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Aspects of swash c lim ate  of significance to b en th ic  m acrofauna were s tu d ied  over 19 tid a l cycles on 10 
beaches rep resen tin g  a range from  reflective to  u ltra -d issip a tiv e  ex trem es. D issipative beaches typically  
had  slopes of 1:50-1:80, sw ash periods of 40-60  sec and  wave period/sw ash  period  ratios a b o u t 0.2. 
Reflective beaches had  slopes s teep e r th an  1:15, sw ash periods of 11-13 sec and  wave p eriod /sw ash  period  
ratios ab o u t 0.80. In te rm e d ia te  beaches typically  d isp layed  slopes of 1:25-1:45, sw ash periods of 15-30 
sec a nd  wave p eriod /sw ash  period  ratios of 0.4-0.65. M ost beaches disp layed  m ore reflective ch arac te ristics  
a t  high tid e  and  m ore d iss ip a tiv e  ch arac te ristics  a t  low tide. C ontrol of sw ash c lim ate was p rim arily  by 
beach  slope and  wave he igh t, th e  form er being m ore im p o rta n t tow ards the reflective ex trem e, th e  la tte r  
tow ards th e  d issipa tive  ex trem e and both being critical in in te rm ed iate  beaches. T he  im plications of 
diffe ren t sw ash clim ates for beach  fauna are d iscussed.

AD DITIONAL INDEX WORDS: Beach fa u n a , ben th ic  m acrofauna, d iss ip a tive  beach, re flective  beach,
tid a l cycle, sw ash  clim a te .

INTRODUCTION

Exposed sandy beaches rep resen t one of the 
harshest m arine environm ents for m acrobenthic 
anim als. T hey are devoid of biological structures, 
even perm anen t burrows are absent, and com ­
m unities are entirely  controlled by physical p ro ­
cesses. Y et the  physical env ironm ent is elem en­
tary  in th a t sandy beaches require only waves and 
sand for form ation. Therefore, wave height, wave 
period and sand fall velocity m ay be used to re p ­
resen t the range of environm ental variables th a t 
produce beaches ( S h o r t ,  1987). T he m ajor beach 
m orphodynam ic types and the ir classification re l­
ative to environm ental variables have been d e­
scribed by S h o r t  (1979), W r i g h t  and S h o r t  

(1984), S h o r t  and H e s p  (1982) and S h o r t  (1987). 
G rain size varies relatively little  for any beach 
and therefore tem poral variability  in beach type' 
is prim arily  a function of variation  in wave height 
and to a lesser degree wave period ( W r i g h t  et 
a i ,  1985).

D espite the lim ited num ber of param eters nec­
essary to define a beach, ecologists have had m in ­
imal success dem onstrating factors controlling the 
ben th ic m acrofauna on exposed beaches. M any 
workers have im plicated sand grain size b u t have
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n o t been able to dem onstrate  cause and  effect 
relationships ( S a l v a t ,  1964; J a r a m i l l o ,  1987) and 
it has been concluded th a t grain size alone does 
not characterise a beach ( B a l l y ,  1983). While m ost 
sandy beach organism s can to lerate a wide range 
of sand particle sizes and beach slopes ( M c ­

L a c h l a n ,  1983), it has been shown th a t m ajor 
changes in m acrobenthic diversity  and abundance 
occur in response to changes in beach type, even 
where sm all changes in particle size are concerned 
and different beach types are prim arily  the  resu lt 
of d ifferent wave energy levels ( M c L a c h l a n ,  

1990). Since breaking waves occur far from  the 
in te rtida l in m any beaches, it has been argued 
th a t these changes in benthic com m unities m ust 
be in response to changes in swash clim ate ra ther 
th a n  wave clim ate d irectly  ( M c L a c h l a n ,  1990).

We argue th a t swash clim ate on the beach face 
is the m ost im portan t aspect of the environm ent 
experienced by anim als inhabiting  exposed sandy 
beaches. Specializations characteristic of anim als 
living in this environm ent include the ab ility  to 
burrow  rapidly and repeatedly, and the ability  to 
move up and down the beach w ith the tides or to 
regulate behaviour to m atch the tidal rhy thm  
( A n s e l i .  and T r e v a l l i o n ,  1969). A  num ber of 
crustaceans, gastropods and bivalves use the  up- 
wash or backwash to move up and  down the  beach 
and have been referred to  as “sw ash-riders” (El -
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T ab le  1. G en era l in f o r m a t io n  on s t u d y  areas .

