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ABSTRACT: Fea tu res  of overall sw ash  climate w ere  exam in ed  over a ran g e  of b e ac h es  including 
reflective, in te rm ed ia te  a n d  dissipative types. Both reflective a n d  dissipative b eac h es  have  swashes,  
with respectively  short  a n d  long periods,  th a t  cross the effluent line or g ro u n d w a te r  table  outcrop at all 
states of the  tide. In te rm ed ia te  b e ac h es  ex p er ien ce  more sw ashes  crossing the  effluent line at h igh  tide. 
Total sw ash  u p w a sh  is g rea tes t  on in te rm ed ia te  b each es  w h e rea s  the f requency  of u p w a sh e s  reach in g  
u n sa tu ra ted  sand  above  the  effluent line is g rea tes t  on reflective beaches .  The  3 b e a c h  types are well 
s e p a ra ted  on the  basis of total u p w a sh  d is tance  as a p e rce n ta g e  of in tertidal distance,  this be ing  95 to 
125 % on reflective b eaches ,  25 to 55 % on in te rm ed ia te  an d  7 to 35 % on dissipative b eaches .  Similarly, 
reflective b eac h es  are m a rk e d  by 2 to 5 effluent line crossings m in -1 as opposed  to 0 to 2 for 
in te rm ed ia te  a n d  0 to 1 for dissipative  b each es .  M an y  features  of sw ash  climate show  good  correlations 
with b e ac h  slope a n d  m orp h o d y n am ic  s ta te  b u t  not with  wave  energy. All b each  types exhibit  similar 
proportions of sa tu ra ted  vs u n sa tu ra ted  sand, this be ing  5 to 30 % at low tide and  80 to 95 % at h igh  tide. 
It is concluded  tha t  ch an g e s  in the  dynam ics  of the  effluent line and  sw ash  climate from reflective to 
dissipative b e ac h  types m ay  be  responsib le  for c h an g es  in interst itial conditions a n d  the types of 
m acro fauna  inhab i t ing  the  d ifferent b eaches .

INTRODUCTION

The dynam ics an d  position of the  effluent line, which 
separa te s  sa tu ra ted  and  u n sa tu ra te d  sand, on sandy  
b eaches  are of g rea t  im portance  bo th  physically  and  
ecologically in tha t  they can  de te rm ine  the  ex ten t  of 
sw ash  w ate r  filtration th rough  a par t icu lar  beach  
(McLachlan 1982) an d  the  point above  w hich  m a cro ­
fauna are unab le  to burrow. The surface of the  b ea ch  
face dow nshore  of the  effluent line is sa tura ted ,  giving 
the 'glassy layer' com m on to sandy  beaches .  The  sw ash  
is able to p en e tra te  the b ea ch  face only w h e n  it flows 
over u n sa tu ra te d  sand  above the  effluent line. This 
infiltration of the sw ash  into the  sand  creates  a local­
ised rise in the w a te r  table level, an d  h en c e  the effluent 
line moves up  the b ea ch  face (W addel 1976). S e e p a g e  
causes a co rresponding  fall of the w a te r  tab le  an d  a 
re trea t  of the effluent line dow n the  beach , though  
the re  is a t ime lag in both  of these  responses. Individual 
sw ashes cause w ate r  table fluctuations in the im m ed i­
ate vicinity of the sw ash  zone w h erea s  long s tand ing  
waves or tides are of la rger  m a g n itu d e  an d  are t ra n s ­
m itted further into the b e a c h  (W addel 1976). Further  
information on these  sw ash  zones is g iven in M cArdle 
& M cLachlan (in press).

The m echan ism  and  m e asu rem en t  of sw ash  w ate r  
filtration w ere  first descr ibed  by Riedl (1971) and  Riedl 
& Machari (1972), who show ed  it to be  significant in 
processing large volum es of seaw ate r  th rough  sandy 
beaches.  Subsequently ,  M cLachlan (1979, 1982, 1989) 
a n d  M cLachlan et al. (1985) quantif ied  these  inputs 
over a range  of b eaches  in South Africa, W estern  
Australia an d  North America. The gene ra l  t rend  is an  
increase  in the volume of w a te r  filtered an d  a dec rease  
in res idence  time from flat dissipative to s teep  ref lec­
tive beaches .  Further, the prim ary  driving force 
c h anges  from tide - induced  to w ave-induced .  Infiltra­
tion only occurs above the  effluent line or sa tu ra ted  
sand  and  thus reflective bea ch e s  w ith effluent lines and  
w ate r  tables at low tidal levels filter the  g rea tes t  vol­
umes. Centra l to this m odel is the  slope as key  distin­
gu ish ing  feature b e tw e e n  b e a c h  types (McLachlan 
1990).

