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A B S T R A C T

R ecen t s tu d ie s  have show n a co n sis ten t inc rease  in spec ies rich n ess , a bundance  and b iom ass o f  in te rtid a l m acro b en th o s  o v e r a 
range  o f  m ic ro /m eso tid a l san d y  beaches  from  re flec tiv e  to d issipa tive  co nd itions . H ow ever, beaches o c cu r in a co n tin u u m  o f 
m o rp h o d y n am ic  fo rm s beyond  m eso tid a l d issip a tiv e  in m acro tida l areas: these  a re  u ltrad iss ip a tiv e  b eaches  and  tid e  flats, 
w here  tides  take  o v e r from  w aves as the  co n tro llin g  force . T his paper tests  the hypo theses: 1) th a t spec ies  rich n ess , abundance  
and  b io m ass  co n tin u e  in c rea s in g  and  2) that m ore than th ree  faunal zones m ay be d is tin g u ish ed  on beach es  on  the  above  
co n tin u u m  b e yond  the  m eso tidal d issip a tiv e  type, and a lso  exam ines  the h y po thesis: 3) th a t te m p era te  b each es  a re  r ich e r in 
sp ec ies  than  tro p ica l beaches. T w o tem pera te , m icro tida l, d issip a tiv e  beaches and  fou r trop ica l, m acro tid a l. u ltrad iss ip a tiv e  to 
tida l fla t b each e s  in A u stra lia  w ere  qu a n tita tiv e ly  su rveyed  w ith  a  to ta l sam pling  area  o f  4 .5  m 2 each. T he  re su lts , w hen  p lo tted  
ag a in s t an index  o f  beach  sta te , ind ica te  that spec ies  richness con tin u ed  to inc rease  o v er th is ran g e  o f  beach  types and 
e sp ec ia lly  s tro n g ly  to w ard s  the  tida l fla t. A bundance  a lso  in c reased , but on ly  w eak ly  tow ards the  tida l fla t and  b io m ass  show'ed 
a d e crea s in g  trend . T he tro p ica l beaches  (15 -30  spec ies) supported  rich e r faunas than  the  tem p era te  (12 spec ies) beaches. 
S im ila r re sp o n se  to  an index o f  beach  state  by com m unitie s  from  w idely  d iffe rin g  reg ions and  la titudes  su g g ests  th a t spec ies 
rich n e ss  is p ro b ab ly  m ain ly  a func tion  o f  beach  type  and la titude  m ay p lay  a m in o r ro le. Z o n a tio n  w as in d is tin c t in m ost cases 
and  no  m ore than  th ree  zones cou ld  be d is tin g u ish ed  on any  o f  the beaches. It appears th a t in m acro tida l reg im es, w here  tides 
tak e  o v e r from  w av es  as the  fo rce  c o n tro llin g  beaches, in te rtida l c lim a te  becom es m ore b en ign , lead in g  to  the  p resen ce  o f 
sp ec ies  th a t c o n stru c t s em i-p e rm a n en t bu rro w s, the a tta in m en t o f  h igh  d iv e rs ity  and  thus the  d ev e lo p m en t o f  su itab le  
co n d itio n s  fo r b io lo g ica l in te rac tio n s  to p lay  a g rea te r ro le in com m unity  o rg an isa tio n  than  on m ic ro tid a l, w av e-d o m in a ted  
beaches.

K ey  w o rd s :  Sandy  beaches, m acroben thos, com m unity  o rgan iza tion , A ustra lia .

R E S U M E N

E stu d io s  rec ien tes  m uestran  un in c rem en to  con sis ten te  en la riqueza  espec ífica , a b u n d an c ia  y b io m a sa  del m acro b en to  in te r- 
m area l a lo largo  de un rango  de p layas  a renosas m ic ro /m eso m area les . desde  co n d ic io n es  re fle c tiv a s  a  d is ip a tiv as . Sin 
em b arg o , las p layas ocu rren  en un co n tin u u m  de fo rm as m orfo d in ám icas  que van m ás a llá  de sitio s d is ip a tiv o s  m eso m area les: 
esta s  son las p layas u ltrad is ip a tiv a s  y p lan ic ies  m aréa les de ca rac te rís ticas  m acrom areales , d onde  com o  fu e rza  de con tro l 
las m areas son m ás im p o rtan tes  que las olas. Se ponen  a p ru eb a  las s ig u ien tes  h ipó tes is: 1) riqueza , ab u n d an c ia  y b io m asa  de 
e sp ec ie s  sig u e  a u m en tan d o  desde  s itio s  m esom area les  a  m acrom areales , 2) m ás a llá  del tipo  d is ip a tiv o  ineso m area l se d is tin ­
guen  m ás de 1res zonas fa u n ís ticas  en  el in te rm area l, y 3) p layas tem p erad as  tienen  m ayor riq u eza  de e sp ec ies  qu e  p layas  
tro p ica le s . D os p layas tem p erad as , m ic ro m area les  y d is ip a tiv as , y cu a tro  sitio s tro p ica le s, m acro m area les , u ltrad is ip a tiv o s  a 
p la n ic ies  m aréa les  se m u estrearo n  en  A u stra lia  (á rea  to ta l de m uestreo  de 4,5 m 2 po r p laya). L os re su ltados  ind ican  que  la  r i­
q u eza  de e sp ec ie s  s ig u e  au m en tan d o  a lo la rgo  del rango  e s tud iado  y e sp ec ia lm en te  hacia  la p lan ic ie  m areal an a lizad a . L a 
a b u n d an c ia  tam b ién  au m en ta , pero  d éb ilm en te  hacia  e sa  p lan ic ie , a  la vez que la b io m asa  m u estra  una ten d en c ia  de d ism in u ­
ción . L as p lay as  tro p ica le s  (1 5 -3 0  e sp ec ies) p resen tan  m ayor riqueza  de espec ies  que las tem p erad as  (12 e sp ec ies). S im ilares  
re sp u esta s  a  un índ ice  del e stad o  de una p lay a  en  co m un idades  de d ife ren tes  reg iones y la titu d es, su g ieren  q u e  la riq u eza  de 
e sp e c ie s  es p ro b ab lem en te  una func ión  del tipo  de p laya  s iendo  la  la titud  un fac to r de m enor im portanc ia . L a  zo nación  no  fue 
d ife ren te  en la m ayoría  de Ios casos y no se d is tin g u ie ro n  m ás de tres zonas en  todas las p layas. Parece ser que  en  reg io n es  
m a cro m area les , d o n d e  las m areas  llegan  a  ser m ás im p o rtan tes  que las o las, el c lim a  in te rm area l lleg a  a  se r m ás b en igno , lo 
que re su lta  en  la p re sen c ia  de esp e c ie s  que co n stru y en  hab itácu lo s  sem ip erm an en tes  y el log ro  de una a lta  d iv e rs id ad , y p o r lo 
tan to  el d e sa rro llo  de co n d ic io n es  ap ro p iad as  que ju e g an  un rol m ás im p o rtan te  en  la  o rg an izac ió n  co m u n ita ria  que  aquél de 
p layas  m ic ro m area le s  d o m in ad as  p o r el o leaje.

P a la b r a s  c la v e : P layas a ren o sas , m acroben tos, o rgan ización  com un ita ria , A ustra lia .