B each C ode

N u m ­
ber o f  

S tu d ies P o sitio n A sp ect

M ax i­
mum
T id al
Range T id a l R egim e E xposure

B each
T y p e

M ean
Grain
Size
(^m)

‘ W h isk y  Run W R 3 43°10°N
124°25°W

W est 3.6 M ixed Exp D iss 183

‘ T h ree M ile T M 2 43°45°N
m n z n v

W est 3.6 M ixed V ery exp D iss 250

fS u n d a y s  R iver S R 5 33°43°S
25°50°E

S ou th 2.1 S em i-d iu rn al E xp Int 247

fK in g s K B 2 33°58°S
25°38°E

N orth east 2.1 S em i-d iu rn al Int Int 207

fP le tten b u r g P B 1 34°05°S
23°22°E

E ast 2.1 S em i-d iu rn al Int Int 228

fM a itla n d s M B 1 33°05°S
25°16°E

S ou th 2.1 S em i-d iu rn al V ery exp D iss /in t 302

fB u ffa lo B F1 1 34°04°S
22°59°E

S ou th 1.75 S em i-d iu rn al Exp Int 217

fB u ffa lo B F 2 1 34°04°S
22°59°E

S o u th ea st 1.75 S em i-d iu rn al Int Int 227

fO u b o s OB 1 34°04°S
24°13°E

S ou th 1.6 S em i-d iu rn al S h e lt R ef 268

fS to m p n eu s S T 2 17°59°S
32°44°E

N o rth ea st 2.1 S em i-d iu rn al S h e lt R ef 338

U nd er beach types: d iss =  d issip a tive , in t =  in term ed ia te , re f =  reflective. Exposure: exp  =  exp osed , in t =  in term ed iate , sh e lt  — 
sheltered . * =  U SA ; and f  =  S ou th  Africa

LERS, personal communication).  T h is ability  to 
‘su rf’ is especially obvious in Donax  sp. which 
o rien tate  during m igration ( A n s e l l  and  T r e v a l - 
l i o n , 1969; T i f f a n y , 1972; W a d e , 1967) and in 
B u l l ia  sp. ( A n s e l l  an d  T r e v a l l i o n , 1969; 
M c L a c h l a n  and  Y o u n g , 1982). T hese behaviour 
p a tte rn s  m ust clearly be affected by and respond 
to swash periods, speeds, etc.

T he swash clim ate associated w ith different 
beach types has no t been exam ined by ecologists. 
Swash clim ate has also no t received the sam e a t ­
ten tion  as has beach and surf zone m orphology 
and dynamics, although a few references have been 
m ade to changes in swash period and  its re la tion ­
ship to beach slope ( E r i c k s e n , 1970; E m e r y , 
1960; D u n c a n , 1964). G u z a  and T h o r n t o n  (1982) 
investigated the  effects of changing offshore wave 
heights on swash height (runup) b u t for a single 
beach only. A basic analysis of swash clim ates, 
needed by biologists, has no t been provided in the 
sophisticated  lite ra tu re  on beach processes.

On the assum ption th a t  swash clim ate is the 
key variable affecting in te rtid a l beach com m u­
nities, we aim  (1) to exam ine the  relationship  b e­
tween swash clim ate and basic physical variables

defining different beach types and (2) to quantify  
key swash variables considered im portan t to  the  
fauna, such as swash period and speed, and the ir 
variability  over d ifferent beach types.

STUDY SITES AND SWASH 
FEATURES

Beaches
Field da ta  were collected from two geographical 

areas, sou thern  Africa and the w est coast of the  
USA. S outh  African tides are sem idiurnal w ith a 
m ean spring range of 1.6 m and a m axim um  of 
2.1 m. M uch of the sou thern  coast of S outh  Africa 
takes the  form of sou th -east facing log-spiral bays 
which experience increased wave action tow ards 
their eastern  extrem ities. Seven study  sites were 
situated  here (Table 1).

T he Oregon coast in the north-w est USA in ­
cludes exposed beaches facing d irectly  into the 
N orth  Pacific and experiencing heavy storm  surf 
th roughou t the ex tended winter. T ides are mixed, 
w ith a m axim um  daily excursion of 3.6 m and a 
m ean excursion of abou t 2 m ( K o m a r  et al., 1976). 
T he period of inciden t waves ranges 6-13 sec and
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Figure 1. T erm in ology  p erta in in g  to  th e  sw ash  zone on an in term ed ia te  beach (after M cL achlan , 1990),

breaker height 1-8 m, the la tte r  averaging 3-4 m 
for 8 m onths of the year and 1-2 m for 4 m onths 
( K o m a r  et al., 1976). Two series of readings were 
taken  on these beaches during relatively calm 
w eather and one during a storm  (Table 1).

Swash Zone

Sandy beaches may be divided into reflective, 
in term ed iate  and dissipative types. Reflective 
beaches have coarse sand, lower inc iden t waves 
and small tides, no su rf zone and  waves breaking 
directly  on the  beach face. D issipative beaches 
have fine sand, large waves, w ith a very broad  surf 
zone where m uch of the inciden t wave energy is 
d issipated  before reaching the  beach. In te rm e­
d ia te  beaches have bars and channels. Using wave 
and sedim ent characteristics each type m ay be 
quantified  to generate a 11 value ( D e a n ,  1973), a 
dim ensionless fall velocity:

Q = wave heigh t/se ttling  velocity x wave period.

W r i g h t  et al. (1982) have defined beaches in 
sou thern  A ustralia as dissipative when, 0 > 6, as 
in term ediate  when 1 < Q < 6 and  as reflective 
when Q < 1.