Both the interstitial fauna  an d  the m acrofauna  of 
sandy  b eaches  are directly affected by the sw ash  p ro ­
cesses: the former by infiltration, w hich  is responsible 
for f lushing oxygen  and  organics into the sand  (McIn­
tyre et al. 1970), an d  the  la tter  by  the sw ash  dynam ics 
and  the  position of the effluent line, w hich  influence 
tidal migrations an d  bu rrow ing  (Shepherd  1985,
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M cLachlan 1990). The m acro fauna  occupy a dynam ic 
hab i ta t  and  the position of th e  effluent line is of p a r t icu ­
lar im portance to burrow ing  organism s such  as the 
bivalves D onax  an d  Bullia spp. D onax  spp. for e x a m ­
ple, are u n ab le  to bu rrow  into u n sa tu ra te d  sa n d  (Ansell 
& T ruem an  1973). The position of the effluent line, 
therefore, limits their  tidal migration.

Research on the  intertidal zonation of m acrofauna  on 
sandy  beaches  has  a t tem p ted  to isolate the  factors 
affecting the distribution of m acro fauna  (Salvat 1964, 
1966, 1967, Bally 1983). How ever, the distribution and  
a b u n d a n c e  of m acrofauna  have  not b e e n  re la ted  to the 
dynam ic properties of a sandy  beach , w ith the  e x c ep ­
tion of the study of S h ep h e rd  (1985). He ex a m in e d  the 
d istribution of the  sou thern  mole crab H ippa australis 
in relation to tide, inc iden t w aves  and  sw ash  in te rac ­
tions, as well as to ch a n g es  in b e a c h  face morphology. 
Ansell & T ru e m a n  (1973) l inked  the  buria l sp e ed  of 
D onax  spp. to the sw ash  period. On steep  b ea ch e s  with 
short sw ash periods D onax  spp. tend  to ad o p t  a m uch 
faster burial ra te  th a n  on more gently  sloping beaches.

Bally (1983) a n d  M cLachlan  (1983) a t tem p ted  to 
compile a gene ra l  p ic ture of how  ab u n d a n c e  an d  d iver­
sity w ere  linked  w ith  the  dynam ics or m orphodynam ics 
of sandy  beaches.  M cLachlan  et al. (1981) ob ta ined  
significant correlations b e tw e e n  m acro fauna  species 
richness and  ab u n d a n c e s  a n d  bo th  grain  size and  
b ea ch  slope. In a more rec en t  study, M cLachlan  (1990) 
ex p a n d ed  this to a g lobal m ode l an d  conc luded  tha t the 
type of fauna deve lop ing  on a b e a c h  is primarily  d e te r ­
m ined  by the  total sw ash  'climate ' of the  b e a c h  face.

The aim of the p rese n t  s tudy  w as  to quantify  the 
dynam ics of the  effluent line in association w ith  g e n ­
eral sw ash  characteristics over a tidal cycle for a range  
of b ea ch  types. We also h o p e d  to dem ons tra te  the 
relationship b e tw e e n  the sw ash  climate an d  the 
dynam ics of the  effluent line w ith  chang ing  physical 
conditions, an d  to assess the  proportion  of sa tu ra te d  or 
unsa tu ra te d  b ea ch  at different s tages  of the tide. It was 
h o p ed  that the  findings of this s tudy w ould  explain 
some of the varia tion of b e a c h  m acro fauna  com m unity  
structure. A previous p a p e r  (McArdle & M cLachlan  in 
press) concen tra ted  on individual swashes; he re  we 
exam ine the total sw ash  patterns.

STUDY AREAS

Beaches. Field da ta  w ere  collected in 2 g eograph ica l  
a reas  -  sou thern  Africa a n d  th e  w est  coast of the  USA. 
D etailed information of s tudy  sites is inc luded  in M cA r­
dle & M cLachlan (in press). T en  b ea ch e s  from the la tter 
s tudy w ere  se lec ted  as rep resen ta t ive  of reflective, 
in te rm edia te  and  diss ipative (Short & W right 1983) 
conditions. Reflective bea ch e s  are steep w ith  coarse

sand  and  low w ave  energy, no surf zones a n d  often 
small tide ranges.  Dissipative b eaches  are flat with fine 
sand, h igh  w ave energy, w ide surf zones a n d  often 
la rge tide ranges. In term edia te  bea ch e s  fall be tw e en  
these  2 extremes. The reflective a n d  in te rm ed ia te  
b eaches  w ere  located  in South Africa a n d  the  d iss ipa­
tive beaches  in the  USA. The b eaches  w hich  had  bee n  
sam pled  most frequently  in the initial s tudy (McArdle & 
M cLachlan in press) w ere  chosen in this study.

