co rp id id ae

Sw eep
S co rp is  sp. 8.82 91.18 34

S illag in id ae
K ing  G eorge w hiting  

S illa g in o d es puncta ta 7.25 92.75 19,175
S ilv e r  w hiting  

S illago  s p p .t 0 .52 99.48 577
S p arid ae

B ream
A ca n thopagrus butcheri * 100.00 10

S napper
P agrus auratus 5.55 94.45 36

S phy raen id ae
S no o k

S p hyraena  novaeho lland iae * 100.00 230
T etraodon tidae 33.33 66.67 3
T erapon tidae  

S trip e d  perch
P ela tes  oc to linea tus 3.79 96.21 132

Z e id ae
S ilver dory

C yttus a ustra lis * 100.00 1
O ther 6.25 93.75 80
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Table 5. C ontinued

Taxon
A rtificial 

hab itat (%)
N atural 

seabed  (% )
N u m b er o f  

fish

D ecapoda
Portunidae

B lue sw im m er crab 
P ortunus p e la g icu s 5.63 94 .37 480

Sand crab
O valipes austra liensis 0.28 99 .7 2 352

C ephalopoda
L ologin idae

Southern  calam ary  
Sepio teu th is a ustra lis 4 .79 95.21 3 ,509

Sepiidae
C uttlefish

Sepia apalm a 7.32 92.68 41
O ctopodidae * 100.00 2
t  Sillago  sp. consists o f  tw o species (S illago  schom burgkii and S. bassensis) w hich are o ften  con fused  by ang lers. T h e  data  h ave  therefore 
been pooled.

rienced anglers. M ilon  (1988) reports that, a ll other factors b ein g  equal, pref­
erence is show n for natural habitat. The lo w er  proportional use o f  G range tire 
reef may therefore be due to m axim al spatial concentration  o f  anglers in  addition  
to ready access to a nearby natural reef.

R elative use a lso  varied betw een m onths o f  the year and days o f  the week. 
H owever, seasonal variation w as not con sisten t b etw een  reefs and sh ow ed  no 
discernible pattern w ithin reefs, and factors in fluencing  seasonal u se  have not 
been determ ined by this study. The higher relative use o f  all artificial reefs by 
w eekend anglers than w eekday anglers m ay be due to their ea se  o f  location  for 
less experienced  anglers, as the reefs w ere generally  m arked by surface buoys.

O nly one other study cou ld  be found w hich  has com pared re la tive fishing  
effort betw een  natural and artificial reefs. Buchanan (1 9 7 3 ) recorded  35%  o f  
total angler-hours in  his South Carolina study site w ere exp en d ed  at on e artificial 
reef, representing a fishing intensity o f  14 ,000  tim es that for the adjacent natural 
seabed. F ish ing intensity should, how ever, be dealt w ith cautiously . T he com ­
parison assum es that fishing pressure on the natural seabed is ev en ly  distributed  
over the study site. This is often  not the case , w ith  fish ing concentrated  in a

Table 6. S um m ary  o f  species d iversity  (H '), species evenness (J), and  species  rich n ess  (D ), values 
fo r the  recrea tional catches from  artificial habitats an d  associa ted  natu ra l seabed  su b -reg io n s  in G ulf 
St. V incent. T he  /-sta tistics com pare th e  species d iversity  o f  p a ired  artificial and  n a tu ra l h ab ita ts , w ith 
significance levels the  sam e as in  Table 4.

H abitat R eef type H ' Sig. H ' J D

G range N atural 0.81 ** 0 .52 8.36
A rtificial 0.77 0.58 6.25

G lenelg N atural 0.81 * 0.51 8.62
A rtificial 0.77 0.57 6.77

P ort N oarlunga N atural 0.94 * 0.56 11.15
A rtificial 0.78 0 .70 6.00

Pooled N atural 0.87 sk 0.51 10.51
A rtificial 0 .80 0.55 8.47
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num ber o f  sites w here target species aggregate. The assum ption therefore tends 
to overestim ate the disparity in relative fishing pressures.

The catch rate comparisons o f  the present study yielded a surprising result. It 
w as reasonable to assume a prion that species with a functional relationship with 
seabed reefs w ould have exhibited higher catch rates at the artificial habitats, rather 
than the natural seabed which is generally o f  low-relief. However, four out o f six 
significant results in favor o f  artificial habitats were for two pelagic species, the 
scom brid S. australasicus  and the carangid Pseudocaranx  spp.