T he swash zone m ay be defined as th a t p a r t of 
the  in te rtidal zone which is periodically covered 
by w ater (Figure 1) in response to tide excursions 
and wave runup  ( K o m a r ,  1976; P a c k w o o d ,  1983).

Typically, beaches of low slope have wide swash 
zones and those w ith steep slopes, narrow  swash 
zones ( D u n c a n ,  1964). T he swash zone is located 
above the tide level, and its position on the beach 
varies w ith the tide, shifting landw ard during a 
flood tide and seaw ard during an ebb tide. T he 
lower lim it of upw ash is characterised  by bore 
collapse and the upper lim it dem arcated  by the 
po in t where the  leading edge of swash reaches a 
m axim um  runup  and  begins backwash ( W a d d e l ,  

1976). T he leading edge of the swash is usually 
m arked by a line of foam m aking it easier to  de­
term ine when the upw ash ends and the backwash 
begins ( E m e r y  and  G a l e ,  1951). T he in tersection  
of the beach face and  the  w ater table usually oc­
curs w ithin the  swash zone, a t  a po in t referred  to 
as the  effluent line ( M c L a c h l a n  et a l ,  1985). T he 
beach face surface below the  effluent line is sa t­
u rated , giving the  ‘glassy layer’ effect com mon to 
sandy beaches.

METHODS

A t each study  site a tran sec t was se t up  p e r­
pendicular to  the shoreline from the previous high 
w ater m ark to below low w ater. N um bered 2 m 
and 1 m high poles were deployed along the  tr a n ­
sect a t  5 m and  1 m intervals respectively. T he 
swash clim ate was m easured for 15 m in per hour 
over a tidal cycle (12 hr) by recording the tim e
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"Fable 2. M e a n  va lues  (a n d  s t a n d a r d  errors) for  p h y s i c a l  beach a n d  s icash var iables .

S ite 1/S lo p e

S ett. 
Vel. 

cm -sec  1

W ave
H e igh t

(m )
D eans
m

Sw ash
Period

(sec)

W ave
Period

(sec)

U pw ash
'Time
(sec)

U pw ash
D ist.
(m)

U pw ash  
S p eed  

m sec 1

Back  
Speed  

m -sec 1

W ave/
Sw ash
R atio

N o. o f  
Eiflu. 
Cross.

ST 1 11.58 4.43 0.42 0.97 12.37 9.77 4.80 6.24 1.34 0.85 0.79 50.75
(0.32) (0.02) (0.13) (0.23) (0.43) (0.14) (0.19) (0.03) (0.03) (0.02) (1.94)

S T 2 11.49 4.57 0.50 1.06 12.61 10.32 5.02 6.73 1.36 0.92 0.82 51.27
(0.46) (0.07) (0.25) (0.16) (0.44) (0.14) (0.20) (0.04) (0.20) (0.03) (1.63)

O B I 12.50 3.57 0.83 2.73 11.98 8.52 3.95 5.06 1.28 0.78 0.71 41.08
(0.30) (0.06) (0.26) (0.32) (0.54) (0.19) (0.56) (0.09) (0.10) (0.02) (1.58)

B F1 41.18 2.62 2.46 7.65 28.72 12.27 14.15 18.94 1.30 1.31 0.43 10.50
(6.62) (0.11) (0.70) (2.76) (0.35) (1.39) (1.63) (0.03) (0.05) (0.04) (2.12)

B F 2 34.41 2.89 1.01 3.70 23.74 9.45 12.30 13.94 1.13 1.22 0.40 10.83
(3.92) (0.06) (0.38) (1.71) (0.35) (1.00) (0.67) (0.04) (0.04) (0.03) (2.11)

K B1 25.73 2.44 1.62 7.31 19.16 9.08 9.67 11.97 1.30 1.23 0.47 13.62
(1.02) (0.08) (0.50) (0.56) (0.38) (0.34) (0.29) (0.04) (0.02) (0.02) (1.78)

K B 2 37.02 2.44 1.41 5.62 16.95 10.28 9.10 9.73 1.17 1.00 0.61 10.42
(4.32) (0.12) (0.65) (1.60) (0.30) (0.81) (0.59) (0.08) (0.03) (0.04) (2.78)

M B1 30.69 4.11 2.42 4.29 21.91 13.73 10.92 13.00 1.14 1.14 0.63 11.75
(0.29) (0.10) (0.18) (0.41) (0.24) (0.19) (0.51) (0.03) (0.04) (0.02) (0.66)

P B 1 27.82 2.82 2.40 6.29 24.31 13.53 11.08 15.54 1.36 1.19 0.56 13.67
(2.46) (0.10) (0.36) (1.97) (0.11) (0.83) (1.13) (0.03) (0.04) (0.05) (2.35)

S R I 31.12 3.25 2.05 5.71 18.17 11.05 9.97 10.68 1.02 1.32 0.61 18.58
(1.41) (0.07) (0.27) (0.80) (0.40) (0.51) (0.57) (0.02) (0.04) (0.04) (1.78)