The b eaches  se lec ted  were: ST1 & 2 (reflective); BF1 
& 2 and  SRI, 2 & 5 (intermediate); an d  TM2 an d  WR1 & 
2 (dissipative). The  reflective b e a c h  w as  located  on the 
w est  coast of South Africa an d  all the in te rm ed ia te  
beaches  on the south coast. S tom pneusbaa i  (ST) occurs 
with in  the  confines of St. H e lena  Bay an d  is a small 
she lte red  b ea ch  well p ro tec ted  from w esterly  and  
southerly swells. BF1 is located  2.5 km  and  BF2 250 m 
from the she lte red  sou thw est  corner of Buffalo Bay, BF1 
b e ing  the more exposed  of the 2 sites. SR is located  in 
Algoa Bay an d  is sub jec ted  to strong w ave  action with 
w aves  b rea k in g  200 to 300 m offshore (Wendt & 
M cLachlan 1985). South  African tides are sem idiurnal 
with a m e a n  spring r an g e  of 1.6 m (McLachlan et al. 
1981) and  a m ax im um  of 2.1 m. The b ea ch e s  on the 
O regon  coast in the  nor thw est  USA are  modally  d is­
sipative, facing directly into the N orth  Pacific. 
Threem ile  Beach  (TM) is a very exposed  b each  and  
Whisky Run (WR) less exposed, bo th  s i tuated  in sou th ­
ern Oregon. Tides are mixed, with a m ax im um  daily 
ran g e  of 3.6 m an d  a m e a n  ran g e  of abou t 2 m (Komar 
et al. 1976).

METHODS

At each  site a transect w as set up  p erpend icu la r  to 
the  shoreline. The  limits of the  transect w ere  the  prev i­
ous h igh  w ate r  m ark  a n d  a point be low  low water. 
N u m b ere d  poles 2 m long w ere  erec ted  a t 5 m intervals 
and  1 m long poles at 1 m intervals. The  sw ash  was 
m e asu red  continuously for 15 min p er  hour  over a tidal 
cycle (12 h) by recording the  time an d  position of the 
sw ash  line on the  transect. The time a n d  position at 
which  sw ashes crossed  the  effluent line w ere  also 
noted.

C oncurren t  w ith  the sw ash  m easurem ents ,  w ave 
he igh t an d  period an d  w ind  sp e e d  a n d  direction w ere  
recorded  at hourly intervals. The b e a c h  profile was 
surveyed  from h igh  w ate r  to b elow  low w ate r  a n d  grain 
size analysis w as  carried  ou t on sam ples  from low, mid 
and  h igh  tide. Sw ash  zone slope w as  calcu la ted  for 
each  hour of the tidal cycle from the b e a c h  profile and  
sw ash  limits for each  period. Sw ash  sp e e d  w as esti­
m a ted  from sw ash  dis tance and  time.

Swash profiles for 3 b eaches  rep resen t in g  the 3 main
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b ea ch  types w ere  p lo tted  to give a gene ra l  v iew  of the 
sw ash  climate on each  b ea ch  type. The  da ta  u se d  in the 
rest of the s tudy inc luded  the  sw ash  d is tance read ings  
and  the  effluent line crossings. The  variables  u se d  are 
listed below  and  will herea f te r  b e  re ferred  to by their 
abb rev ia ted  titles.

U pwash distance: the sum  of u p w a sh  d is tances for all 
swashes.

Unsaturatecl upw ash: the sum  of the d is tances of the 
upw ashes  which  occurred  on u n sa tu ra te d  sand, i.e. 
above the effluent line.

% unsa tura ted  upw ash: total u n sa tu ra te d  u p w a sh  as 
a pe rc en ta g e  of total u p w a sh  distance.

U pwash to in tertidal: total u p w ash  d is tance  per 
m inute  as a p e rc en ta g e  of the  in ter tidal d istance. The 
latter was calcu la ted  as the  d ifference b e tw e e n  the 
u p p e r  an d  lower limits of the  sw ash  during  a particular  
tidal cycle.

