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ABSTRACT: This p a p e r  reports on the disposal of d iam ond  m ine tai lings on a N am ib ian  sandy  beach. 
Coarse  sand  in the tailings great ly  increases the gra in  size of the affected  pa r ts  of the b each  and  
thereby  provides the opportunity  to assess the effects oi ch an g in g  sand  gra in  size on a b each  w h en  
o ther physical variables are kep t  constant. E lizabeth  Bay (Namibia) is 4 km  long and  w as  originally 
com posed  of fine sand  which, exposed  to m odera te  to heavy  w ave  action, p ro d u c ed  a log spiral bay 
with a dissipative beach. Tailings disposal in the cen tre  of the bay has  in c reased  m e a n  sa n d  particle  
size from original values of 110 to 160 pm to p re sen t  va lues of 500 to 800 pm with a concom itan t  c o n ­
version of beach  m orphodynam ic  state  from dissipative to in te rm ediate .  Surveys of the 2 ends  of the 
bay, which are  relatively unaffec ted  by disposal,  an d  of an  u nd is tu rbed  similar bay n ea rb y  revea led  
intertidal benthic  m acrofauna  communities with 15 to 20 species occurring  in h igh  a b u n d a n c e  (24 120 
to 129 276 m " l). In 3 transects in the affected area,  species richness w as 8 to 12 per  t ransec t  an d  a b u n ­
dance  w as 640 to 4710 n r 1 Beds of the large sand  mussel D onax serra  have d i s a p p ea red  from the 
a ffected sector of the bay and  peracar ids typical of finer sands have  been  rep laced  by a m ore  robust 
species. Regression  analysis revea led  significant correlations b e tw ee n  com m unity  p a ram ete rs  (species 
r ichness and  a b undance)  and  both beach  slope and  particle  size; ANOVA confirm ed the significantly 
lower a b u n d an c es  of fauna  in the affected areas. Sm othering  effects a p p e a re d  to be  localised and l im­
ited. This s tudy has suppor ted  the hypothes is  that  an  increase  in sa n d  particle  size (on a b e ac h  w h e re  
tide ran g e  and  wave  e nergy  have  re m a in ed  constant) results  in a c h an g e  in b e a c h  s ta te  an d  a dec rease  
in species r ichness an d  ab undance .
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INTRODUCTION

Physical factors such as sed im en t texture  have long 
b ee n  acknow ledged  to be  im portant in benthic  ecology 
(Johnson 1971, Gray 1974). However, it has been  more 
popular  to investigate  biological factors s tructuring 
benthic communities, and  considerably more attention 
is paid  to competition, p redation  and  recru itm ent 
(Olafsson et al. 1994) than  to physical properties  of the 
sed im ent or w ater  column. In some situations, h o w ­
ever, physical factors are  of such overriding im por­
tance that they are  not easily deposed  from centre  
stage. Exposed sandy  beaches  are physically dynam ic 
ben th ic  environm ents  which can be defined by 3 van-
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abies: w ave energy, tide range  an d  sand  particle size. 
T hese  3 factors interact to p roduce  4 g ene ra l  beach  
m orphodynam ic  types: microtidal reflective, m icro/ 
mesotidal in te rm edia te ,  m icro/m esotidal dissipative 
and m acrotidal u ltradissipative (Short & W n g h t  1983, 
M asselink  & Short 1993). Thus, as tide range  or w ave 
en e rgy  increases  or sand  particle size decreases ,  
b each es  becom e wider, flatter and  m ore dissipative.

Faunal com munities inc rease  linearly in species r ich­
ness and  exponentia lly  in a b u n d a n c e  over this ran g e  of 
b each  types (McLachlan 1990, M cLachlan et al. 1993). 
On dissipative b each es  a w ide ran g e  of species occurs, 
but, as m ore reflective conditions are  approached ,  
species are  excluded, leaving, in the  most reflective 
extremes, in tertidal zones devoid of in ter tidal m a c ro ­
fauna  and  only supralittoral forms p re se n t  (Jaramillo et 
al. 1993). Intertidal anim als on exposed  sandy  beaches
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e x pe r ience  environm enta l  ch a n g e  across a g rad ien t of 
b each  types as changes  in 2 features: sw ash  climate 
(i.e. w a te r  movem ent) on the b each  face (McArdle & 
M cLach lan  1992) and  sand  particle size. The e l im ina­
tion of species  a long the g rad ien t  of b each  m orphody­
nam ic types is therefore  largely  d ue  to exclusion by 
increasing ly  harsh  sw ash  climate and /o r  coarser sand  
lead ing  tow ards  the  reflective ex trem e (Nel 1995, 
M cLachlan  et al. in press).

S ince b each  communities are  physically controlled, 
com m unity  s tructure  m ust result primarily from the 
responses  of indiv idual species to ch anges  in swash 
climate or particle size over a ran g e  of b ea ch  types. As 
m an ipu la tive  exper im en ta tion  is not possible on 
exposed  beaches, elucidation of the relative roles of 
sw ash  and  sand  in controlling the fauna  is problem atic  
an d  n eeds  to be  ap p ro a c h e d  indirectly. However, 
sw ash  an d  particle size effects m ay be sep ara ted  by 
tak ing  a na tu ra l  b each  and  m a in ta in ing  ei ther  w ave 
e n e rg y  or sand  particle size as a con ­
stan t  and  vary ing  the other. Such e x p e r ­
im ents  requ ire  major en g in ee r in g  feats 
an d  are  beyond  the  financial abilities of 
even  the  most w ell-funded  ecologists.
However, coastal en g inee r ing  activities 
conduc ted  for other purposes sometim es 
provide  un ique  opportunities to e x a m ­
ine the  response  of b ea ch  fauna  to major 
physical ch anges  in their  environm ents .
In m ost cases w h ere  fill is a d d e d  to a 
beach, the  m ateria l is similar to or finer 
than  the original beach  m ateria l since it 
is derived  from lower en e rgy  env iron ­
m ents  (Naqvi & Pullen 1982, G orzelany 
& Nelson 1987). Addition of coarser 
m ateria l would  be  expec ted  to have  
d ifferent effects; it would  be  expected  
to exc lude species (J. Dugan, A.
M cLachlan, E. Jaramillo  unpubl.)  and  
thus ch a n g e  com m unity  composition 
th rough  direct particle size effects.