SR 2 33.09 3.16 2.24 5.00 23.31 14.18 11.20 11.99 1.04 1.01 0.61 7.62
(2.36) (0.04) (0.25) (1.39) (0.64) (0.64) (0.60) (0.01) (0.04) (0.05) (1.44)

SR 3 29.37 3.20 2.60 6.40 20.21 12.70 9.25 10.95 1.15 1.00 0.63 11.58
(0.97) (0.10) (0.34) (0.60) (0.24) (0.20) (0.32) (0.02) (0.03) (0.02) (0.43)

SR 4 27.20 3.25 2.99 7.30 26.08 12.60 10.66 14.91 1.35 0.97 0.48 8.17
(0.54) (0.08) (0.33) (0.34) (0.21) (0.32) (0.30) (0.03) (0.03) (0.01) (0.68)

SR 5 43.00 3.20 2.02 5.55 27.52 11.37 11.96 13.46 1.12 0.88 0.41 6.92
(2.47) (0.08) (0.20) (1.14) (0.39) (0.59) (0.57) (0.04) (0.02) (0.01) (1.77)

TM 1 44.96 3.19 > 5 .0 0 12.27 59.42 12.77 29.67 49.09 1.57 1.65 0.22 3.08
(2.49) (0.00) (0.28) (2.60) (0.00) (1.65) (3.04) (0.06) (0.08) (0.01) (0.40)

T M 2 63.66 3.31 2.20 5.98 45.03 11.12 22.58 20.66 0.93 1.04 0/25 2.67
(7.24) (0.08) (0.25) (3.05) (0.34) (1.71) (1.26) (0.03) (0.05) (0.02) (0.87)

VVR1 76.00 2.03 1.34 9.37 37.32 7.05 18.08 12.14 0.71 0.74 0.19 3.50
(6.23) (0.05) (0.76) (2.17) (0.17) (1.31) (1.02) (0.04) (0.07) (0.01) (0.68)

W R2 56.21 2.17 1.75 11.03 41.40 7.31 17.25 10.08 0.64 0.53 0.18 4.81
(3.41) (0.05) (0.83) (2.61) (0.11) (1.13) (0.57) (0.02) (0.03) (0.01) (1.44)

W R3 64.06 2.03 2.65 15.02 51.74 8.69 24.55 22.30 0.93 0.93 0.17 1.95
(1.62) (0.13) (1.40) (1.64) (0.00) (1.18) (1.50) (0.04) (0.07) (0.01) (0.57)

N o. o f Kfflu. Cross. =  N u m b er o f effluent crossings per 15 m in. S e tt . V el. =  S ettlin g  velocity

and position of the beginning and  end of each 
swash on the transect. On all occasions swash 
length was recorded to  the  nearest 1 m and tim e 
to the nearest second (R ied l , 1971). If a swash 
crossed the  effluent line the  position and  tim e of 
crossings was recorded. T he lower lim it of a swash 
was taken  as the po in t where the following wave 
or bore overran it.

C oncurrent w ith the swash m easurem ents, vi­
sual breaker height and  period (stop watch) and 
wind speed (hand held anem om eter) and  d irec­

tion (compass) were recorded a t hourly intervals. 
Visual estim ates of breaker height and period were 
com pared w ith values from a seism ograph a t O r­
egon S ta te  U niversity’s H atfield  laboratory  for 
the  th ree Oregon d a ta  sets and found to be w ithin 
10%, an accuracy considered adequate for the 
purposes of th is study.

A t the  tim e of low tide the beach profile was 
surveyed from high w ater to below low w ater using 
a dum py level and sedim ent sam ples were col­
lected a t low, mid and high tide positions for grain
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size analysis. Grain size was estim ated  graphically 
following w et sieving through  a se t of sieves a t 0.5 
0 intervals. Settling  velocity was then  calculated 
from  this using the values produced for glass 
spheres ( G i b b s  et al., 1971). Swash zone slope was 
calculated  for each hour of the tidal cycle from 
the beach profile as well as the m inim um  and 
m axim um  swash lim its for each period.

Swash speed was estim ated  from  swash d is­
tance and  tim e. A t each hourly sam ple, m ean val­
ues were calculated for swash distance, tim e and 
speed. This con tribu ted  to a d a ta  set of 12 hourly 
sam ples for 19 studies a t 10 study  sites. A wave/ 
swash ratio  was calculated (Table 2) by dividing 
wave period by swash period, resulting  in a value 
betw een 0.18 and 0.82. T he sta te  of the tide was 
rep resen ted  using an arb itra ry  scale from 0 (low 
tide) to 6.5 (high tide).

Statistical Analysis

T he m ean values for each swash variable for 
each 15 m in recording period were used in an 
ANOVA to exam ine the effect of site on each vari­
able. M ultip le range analysis ( S t a t g r a p h i c s , 
1986) was applied  for each variable to  indicate 
‘th reshold  levels’ between groups, i.e. to  a ttem p t 
to separate  beaches into reflective, in term ediate  
and dissipative categories on the  basis of swash 
clim ate. A stepwise m ultip le regression was em ­
ployed to determ ine the relative im portance of 
the independen t variables (wave height, period, 
beach slope, grain size) in controlling swash cli­
m ate features (period, length, speed, etc.). For 
th is analysis the d a ta  was grouped into the  d if­
feren t beach types as identified by m ultiple range 
tests.