U nsaturated  upw ash  to intertidal: total u pw ash  
crossing un sa tu ra te d  sand  p er  m inu te  as a p e rc en ta g e  
of the intertidal.

E fflu en t line crossings: n u m b e r  of times the  up w ash  
crossed the effluent line per  minute.

The above variables w ere  p lo tted  aga in s t  Dean 's  
p a ram ete r  (Q; D ean  1973), b e a c h  slope a n d  w ave 
height. Q is ca lcu la ted  using  w av e -se d im e n t  c h a rac ­
teristics. This d im ensionless  p a ra m e te r  is def ined  as 
[wave he igh t (cm)/settling velocity (cm s “ 1) x w ave 
period(s)]. W right et al. (1982) have  defined  b ea ch e s  in 
sou thern  Australia as dissipative w h e n  Q > 6, as in te r ­
m edia te  w h e n  Q is b e tw e e n  1 a n d  6 an d  as reflective 
w h e n  Q <  1. The  sam e criteria w ere  u se d  in this study 
with the  exception tha t  ST1, w hich  h a d  an Q value  of 1, 
was considered  reflective, a n d  TM2, w ith  an  Q value  of 
6, w as considered  dissipative. The reason  for this se lec­
tion w as  that ST is reflective an d  T M  dissipative most of 
the time. Linear, multiplicative, exponen tia l  and  rec ip ­
rocal regression m odels w ere  fitted for each  pair  of 
variables. For consistency the linear  m ode l was 
se lec ted  in each  case w ith  the  exception  of 2 cases 
w here  other m odels p rov ided  significantly m uch  bet ter  
fits th a n  linear models.

The p erc en ta g e  of u n sa tu ra te d  an d  sa tu ra ted  beach  
was calcu la ted  from the  a re a  of b e a c h  above or below 
the effluent line as p lo tted  on the sw ash  profiles for 5 
b eaches  rep resen ting  a ran g e  of b e a c h  states. The 5 
bea ch e s  (ST1, BF2, SR2, TM2 a n d  WR1) gave  a range  
of Q b e tw e e n  1.0 an d  9.4. T he  effluent line in this case 
was ta k en  as the lead ing  e d g e  of the swash.

RESULTS

Fig. 1 illustrates the  gen e ra l  t rend  in the sw ash  pro­
files an d  effluent lines of bea ch e s  rep resen t ing  3 mor-

p hodynam ic  types: reflective (ST1), in te rm ed ia te  (SR2) 
and  dissipative (WR1). Profiles for low, mid a n d  high 
tide have  b ee n  inc luded  excep t for ST1 a n d  SR2, w here  
mid tide values are omitted  due  to the  overlap  of the 
sw ash profiles with those from low an d  h igh  tide. The 
reflective b ea ch  is charac ter ised  by short, f requen t 
sw ashes (Fig. 1A) and  an  intertidal zone 30 m wide. 
The ja g g ed  curve shows the  chang ing  position of the 
boundary  be tw e en  the su b a q u eo u s  a n d  the subaeria l 
parts of the beach. For exam ple , on the ebb  tide the line 
of outcrop of the w ate r  tab le  slowly shifts se aw ard  bu t 
is in te rmittently  m oved la n d w a rd  aga in  w h e n  a sw ash 
runs further up the beach. The effluent line closely 
follows the u p p e r  sw ash profile, w ith most sw ashes 
ei ther reach ing  or crossing the  effluent line.

SR2, an  in te rm ed ia te  b e a c h  type (Fig. IB), differs 
from the reflective b ea ch  in tha t  the sw ashes  are longer 
and  less frequen t and  the intertidal zone is ca 90 m 
wide. The position of the effluent line ap p e a rs  to be 
more stable and  is in f luenced  by few er sw ashes  at h igh 
tide an d  none  at low tide.

O n the dissipative b e a c h  (Fig. 1C) the  sw ashes  are 
longer and  less frequen t than  on the other bea ch e s  and  
the in tertidal is wider, in this case 270 m. The response  
of the  effluent line is slow an d  it is crossed by few 
swashes. Swash  crossings differ little b e tw e e n  low and 
h igh  tide.