(R ece iv ed  1 S ep tem b e r 1994; accep ted  28 Ju ly  1996)
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IN T R O D U C T IO N

B e in g  the  m o s t  d y n a m ic  o f  soft b o t to m  
habitats, high energy ocean beaches provide 
an u n iq u e  o p p o r tu n i ty  fo r  e c o lo g is t s  to 
decipher the underly ing  influences o f  the two 
ph y s ica l  e le m e n ts  o f  m arine  depos it iona l  
e n v i r o n m e n t s ,  s e d im e n t  p r o p e r t i e s  and  
hydrodynam ics, on m acrobenthic fauna. W e 
e n v i s a g e  a c o n t in u u m  in h y d ro d y n a m ic  
exposure  levels o f  intertidal sediments that 
progresses from  low energy tidal mud and 
sand flats via ultradissipative, dissipative and 
in term ediate  beaches to reflective beaches as 
the w ave  dom inated  extreme. Recent studies 
across a section o f  this continuum  on micro- 
and mesotidal coasts have revealed consistent 
trends in intertidal macrobenthic  com m unity  
structure related to changes in sandy beach 
m o rp h o d y n a m ic  type. T h e se  t rends  p r in ­
cipally take the form of increasing species 
r ic h n e ss ,  a b u n d a n c e  and  b iom ass  and an 
increase in the num ber  o f  recognisable faunal 
zones from  reflective to dissipative beaches 
(M c L a c h la n  et al. 1993, Ja ra m il lo  et al. 
1993). Thus com m unities  increase in biol­
ogical com plexity  from  reflective to dissipa­
tive m icro/m esotidal beaches, implying that 
environm enta l conditions on the beach face 
may becom e less harsh across this gradient.

C lassification  o f  beach types into reflec­
tive, in term ediate  and dissipative is adequate 
for microtidal situations. However, when tide 
range also varies tidal effects must be taken 
in to  a c c o u n t  s in ce  e le v a te d  t idal en e rg y  
increases the d issipative nature of  beaches. 
M asse link  & Short (1993) have developed a 
model o f  beach types which clarifies the role 
o f  tides by c lassify ing  beaches along two 
axes, each based on a dimensionless para­
meter: D e a n ’s param eter  (or the dimension- 
less fall velocity) is used as an index o f  the 
degree  of  dissipativeness o f  the surf zone, 
and the relative tide range is used as an index 
o f  the re la tive role o f  tides and w aves in 
allowing swash, surf  zone and shoaling wave 
processes to m obilise  sediment. Utilizing this 
classification as a model, a series of  beach 
states may be envisaged extending from the 
m ic ro tida l  re f lec tive  th rough  in te rm edia te  
and micro/mesotidal dissipative to macrotidal 
ultradissipative beaches and beyond this to 
tide dom inated  flats. N o ecological survey

has been undertaken  across  this spec trum  
from  fully  w a v e -d o m in a ted  to fu lly  tide-  
dom inated  beaches to date.

D e x te r  (1 9 9 2 )  p r o p o s e d  th a t  t r o p ic a l  
beaches  ha rb o u r  less d iv e rse  faunas  than 
temperate beaches in general. This hypothesis  
arose from a literature review  o f  surveys of  
beach fauna. H ow ever, since m ost tropical 
beaches  are reflective, w hereas  increas ing  
w a v e  e n e r g y  t o w a r d s  h i g h e r  l a t i t u d e s  
(Davies 1972) results in a greater p revalence 
o f  m o re  d is s ip a t iv e  s ta te s ,  r i c h e r  f a u n a  
recorded  in surveys o f  tem pera te  beaches  
m ay s im ply  be an a rtifac t o f  the re la tive  
proportions o f  beach types investiga ted  at 
d ifferent latitudes. R esolution o f  this issue 
requires a com parison o f  beaches o f  similar 
m orphodynam ic  type (or a range o f  types) 
from  different latitudes.

Zonation of  the fauna is not as distinct on 
sandy beaches as on rocky shores and the 
num ber  o f  recognisable zones has been much 
debated (Rafaelli et al. 1991, Peterson 1991). 
It has n e v e r th e le s s  b een  s h o w n  th a t  the  
num ber  o f  faunal zones and their distinctness 
on sandy beaches increases from  reflective 
to  d i s s ip a t iv e  c o n d i t i o n s  ( J a r a m i l l o  & 
M cLachlan  1993). M cL ach lan  & Jaram illo  
(1994) reviewed studies o f  zonation on sandy 
shores and conc luded  that m icro tida l  d is ­
s ip a t i v e  b e a c h e s  s u p p o r t  t h r e e  z o n e s  
recognisable by the presence o f  characteristic  
species, but that a fourth zone m ight becom e 
evident in m ore  d issipative system s. They 
suggested a detailed quantita tive survey o f  
b e a c h e s  e n c o m p a s s i n g  t i d e  d o m i n a t e d  
conditions, i.e. u ltradissipative beaches and 
sand fla ts  to re so lve  the  q u es t io n  o f  the 
e x is te n c e  o f  th ree  or  fo u r  zo n e s  in th is  
section o f  the spectrum  o f  intertidal sandy 
sediments.

This paper tests the hypothesis  that the 
increases in species richness, abundance  and 
biomass recorded from reflective to d iss ipa­
tive beaches in m icro /m esotida l conditions 
will con tinue  th rough  m acro tida l  u l t rad is ­
sipative systems to sand flats. It also ex am ­
ines the hypothesis that tropical beaches are 
species poor com pared  to tem perate  beaches, 
taking beach type  into account. F ina lly  it 
exam ines zonation patterns and other  c o m ­
m u n ity  r e sp o n se s  to  p h y s ic a l  c o n d i t io n s  
along a gradient from  microtidal d issipative
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to m acrotidal sand flat conditions, i.e. to the 
point on the intertidal sand habitat continuum  
where  tides take over fully from  waves as the 
m ajo r  hydrodynam ic  factor. This is accom ­
plished  by quantita tive surveys o f  six A us­
tralian beaches which span a wide range of  
w ave and tide energy  levels. Prev ious ac­
c o u n ts  o f  A u s t ra l ia n  b e a c h  fau n a l  c o m ­
m u n it ie s  are l im ited  (D ex te r  1983, 1984, 
1985, M cL ach lan  1985) and this is the first 
report covering  South A ustralia  or Q ueens­
land.

M E T H O D S

T w o tem perate  microtidal sites were studied 
on the ex tens ive  C o orong  beach in South

Australia, one nam ed C oorong  at the G ran ­
ites, 150 km  east o f  G oolw a and the other 
near Goolwa, 2 km  from  the western end o f  
the beach (Fig. 1). W ave  height decreased 
eas tw ards  a long  th is  b each  bu t su r f  c o n ­
ditions were fully dissipative at both sites, 
which are m odally  dissipative (Short, pers. 
comm.). The Q ueensland beaches were  locat­
ed in a t ro p ic a l  m a c ro t id a l  r e g im e  n e a r  
M ackay (Fig. 1 ) and were subject to m odera te  
to low wave energy, which  decreased  slightly 
from  M ackay  H arbour  through Grass  Tree 
and Sarina to Cassuarina  beaches.

At each beach 15 levels w ere  f ixed  at 
equal horizontal d istances along a transect 
p e rp e n d ic u la r  to the  shore  d u r in g  sp r ing  
low tide. The upper one or two levels were

Cassuarina

v- ?  Mackay 
MACKAYI Harbour

Grass Tree A  
Sarina t L

- 20°S

100 km

BRISBANE

- 30°S

ADELAIDE

GoolwaSYDNEY

MELBOURNE

100 km
140°E

Fig. 1: Map o f the Australian coast showing study sites. 
M apa  de  la c o sta  A u stra lia n a  in d ican d o  Ios sitio s de m uestreo .
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located above the drift line and the lowest in 
the swash zone during low tide. At each level 
a sand sample was taken for  analysis and 
the depth o f  the water table below the sand 
surface noted. O ther physical m easurem ents 
tak en  at the  t im e  o f  s a m p l in g  in c lu d e d  
surveying  the beach profile  with a dum py 
level and observations on breaker height and 
b each  state. A t each  level three replicate  
quadrats  o f  0.1 m 2 were excavated  to 25 cm 
and the sand passed through 1 m m  mesh to 
extract the fauna. The total area sampled per 
b each  w as  thus  4 .5  m 2, the  g rea te s t  yet 
reported  for  any beach survey. Specim ens 
w e re  p r e s e r v e d  in 5 -1 0 %  fo r m a l in  and 
returned to the laboratory for identification. 
In addition to the quadrats, qualitative collec­
tions were  und er tak en  in the supralittoral 

cjàr>s, wTndn xxcre nswaWy not suf­
f iciently abundant to appear in the quantita­
tive samples.