This p a p e r  aims to test the h y p o th e ­
sis tha t inc reas ing  the  sand  particle 
size on a b each  will ch a n g e  the  m or­
phodynam ic  state tow ards the reflec­
tive condition and  cause  a d ec rease  
in species richness and  a b u n d a n c e  of 
the  ben th ic  m acro fauna  community. It 
repor ts  on a case in N am ib ia  w here  
disposal of tailings from coastal d ia ­
m ond  m ining has resu lted  in g rea t  
ch a n g es  in the  sand  g rain  sizes on a 
na tu ra l  beach  which previously  su p ­
po r ted  a rich intertidal ben th ic  com ­
munity.

MATERIALS AND METHODS

Study area and sam pling sites. This study was 
un d e r ta k en  in Diamond Area 1, w hich covers the 
sou thern  sector of the N am ib ian  coast from the O range 
River to Luderitz. P rotected by tight security an d  p rev i­
ously closed to scientists, this area  has recently  been  
o p en e d  to scientific study for impact assessm ent and 
environm enta l m a n a g e m e n t  purposes. The mining 
company, CDM, reques ted  exam ination of the effects 
of m ine  tailings disposal on Elizabeth Bay beach  
(Fig. 1), but only after disposal h ad  been  going on for 
2 yr. This unfortunate ly  exc luded  the taking of 'before ' 
an d  'after' samples. To rectify this flaw, ano ther  similar 
but undisturbed  beach, Grossebucht,  was exam ined.

Elizabeth  Bay is a south-facing em baym en t  located 
on the N am ibian  coast 30 km south of Luderitz (Fig. 1). 
The bay is f lanked by the  rocky Elizabeth Point to the 
w est and  rocky shores backed  by dunes to the east and
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Fig. 1. N am ibian  coast south of Luderitz,  show ing  Elizabeth Bay and  Grosse- 
bucht (Africa). Inset: sam pling  sites in Elizabeth Bay a n d  Grossebucht .  S h o re ­

line positions in E lizabeth  Bay are shown for 1990 and  1994
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receives some limited protection from southerly swell 
from Possession Island located 9 km to the south. The 
beach, 4 km long, forms a w e a k  log spirai with the 
w estern  end  she lte red  beh ind  Elizabeth Point, with 
exposure  increasing  eastw ard .  It is b ac k ed  by a narrow  
field of hum m ock dunes  colonised primarily by the salt 
bush  Salsola. Behind the dunes  is a b road deflation 
plain of low-lying dam p  sediment. Tailings from Eliza­
beth Bay Mine are  d ischarged  alternately  th rough  4 
outlets located near  the cen tre  of the bay over a dis­
tance of about 600 m.

The beach  ranges from low ene rgy  dissipative in the 
west to high ene rgy  dissipative in the east, but with 
m edium  to high energy  in te rm edia te  states in the c e n ­
tre w h ere  it has been  modified by tailings disposal. 
Only in the she lte red  w estern  sector of the beach  does 
a significant quantity  of s tranded  material, mainly 
kelp, accum ulate. Beach profiles have  b een  monitored 
since d ischarge s ta rted  in 1991 (CSIR 1993a). Central 
sections of the beach  have  been  p ro g ra d m g  as a result 
of accum ulation  of d ischarged  sedim ents (Fig 1), and 
beach  profiles have s te ep e n ed  from the first surveys in 
1990 to the p resen t  time.

Grossebucht Bay, 10 km from Luderitz (Fig. 1), also 
faces south but is more p ro tec ted  beh ind  a rocky point 
to the west, resulting in lower ene rgy  w ave action than 
that exper ienced  in Elizabeth Bay. The beach  is 1.5 km 
long, with a small rocky outcrop towards the east,  and 
ranges from low ene rgy  dissipative to m edium  energy  
dissipative with a flat g rad ien t  throughout. It co rre­
sponds in exposure to the w estern  sector of Elizabeth 
Bay. It is also b acked  by a narrow  band  of dune  h u m ­
mocks giving way to a deflation plain. A considerable 
am ount of s tranded  material, mainly kelp, accum ulates  
along the drift line at the d u n e  base.

Swell mainly app roaches  this coast from the west 
to sou thw est and  p redom inan t  winds are  southerly 
th rough  most of the year. T here  are  virtually no calms, 
and  secondary  winds, northw esterlies  and  warm, dry 
easterlies blow mainly in au tum n  and  winter. This is an 
upwelling  coast, and  inshore w ate r  tem pera tu re  
mostly ranges from 10 to 15°C . Tides are  semidiurnal 
subequa l  with an  ex trem e range  of 2 m.

The fine tailings d isposed of on Elizabeth Bay beach  
are  su spended  in seaw ate r  w hich  d ischarges at rates of 
30 000 to 180 000 m 3 m o " 1 (CSIR 1993b). This carries a 
variable load of su spended  sed im ent with m edian  grain 
sizes of 150 to 900 pm and  90%  of grains are usually in 
the size range  of 125 to 1400 pm. The coarser fractions 
tend to rem ain  on the beach, w hereas  the finer com po­
nents  are d ispersed offshore in turbid p lum es which 
generally  disperse before exiting the bay (CSIR 1993b). 
T here  is no contam ination of the d ischarged  sands and, 
since they are aeolian sands but of m arine origin, they 
are  well rounded, as are  the b each  sands.

The CSIR Report (1993a) listed b rea k e r  zone widths 
at the 4 disposal p ipe sites in the cen tre  of Elizabeth 
Bay as ranging  from 0 to 500 m in the west and  50 to 
600 m in the east, and  regu la r  accretion  was recorded  
at all 4 sites, totalling 200 m in the cen tre  of the d is­
posal a rea  over 2 yr. CSIR (1993a) profiles in the centre 
of the beach, w h ere  disposal is concentra ted ,  show ed 
b each  face slopes of abou t 1/70 in 1990 before tailings 
disposal increasing  to 1/15 in 1992. At the w estern  end 
of the beach, 1 km from the n ea res t  disposal p ipe  (but 
subject to some limited local disposal), accretion has 
been  about 50 m an d  slopes have s te e p e n e d  from 1/70 
to 1/55. At the exposed  eas te rn  end, 1.5 km from the 
neares t  pipe, accretion was <50 m an d  b each  face 
slope rem a ined  fairly constan t around  1/70.