'U pw ash  distance ' (Fig. 2A) is h ighes t  for in te rm ed i­
ate bea ch e s  (26 to 46 m m in “ 1) and  lowest for d iss ipa­
tive b eaches  (12 to 30 m m in “ 1). The  h igh  values  for 
in te rm ed ia te  b eaches  are p robably  a result  of both  
relatively long sw ashes an d  short sw ash  periods. 
A lthough  refelctive bea ch e s  are sub jec ted  to short 
sw ash  periods of less than  12 s (McArdle & M cLachlan 
in press) the individual u p w a sh  dis tances are short 
(m ean = 6.5 m) and  the overall d is tance therefore 
reduced . T here  does not ap p e a r  to be  a rela tionship 
b e tw e e n  u p w ash  d istance and  tidal state.

T here  is an  increase in 'U nsa tu ra ted  u p w ash '  from 
dissipative th rough  in te rm ed ia te  to reflective bea ch e s  
(Fig. 2B). The reflective bea ch e s  show g rea t  f luctua­
tions, rang ing  from 3.3 to 6 m m in” 1, w ith  no obvious 
re la tionship with tidal cycle, w h erea s  the re  is a t e n ­
dency  for the un sa tu ra te d  u p w a sh  to inc rease  at h igh 
tide for bo th  in te rm ed ia te  an d  dissipative bea ch e s  -  
especially the former. In the case of in te rm ed ia te  
beaches  the ran g e  during  low tide is 0 to 3 m m in “ 1 and  
during  h igh tide 3 to 6 m m in “ 1. For dissipative b eaches  
during  low tide the range  is 0 to 20 m m in “ 1 an d  during 
h igh  tide 0.5 to 3 m m in “ 1.

The '% u n sa tu ra te d  upw ash '  (Fig. 2C) follows a simi­
lar pa t te rn  to unsa tu ra te d  upw ash , w ith  the possible 
exception tha t  in Fig. 2C the re  is a inore m a rk e d  
separation  of reflective an d  in te rm ed ia te  beaches .  A 
good separa tion  of reflective, in te rm ed ia te  and  dissipa-
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tive b eaches  was ob ta in ed  u s ing  'U pw ash  to intertidal ' 
(Fig. 2D), with only a slight overlap  b e tw e e n  the  in te r ­
m ed ia te  and  diss ipative b e a c h  types. For reflective 
beaches  values w ere  reco rded  of 95 to 125% , with 
in te rm ed ia te  25 to 5 5 %  an d  diss ipative 7 to 3 5% , i.e. 
reflective b ea ch e s  h ave  the  g rea te s t  am oun t  of up w ash  
in term s of in te rtidal d is tance  available. T here  is no 
clear change  in this over the  tidal cycle.

'Unsa tu ra ted  u p w a s h  to in te r tidal '  shows a similar 
pa t te rn  to that of u p w a sh  to in te r tidal (Fig. 2E). For 
reflective bea ch e s  va lues  w ere  reco rded  of 10 to 20% , 
in te rm ed ia te  0 to 7 % a n d  diss ipative 0 to 2 % . Values 
w ere  extrem ely  small for diss ipative b ea ch e s  and  
inc reased  tow ards reflective conditions. T here  w as an 
increase  over h igh  tide for in te rm ed ia te  beaches ,  p ro b ­
ably due  to the m ore  reflective n a tu re  of the b e a c h  face 
at such times.

'Effluent line crossings ' for reflective bea ch e s  range  
from 2.3 to 4 min 1 (Fig. 2F) w ith  no correla tion b e tw e e n  
nu m b e r  of crossings a n d  sta te  of tide. Values  for in te r ­
m ediate  b ea ch e s  r a n g e d  from 0 to 2 miri- 1 , w ith an 
increase towards h igh  tide. This pa t te rn  is m ore  distinct

if the da ta  for each  s tudy p er  site are ex a m in e d  s e p a ­
rately. For exam ple , at BF1 the re  is a g rad u a l  increase 
from 0.07 m i n '1 crossing at low tide th rough  0.8 m i n ' 1 at 
m id  tide to 1.5 m i n ' 1 at h igh  tide. The n u m b e r  of 
crossings for dissipative bea ch e s  (Fig. 2F) was less than  
1 m i n ' 1 with a te n d en c y  to inc rease  tow ards h igh  tide.

W hen  p lotted  aga inst the  reciprocal of slope (Fig. 3A 
to F) all of the sw ash  variab les  (averaged  over a tidal 
cycle) show a nega tive  correlation in tha t  as slope 
decreases  so do the  various sw ash  m e asu rem en ts  and  
effluent line crossings. With the  exception of u pw ash  
d istance correlation coefficient w ere  g rea te r  than  0.86 
for all variables, the m ax im um  value of r b e ing  0.96 for 
n u m b e r  of effluent line crossings (Fig. 3F). These  
results are in contrast to those for individual sw ash  
read ings  w h ere  a dec rease  in slope results in an 
increase  in the distance of an individual sw ash  (McAr­
dle & M cLachlan in press).