In the laboratory, sediment samples were 
analyzed in a settling tube and graphical par­
tic le  size param eters  estim ated. All speci­
m ens were identified to species as far as pos­
sib le , e n u m e ra te d  and  sh e l l - f ree  b io m ass  
de term ined  by drying at 60°C for 48 h. In 
cases where specim ens had to be sent away 
for  identification dry m ass was taken as 25% 
o f  wet mass.

B each  state was calculated from  the di- 
m e n s io n le s s  fall p a ra m e te r  (D e a n ’s p a ra ­
m e te r ,  w h ich  is based  on b reaker  he igh t  
d i v i d e d  by  w a v e  p e r io d  a n d  s a n d  fa l l  
velocity) and the relative tide range (RTR, 
which is the m ean spring tide range divided 
by b r e a k e r  h e ig h t )  ( M a s s e l in k  & S h o r t  
1993). V alues for  tide range, breaker height 
and  pe r io d  and R T R  fo r  the  Q u een s lan d  
b each es  were  ob ta ined  from  M asse link  & 
Short (1993) and for the South Australian 
beaches from  Short (pers. comm.). Sand fall 
velocities were  not taken from settling tube 
fall rates but from  G ibbs et al. (1971) based 
on the e s t im ated  m ean  sand particle  sizes 
per  beach. This was done in order to allow 
c o m p ar iso n  with  prev ious  studies (M c L a ­
chlan et al. 1993) a lthough it results in lower 
setting velocity values and thus higher D ean ’s 
values. Beach state index (BSI, M cLachlan 
et al. 1993), which is the log o f  D e a n ’s para­
m ete r  m u lt ip l ied  by tide range, was also 
calculated for each beach.

Num bers  and b iom ass were sum m ed for 
running metres o f  shoreline by linear in ter­
polation. Kite diagram s o f  In abundance  were 
constructed to show species distributions on 
all beaches and within each beach abundance 
d a ta  (u n t ra n s fo rm e d  and  In t r a n s fo rm e d )  
w ere  su b je c te d  to c la s s i f ic a t io n  a n a ly s is  
fo l lo w in g  c o n s t ru c t io n  o f  a B r a y - C u r t i s  
similarity matrix. Clustering was perform ed 
using an unw eighted  pair-group m ethod  and 
arithmetic average linking (Field et al. 1982). 
Since groups resulting from  cluster analyses 
were subjectively d istinguished by eye, no 
standard level o f  dissimilarity was em ployed.

R E SU L T S

All beaches displayed relatively low gradients 
with  s lopes  f la t te r  than  1/20 (F igs  2-7), 
indicative o f  very fine to m edium  sands; no 
sands with m ean particle d iameters > 500 pm  
were encountered (Table 1). Sands w ere  very 
fine to fine along the tem perate  beaches and 
more variable on the tropical beaches. The  
tropical beaches  often  had c o a rse r  layers  
underly ing  the surface sand, but this was 
largely m issed in our sand sam ples  which 
covered only the upper 5 cm. This surface 
sand ranged from  m edium  sand in the case o f  
M ackay  H arbour to very fine sand at C as ­
suarina beach. Coarsest sand occurred  at the 
top o f  the shore and particles becam e finer 
d o w n s h o re  in all c a se s  e x c e p t  C o o r o n g  
Beach where there was a coarsen ing  o f  the 
sa n d  to w a rd s  the  b o t to m  o f  th e  sh o re .  
Although there was some variability betw een 
levels , sand sam ples  f rom  all leve ls  and 
beaches were well sorted and showed little 
skewness.

The key physical and biological variables 
for each beach are sum m arised  in Table  2. 
Beach widths increased and beaches becam e 
fla tter  as w ave  height d ec reased  and tide 
range increased from the tem perate  beaches 
to the tropical beaches. The  form er had tide 
ranges less than wave heights (R T R  < 1) and 
w ere  c learly  w ave  d o m in a te d  (R T R  < 3, 
M a s s e l in k  & S h o r t  1993). T h e  t ro p ic a l  
Q u e e n s la n d  b e a c h e s  (R T R  8 -1 6 )  fe l l  in 
M asselink  & S hor t’s (1993) ca tegories  III 
(R T R  7-15 , te r raced  and  u l t r a d is s ip a t iv e  
s y s te m s )  and  IV  ( th e  t r a n s i t io n  to  t id e
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T A B L E  1

Summary o f substrate characteristics for six beaches. On each beach 15 levels were 
sampled and sand taken for substrate analysis. Data from these 15 levels are grouped into sets o f three 

levels and values averaged. This yields five sets o f values representing the supralittoral (levels 1-3), 
upper shore (4-6), midshore (7-9), lower shore (10-12) and swash zone (13-15) on each beach
R esum en  de las ca rac te rís tic a s  del su stra to  en las seis  p layas e stud iadas . E n  cada  p lay a  se m u estrearo n  15 n ive les 

o b ten ié n d o se  m u estra s  de a ren a  en  cad a  uno  p a ra  an á lis is  de sustra to . L os da to s de esto s  15 n ive les  se a g ru p a ro n  en  g rupos  de 
tre s  n iv e les  pa ra  o b ten e rse  p ro m ed io s . E sto  o rig inó  c inco  g rupos de valo res rep resen tan d o  en  cad a  p laya  al su p ra lito ra l (n iv e les  

1 -3), in te rm area l su p erio r (4 -6 ), in te rm area l m edio  (7 -9 ), in te rm area l in fe rio r ( 10-12) y zona  de  re sac a  (13 -15 )

B each  levels  M ean (ph i) M ean (m m ) Sorting  (ph i) S kew ness

T em p e ra te  beaches

C o o ro n g  1-3 2.3 210 0.31 -0 .0 8
C o o ro n g  4 -6 2.7 160 0.3 -0 .1 6
C o o ro n g  7-9 3.1 120 0 .26 0.12
C o o ro n g  10-12 3.1 120 0 .40 0.01
C o o ro n g  13-15 2.7 160 0.51 -0 .4 2
G o o lw a  1-3 2.2 210 0.50 -0 .0 7
G o o lw a  4 -6 3.2 110 0 .12 0.18
G o o lw a  7-9 3.2 110 0 .14 0.10
G o o lw a  10-12 2.9 130 0.21 -0 .0 1
G o o lw a  13-15 3.0 125 0.31 0.06

T ro p ica l b eaches

M ackay  H 1-3 1.2 430 0.45 0.17
M ackay  H 4 -6 1.7 320 0.59 -0 .2 9
M ackay  H 7-9 2.4 190 0.32 0.17
M ackay  H 10-12 2.3 200 0.41 0.19
M ackay  H 13-15 2.6 160 0 .37 0.01
G rass  T ree  1-3 2.8 140 0 .20 0 .02
G rass  T ree  4 -6 2.5 170 0.41 -0 .2 4
G rass  T ree  7-9 2.3 210 0.54 -0 .4 9
G rass  T ree  10-12 2.5 180 0.45 -0 .5 6
G rass  T ree  13-15 2.6 170 0.36 -0 .2 9
S a rin a  1-3 1.7 300 0.28 0.08
S arin a  4 -6 2.2 220 0.20 0 .06
S arin a  7-9 2.2 220 0.20 0 .08
S arin a  10-12 2.2 220 0.20 -0 .0 2
S arin a  13-15 2.3 210 0.24 0 .00
C assu ar in a  1-3 3.3 105 0 .16 0.21
C assu ar in a  4-6 3.4 100 0.17 0 .25
C assu ar in a  7-9 3.4 100 0 .20 0 .06
C assu arin a  10-12 3.2 110 0 .25 0 .07
C assu a r in a  13-15 3.3 100 0.18 -0 .0 6

do m ina ted  flats, R T R  > 15). N one  o f  the 
beaches fell in category II with intermediate 
R T R  values 3-7. The two temperate South 
A ustra lian  beaches w ere  o f  the microtidal 
d issipative (barred dissipative - M asselink & 
Short 1993) type. The Q ueensland  beaches 
were  all m acro tida l and o f  three m o rp h o ­
d y n a m ic  types  acco rd in g  to M asse l in k  & 
Sho r t  (1993) ,  low  tide  te r race  (re f lec t ive  
u p p e r  sh o re  an d  w id e  d i s s ip a t iv e  lo w e r  
shore; M ackay  Harbour, Grass Tree), ultra- 
d i s s i p a t i v e  ( f a i r ly  f la t  a n d  f e a tu r e l e s s ;  
S a r in a )  an d  t ida l f la t  (C a s su a r in a ) ,  w ith  
R T R  increasing from  8 to 16 over this range.