Five transects (I-V) w ere  located in Elizabeth  Bay 
(Fig. 1): I in the she lte red  w es te rn  sector, in a beach  
state ju d g e d  to be low en e rgy  dissipative; II in a 
m ed ium  en e rgy  in te rm edia te  state; the central transect
III in a m edium  to high en e rgy  in term ed ia te  beach 
sta te  b e tw e en  d ischarge  pipes; IV in a high energy  
in te rm edia te  b each  state; and  V in h igh  en e rg y  dissi­
pative conditions. T ransects I and  V w ere  in parts  of 
the  beach  hardly  affected by tailings disposal,  w h e rea s  
Transect III was strongly affected and  Transects II and
IV w ere  m odera te ly  affected. Two transects  (VI—VII) 
w ere  located in G rossebuch t Bay. At transect VI, the 
b each  was in a low ene rgy  dissipative sta te  and  at 
T ransect VII, it was in a low to m ed ium  en e rgy  d iss ipa­
tive state.

Sam pling and analytical procedures. Transect su r­
veys w ere  carried out du r ing  the  calm period, in Ju n e  
1994, using s tandard  m ethods. For each  transect,  a line 
pe rpend icu la r  to the shore was su rveyed  from above 
the drift line (previous high tide sw ash  line) to the  low ­
est point of the sw ash  during  low tide using a tape 
m e asu re  and  surveyor 's level. Along this line, 10 s ta ­
tions w ere  positioned at equa l  horizontal intervals, 
w ith  the second  station dow nshore  being  on the drift- 
line. In addition to these  10 stations, a fu rther  station 
was sam pled  in the surf zone  at a dep th  1 m below  the 
elevation of Stn 10. At each  station, including the sub- 
tidal, 3 replicate quad ra ts  of 0.1 m 2 w ere  excava ted  to 
25 cm and  the sand w ashed  th rough  bags of 1 mm  
m esh using the sam e procedure .  All fauna  re ta ined  in 
the bags  were  p re se rv e d  in 5 to 10% formalin.

Additional information g a th e red  at each  transect 
inc luded  the n a tu re  of the drift line, the position of the 
w ate r  table, the state and  ex ten t  of the surf zone (after 
Short & Wright 1983) and  the collection of sand  s a m ­
ples (top 5 cm) at Stns 1, 5 and  10 (i.e. above the drift 
line, mid tide level and  low tide level) and  at -1  m (i.e. 
in the surf zone). Sed im en t sam ples  of approxim ate ly  
10 g w ere  ana lyzed  by settling tube. From this a com ­
pu te r  p rogram  (J. R eddering  pers. comm.) g e n e ra te d
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distribution statistics, settling velocities and  graphical 
and  m o m e n t  param eters .  Only distribution statistics 
and  g raphical  statistics w ere  used  further

In the laboratory, all specim ens w ere  identified and 
en u m era ted ,  and  biomass (shell-free) was de term ined  
by d ry ing  at 60°C for 48 hr. Kite d iagram s w ere  con ­
s tructed  an d  a b u n d a n c e  an d  biomass for each  species 
w ere  calcu la ted  for 1 m w ide transects of beach  by lin­
ea r  interpolation. This was done for the in tertidal alone 
(Stns 1 to 10) and  for the in tertidal plus shallow subti- 
dal (i.e. dow n to -1  m).

D ifferences in ab u n d a n c e  b e tw e e n  transects  based  
on individual quad ra ts  (33) p e r  t ransect  w ere  tested  for 
significance using 1-way ANOVA after testing of these 
data  for normality an d  transform ing using In. Intra- 
transect  variability was assessed  using 1-way 
ANOVAs to test for d ifferences b e tw e en  lines (3) and 
levels (10) for each  transect. Relationships be tw een  
species richness and  a b u n d a n c e  of m acro fauna  and 
physical variables w ere  ana lysed  by least squares  
reg ress ion  analysis. S pec ies /a rea  plots for each  t ra n ­
sect w ere  pe rfo rm ed  using  the  p rogram  of Hartnoll 
(1983), and  the species and  environm enta l  (sand p a r t i ­
cle size, beach  face slope and  w ave height) data  w ere  
subject to m ultivaria te  analysis in the form of 
D e tre n d ed  Canonical C o rrespondence  Analysis 
(DCCA; Ter Braak 1987) with site scores ob ta ined  from 
species scores and  as l inear com binations of env iron­
m en ta l  variables.

RESULTS 

Sedim ent analysis

The results of settling tube analysis of sand  samples 
are  sum m arised  in Table 1 Transects VI and  VII at 
G rossebucht,  which se rved  as a reference, w ere  both 
charac ter ised  by very fine sand  with m e a n  particle 
sizes in the  ran g e  of 84 to 100 pm  at all tide levels. The 
less she lte red  Transect VII had  slightly coarser sand  
than  the she lte red  Transect VI. Particles above 125 pm 
m a d e  up <10%  and  m u d  (subsieves <60 um) <2% . 
F urthe rm ore ,  the low sorting coefficients (Table 1) 
indicate tha t these sands  are  exceptionally  well sorted.