W hen the  sw ash  and  effluent variables are p lotted 
aga inst  Q (Fig. 3G to L) the re  is a similar p a t te rn  as for 
slope in tha t  the  more dissipative the b e a c h  the  lower 
the  sw ash read ings  an d  n u m b e r  of effluent crossings.
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Correlation coefficients of g rea te r  than  0.7 were 
ob ta ined  for all variab les  w ith  the  exception  of total 
up w ash  distance (Fig. 3G).

T here  was no significant correla tion b e tw e e n  w ave 
he igh t and  u p w ash  distance, u n sa tu ra te d  u p w a sh  or % 
u n sa tu ra te d  u p w a sh  (Fig. 3M to O). The  h ighes t  co rre­
lation coefficient of 0.77 was ob ta ined  for effluent line 
crossings (Fig. 3R).

The perc en ta g e  of b ea ch  sa tu ra ted  at low, m id and 
high tide is p lo tted  in Fig. 4 for b e a c h e s  ST1, BF2, SR2, 
TM2 and  WR1, w hich  rep resen t  a r an g e  of O values 
from 1.0 to 9.4. The  p e rc e n ta g e  of b ea ch  w hich  is 
sa tu ra ted  increases  from low to h igh  tide for all beaches  
as w ould  be ex p ec ted  due  to the  rise of the tide a n d  the 
effluent line. The p e rc e n ta g e  of b ea ch  sa tu ra ted  is 
fairly constan t across all beaches,  i.e. 5 to 3 0 %  at low 
tide an d  ca 80 to 95 % at h igh  tide. Therefore, w hen

calculated  as a p e rc en ta g e  of intertidal distance, all 
bea ch e s  record  a similar t rend  for u n sa tu ra te d  and  
sa tu ra ted  proportions, irrespective of m orphodynam ic  
state.

Plotting the area  of b ea ch  unsa tu ra te d  an d  sa tu ra ted  
reveals a different p a t te rn  as a co nsequence  of the 
grea t  differences in b ea ch  w idth  (Fig. 5). With the 
exception of BF2, the re  is a g radua l inc rease  in in te r ­
tidal distance with increase  in Ü, i.e. from reflective to 
dissipative conditions. T here  is, as in Fig. 4, an  increase  
in a rea  of b each  sa tu ra ted  from low to h igh  tide for ali 
beaches.  O n com paring  the  reflective ST1 an d  d iss ipa­
tive WR1 during  h igh  tide, there  is ca 12 times more 
b ea ch  sa tura ted  at WR1 th a n  at ST1 (253 m 2 an d  21 m 2 
p er  m respectively), with the  in te rm ed ia te  b eaches  
recording values of 63 to 94 m 2 m - 1 . T he  contrast 
b e tw e en  the a rea  sa tu ra ted  for reflective an d  dissipa-
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five beaches  is h igh ligh ted  by the fact that the  values 
ob ta ined  for WR1 (dissipative) at low tide a n d  ST1 
(reflective) at h igh  tide differ by only 0.22 m 2.

DISCUSSION

The in d e p e n d e n t  variables w hich  correlate bes t  with 
the features of sw ash  climate inves tiga ted  in this p ap e r  
w ere  firstly b ea ch  slope a n d  secondly  D ean 's  p a r a m e ­
ter Q. The ad v a n ta g e  of us ing  slope is tha t  it can  be 
m e asu red  simply with  little error. However, it changes  
with w ave climate. Í2 is also reliable, bu t  using  w ave 
period and  w ave  he igh t in its calculation induces  some 
d eg re e  of error unless accurate  w ave d a ta  are avail­
able. W ave he igh t on its ow n is not a reliable variable 
with w hich  to estimate sw ash  climate, a co n sequence  
of both  the d eg re e  of error in es tim ating w av e  he igh t 
an d  the variability tha t  m ay occur even  on one day.