H ow ever ,  o u r  ca lcu la t io n  o f  D ean s  p a ra ­
m eter  y ie lded  h igher  values (3 .2-7 .5)  than 
recorded by M asselink  & Short (1993) (0.6 - 
2 .4) ,  p la c in g  b o th  M a c k a y  H a r b o u r  and  
Grass Tree beaches into the ultradissipative 
category, a lthough both these beaches and 
Sar ina  ex h ib ited  p ro f i le s  o f  the  low  tide  
terrace type (Figs 4-6) a long our transects 
when we sampled.

Coorong  beach (Fig. 2) harboured  12 spe­
cies, which were concentrated  on the upper 
shore. Classification (at 70%  dissimilarity) 
analysis  suggested  three zones; a supra lit­
toral zone (levels 1-2) with d ipteran larvae
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Fig. 2: Beach profile and faunal distribution (Ín scale) on Coorong beach. Flags indicate sampling 
levels from 1 at the top of the shore to 15 at the swash line. Classification diagram group these 15 levels 
on the basis o f similarities in faunal assemblages.
P erfil de p lay a  y d is trib u c ió n  fau n ís tic a  (e sca la  en lii) en la  p laya de C oorong . L as banderas  ind ican  Ios n ive les  de m uestreo  
d esd e  1 en la pa rte  su p erio r de la  p laya  a  15 en la línea  de resaca. El d iag ram a  de c la sif icac ió n  ag ru p a  esto s  15 n iv e les  sob re  la 
base  de  s im ilitu d es  fau n ís ticas .

T A B L E  2

Physical and faunal attributes of six Australian beaches. Hb = breaker height,
Tide =  maximum spring tide range, Mn = mean sand particle size, Dean’s value is the 

dimensionless fall velocity (= breaker height/wave period X sand fall velocity), RTR = relative 
tide range (= mean spring tide range/breaker height), BSI = Beach State Index, 

abundance and biomass values are per running metre across each transect
A trib u to s  fís icos y faun ís tico s  de seis playas A ustra lianas. H b = a ltu ra  de la  ola, 

m a rea  = m áx im o  rango  m areal en  sic ig ia , M n = tam año  m ed io  de la  p a rtícu la , p a rám etro  de 
D ean (=  a ltu ra  de la  o la /p e río d o  de la o la x v e loc idad  de sed im en tac ión  de la  arena),

R T R  = rango  m areal re la tiv o  (= rango  m area l m edio  en s ic ig ia /a ltu ra  de la  o la),
BSI = Ind ice  del estado  de la p laya , valo res de abu n d an c ia  

y b iom asa  po r m etro  lineal a lo largo  de cada  transec to

B each /A ttribu te C oorong G oolw a M ackay
H arbour

G rass T ree S arin a C assu arin a

H h(m ) 1.3 2 0.6 0.4 0.5 0.3
T ide (m) 1.2 1.2 6 6.5 6.5 6.5
W ave period  (s) 12 12 5 5 5 5
Sand (m m ) 152 1.39 261 172 237 101
D e an 's  value 6.4 12 3.4 4 3.2 7.5
RTR 1 0.6 8 12 10 16
1 /s lope 23 21 28 38 33 44
B each w id th  (m ) 6.3 70 182 224 210 238
BSI 1.0.3 1.28 1.42 1.52 1.43 1.79
N um ber o f  spp. 12 12 15 20 22 30
A bundance  ( n r 1 ) 5 875 4 752 26 756 8 693 31 288 32 857
B iom ass ( g .n r 1) 21.3 5 45.3 2 208 559 1 880 234
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(T ip u l id ae ) ,  cu rcu l io n o id  w eev ils  and the 
isopod A ctaecia  thomsoni', a littoral zone on 
the upper  shore (levels 3-9) with the am- 
p h ipod  E x o ed ice ro id es  latrans, the isopod 
P se u d o la n a  c o n c in n a ,  th e  c la m  P a p h ie s  
e lo n g a ta  ( -  D o n a c illa  a n g u s ta )  and  the 
am p h ip o d s  U ro h a u sto riu s  m e tu n g i and U. 
h a le i  (n o t  d i s t i n g u i s a b le  d u r in g  s a m p le  
sorting); and a sublittoral fringe with Donax 
de l to id es  and  N ep h ty s  lo n g ip es  ex tend ing  
over the low er shore (levels 10-15). Juve­
niles o f  D. deltoides occurred  on the m id­
shore. P. elonga ta  and E. la trans  dom inated 
num bers  and P. elongata  dom inated  biomass 
(Table  3).

G oo lw a  beach (Fig. 3) harboured 12 spe­
cies and, a lthough classification (at 60%  dis­
s im ila r i ty )  ind ica ted  less c lea r  group ings ,  
three zones appear recognisable; a supralit- 
to ra l  z o n e  ( le v e ls  1-3) w ith  the  iso p o d  
P seudo lana  concinna; a  littoral zone on the 
m idshore  (levels 3-9) dom inated  by the po ly ­
chaetes H em ipodus  sp. and N ephtys longipes 
and the am ph ipods  U rohaustorius m etungi 
and U. halei; and a sublittoral fringe on the 
lo w er  shore  ( leve ls  10-15) d o m in a ted  by 
D on a x  delto ides. D. de lto ides  exhibited in­
traspecific  zonation, with adults on the lower 
shore and in the surf  zone and juveniles  in a 
band on the m idshore. The latter w edge clam 
com pletely  dom ina ted  the intertidal m acro­

fauna of  this beach in terms o f  abundance 
and biom ass (Table 3).

W h e r e a s  th e  tw o  t e m p e r a t e  b e a c h e s  
exhibited fairly smooth concave slopes, three 
o f  the four tropical beaches had breaks in 
slope; steep upper (swash dom ina ted  reflec­
tive) shores above broad dissipative terraces 
or  flats. W a te r  tab les  u su a l ly  in te rsec ted  
these beaches near the break in slope. In g en ­
eral the upper shores housed sparse faunas, 
whereas the terraces m aintained m any spe­
cies in abundance.

M ackay  Harbour beach supported  15 spe­
cies (Fig. 4), seven of which were  widely 
d istributed over the terrace. N o c lear pattern 
of  zonal segregation em erged  from  analysis 
o f  species  d is t r ib u t io n s  ac ross  the  shore . 
O cypodid  crabs  (O . co rd im ana ) charac teris­
ed the supralittoral (levels 1-3) with  juveniles  
o f  this species occurring lower down. The 
te r ra c e  w a s  d o m i n a t e d  by  h a u s t o r i i d s  
( U ro h austo riu s  spp.), but po lychae tes  and 
the c lam P aphies elongata  were also co m ­
m o n . A t th e  b o t to m  o f  th e  sh o re  g h o s t  
shrimps (C allianassa australiensis) and crabs 
(M atuta  sp), appeared. The isopod P seu d o ­
lana cocinna, typical o f  the upper littoral and 
supralittoral on the tem perate  beaches, again 
appeared  high in the littoral.  H a u sto r iid s  
d o m in a ted  faunal num bers  but M a tu ta  sp. 
contributed most to the b iom ass (Table 3).