RESULTS

T he m ean values and stan d ard  errors for all 
variables from each da ta  set (i.e. each com plete 
series of readings taken  over 12 h r on one beach) 
are listed in T able 2. All dep en d en t variables (and 
independen t variables of wave height and slope) 
a re  s ig n ific an tly  d if fe re n t for th e se  b each es 
(ANOVA, p < 0.00001).

The groupings produced by m ultip le range 
a n a ly s is  for each  v a r ia b le  in d ic a te  p o ssib le  
“ threshold  levels” between the  th ree m ain beach 
types as well as the  range of values likely to  be 
characteristic of each type (Figure 2). Im p o rtan t 
features of these param eters are discussed in w hat 
follows.

UPWASH DISTANCE (distance from bore coi-

I:) UPWASH TiMf:

1. •

io-  1.  . • • ■ ■ ‘ ‘

o • n i d

!) NUMBER OF EFFLUENT 
CROS SIN GS

Figure 2. P lo ts  o f  m ean values o f physica l and sw ash clim ate  
variab les, in d ica tin g  lim its  o f grouping by m u ltip le  range tests . 
R =  reflective, I =  in term ed iate and D =  d issip ative . N o te  the 
ch an ges in th e order o f the b eaches on  th e  x axis.

lapse to po in t of m axim um  runup; F igure 2a). 
TM 1 is d is tinc t probably because of the ‘u ltra d is­
sip a tiv e’ condition of the  beach during a very high 
energy event (m ean wave height > 5 m). T he 
th reshold  level between in term ed iate  and dissi­
pative beaches occurs a t 17 m and between re ­
flective and  in term ed iate  beaches a t 8 m m ean 
upw ash distance.

UPWASH TIM E (tim e from beginning to end 
of upw ash distance; Figure 2b). T he separation  
betw een in term edia te  and  dissipative beaches oc­
curs a t 16 sec w ith a fu rther delim itation  a t 20 
sec which probably  isolates those beaches tending

DISTANCE

Journal of  Coastal Research, Vol. 8, No.  2, 1992
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T a b le  3. R e s u l t s  of  s t e p w i s e  m u l t i p l e  regress ion  for  (a) d i s s ip a t i v e ,  (b) in t e r m e d ia t e ,  (c) ref lect ive,  (d) d i s s ip a t i v e  a n d  ref le c tive ,  
a n d  (c) a l l  b eaches  F  to  e n te r  m o d e l  =  4 (*F  to  e n te r  =  3).

D ep en d e n t V ariable

U pw ash  D istan ce U pw ash  T im e U pw ash  S p eed  Sw ash Period

In d ep en d en t r2 In d ep en d en t r2 In d ep en d en t r  In d ep en d en t r2

a W ave h eight 0.80 W ave period 0.37 W ave h eigh t 0.82 W ave h eigh t 0.39
T id e 0.83 S lop e 0.48 S lop e 0.62

W ave h eigh t 0.60

b S lop e 0.40 S lop e 0.60 T id e 0.16 S lop e 0.48
W ave h eight 0.49 W ave h eigh t 0.63 W ave h eigh t 0.19 W ave h eigh t 0.55

T id e 0.63 T id e 0.56

c S lop e 0.19 S lop e 0.33 W ave h eigh t 0.90 S lop e 0.21*
T id e 0.23 W ave period 0.32*

T id e 0.49*

d W ave h eight 0.83 W ave h eigh t 0.64 W ave period 0.48 W ave h eigh t 0.64
W ave period 0.85 S lop e 0.87 S lope 0.70 S lop e 0.89
T id e 0.87 W ave h eigh t 0.73

'I'ide 0.76

e W ave h eight 0.55 S lop e 0.58 S lope 0.32 S lop e 0.58
S lop e 0.62 W ave h eigh t 0.76 W ave h eigh t 0.44 W ave h eigh t 0.76
W ave period 0.62 W ave period 0.77 W ave period 0.77
T id e 0.63

N o te  th a t r2 values in each se t arc curn u lative

to w ard s  an  u ltra d is s ip a tiv e  s ta te .  R eflec tive  
beaches are clearly separate  from the  in te rm ed i­
a te  group a t 6-8 sec, the range of the form er being 
3.5-5 sec.

SWASH PERIOD (tim e interval between sw ash­
es; F igure 2c). T he threshold  level between re ­
flective and in term ed ia te  beaches occurred a t 
abou t 15 sec and between reflective and d issipa­
tive beaches a t 32 sec. T he upper range for swash 
period in the dissipative group was 60 sec for TM 1, 
i.e. u ltrad issipative conditions during a storm .