Sam ples ta k en  on the backsho re  in the cen tre  of Eliz­
abe th  Bay (Transect III) a t positions co rresponding  to 
the 1990 high, m id an d  low tide levels all contained 
fine to very  fine sand  in the particle size range  114 to 
135 pm. This was well sorted, with <1 % m ed ium  sand 
above 250 pm particle d iam eter  and  < 3 %  m ud below 
60 pm. In contrast, a layer of tailings sand  above the 
fine sand  of the  original low tide level had  a m e an  p a r ­
ticle size of 331 pm, m odera te  sorting and  16.2% of 
sand  >500 pm. This clearly indicates tha t the natural

Table 1 Graphical  statistics of sand  sam ples tak en  from the 
top 5 cm at Elizabeth a n d  G rossebucht  Bays (Namibia) along 
7 transec ts  (I-VII) a n d  n e a r  a n  effluent p ipe  in 1994 a n d  at 30 
and  150 cm dep th  on the shoreline  at E lizabeth  Bay m 1990. 
Md: median; Mn: m ean; Sort: sorting; Skew: skewness .  H, M, 
a n d  L: high, mid a n d  low tide levels, respectively; -1  m: 1 m 

into the  surf zone

Transect  & level Md cf) M n (f> Mn pm Sort <t> Skew <J>

1994
1 H 2.95 2.87 137 0.20 -0 .43
I M 2.65 2.62 163 0.28 -0.12
I L 2.79 2.83 141 0.20 0.18
I -1 m 2.96 2.89 135 0.26 -0 .28
II H 0.78 0.92 530 0.57 0.24
Il M 1.61 1.55 341 0.38 -0.14
II L 1.03 1.09 468 0.62 0 11
II -1  m -0.10 -0 .02 1014 0.26 0.31
III H -0.11 0.04 975 0.29 0.48
III M 0.60 0.67 629 0.45 0.16
III L 0.06 0.15 902 0.37 0.23
III -1  m 0.20 0.70 614 0.96 0.52
IV H 1.78 1.75 297 0,38 -0 .06
IV M 0.98 1.07 475 0.32 0.30
IV L 0.05 0.13 914 0.26 0.30
IV -1  m 1.13 1.19 438 0.50 0.13
V H 2.22 2.22 215 0.22 -0.01
V M 2.44 2.41 189 0.35 -0.11
V L 2.22 2.24 212 0.34 0.04
V -1 m 2.50 2.49 178 0.32 -0 .03
VI H 3.46 3.47 90 0.11 0.10
VI M 3.44 3.46 91 0.12 0.17
VI L 3.41 3.45 92 0.14 0.28
V I - l m 3.45 3.48 89 0.1.4 0.23
Vit H 3.29 3.34 99 0.1.9 0.26
VII M 3.35 3.38 96 0.16 0.18
VII L 3.36 3.42 94 0.17 0.21
VII -1  m 3.29 3.32 100 0.29 0.12
Effluent 1 1.91 1.71 306 0.83 -0.24
Effluent 2 1.96 1.77 293 0.92 -0.21
1990
H 150 2.98 3.00 125 0.19 0 13
H 30 3.08 3.13 114 0.21 0.21
M 150 3.06 3.09 117 0,18 0,17
M 30 3.08 3.13 114 0.21 0.25
L 150 2.86 2.89 135 0.22 0.15
L 30 1.60 1.59 331 0.60 -0.01

beach  sands of both E lizabeth Bay and  Grossebucht 
w ere  fine to very fine an d  very well sorted.

Sedim ent samples collected from the  effluent pipe 
d ischarg ing  onto the beach  had  a m e an  grain size of 
300 pm. The very poorly sorted sand  in the effluent 
inc luded  nearly 20%  coarser th a n  500 pm  and  3.5% 
mud, with the bulk  (77%) in the size range  125 to 
500 pm.

Samples collected a long the 5 Elizabeth Bay t r a n ­
sects varied widely. Transects I and  V, located  at the 2 
ends  of the b each  and. least affected by tailings dis­
posal,  recorded  the finest sediment. T ransect I, m she l­
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te red  conditions with  little accretion, h ad  well sorted 
fine sands with m e an  particle sizes in the range  116 to 
163 pm, < 1%  coarser than  250 pm and  < 3 %  mud. 
Transect V, with hardly  any accretion, h ad  fine sands 
with particle size m eans  in the range  178 to 215 pm, up 
to 28% coarser than  250 pm and  about 1% mud. The 
other 3 transects, w h e re  the beach  was more directly 
affected  by tailings accum ulation  and  exhibited p ro ­
n ounced  progradation , had  coarser sediments.

Transect III, in the cen tre  of the disposal area, had 
m ean  particle sizes in the coarse sand  range  614 to 
975 pm, w hereas  transects  II and  IV h ad  m edium  to 
coarse sands with m e an  particle sizes in the range  297 
to 1014 pm. Sorting in all these samples w as m odera te  
to poor and  several samples h ad  significant p ropo r­
tions coarser than  1000 pm. M ud content was generally  
a round  1 %. T here  w ere  no clear trends up- or down- 
shore and  the re  was considerable variability am ong 
these  samples, indicating a l terna t ing  patches  of 
coarser and  less coarse sand.

These data  docum ent the conversion of Elizabeth Bay 
beach  from an initial sta te  of fine to very tine  sand  to the 
p resen t  condition w here  tailings disposal has caused  a 
dram atic  increase in particle sizes to m ed ium  to coarse 
sand  th roughou t most of the central par t  of the beach. 
After 3 yr, this has left only the ex trem e w estern  and  
easte rn  ends (Transects I and  V) in conditions which a p ­
proach  the original state . Clearly, a w ide range  of pa r t i ­
cle sizes are  introduced in the tailings, but fine grains are 
rem oved by w ave action and transported  offshore, leav­
ing only the coarser fractions on the beach. Furthermore, 
the coarsest particles are  sub jected  to limited transport 
and  accum ulate  close to the outfalls. Since this coarse 
material is not readily removed, recovery  is unlikely.

Beach profiles

Beach profiles and  w ater  table positions are  illus­
trated  in Figs. 2 to 4. The 2 re ference transects in

G rossebuch t exhibited  flat profiles and  low to m ed iu m  
energy  dissipative surf zones. As a result of the com bi­
nation of very fine sands and  gentle  slopes, w ate r  
tables w ere  shallow and  the effluent line high on the 
b each  face. In E lizabeth Bay, the 3 central transects  
exhibited  m uch  s teepe r  profiles than  did the ends. This 
s teepen ing  is in sharp  contrast to all other transects 
and  reflects the deve lopm en t  of an  in te rm ed ia te  beach  
state as a result of the addition of coarser sediment.