N° m2
\0 0 - i

6.50-.

r 5.50-
0)
h 4.50-
Qi
O 3.50-
o.(0 2.50-
-o
Ö 1.50-
o
■*- 0.50-
a>> -0.50-1

drift line
water table

Psuedo/ona concinna

Hemipodus sp.

Urohaustorius metungi 
ond U halei

Miridae sp.

Donax deltoides

Nephtys longipes

Paphies elongata 
Neverita incei

Sigalion sp.

Banksia fasciata 

Ovalipes australiensis

5 10 15 20 25 30 35 40  45 50 55 60  65 70 

horizontal distance (m)

Fig. 3: Beach profile and faunal distribution on Goolwa beach with classification diagram. 
Perfil de  p lay a  y d is trib u c ió n  fau n ís tic a  en  la  p lay a  de G oo lw a con d iag ram a  de c la sificac ión .



4 5 8  McLACHLAN ET AL

— cr «5f
ir! ö

C co —

O O
IT, O
rf ir,

cr rr 
oo rt

— »r,

rr C
w 2-j c;

I I

E E

oO
Ó

rf er (N er o  er 
Ö  C'i c i

— er 
ir, o 
O  o

3
. c

ir, \C ir, — r -
r¡ c  O h  ^r, r) ^  N co c

^ — ri r, Tt \o h' oo O'
l l l l d l l Ú - C L l

rr rt- 0- ir, r-- 
n  o. cl a . a.

— <N er -̂f 
CÛ CÛ CQ QÛ

— Tt ir,
o  o  o

> • ~ 'o. ~
cr ï :  c/3 Û, ^

£ S3O =: ■? -ft ft. := *0 Ü ? —



A
bu

nd
an

ce
 

B
io

m
as

s 
A

bu
nd

an
ce

 
B

io
m

as
s 

A
bu

nd
an

ce
 

B
io

m
as

s 
A

bu
nd

an
ce

 
B

io
m

as
s 

A
bu

nd
an

ce
 

B
io

m
as

s 
A

bu
nd

an
ce

 
B

io
m

as
s 

Sp
ec

ie
s 

Co
de

 
(n

r1
) 

(g
.m

*1
) 

(n
r1

) 
(g

.n
r1

) 
(n

r1
) 

(g
.n

r1
) 

(n
r1

) 
(g

.n
r1

) 
(n

r1
) 

(g
.n

r1
) 

(m
*1

) 
(e

.m
'1

)

SANDY BEACH MACROBENTHOS 4 5 9

i/T r r  O
-  C 4 O ' ■

O  d
tT r '  ir,
—  <N  f "

o
d

oo
d
—  IT,

o  o 
d  d

l/“j IT, IT; in

o
O
o

OO O' rf  -Tf —
o  -d d

— OO

— r-j

r r  sC 
—

r -

r r  r r  cr 
r r  r r  rr  
ir, i/~, i/~,

m  r '  -  C  nD OO (N <N
b - d d

— r j
o  d

On o  i/“, rr  oc O  r-- rr  
oo O  r r  rr  oc oo rr-, i/-,

r r  O' nD — 
r r  — on O' 
— vC cT —

O  ON 
<N ^  — i/r

r  ri- o  h  X
or co oo oo on
z  z  z  z  z

— r )  r r  o  
<  <  <  <  <

—  C4 r r£ Q C Û Û
_ s

, — cn ^  ir, ^  r .  pj
O O O O g i S z

<

Q. Û.  C.  C.  •

* -§ O 3

H c/n , G a ï c D w i W

5 •= s ï  s—- u o  O O
*  £  c  c  c

. , w £  E ¿i
• ; ^  s  '•» ir* d c c cÍ Q O Ü O t S O O  5  Z D D 3

OJj ç* 
O •*- 
C

T
ot

al
 p

er
 

m
et

re
 

32
85

7.
23

 
23

3.
95

 
58

75
.0

0 
21

3.
14

 
47

52
.1

0 
54

53
.2

1 
86

93
.3

0 
55

8.
87

 
26

75
6.

01
 

22
08

.2
8 

31
28

7.
50

 
18

80
.3

6



4 6 0 McLACHLAN ET AL

MH
1
3 
2
4
5
9 

12
10
14
11 
13

6
7
8

15

N#,m:
100

6.50

5.50-

4.50-

3.50

2.50-

1.50- 

0.50 

0.50

drift line

Ocypode cordimana

Urohaustoris metungi 
and U. halei

Perinereis sp.

Donax faba 

Paphies elongata

Psuedoiana concinna 
Scolelepis carunculata and 
Dispio glabrilamellata
Glycera sp

Gastrosaccus sp 

Lobochesis bibronchafa 
Doowia dexteridae 
Callianassa australiensis

Matuta sp.

13 26 39 52 65 78 91 104 117 130143156169182 

horizontal distance(m)

Fig. 4: Beach profile and faunal distribution on Mackay Harbour beach with classification diagram. 
P erfil de p lay a  y d is trib u c ió n  fau n ís tic a  en  la  p laya  de M ackay H arbour con d iag ram a  de c la sificac ión .

Grass Tree beach (Fig. 5) had 20 species, 
w hich  exhib ited  patchy distributions verti­
cally and horizontally  and little clear zona­
tion pattern em erged  from the analyses. The 
steep upper  beach (levels 1-4) was occupied 
by the ghost crab O. cord im ana  (with ju v e ­
niles o f  this species ex tending lower on the 
shore), insects, the isopod Pseudolana concinna 
and the am phipod  D oow ia  dexteridae', the 
terrace (levels 5-11) was dom inated  by D. 
d e x te r id a e ,  a var ie ty  o f  p o ly c h a e te s ,  the  
a m p h ip o d  P la tysch n o p is  m ira b ilis  and the 
m ole crab A lbunea  sym m ista \ and the bar at 
the base o f  the terrace (level 13) was oc­
cupied by sand dollars and the polychaete 
G lycera  am ericana . H austoriids dom inated  
num bers , whereas the anem one A ctin iaria  sp 
dom ina ted  biom ass (Table 3).

Sarina beach (Fig. 6) supported 22 spe­
cies. O ther than for a sparse population of 
ghost crabs in the supralittoral (juveniles oc­
cu rr ing  lo w er  dow n)  all species  recorded  
cam e from  the terrace and most had wide 
distributions. Nevertheless the classification 
(at 85%  dissimilarity) analyses suggest some 
pattern: a supralittoral zone (levels 1-2) with 
O. cord im ana  (not recorded in the quantita­

tive samples); a littoral (upper terrace, levels 
3-6) with haustoriid am phipods, P seudolana  
concinna, D onax fa b a  and polychaetes; and 
a lower terrace (levels 7-15) o r  sublittoral 
fringe with polychaetes, crustaceans, urchins, 
the naticid C onuber conicus  and mole and 
sw im m m ing crabs. The classification hints at 
subdivision o f  the terrace, but separation is 
not distinct.  N u m b ers  w ere  h igh  and  d o ­
m inated  by haustoriid am phipods and po ly ­
c h a e te s  bu t  b io m a s s  w as  d o m in a t e d  by 
decapods, especially M atu ta  sp and A lbunea  
sym m ista  (Table 3).