NUMBER OF EFFLUENT LINE CROSSINGS 
(the m ean num ber of swashes th a t either reach 
or cross the effluent line during a 15 min period; 
F igure 2d). T here is a m arked separation  of re ­
flective beaches, which show a range of 41-52 
crossings per 15 min, in con trast to  the  upper 
range for the in te rm edia te  and dissipative beach­
es of below 20. A lthough there is no definite break 
between in term ediate  and  dissipative sta tes, the 
five beaches represen tative of dissipative sta tes 
display the lowest values and in each case record 
less than  5 effluent line crossings per 15 min.

SLOPE (mean beach face slope w ithin the u p ­
per and lower lim its of the swash for each hour 
of the tidal cycle; F igure 2e). W ith  the  exception 
of T M l, the th reshold  between in term edia te  and 
dissipative sta tes occurs a t a slope of 1/50. The 
lower end of the in te rm ed ia te  group is 1/25,

whereas the  th ree reflective beaches range 1/11- 
1/ 12.

DEANS PARAMETER(Q) (Figure 2f). Values are 
slightly higher than  reported  by W r i g h t  et al. 
(1982). A group of dissipative beaches exists above 
8.5 and a group of the two m ost reflective beaches 
(S T l & ST2) below 1.06. O BI has been grouped 
w ith the in term ed ia te  beaches, recording the low­
est il value in th a t group. TM 2 here is grouped 
w ith the in te rm ed ia te  beaches.

UPWASH SPEED (calculated from upw ash d is­
tance and upw ash tim e as m ean speed; Figure 2g). 
No clear grouping of different beach types is ev­
ident. D issipative beaches displayed the  highest 
and lowest speeds, in term ediate  beaches were less 
variable and  reflective beaches displayed the  m ost 
uniform  speeds.

WAVE/SWASH RATIO (wave period/sw ash p e­
riod; Figure 2h). T here was a clear grouping of 
dissipative beaches w ith values of 0.18-0.25 rep ­
resenting  the lower range of wave/swash ratios. 
Reflective beaches displayed the  h ighest values, 
abou t 0.8.

Stepwise m ultip le regression (Tables 3 and 4) 
indicated  th a t slope and wave height account for 
m ost of the variation  in swash clim ate, especially 
upwash tim e, upwash distance and  swash period. 
For the dissipative beaches (Tables 3a, 4a) wave 
height was the m ost im portan t independen t vari­
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able in m ost cases, explaining up to 82% of the 
variance in the data; for the in term ed iate  beaches 
slope and wave height (Tables 3b, 4b) explained 
m ost of the variance in swash clim ate whereas in 
the  case of reflective beaches (Tables 3c, 4c) slope 
was m ost im portan t. Com bining reflective and 
dissipative beaches (Tables 3d, 4d) resulted  in 
wave height and slope explaining m ost (up to  87 % ) 
of the  variance; the  same held when all beaches 
were com bined (Tables 3e, 4e).

DISCUSSION

In th is study, a wide range of heach m orpho- 
dynam ic types was selected to investigate features 
of swash clim ate im p o rtan t to  ben th ic m acro­
fauna. We have shown reflective, interm ediate and 
dissipative beaches to display characteristic swash 
clim ates. Wave and beach characteristics explain 
m uch of the  variation in swash clim ate over this 
range. From  the variables exam ined, beach slope 
and wave height emerge as the m ost im portan t 
factors controlling swash clim ate. W hen d iss ipa­
tive beaches are analysed separately, wave height 
em erges as the m ost im portan t variable whereas 
for reflective or in te rm ed ia te  beaches slope is the 
m ost im portan t variable.

E m e r y  and G a l e  (1951), recorded a close re ­
lationship  between swash period and beach slope 
and suggested th a t swash period could be used as

70

P E R IO D (s) = 6 .7  + 0 .5 3 (  ’/S L O P E )

60

50-

Q
Q 40-crw
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Figure 3. R ela tion sh ip  b etw een  sw ash  period and b each  slope.

an indicator of beach slope as it tends to increase 
as beach slope decreases. T he results for swash 
period and beach slope from the p resen t study  
agree with those of E m e r y  and G a l e  (1951) (Fig­
ure 3). A sim ilar relationship  was noted by E r i c k -  

s e n  (1970) who found th a t swash period d e­
creased tow ards high tide due to an increase in 
the slope of the foreshore. We also recorded wave/

T ab le  4. Fin al  m o d e l  p r o d u c e d  fro m  s t e p w i s e  va r ia b l e  s e le c t i o n  for  s w a sh  d is tan ce ,  t im e, s p e e d  a n d  p e r io d  for  (a) d i s s ip a t i v e ,  
(b) in t e r m e d ia t e ,  (c) ref lect ive,  (d) d i s s ip a t i v e  a n d  r e f lec t ive  a n d  (e) all  beaches.