T hese species are carnivorous, feeding on Zooplankton and small fish, and the 
advantage o f  the artificial habitats to them may therefore lie  in the attraction o f  
baitfish/prey species. Other interpretations should not be overlooked, however. 
For exam ple, B eets (1989) found that carangids were m ost often associated with 
F A D s, w ith or w ithout seabed reefs, rather than seabed reefs alone. It is possible 
that the marker buoys and chains o f  the tire reefs act as FADs for these species.

The group o f  taxa recording higher catch rates on natural seabed areas include 
m any with a functional relationship to seagrasses, including the two crustaceans, 
the squid and the teleost taxa H aletta  semifasciata  and sub-adult A. truttacea, and 
th ese  w ould  not necessarily be expected to show affinity for tire reefs. M uch work 
rem ains to be done on the functional eco logy  o f these reefs and their associated  
fauna.

Catch rate com parisons show ed, therefore, that the effectiveness o f  artificial 
habitats, in terms o f fishing enhancement, is species specific. Deploym ent deci­
sion s, including whether to proceed or not, and design features such as siting, 
s iz e  and structure, must consider the ecological requirements o f  the species that 
the habitat is intended to attract. An understanding o f  the relationship between  
the physical influence o f  the artificial reef and the associated biota (Bohnsack and 
Sutherland, 1985; Baynes and Szmant, 1989) is necessary to m axim ize fishery 
related objectives.

Other studies have com pared catch rates on seabed artificial reefs. Turner et al. 
(19 6 9 ), from lim ited data, recorded artificial reef fishing success at 2—3 tim es that 
o f  natural reefs. Beets (1989) conducted trolling over experimental reefs and re­
corded a significantly greater number o f strikes and fish caught (5 and 2—3 times 
respectively) than that recorded from a control transect. Fiegenbaum et al. (1989a) 
recorded significantly higher CPUE (kg-rod-h-1) for 2 o f  3 artificial reefs com ­
pared to control sites. H owever, no significant differences in catch rates were 
recorded by Buchanan (1973) for recreational catches o f demersal or pelagic spe­
c ies in South Carolina, or for com m ercial hook and line fishermen in Japan by 
Kanamori (1991).

The present study revealed a highly significant positive correlation between  
sp ec ies diversity and richness. The greater diversity recorded from natural habitats 
is therefore a result o f  changes in catch com position rather than changes in the 
distribution o f  individuals per species. Legendre and Legendre (1983) have related 
the num ber o f  species w ith the number o f niches available, enabling a further 
relationship to be form ed betw een species diversity and diversity o f the environ­
m ent. It is intuitively reasonable, therefore, to expect greater diversity and richness 
from  the natural seabed sub-regions which encom pass seagrass meadows, bare 
sand, natural reefs and other varying habitats, than from the relatively hom oge­
neous habitat provided by the tire reefs.

H ow ever, the greater species richness added little in terms o f fishing enhance­
m ent as the occurrence o f  the major species, at least when ranked, was similar 
b etw een  associated natural and artificial habitats. Additionally, many o f  the spe­
c ie s  unique to natural habitats are o f  low  eating or sportfishing value, and were



522 BU LLETIN  O F M A R IN E  SC IEN C E, V O L. 55, NO. 2 -3 , 1994

caught in low  numbers. The disparate fishing pressure betw een artificial and nat­
ural habitats may have contributed to the low er species richness recorded from  
artificial habitats, as som e o f the species recorded as unique to natural habitat 
have also been reported in divers’ observations on the tire reefs (K. L. Branden, 
pers. obs.).

In conclusion, the artificial habitats o f  G ulf St. V incent provide fishing sites 
that are intensively utilized by recreational boat anglers, appealing particularly to 
weekend anglers. Their effectiveness in enhancing fishing success is species spe­
cific and varies with location. The artificial habitats produce a catch com position  
o f lower species diversity and richness than natural seabed sub-regions, although 
the relative abundance o f major species is similar. The interaction o f  tire reefs 
with fish com m unities warrants additional study in order to further establish their 
functional and ecological roles.
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