Cassuarina beach (Fig. 7) had a smooth, 
wide (240 m) profile  and yielded 30 species 
in the quantitative samples. A lthough most 
species exhibited extensive intertidal distri­
butions, some zonation was evident in the 
classification (at 80% dissimilarity) diagram: 
adult  ghost c rabs  (not in the  q u an ti ta t ive  
samples) occurred in the supralittoral zone 
at level 1 which  was o therw ise  devo id  o f  
fauna; the upper  littoral zone ( levels 2-4) 
was dom ina ted  by the isopod P seudo lana  
concinna  with som e am ph ipods  and other 
species also present; and the rest o f  the shore 
was characterised  by a variety  o f  species,
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big. 5: Beach profile and faunal distribution on Grass Tree beach with classification diagram. 
P erfil de p la y a  y d is tr ib u c ió n  fau n ís tic a  en la  p laya  de G rass Tree con d iag ram a  de c la sificac ión .
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Fig. 6: Beach profile and faunal distribution on Sarina beach with classification diagram. 
Pei til de p lay a  y d is trib u c ió n  fau n ís tic a  en la p lay a  de S a rin a  con d iag ram a  de c lasificac ión .

m ostly  w ith  e x te n s iv e  d is t r ib u t io n s .  T he  
a b u n d a n t  fa u n a  w as  d o m in a te d  by p o ly ­
chaetes , hausto r i ids  and the ghost shrim p 
C allianassa austra liensis, the latter, together

with o ther decapods, contr ibu ting  m ost to 
biom ass (Table 3).

A bundance and biom ass values for sandy 
beaches can broadly be classified as follows:
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Fig. 7: Beach profile and faunal distribution on Cassuarina beach with classification diagram. 
Perfil de p lay a  y d is trib u c ió n  fa u n ís tica  en la  p laya  de C assuarina  con d iag ram a  de c lasificac ión .

abundance values < 1 000 m 1 are taken as 
low, 1 000  - 10 000  m '1 as m ed ium  and
> 10 000  n r 1 as high and for  biom ass < 100 
g . m 1 low, 100 - 1 000  g .m '1 m edium  and
> 1 000 g.m"1 high. On this basis the tem ­
perate  beaches and Grass Tree beach sup­
ported  m odera te  faunal abundance whereas 
the o the r  th ree  tropica! beaches supported 
high faunal abundance. All beaches support­
ed m odera te  b iom ass except Goolwa, where 
b iom ass was very high and M ackay  Harbour 
and Sarina where b iom ass was fairly high. 
D ivision o f  abundance and b iom ass values 
by beach widths reveals that three of  the four 
tropical beaches supported h igher densities 
(147, 39, 149 and 138 n r 2) than the tem ­
perate beaches (68 and 93 m"2). However, 
G oolw a beach (77.9 g.m"2) supported greater 
biomass per unit area than any o f  the tropi­
cal beaches (12.1, 2.5, 9.0 and 1.0 g .m -2) and 
C o o r o n g  (3 .4  g . m '2) w as  i n t e r m e d ia te .  
G o o lw a  b each  fa u n a  d isp lay ed  a g rea te r  
m ean individual size (1148 mg) because of  
the p resence  o f  num erous large Donax del­

toides, whereas the other beaches included 
more small (Coorong  34, tropical beaches 
83, 64, 60 and 7 mg) forms. M olluscs d o m ­
inated the tem perate  beaches (30% and 82% 
of numbers, 80% and 86% o f  biom ass) and 
c ru s ta c e an s  and  p o ly c h a e te s  th e  tro p ica l  
beaches (crustceans: 91%, 68% 71%  and 66% 
o f  num bers and 96%, 4% , 66%  and 53%  o f  
b iom ass; polychaetes: 5%, 19%, 17% and 
23% of numbers and 1%, 16%, 7% and 40%  
of biomass). Polychaetes were most diverse 
and abundant in the finest sands.

Faunal species richness, as m easured by 
the total n u m b e r  o f  species  reco rded  per  
beach (transect = 4.5 m 2), generally increased 
with increasing R T R  and BSI from  lowest 
values in the temperate beaches to highest at 
Cassuarina beach with 30 species (Table 2). 
A plot o f  these data  (Fig. 8) together with 
those  from  six o the r  b io g eo g rap h ic  areas 
(M cLachlan et al. 1993) reveals that the two 
te m p e ra te  b e a c h e s  and  M a c k a y  H a rb o u r  
closely fit the general trend but the o ther 
three tropical beaches, especially  Cassuarina,
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Fig. 8: Relationship between species richness 
recorded in beach transect surveys and BSI (see 
text). Each point represents one beach; after 
M clachlan et al. (1993) with values for the 
beaches in this study as open circles. The regres­
sion (line) for the original data is Y = 12.8X - 
3.5, r = 0.82.
R e la c ió n  e n tre  r iq u e z a  de  e s p e c ie s  re g is t ra d a  en  ca d a  
in u estreo  y "B S I"  (v e r tex to ). C ad a  pun to  rep re sen ta  una 
p laya  (según  M cL ach lan  et al. 1993). Los c írcu lo s  b lancos 
rep resen tan  las p layas de este  estu d io . L a  lín ea  de reg resión  
para  Ios da to s o rig in a le s  es Y = 12.8X - 3.5 , r = 0.82.

have e levated  richness. The scatter suggests ro
that above a BSI value o f  about 1.3, ie where "c
tides play a greater role, r ichness may in- .a
crease more rapidly than predicted by this 
regression model. A regression of  the data 
for these six Australian beaches only (Y =
24.8X  - 16.5, r = 0.90, p < 0.05) confirms the 
steeper increase in species richness over this 
part o f  the B SI scale (slope 24.8 versus 12.8 
for the original data).

A bundance  values exhibited a general in­
crease from  low to high BSI across this se­
ries o f  Australian beaches to a m axim um  at 
C assuarina  Beach. These data  conform  well 
to the regression developed by M cLachlan et 
aí. (1993) (Fig. 9), suggesting that abundance 
c o n t in u e s  to  in c re a s e  lo g a r i th m ic a l ly  as 
BSI increases. If  only the values for these 
six b ea c h e s  are co n s id e re d  no s ign if ican t  
regresión is obtained (Y = 2.66 + 1.05X, r =
0.68) but the trend is for a weak increase in 
a b u n d a n c e  f ro m  C o o r o n g  to C a s s u a r in a  
(slope 1.05 versus 2.55 for the original data).

Beach width increases linearly over this se­
ries from  C o orong  to C assu a r in a  beaches  
while abundance increases logarithm ically , 
thus the increase in faunal density.

B iom ass was greatest at G oolw a, M ackay  
H arbour and Sarina, in the center  o f  this se­
ries and lowest at Coorong and Cassuarina. 
W hen  plotted together with the da ta  from  
M cLachlan  et al. (1993) (Fig. 10) the values 
for these beaches fall w ith in  the recorded 
range. If  only these six beaches are consider­
ed, the trend is for total b iom ass to increase 
from Coorong  (BSI = 1.03) to G oolw a (BSI 
= 1.28) and then decrease to C assuarina  (BSI 
= 1.79). A regression of  log b iom ass against 
BSI for these six beaches is not significant 
(Y = 3.41 - 0.31X, r = 0.14). H ow ever,  a 
highly significant fit is obtained if Coorong  
is omitted (Y = 7.15 - 2.72X, r = 0.96, p = 
0.01), this showing a steep drop in b iom ass 
(slope - 2.72) from  G oo lw a  to C assuar ina  
beaches.
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Coorong GT4
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0
210

Beach State Index
Fig. 9: Relationship between abundance of beach 
fauna per lrn transect and BSI. After McLachlan 
et al. (1993) with values for the beaches in this 
study as open circles. The regression (line) for 
the original data given by M cLachlan et al. 
(1993) was incorrect and is correctly given by Y 
= 0.39 + 2.55X, r = 0.77.
R elac iones en tre  ab u n d an c ia  de la  fau n a  de la  p lay a  p o r lm  
de transec to  y "B S I” (v e r tex to ). C írcu lo s  neg ros c o rre sp o n ­
den a  datos de M cL ach lan  e t al. (1993); Ios c írc u lo s  b lancos 
a las p layas de este  estud io . L a  línea  de reg res ió n  p a ra  Ios 
da to s o rig inales  fue  inco rrec ta ; la  co rrec ta  es Y =  0 .39  + 
2.5SX , r = 0.77.
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Fig. 10: Relationship between biomass of beach 
fauna per lm transect and BSI. Solid circles data 
from McLachlan et al. (1993) with values for 
beach es in this study as open circ les. The 
regression  (lin e) for the original data was 
incorrect and is correctly given by Y = 2.12X - 
0.34, r = 0.69.
R elac io n es  en tre  b io m asa  de la fauna  de la  p lay a  po r 1 m de 
tra n sec to  y "B S I” (v e r tex to ). C írcu los  negros co rresponden  
a d a to s  de M cL ach lan  e t al. (1993); Ios c írcu lo s  b lancos a las 
p layas de e s te  e stu d io . L a  línea  de reg res ión  para  Ios datos 
o rig in a le s  fue inco rrec ta ; la c o rrec ta  es Y = 2 .12X  - 0 .34 , r = 
0 .69 .