M acroiauna

Faunal distribution is illustrated in Figs. 2 to 4 and  
a b u n d a n c e  and  biomass a re  sum m arised  in Table 2. A 
total of 30 species w as recorded,  of w hich 4 w ere  
insects or arachnids. Forms typical of the N am ibian  
coast (Donn & Cockcroft 1989) dom ina ted  all tide lev ­
els. The a ir-breath ing  crus taceans  Talorchestia q u a d ­
rispinosa  and  Tylos granulatus, along with kelp flies 
and  coleopterans, occupied the supralittoral. The 
isopods Excirolana natalensis, P ontogelo ides la tipes  
and  E uryd ice longicorn is , spat of the  bivalve D onax  
serra  an d  polychaetes, especially Scolelep is squam ata, 
dom ina ted  the m idshore . M any  species occurred  on 
the lower shore and  in the shallow surf zone, especially 
at the transects w h ere  the beach  w as dissipative: e.g. 
the gas tropod  Bullia tenuis, D onax serra  adults, 
U rothoe sp. an d  o ther  am phipods,  and  the mysid G as­
trosaccus p sam m odytes .

Transect I (Fig 2; Table 2) supported  19 species:
1 insect, 16 supra-  and  in tertidal species and  2 subtidal 
species. Peracarid  crus taceans  dom ina ted  the fauna  
numerically, followed by molluscs an d  annelids. A b u n ­
dance  (24 120 individuals per  runn ing  metre) was high, 
and  biomass (710 g m -1) was high but not exceptional. 
T ransect II (Fig. 3; Table 2) inc luded  fewer species (12):
2 supralittoral crus taceans  and  10 intertidal species, 
with peracarids  aga in  dominant.  W hereas  Transect I 
ha rb o u red  E uryd ice  longicornis  and  P ontogeloides

Table  2. S um m ary  of genera l  a tt r ibutes  of 7 t ransec t  l ines (Stns 1 to 10 for each  transect)  su rveyed  on Elizabeth Bay and  Grosse- 
bucht beaches .  DIS: dissipative; IN T  in te rm ediate .  For species num ber,  a b u n d a n c e  an d  biomass, only supra-  and  intertidal

'm arine '  species are included, i.e. insects and  a rachnids  a re  omitted

Transect:  I II III IV V VI VII

Overall beach  face slope 1/51 1/23 1/17 1/25 1/56 1/58 1/59
Overall beach  state DIS INT INT INT DIS DIS DIS
M ean  particle  size (pm) 144 588 780 531 199 91 95
Sorting 0.24 0.46 0.52 0.36 0.31 0.13 0.2
Breaker  he igh t  (m) 0.4 0.8 1 1.4 1.6 0.4 0.6
N u m b er  of species 16 12 8 9 15 16 17
A b u n d a n ce  (m ”1 ) 24 120 4710 640 1067 24 330 129276 45701
Biomass ( g m “1) 710 4 6 78 5941 221 202
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A b u n d a n ce  m
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Kelp fly pupae

Talorchestia  qua d risp in osa  

P o n tog e lo ides  la tipes

L u m brine ris  te trau ra  
Tylos g ranu la tus  

S co le lep is  squa m a ta  

C um opsis  sp.

D o nax serra  

U ro thoe  sp. 1 

D o nax se rra  spat 

E u ryd ice  lo ng ico rn is

Drift 
. line

G a stro sa ccu s  p sa m m o d y te s

Tellina trila te ra  

N e phtys  cape ns is  

P a ram oera  cape ns is  

M a lda n ida e  sp.

B u llia  tenu is

S iga lion  cape nse  
A n thu ridae  sp

H orizon ta l d is tan ce  (m)

Fig. 2. Transect I, E lizabeth Bay, 
Namibia. Flags indicate  sampling 
stations with Stn 1 at the top of the 
shore, Stn 10 at the bottom a n d  -1 m 
in the sub-tidal.  Kites show a b u n ­

dan ce  r r r 2; note In scale

latipes, both  typical of fine sands, Excirolana n a ta le n ­
sis m a d e  an  a p p e a ra n c e  at T ransect II, presum ably  
in response  to the coarser sands enco u n te re d  there. 
A b u n d an c e  and  biomass w ere  m odera te  to low 
(4710 mT1 and  4 g m r 1 ). T ransect III, in the d ischarge 
area,  ha rb o u red  only 8 species for an a b u n d a n c e  of 
640 m ' 1 a n d  a biomass of 6 g m ' 1 (Fig. 3; Table 2). This 
im p o v e n sh e d  fauna  inc luded  Tylos granula tus  in the 
supralittoral and  predom inan tly  peracar ids  in the 
in te rtidal and  below. Excirolana na ta lensis  was the 
dom inan t intertidal isopod and  E uryd ice  longicornis  
occurred  at the -1  m station. T ransect IV, 1200 m from 
the  cen tre  of the disposal area, r evea led  13 species, of 
which 4 w ere  insects or a rachnids an d  9 w ere  supra- or 
in ter tidal 'marine ' species (Fig. 3 ; Table 2). All in te r ­
tidal species w ere  peracarids  except D onax serra. 
Excirolana na ta lensis  was aga in  the  dom inan t in te r ­
tidal isopod and  E uryd ice  longicornis  occurred  p r e ­
dom inantly  in the subtidal. Total ab u n d a n c e  was 
1067 m 1 an d  biomass w as 78 g mT1 Transect V h a r ­
b o u red  21 species: 5 insects,  an  arachn id  and  15 supra- 
and  inter tidal m arine  species (Fig. 3; Table 2). Talorch­
estia quadrispinosa, Tylos granu la tus  and  insects 
occurred  in the supralittoral. The in tertidal was dom i­
n a te d  by peracarids, a l though  molluscs and  po ly­
chae tes  w ere  more a b u n d a n t  than  at T ransects  II—IV 
D onax serra  had  a sizeable in tertidal spa t  cohort and

large  subtidal adult stocks, of which only the fringe 
was sampled. A bundance  an d  biomass w ere  high 
(24 330 n r '  and  5941 g m ' 1).