Reflective, in te rm edia te  a n d  dissipative b ea ch e s  can 
be classified by various aspects  of the sw ash  climate, 
for exam ple  p e rc en ta g e  of b ea ch  sa tu ra ted  at various 
states of the tide and  n u m b e r  of effluent line crossings. 
They can also be  classified by  physical p a ra m ete rs  such 
as slope or Q. Reflective b eaches  have  short, f requen t 
swashes, a narrow  intertidal, a h igh  f requency  of 
sw ashes crossing the effluent line an d  a h igh  p e rc e n t ­
age  of u p w ash  above the effluent line. Dissipative 
b eaches  have  the reverse  conditions, i.e. long, in fre­
q u en t  sw ashes  an d  few effluent line crossings. In ter­
m ed ia te  bea ch e s  fall b e tw e e n  these  2 extremes.

The dynam ics of the sw ash  climate an d  the effluent 
line result in an  increase  in sa tura tion  of the  b ea ch  from 
reflective to dissipative conditions an d  subsequen t ly  a 
dec rease  in the filtration of seaw ate r  th rough  the  sand, 
i.e. reflective b eaches  have  m ax im um  infiltration 
w h erea s  dissipative bea ch e s  have  low infiltration and  
high  levels of saturation. T hese  2 factors, w hich  are a 
direct result of the associa ted  sw ash  climate an d  b ea ch  
slope, have  major implications for the fauna. Dissipative 
b eaches  will h ave  more s ta g n an t  interstitial conditions 
with  low er oxygen  tensions and  s teeper  chem ical g ra ­
dients, w hereas  reflective b eaches  will h av e  dynam ic 
interstitial conditions with strong flushing, h igh  oxygen  
and  physical ra the r  than  chem ical gradients.

Bally (1981), looking for trends  in m acro fauna  d is­
tribution across a ran g e  of beaches,  w as  not able to 
dem onstra te  any quantita tive  re la tionship or single out 
key param ete rs .  M cLachlan (1990) subsequen t ly  ind i­
ca ted  tha t  a n u m b e r  of variables  in f luenced  the  fauna, 
bu t tha t  regressions for Q a n d  slope show ed  a b e t te r  fit 
than  isolated factors such as particle size or w ave  
action, the g ene ra l  conclusion being  tha t  the  control of 
b each  fauna  is com plex an d  de term ined  by the overall 
morphology an d  dynam ics of a beach.
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Apart from a i r-breath ing  crus taceans  a round  the  drift 
line, most sandy  b e a c h  m acro fauna  are only active, and 
can only burrow, w h e n  on thixotropic sand, i.e. sand 
that is nearly  or fully sa tura ted .  This occurs a ro u n d  and 
below the effluent line. The position of the effluent line 
at any point in the tidal cycle thus de te rm ines  the 
proportion of the b e a c h  face on w hich  active m ovem ent 
and  foraging are possible. Tow ards the  dissipative 
ex trem e the proportion an d  f requency  of sw ash  activity 
above the effluent line decreases ,  the reby  red u c in g  the 
risk of animals be ing  sw ep t or s t randed  above  the 
effluent line w h ere  they  m ay  b e  unab le  to burrow. 
Thus the  risks of living on an  exposed  b ea ch  m ay be 
reduced  if the b ea ch  is flat and  dissipative.

In this s tudy an d  also M cArdle & M cLachlan  (in 
press) the sw ash  climate a n d  dynam ics of the  effluent 
line have  b e e n  quantif ied  a n d  correlations h av e  been  
ob ta ined  b e tw e en  b e a c h  slope an d  effluent l ine cross­
ings, an d  a nu m b e r  of sw ash  variables. No m acrofaunal 
data  is available for the p rese n t  study, bu t  the results 
suggest  that the good nega tive  correlation be tw e en  
beach  slope and  species diversity and  a b u n d a n c e  of 
m acrofauna (McLachlan 1990) is the result of the  sw ash 
climate associa ted with b e a c h  type and  not slope per 
se.

The new  sandy  b ea ch  env ironm enta l  param ete rs  
m en tioned  in this s tudy can  indirectly be re la ted  to 
changes  in m acro fauna  by com bin ing  the results of the 
p resen t study w ith tha t  of M cLachlan  (1990). It is not 
possible to do direct correla tion analysis b e tw e e n  the 
swash and  effluent line da ta  in this p a p e r  an d  the 
faunal data  of M cLachlan (1990), since the stud ies  have 
only a minority of bea ch e s  in com m on and, further, a 
single b ea ch  m ay h ave  different sw ash  an d  effluent 
line pat terns  on different days in response  to different 
w ave conditions. However, a com posite plot (Fig. 6) of 
some faunal p a ra m ete rs  (species richness, total a b u n ­
dance  and  m e an  ind iv idual mass; after M cLachlan 
1990) swash periods (after M cArdle & M cLachlan  in 
press) and  effluent line crossings and  % u n sa tu ra te d  
u p w ash  (this paper)  aga in s t  b e a c h  slope ind ica tes  the 
parallel trends in all cases. Species r ichness an d  total 
ab u n d a n ce  of the ben th ic  m acro fauna  inc rease  and  
m ean  individual mass decreases  as b ea ch e s  becom e 
flatter and  more dissipative w ith longer  sw ash  periods, 
fewer effluent line crossings, a smaller proportion  of 
the upw ash  on u n sa tu ra te d  sand, etc.