D IS C U S S IO N

I f  latitudinal differences are ignored, the six 
sites form  a rough series (Table 2) with in­
c r e a s in g  w id th s ,  d e c r e a s in g  s lo p e s  and 
in c re a s in g  B S I  v a lu e s  f ro m  C o o ro n g  to 
Cassuarina  beaches. D e a n ’s values show a 
less c lear trend because o f  the opposing in­
fluences o f  w ave energy and sand particle 
size. A  key part o f  the estimation of  D e a n ’s 
p a ra m e te r  lies in the  va lue  for  sand fall 
velocity. The fall velocities that we obtained 
in our settling tube were well above those for 
s im ila r  s ized  par t ic les  as listed by G ibbs 
et al. (1971). O ur  use o f  values from  Gibbs 
ra the r  than ou r  d irec tly  m easu red  settling 
velocities  has therefo re  resulted  in h igher 
D eans values (by a factor o f  two) and con ­
sequently  h igher  B SI values. W e did this 
deliberately  because  pub lished  inform ation 
with which we com pared  our data had used 
values from G ibbs (Figs 8-10). The com pa­

risons o f  trends in faunal r ichness ,  ab u n ­
dance and biom ass with beach type are thus 
on the sam e scale , w h e rea s  ou r  ab so lu te  
values for D ean ’s param eter  m ay be high. 
Additionally, since we used m ean sand grain 
sizes across the entire shore, w hereas M a s ­
selink & Short (1993) used only values from  
high tide levels, where  the sand is coarser, 
this may further increase our D e a n ’s values 
relative to theirs.

BSI values for these six beaches suggest a 
slightly different interpretation to that o f  M c- 
Lachlan et al. (1993) in c lassifying beaches 
according to this index. Reflective beaches 
occur only in microtidal regim es and have 
BSI values < 0.6; values 0.6 - 1.0 indicate 
intermediate beaches in micro- or mesotidal 
regimes, values 1.0 - 1.5 indicate dissipative 
and h igh  en e rg y  in te rm e d ia te  b e a c h e s  in 
micro/mesotidal regimes, w hereas values > 
1.5 signify mesotidal to macrotidal diss ipa­
tive to ultradissipative states to tide dom ina t­
ed flats. It is unlikely that any beach would 
score in excess of  2.0 and thus m ultip lica­
tion of  this index by five m ay be useful in 
creating a simple ten point scale o f  beach 
types. A su g g es ted  c la ss if ic a t io n  on th is  
scale is illustrated in Fig. 11. Further w ork 
on a w ider range o f  beach types will enable 
refinement o f  this index and scale.

Sand particle sizes showed a trend unusual 
for exposed beaches (Brow n & M cLachlan  
1990): decreasing downshore, especially  on 
C o o ro n g ,  G o o lw a ,  M a c k a y  H a rb o u r  and  
Sarina  beaches. C oarser  sand at high tide 
leve ls  on th e se  b e a c h e s  is in d ic a t iv e  o f  
reflective conditions in these areas and the 
p red o m in an ce  o f  sw ash  p ro cesse s  on the 
upper beach faces as opposed  to shoaling 
w a v e  e f f e c t s  o v e r  th e  l o w e r  s h o r e s  or  
terraces (M asselink & Short 1993).

The beaches  covered  in this s tudy fall 
into two distinct categories w ithout any inter­
m ediate forms: temperate, microtidal diss ipa­
tive and tropical macrotidal low tide terrace 
to tidal flat beaches. This creates the problem  
o f  ascribing differences in their faunal c o m ­
m u n i t ie s  u n e q u iv o c a l ly  to la t i tu d in a l  o r  
m orphodynam ic  effects. This p rob lem  was 
reso lv ed  by p lac in g  the  b e a c h e s  a t  the ir  
respec tive  pos i t ions  on a m o rp h o d y n am ic  
continuum  and com paring  trends (Figs 8 - 
10). T h is  c o m p a ra t iv e  a p p ro a c h  sh o w e d



SANDY BEACH MACROBENTHOS 4 6 5

0

T
1

T
2  3

▼ T
4

T
5

T
6

T
7

T
8

T
9

T
10

BSI X 5

wave
dominated

mixed

tide 
^dominated

reflective , intermediate , dissipative

intermediate' dissipative

intermediate
ultra tidal 

dissipative flat

Fig. 11: Suggested classification of beach types against the BSI scale (see text). 
C la sif ica c ió n  su g erid a  de tipos  de p layas versus e sc a la  “ B S I” (ver tex to ).

microtidal

mesotidal

macrotidal

species richness to increase greatly from the 
tem perate  microtidal to the tropical m acro­
tidal b each es .  F urther ,  the six A ustra l ian  
b e a c h e s  e x h ib i t e d  a s te e p e r  in c re a s e  in 
species r ichness than micro- and mesotidal 
beaches previously  exam ined. In addition to 
this a study o f  species/area curves for these 
six beaches (Jaram illo  et al. 1994) indicated 
that sam pling  m issed  a significant p ropor­
tion o f  spec ies  on the  m acro tida l beaches 
(especially C assuarina) but not on the m icro­
tidal beaches. The  increase in richness from 
the tem perate  to tropical beaches may there­
fore be considerab ly  greater than recorded 
here. It thus appears  that species richness 
not on ly  c o n t in u e s  to inc rease  across  the 
spec trum  o f  beach  types tow ards the tide 
dom inated  sand flat, but in fact accelerates.

T here  is no indication from  the trends in 
the Austra lian  beach  data  that diversity is 
low er in the tropics than tem pera te  areas; 
rather it seem s that diversity may be higher 
than the general trend, but it is not possible 
at this stage to determ ine  to what extent this 
is due to the different beach types and the 
increased role o f  tides and to what extent it is 
due to latitude. O ur  results therefore refute 
the hypothesis  o f  low er diversity on tropical 
beaches: all four tropical beaches supported 
more species than the two tem perate  beaches. 
The good fit o f  da ta  sets from  a variety of  
la t i tu d es  on fo u r  c o m t in e n ts  to a s ing le  
regression  m odel o f  species r ichness as a 
function only o f  beach type (Fig. 8) implies 
that species richness o f  intertidal sand co m ­
m unities is primarily  determ ined  by m orpho­

dynam ic  type  and its con tro l l ing  physica l  
factors, sand particle size, wave energy and 
tide range. The role o f  latitude is probably 
less than  tha t  o f  t ides ,  bu t  can  o n ly  be 
deciphered by com parison o f  sim ilar series 
o f  b e a c h  ty p e s  f ro m  d i f f e r e n t  la t i tu d e s .  
Current studies com paring tem perate  and tro­
pical areas in A frica  and South A m erica  and 
A u s tra l ia  sh o u ld  a n sw e r  th is  in the  n e a r  
future.