The 2 G rossebuch t transects included rich faunas, 
both  having at least 20 species and  ab u n d a n c e  values 
in excess of 40 000 m _1 (Fig. 4; Table 2). T ransect VI 
h ad  20 species: 3 insects and  17 'marine ' forms. Tylos 
granulatus, Talorchestia quadrispinosa  and  insects 
occurred  in the supralittoral and  a wide variety of p e r ­
acarids occurred  in the  intertidal. A bundance  was 
exceptionally  high at 129 276 n r 1 and biomass was 
m odera te  at 221 g m -1 Transect VII had  21 species: 
4 insects and  17 ‘m arine’ species, with peracarids 
be ing  dominant.  E urydice longicornis  was the only 
intertidal isopod. D onax serra was p resen t on the lower 
shore and  contributed  significantly to biomass. In ter­
tidal a b u n d a n ce  was high at 45 701 nm 1 and  biomass 
was m odera te  at 202 g n m 1.

Summary of transect features

The distinguishing fea tures  of the 7 transects are 
sum m arised  in Table 2. This h ighlights the changes  on 
beaches  around  Elizabeth Bay, with coarsest sand  and 
poorest sorting occurring at T ransect III and  particle 
size decreas ing  aw ay from this transect. Faunal s p e ­
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cies richness, ab u n d a n c e  and  biomass exhibited a g e n ­
eral d ec rease  tow ards the cen tre  of the disposal area  at 
T ransect III. O ne-w ay  ANOVAs indicated  significant 
differences in overall faunal a b u n d a n ce  am ong the

Elizabeth Bay transects  [F = 40.0, p < 0.001). Multiple 
range  analysis,  u n d e r ta k e n  as an a posteriori test of 
multiple com parisons to indicate statistical signifi­
cance, show ed that Transects  III and  IV had  lower

water
Tab e

0 10 20 30 40 so

H o r i z o n t a l  d i s t a n c e  ( m)

Talorchestia
quadrispinosa

Tylos granulatus 

Excirolana natalensis 

Donax serra 

Eurydice longicornis

Gastrosaccus
psammodytes

Cumopsis sp

Scolelepis squamata

Phoxocephalidae sp. 
Lumbrineris tetraura 
Paramoera capensis 

Cerebratulus fuscus

W a te r
Tab e

Tylos granulatus .

Excirolana natalensis i

Pachyphaleria capensis 

Gastrosaccus psammodytes 

Eurydice longicornis 

Mandibulophoxus stimpsoni 
Paramoera capensis 
Scolelepis squamata

0 6 12 18 24 30 36 42 48 54

I V
Arachnida sp 

Tylos granulatus 

Insect larva 

Paramoera capensis

Eurydice longicornis

Excirolana natalensis

Kelp fly 
Pachyphaleria

capensis
Insect pupae

Kelp fly pupae

Gastrosaccus
psammodytes

Phoxocephalidae sp.
Pontogeloides latipes
Donax serra

Mandib ulophoxus
stim pson i

V Talorchestia quadrispinosa 
Isoptera sp.
Kelp fly 
Arachnid sp 
Coleoptera sp 
Tylos granulatus 
Pontogeloides latipes 
Insect pupae 1 
Insect pupae 2 
Urothoe sp 2 

Phoxocephalidae sp 

Eurydice longicornis 

Gastrosaccus psammodytes 
Bullia tenuis 

Donax serra 
Cumopsis sp.
Sigalion capense 
Donax serra spat

Glycera convoluta 
Nephtys capensis 
Scolelepis squamata

21 42 63 84 105 1 26 147 168 1B9

Fig. 3. Transects II—V, Elizabeth Bay. Flags indicate sam pling  stations with Stn 1 at the top of the shore, Stn 10 at the bottom and
-1 m in the sub-tidal.  Kites show a b u n d a n c e  i r r 2; In scale as in Fig. 2
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T a b le

Insect larvae

Talorchestia quadrispinosa 

Coleoptera sp 

Kelp fly

Scolelepis squamata

Urothoe sp. 1

Cumops/s sp

Eurydice longicornis

Gastrosaccus psammodytes 
Tylos granulatus 

Culicus profundus 

Urothoe sp. 2 

Bathyporeia sp.

Nephtys capensis

Bullia tenuis 
Anthuridae sp 
Tellina trilatera 
Sigalion capense 

Lysianassa ceratina 
Lysianassa sp. 2

13 26 39 52 65 78 91 104 117

Hor i zo n t a l  d i s t a n c e  ( m)

V I I

W ate r
T ab le

KeJp fly 
Kelp fly larvae 
Talorchestia quadnspmosa 
Kelp fly pupae 
Gastrosaccus psammodytes 
Coleoptera sp. 1 
Coleoptera sp. 2 
Insect pupae 
Urothoe sp. 1 
Cumopsis sp.
Eurydice longicornis

Scolelepis squamata 
Nephtys capensis 
Anthuridae sp.
Sigalion capense 
Urothoe sp 2 
Tellina tnlatera 
Phoxocephalidae sp.
Donax serra 
Urothoe sp. 3 
Cerebratulus fuscus 
Urothoe sp. 4 
Tanaidacea sp

13 26 39 52 65 78 91 104 117

Fig. 4. Transects  VI a n d  VII, G rossebuch t  Bay. Flags indicate  sam pling  s ta ­
tions with Stn 1 at the top of the shore, Stn 10 at the bottom an d  -1  m in the 

sub-tidal.  Kites show a b u n d a n c e  r r r 2; In scale as in Fig. 2

a b u n d a n c e s  than  all o ther  transects  except Transect II. 
A lthough  Transects II and  III differed, Transect II did 
not differ from Transect IV and  a b u n d a n c e  w as lower 
th a n  at T ransects  I and  V (Table 3).

Clearly, ab u n d a n c e  is most dep re ssed  in the centre 
of the  bay (Transect III) w h ere  tailings disposal has

b ee n  greatest,  and  effects taper  off to 
both sides. T here  w ere  no significant 
differences be tw een  lines on any of the 
transects, but the re  w ere  differences 
b e tw e en  levels (i.e. intertidal zonation) 
in all cases (1-way ANOVA, p < 0.05).