The close rela tionships b e tw e e n  all these  p a ram ete rs  
is not taken  as proof of cause  an d  effect relationships, 
but m erely  as an indication  tha t  as b each  type and  
beach  face slope ch a n g e  the re  are parallel c h a n g es  in 
swash an d  b ea ch  face processes  an d  in fauna l  size, 
ab u n d a n ce  and  diversity. Beach slope itself is not the 
direct cause of faunal ch a n g es  -  even  the most sluggish  
molluscs exper ience no difficulty in ascen d in g  the
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response  to changes  in b e ac h  slope. T he  equat ions  are: Sw ash  
period  = 0.26 (1/slope) + 1.7, r2 = 0.69, n  =  46 (McArdle & 
McLachlan in press). No. species = 0.26 (1/slope) + 1.7, r2 = 
0.83, n -  23 (McLachlan 1990). A b u n d an ce :  log ( n +  1) =  0.06 
(1/slope) + 1.27, r 2 = 0.76, n  =  23 (McLachlan 1990). M e a n  
individual mass: log (ind. Biomass) =  0.02 (1/slope) — 0.53, 
r2 = 0.20, n  — 21 (McLachlan 1990). C ross ings = 5.01 
(1/slope)"1 5J, r2 = 0.92, n = 10 (this paper) .  % U nsa tu ra ted  

u p w a sh  = e 3-41 MO-O'-Ui/siope)  ̂ r2 _  q.90, n  =  10 (this paper)

steepes t  slopes of 1/10. It is a com bination  of the  sw ash 
and  b ea ch  face dynam ics as a whole tha t  influence the 
fauna.

M cLachlan (1990) a rg u e d  that longer  (in distance 
and  period) sw ashes  on dissipative bea ch e s  create con ­
ditions which are be t te r  for anim als to m ove an d  feed. 
M ean  sw ash periods for reflective (ST1) an d  dissipative 
(TM1) bea ch e s  w ere  12 s an d  59 s respectively  (McAr­
dle & M cLachlan in press). Molluscs sub jec ted  to sw ash  
periods of less than  10 to 20 s usually  canno t respond  
fast enough  in terms of burrow ing  time to burrow  in 
b e tw e en  swashes, an d  are therefore in d a n g e r  of being  
sw ep t aw ay  or s t randed  on the drift line on reflective 
bea ch e s  (Brown 1982, M cLachlan  & Y oung 1982, 
Ansell & T ru em an  1983). Dissipative bea ch e s  are more 
conductive to slow burrow ers  and  small, less robust 
species. In this s tudy total u p w ash  dis tance was g r e a t -
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est for in te rm ed ia te  beaches,  w hich  further suggests  
that it is not the overall u p w ash  tha t  is im portan t  to the 
fauna bu t sw ash dis tance and  period.

H av ing  identified the  key  pa ra m e te rs  of the  sw ash 
climate which m ay  b e  conducive to an  inc rease  in species 
diversity and  a b u n d a n c e  over a ra n g e  of beaches ,  it is 
im portan t that isolated factors such as sw ash  speed, 
sw ash  period and  b ea ch  slope be  exam ined  ex p e r im e n ­
tally to quantify the  influence of each.

It is unlikely tha t  a single fea ture  of sw ash  climate or 
b ea ch  face dynam ics will explain  all the  faunal 
ch an g es  and  adap ta tions  enc o u n te re d  over a r an g e  of 
b ea ch  types. We expect  that this suite of factors as a 
whole, the b ea ch  face 'climate ' as ex p e r ien ced  by the 
m acrofauna, will be  important.  This p a p e r  has 
exam ined  one aspec t  of b e a c h  face 'climate ',  in te rac ­
tions b e tw e en  sw ash  and  the  effluent line. S u b seq u e n t  
work will investiga te  faunal responses.
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