A bundance  increased over  the range  o f  
beaches studied here in accordance with the 
regression model o f  M cLachlan  et al. (1993). 
However, the trend o f  increasing abundance 
for this Australian data set alone was not as 
steep as for the earlier data  set, a lthough the 
difference was not significant. The Q ueens­
land beach data  do not there fo re  ind ica te  
that the trend o f  logarithm ically  increasing 
a b u n d a n c e  w i th  l in e a r  in c r e a s e  in B S I  
changes under  m acrotidal conditions. This 
logarithm ic  increase  in abun d an ce  w ith  a 
l i n e a r  i n c r e a s e  in b e a c h  w id th  is a l s o  
reflected in the finding that densities doubled 
on average from the tem perate  to the tropical 
beaches.

Biomass did not increase with BSI across 
these  A u s tra l ian  b each es .  All v a lu es  fell 
w i th in  the  r e c o rd e d  r a n g e  w h ic h  sh o w s  
beach faunal biom ass to be extrem ely  varia­
ble (Fig. 10). In fact, the significant negative 
trend in biom ass across the five Australian 
beaches with BSI values above 1.2 suggests 
that biom ass may peak in m icro-/m esotidal 
beaches  and d ec rease  to w ard s  m acro t id a l  
regimes. G oolw a was close to the m ax im um
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r e c o rd e d  v a lue  for  beach  b io m ass  which  
appears to have a ceiling around 5 x IO3 g. 
n r 1 (this study, M clachlan  et al. 1993).

Several interesting trends em erged in the 
zonation patterns o f  individual species. D onax  
delto ides  exhibited  size related zonation, j u ­
veniles apparen tly  recruiting  h igher on the 
shore than  adults .  A sim ilar  situation has 
been described for a closely related species, 
D. serra , on the west coast o f  South Africa 
(Bally 1983). H ow ever, in warm er waters D. 
serra  adults occur higher on the shore and 
juveniles  lower down (Donn 1990) and D. 
delto ides  m ay do the same in w arm er parts of 
its range. The dow nw ard  shift o f  adults in the 
South African species in colder waters may 
be a co nsequence  o f  depressed  burrow ing 
rates at low er tem peratures and thus inability 
to m aintain  position in the dynam ic swash 
conditions on the h igher shore (Donn & Els 
1990). O cypode cord im ana  displayed the op­
posite pattern on the Q ueensland beaches, j u ­
veniles occuring on the midshore and adults 
in the supralittoral.

Som e species com m on to both the tem pe­
rate and the tropica] beaches displayed shifts 
in zonation: the high shore isopod Pseudolana 
c o n c in n a  o c c u p i e d  an  a lm o s t  s u p r a l i t ­
toral position (at and above the drift line) on 
the tem pera te  beaches but occured  in the 
upper littoral below the drift line on the tro­
p ica l  b e a c h e s ;  the  h a u s to r i id  a m p h ip o d s  
U ro h a u sto riu s  spp. occurred  in the upper 
l i t to ra l  j u s t  b e lo w  the  d r i f t  line  on the 
tem perate  beaches but extended downshore 
to the  su b l i t to r a l  f r in g e  on the tro p ica l  
beaches; and the bivalve Paphies elongata  
occupied the upper littoral on the temperate 
beaches but extended dow n across the entire 
shore  to the sw ash  zone  on the trop ica l 
b e a c h e s .  T h e s e  d o w n w a r d  sh if ts  in the  
tropics are probably  in response to higher 
tem peratures and greater desiccation o f  the 
sand on the upper shore.

T h e  c l a s s i f i c a t i o n  a n a ly s e s  f a i l e d  to 
d e m o n s tra te  four  faunal zones on any of 
these beaches and in two cases even three 
zones  w ere  d iff icu lt  to d is tingu ish .  S ince 
G oo lw a  and C oorong  are two points 150 km 
a p a r t  on a c o n t in u o u s  d is s ip a t iv e  beach , 
and differ only in wave energy and particle 
size to a small extent, the ir  zones should 
correspond. Although neither site exhibited

ex trem ely  c lear  zona tion  w e su gges t  that 
they may share three zones in com m on: a 
supra l i t to ra l  zone  in h ab i ted  by insec ts ,  a 
littoral zone with haustoriid am phipods and 
the bivalve P aphies e longata , and a lower 
zone  ex ten d in g  in to  the su b l i t to ra l ,  w ith  
D o n a x  d e lto id e s  d o m in a n t ;  the  c i ro la n id  
isopod P seudolana  concinna  occurs at the 
junction  between the supralittoral and littoral 
zones.

On the tropical beaches the pattern is more 
com plex . The reflec tive  u p p e r  beach  su p ­
p o r ts  an im p o v e r i s h e d  f a u n a ,  p r im a r i ly  
ocypodid crabs, and can be term ed the supra­
littoral zone. Below this, because o f  the high 
position of  the w ater table, the broad  terrace 
is sa tu ra te d ,  r e s u l t in g  in l i t t le  m o is tu re  
gradient across the rest o f  the shore. The 
bottom  o f  the upper  beach and the upper  
terrace  consti tu te  a littoral zone  w ith  the 
isopod P seudolana concinna , haustoriids and 
other species. A lower zone with m any spe­
c ies , n o tab ly  d e c a p o d  m o le  c rab s ,  g h o s t  
shrimps and sw im m ing crabs, spans most o f  
the terrace. In a seasonal study o f  a tropical 
m esotidal sand flat near  S ingapore  V ohra  
(1971) recorded exceptional species richness, 
140 species, but zonation difficult to charac­
terise.

In both the temperate and tropical cases 
z o n a t io n  c o r r e s p o n d s  ro u g h ly  to D a h l ’s 
(1952) tripartite scheme, which identifies a 
supralittoral zone by the presence o f  talitrid 
am phipods or ocypodid  crabs, a m idshore  
zone with cirolanid isopods and a lower shore 
with m any species. N o n e  o f  the b each es  
d isplayed any pattern which could be related 
back to Salvat’s (1964) four moisture zones 
o f  dry sand (= supralittoral) ,  re ten tion  (= 
littoral), resurgence and saturation (= lower 
shore) .  W e  e m p h a s ise  tha t  the  in te r t id a l  
distribution patterns described and discussed 
in this paper are for the low tide period only 
and many species populations shift upshore 
on the rising tide.

The macrotidal beaches were d is tinguish­
ed  f ro m  the  m ic ro t id a l  b e a c h e s  in th is  
survey by the presence o f  species estab lish­
ing sem i-p e rm an en t  burrow s (C a llia n a ssa  
austra liensis) and forms with low mobility 
(sand dollars, anem ones) .  A n em o n es  have  
also been recorded in surveys o f  low energy, 
t id e  d o m in a t e d  s a n d y  s h o r e s  by  V o h r a
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(1971) and Peterson  & B lack (1986). A p ­
p a r e n t ly  s u f f i c i e n t  s u b s t r a te  s t a b i l i ty  in 
m ac ro t id a l  co n d i t io n s  a l low  addition  o f  a 
small suite o f  relatively im m obile  forms to 
the normal com plem ent o f  highly motile spe­
cies typical o f  sandy beaches. This addition 
both adds to species richness and provides 
scope  fo r  g rea te r  c o m m u n i ty  com plex ity ,  
biological s tructure and interspecies interac­
tions on the tide dom inated  beaches.

W e conclude from  this study that m acro­
t ida l  b e a c h e s  su p p o r t  m o re  sp e c ie s  rich 
faunas than their microtidal counterparts, that 
tropical beaches are not poorer  in species 
than tem perate  beaches o f  similar m orpho­
dynam ic  types and that it is not possible to 
d istinguish more than three distinct zones on 
sandy beaches over a very wide range of  
conditions. W e suggest that the attainment of 
high diversity , likely increased stability o f  
the substra te  and the p resence  o f  species 
constructing sem i-perm anent burrows on the 
m ac ro t id a l  b e a c h e s  are  c o n d i t io n s  w hich  
in d ic a te  tha t b io lo g ic a l  in te rac t io n s  m ay 
begin to play a greater role in com m unity  
o r g a n i s a t i o n  th a n  on  w a v e  d o m in a te d  
microtidal beaches.
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