Species area  curves (Fig. 5) indicate 
high richness at the 4 transects on dissi­
pative  beach  areas  (I, V, VI and  VII) and 
lower values at the 3 in te rm ed ia te  sites 
affected by tailings (II, III and  IV), with 
Transect III showing the most depressed  
spec ies /a rea  response.

T here  is a significant correlation 
b e tw e en  beach  slope and  n u m b e r  of 
'm ar in e1 species (i.e. excluding insects 
and  arachnids) on the 7 beaches  (Fig. 6, 
r = 0.92, p < 0.05). Slope is a useful m e a ­
sure of beach  type and  the value used  is 
the reciprocal of overall m e an  slope 
am ong Stns 1 to 10, as this is generally  
more sensitive than  expressing  the g ra ­
dient in degrees. Furtherm ore, slope is 
taken  for a transect as a whole and  not 
for individual stations since the com par­
ison is be tw e en  sites (transects) subject 
to differing sed im ent conditions and  not 
tide levels. T here  are  also significant 
correlations be tw een  species richness 
and  sand particle size and  be tw e en  log 
ab u n d a n ce  and  both slope and  particle 
size (p < 0.05), confirming the  in te rre la t­
edness  of these de term inants/ind ica tors  
of beach  type and  the predic table 
response to beach  type by the mac- 
robenthic communities, i.e. a decrease  
in species richness and  ab u n d a n c e  as 
beaches  becom e more reflective (with 
s teeper  slopes and  coarser sands). In 
addition, a significant nega tive  corre la­
tion was obta ined  be tw e en  sand  sorting 
and  species richness (Spearm an 's  Rank 
Correlation = -0.83, p < 0.05), illustrat­
ing the low num bers  of species in the 
poorly sorted  sands n ea r  the outlets.

DCCA based  on species and  environ­
m enta l  attr ibutes (Fig. 7) revea led  the 
most distinct clustering using only 2 
environm enta l  variables: w ave height 

an d  sand  particle size. C lustering was less clear w hen  
slope was included. A cluster of the low to high energy  
dissipative sites (Transects I, V, VI and  VII) is associ­
a ted  with dec reas ing  particle size and  the 3 in te rm ed i­
ate sites are  clearly separa ted  towards the  direction of 
increasing particle size.
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Fig. 6. Rela tionship b e tw ee n  species r ichness and  beach  slope 
for 7 beach  transects

DISCUSSION  

Sedim ent

The sed im ent analysis results sugges t  tha t Elizabeth 
Bay beaches  w ere  originally (before 1990) com posed 
of fine to very  fine sand  (mostly 100 to 150 pm), only 
slightly less fine than  the beach  at G rossebuch t (mostly 
90 to 95 pm). CSIR data (G. M oeke pers. comm.) indi­
cate that original (1988) grain sizes on Elizabeth Bay 
beach  w ere  in the ran g e  156 to 180 pm m ed ian  particle 
diameter, increasing slightly from west (156 pm at our 
Transect I) to east (180 pm at our T ransect V). Less than 
10 % of particles w ere  coarser than  200 pm. A 1993 su r­
vey, carried  out 1 yr prior to the cu rren t  study, recorded 
m ean  particle d iam eters  of 154 pm and  403 pm at t r an ­
sects V and  III respectively, based  on intertidal sa m ­
ples only (McLachlan & de Ruyck 1993). From Table 2,

AXIS 1

VII

AXIS 2

WAVE HEIGHT

Fig. 7. DCCA plot of 7 t ransect  lines o rd ina ted  by species and  
env ironm en ta l  da ta

Table  3. Results of m ultip le  ran g e  analysis u n d e r ta k e n  as an 
a posteriori test of multiple  comparisons to indica te  statistical 

significance

Transect: 111 IV 11 I V

A b u n d a n ce  (no. m ~ 1 
Non-significance

640 1067 4710 24 120 24 330

it appears  that sand  b ecam e coarser at these  2 transect 
points in 1994, increas ing  to 199 pm  and  780 pm 
respectively, sugges ting  recen t  d ischarge  of coarser  
materia l in the case of T ransect III an d  increasing  su p ­
ply of d ischarged  m ateria l to Transect V by longshore 
drift.

It appears  tha t sand  at the exposed  eas te rn  en d  of 
Elizabeth Bay b each  (Transect V, furthest from the d is­
posal sites) inc reased  slightly in m ean  particle size 
from abou t 150-180 pm before tailings disposal to 
a round  200 pm at present.  In the cen tre  of the  beach  
(Transect III), particle size appears  to have  increased  
from abou t  110 to 160 pm before disposal to abou t 600 
to 900 pm, and  in the she lte red  w es te rn  corner  (Tran­
sect I), it increased  from an original 100-150 pm  to 
130-160 pm. Parallelling this particle size inc rease  was 
the increase in sed im ent load which was also g rea tes t  
a t  Transect III; sm othering  is the re fore  also a factor to 
be  considered.

Beach state

G rossebuch t m ay be descr ibed  as a low to m edium  
e n e rgy  dissipative beach. This state , in combination 
with the very fine sediment, prov ides  an ideal hab i ta t  
for beach  fauna: a surf zone tha t thoroughly  dissipates
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the  incom ing waves to form a mild, smooth swash 
action with little tu rbu lence  over the  b each  face. Eliza­
be th  Bay b each  is fully dissipative at its w es te rn  and  
ea s te rn  ends and  in te rm ed ia te  in the  middle, w here  
sand  grain  size has been  considerably  in fluenced by 
tailings disposal.  All indications, based  on early 
records of b each  slope and  grain  size, sugges t  tha t the 
en t ire  b ea ch  was dissipative before modification, r a n g ­
ing from low energy  dissipative in the west to high 
en e rg y  dissipative in the east.  Since b each  state is 
d e te rm in e d  by the  interaction b e tw e en  w ave ene rgy  
and  sand  particle size (Short & Wright 1983) if tide 
ran g e  is constan t (Masselink & Short 1993), this 
ch a n g e  is predic table. Based on the gene ra l  re la t ion­
ship b e tw e e n  b each  sta te  and  faunal richness, such a 
ch a n g e  in beach  state would  also be expected  to 
induce  ch anges  in the benth ic  faunal communities.