D ep en d e n t V ariable E q u ation r2

a D ist. =  1.19 +  10 .5(w ave h eigh t) — 1 .62(tid e) 0.83
T im e =  — 3-61 4- 0 .66(w ave period) 4- 1 .78(slop e) +  3.35(w ave h eight) 0.60
S p eed =  0.32 +  0 .25(w ave h eigh t) 0.82
S w ash  period =  6.95 4- 7 .64(w ave h eigh t) 4- 0 .33 (slop e) 0.62

b D ist. =  1.13 +  0 .26 (slop e) 4- 2.09(w ave h eigh t) 0.49
T im e =  2.96 +  0 .20 (slop e) — 0 .20 (tid e) 4- 0.87(w ave heigh t) 0.63
S p eed =  0.96 +  0 .05(w ave h eigh t) +  0 .04 (tid e) 0.19
S w ash  period =  6.08 4- 3.07(w ave h eigh t) 4- 0 .35 (slop e) — 0.65(tid e) 0.56

c D ist. =  3.52 4- 0 .26(slop e) 0.19
T im e =  2.30 4- 0 .23(slop e) 0.33
S p eed =  1.02 4- 0.05(w ave h eigh t) 4- 0 .03 (tid e) 0.23
Sw ash  period =  5.08 — 0 .21 (tid e) 4- 0 .29 (slop e) 4- (0 .46)w ave period 0.49

d D ist. =  9.42 4- 1.52(w ave period) +  8 .21(w ave heigh t) — l.lO (tid e) 0.87
T im e =  0.85 +  0 .18(slop e) 4- 4 .17(w ave heigh t) 0.87
S p eed =  0.71 +  0 .06(w ave h eigh t) — O.O l(slope) — 0 .04(tid e) 0 .76
Sw ash  period =  5.06 +  7 .86(w ave h eigh t) +  0 .35(slop e) 0 .89

e D ist. =  3.70 — 0 .51(w ave period) +  7 .51(w ave h eigh t) 4- 0 .09(slop e) — 0 .57(tid e) 0.63
T im e =  2.09 -f 3 .4 9 (w ave h eigh t) 4  0 .22 (slop e) -  0 .39(w ave period) 0.77
S p eed =  1.25 +  0 .10(w ave h eigh t) — O .O l(slope) 0 .44
Sw ash  period =  6.41 — 0.79(w ave period) 4- 6 .95(w ave heigh t) 4- 0 .43(slop e) 0.77
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swash ratios increasing tow ards high tide as 
beaches becam e m ore reflective. T his was even 
the  case for our ‘reflective’ beaches which were 
only tru ly  reflective a t high tide.

T he effect of beach slope on swash period is via 
in terference between successive swashes ( K e m p ,
1975): a s  b e a c h e s  b e c o m e  f l a t t e r ,  c o l l i s i o n s  b e ­
t w e e n  s w a s h e s  i n c r e a s e  i n  f r e q u e n c y  ( W a d d e l l ,
1976). M axim um  interference therefore occurs on 
flat dissipative beaches where every swash is over­
run  by the  next, resulting  in a longer (infragrav­
ity) swash period and a longer upwash tim e (i.e. 
swash period greatly  exceeds wave period). On 
steep reflective beaches each backw ash is com ­
pleted  before the  nex t upw ash begins and  there 
is a tendency for one swash to  occur for every 
breaking wave.

On dissipative beaches m ost inciden t wave en ­
ergy is dissipated  in the su rf zone and  inciden t 
wave period is converted to infragravity  periods. 
T hese beaches filter the lowest volumes of sea 
w ater (by swash filtration  th rough  the ir in te rs tic ­
es) because of their long swash periods, high w ater 
tables and  fine sands ( M c L a c h l a n , 1989). F u r­
therm ore, th is filtration  is driven m ainly by tides 
or infragravity  set up and set down because so 
m uch of the incident wave energy is d issipated  in 
the surf zones. Reflective beaches have larger grain 
sizes resulting in an increase in infiltra tion  during 
the upwash; backwash therefore does no t in te r­
fere w ith the upwash to  the  same extent. Indeed, 
reflective beaches filter 100 tim es the  volum es fil­
tered  by dissipative beaches and  th is filtration  is 
effected entirely  by waves, tides playing a negli­
gible role ( M c L a c h l a n , 1989).

As a resu lt of the rela tionsh ip  between beach 
slope and  wave height ( B a s c o m , 1951; D a v i e s , 
1972), these two factors may exert a coupled effect 
on swash clim ate. To observe the  influence of e i­
the r variable in isolation it is necessary to m ain ­
ta in  the  o ther a t a constan t level. T his is w hat 
happened  when the d a ta  for the  dissipative beach­
es were analyzed separately. Slope is m ore con­
s ta n t for a beach th a n  wave height since it re ­
sponds to  changes in wave clim ate. W ave height, 
however, changes rapidly  depending on the  tim e 
of the study. This results in short and m edium  
term  (hours to days) changes in swash clim ate 
being explained by wave height. T he influence of 
beach slope on swash clim ate is more obvious when 
the full range of beaches is exam ined as th is is 
the only way of providing a com plete range of 
beach slopes.

T here has been little  a ttem p t to  rela te  d is tri­
bution  of in te rtidal beach fauna to m orphology 
and dynam ic features of beaches, particularly  
swash. M c L a c h l a n  et al. (1981) found a re la ­
tio n s h ip  b e tw een  m a c ro fa u n a l d iv e rs i ty  and  
abundance and beach slope, the tendency being 
for flat dissipative beaches to have the  richest 
m acrofauna. M c L a c h l a n  and H e s p  (1984), a t­
tribu ted  a concentration of two Donax  sp. in cusp 
bays on reflective beaches to net swash flow, de­
pendence on swash for tran sp o rt and /o r an active 
preference for bays where there was m axim um  
feeding tim e and  slower swash speeds. T his ex­
planation  was supported  by D o n n  et al. (1986), 
who recorded a higher abundance of Donax serra 
where beach slope was fla ttest and speculated th a t 
Donax  m ight be able to detec t beach slope.

From  the results of the  presen t study  it is p ro ­
posed th a t Donax  sp. may select parts  of a beach 
with flatter slopes via swash clim ate variables, i.e. 
an ind irect response to slope via d irect response 
to swash clim ate. Swash period may be a reliable 
m ethod of estim ating beach slope due to the  good 
correlation between swash period and beach slope 
(Figure 3).

CONCLUSIONS

N ot inhabiting  perm anen t burrows, all m ac­
rofauna on exposed beaches m ust en ter the  swash 
a t tim es. M ost species move, feed, burrow  and 
reproduce in the swash, these activities being con­
trolled by complex rhy thm s and orien tation  re ­
sponses. I t  is inconceivable th a t these species are 
no t d irectly  affected by, and adap ted  to, swash 
clim ate. We have no t dem onstrated  this, however, 
b u t we have provided a conceptual model of swash 
clim ate from which experim ental tests could be 
designed.

Using sim ple techniques readily available to b i­
ologists we have been able to divide our 10 study 
beaches into th ree types and to show th a t each 
type, reflective, in term ediate  and dissipative, is 
characterised  by a distinctive swash climate. 
Changes in swash clim ate correlate well w ith 
changes in beach type: swash periods lengthen, 
swash lengths increase and effluent line crossings 
decrease from  reflective to  dissipative beaches. 
P arallel trends occur in the fauna: there is a linear 
increase in in te rtida l m acrobenthic species rich ­
ness and a logarithm ic increase in to ta l abundance 
from reflective to dissipative beaches as well as a 
decrease in m ean individual body size ( M c ­
L a c h l a n , 1990).
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Are the changes in swash clim ate d irectly  re ­
sponsible for the com m unity changes over th is 
range of beaches? We believe they  are. However, 
sim ple correlation does no t resolve th is since we 
need to dem onstrate  cause-and-effect re la tion ­
ships. T his can only be done experim entally  by 
subjecting anim als to controlled conditions where 
one variable is m an ipu la ted  a t a tim e. F lum e tank  
s tud ies where anim als of d ifferen t body size and 
taxonom ic affinity are evaluated  in term s of their 
ab ility  to orientate , move, surf, or burrow  under 
conditions of d ifferent swash speeds, periods, etc. 
will elucidate th is further.
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□  R E S U M E N  □

A lgunos aspectos sobre el sign ificado  del régim en  de lavado de la p laya por acción de las olas, sobre la m acrofauna b en ton ica , fueron  
estu d iad os en 10 p layas d urante 19 ciclos de m area, con características, aquéllas, que iban desde re íleetivas a u ltra d isip ativas  
extrem as. Las p layas d is ip a tivas  p resen tab an  p en d ien tes típ icas, entre 1:50 y 1:80, Ios períodos de Ios lavados eran de 40- 60 s, y la 
relación p eríodo de la o la /p eríod o  del lavado era del orden de 0.2. Las p layas re íleetivas ten ían  p en d ien tes  superiores a 1:15, con  
p eríodos de lavado de 11 -13  s, y  con una relación de período de las o las/p er íod os de lavado de ap roxim ad am en te 0.80. Las p layas  
in term ed ias presen tab an  p en d ien tes  típ icas que se hallaban en tre 1:25-1:45, con p eríodos de lavado de 15 -30  s, y la relación período  
de la o la /p eríod o  de lavado en tre 0.40 a 0.65.

La m ayor parte de las p layas estu d iad as p resen tab an  características de m ayor refiectividad  d urante las p leam ares, y m ás d isip ativas  
en Ios p eríodos de las bajam ares.

El régim en  de lavado se hallaba con trolado, p rim ariam ente, por la p en d ien te  de la p laya y la altura de la ola, s ien d o  la prim era  
de m ayor im portancia  en las p layas re ílee tivas extrem as, y  las olas en las d isip ativas extrem as, s ien d o am bas cr íticas para las p layas  
in term ed ias.

En este  trabajo, tam b ién  se ha d iscu tid o , las im p lican cias de los d iferen tes regím enes de lavado para la fauna de la p laya .— N é s to r  
W. L a u f  red i, C Í C - U N L P ,  Lui P la ta ,  A rgen t in a .
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