Fauna

This survey constitutes the first report on very  fine 
sand  b eaches  on the sou thw est  coast of Africa. It con­
firms the  expected  richness of the fauna, with around  
20 species  on all the  dissipative b each  transects.  P er­
haps  most exceptional is the  g rea t  a b u n d a n c e  of 
organism s at G rossebuch t Transect VI. The 7 transects  
s tud ied  revea led  a total of 24 species excluding insects 
an d  arachnids. Species richness was h ighest  on the 
most dissipative b eaches  and  d ec reased  at the  t r a n ­
sects with in te rm ed ia te  b each  types (Fig. 6), confirm­
ing the  kn o w n  pa t te rn  of species richness response  to 
b ea ch  type (McLachlan et al. 1993). The fauna  was 
dom ina ted  by peracar id  crus taceans  in all cases, e s p e ­
cially am phipods,  isopods and  mysids, as recorded  
e lsew h e re  (Dexter 1992). Only peracar ids  es tablished 
s izeable populations on the b eaches  affected by tail­
ings disposal. Molluscs w ere  m ore com mon on t ran ­
sects across dissipative beaches  and  polychaetes  w ere  
most a b u n d a n t  in the fine sand  of Grossebucht.

T he  3 in ter tidal isopods typical of the u p p e r  mid- 
shore  in this a rea  show ed  clear zonation and  response 
to particle  size changes .  Excirolana nata lensis  occur­
red  at the  h ighes t  in tertidal levels and  w as most suc­
cessful on the transects  with coarser  sand. P onto­
g e lo id es la tipes  occurred  just below  it and  seem ed  
most sensitive to sand  particle size, be ing  completely 
ab sen t  from transects with coarse sand. E uryd ice  
longicorn is  occurred  on the lower shore and  in the 
shallow surf zone over a w ide range  of particle sizes, 
bu t w as m arked ly  less com m on in the coarser sands. 
T here  thus appears  to be some rep la ce m en t  of P. 
la tipes  an d  E. longicornis  by E. na ta lensis  on coarse 
sands  in the  cen tre  oi Elizabeth Bay. Similar re p la c e ­
m e n t  of E. longicornis  by E. na ta lensis  or other isopods

in coarse sands has been  recorded  on the southwest 
coast of Africa (Brown 1973, Bally 1981). This m ay be 
re la ted  to body size, the latter being a la rger  species. 
Similar rep lacem en t of small by la rger  cirolanid 
isopods in coarse sands has been  recorded  on the 
U ruguayan  coast in the case of Excirolana braziliensis 
rep lacing  Excirolana armata  (Defeo et al. 1992). D ugan  
et al. (unpubl.) have show n a tendency  for the smallest 
species to be exc luded  from m acrofauna communities 
on coarse sand  beaches  based  on a review  of num erous  
beach  surveys.

The entire beach  in Elizabeth Bay was com posed of 
fine sand  and exhibited  dissipative conditions before 
ta ilings disposal. In this state, it would  have harbou red  
a species-rich fauna including e lem ents  typical of both 
she lte red  shores and  exposed  beaches. Special fea ­
tures of such a fauna  would be the diversity and  a b u n ­
dance  of peracarids, the large D onax serra populations 
in the subtidal and  an  especially high diversity for the 
beach  as a whole — because  of the p resence  of both 
she lte red  shore and  exposed  beach  communities. 
M any of the species found at T ransect I and  along both 
transects  in G rossebuch t are unlikely to be e n c o u n ­
tered  intertidally an y w h e re  on the open coasts of 
Namibia. Since most of the  N am ib ian  coast consists of 
exposed  beaches  of m ed ium  to coarse sand, these bay 
beaches  with fine sand  and  rich faunas rep resen t 
havens  for m any  species and  deserve  special conserva­
tion status.

A bundance  and  biomass values recorded  for these  7 
transects cover several orders of m agnitude,  but all fall 
within the recorded  range  for sandy  beaches  (McLach­
lan et al. 1993). However, the exceptional a b u n d a n ce  
at T ransect VI in G rossebucht is h igher than  any other 
published  value for the  African continent. This was 
due  to considerable num bers  of peracarids. Generally, 
ab u n d a n ce  values per  m etre  transect above 100 000 
are  considered  very high and  below  1000 low for ocean 
beaches  (McLachlan et al. in press). Only Transect III 
had  a b u n d a n ce  below 1000 m " 1. The large sand  m u s­
sel D onax serra dom ina ted  biomass w h erev e r  it occur­
red, as has b ee n  found e lsew here  on the N am ibian  
coast (Donn & Cockcroft 1989). T ransect V had  a large 
biomass of sand  mussels; however, sam pling covered 
only the up p er  fringe of the adult  popula tion  of this 
species and  the bulk  of the population, probably  
located be tw e en  -1  and  -3  m, still awaits accurate 
sampling. Both a b u n d a n ce  and  biomass values 
dec reased  dramatically  from the  dissipative beach  
states at Transects I, V, VI and  VII to the transects near  
disposal sites.

At all transects  w here  it occurred, D onax serra d o m ­
ina ted  biomass. An exper im en t on the response of this 
clam to a range  of particle sizes (Nel 1995] has con ­
firmed that this species, like most bivalves (Alexander
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et al. 1993), is sensitive to particle size and  has an opti­
m um  ran g e  (200 to 300 pm) in the fine to m ed ium  sand 
category. Since tailings disposal has raised grain sizes 
on affected parts  of E lizabeth Bay beach  into the 
coarse to very coarse particle size range, it is clear that 
D onax serra  would exper ience  g rea t  difficulty in b u r ­
rowing there. The absence  of this species on those 
beaches  most affected  by tailings disposal,  in contrast 
to its p resence  at the other sites, lends additional su p ­
port to the contention that it has  been eliminated from 
the central portions of Elizabeth Bay by these activi­
ties. However, the d isa ppea rance  of D onax serra may 
not be solely a result of particle size changes, and  con­
comitant changes  in beach  morphology as well as 
sm othering could also play a role. However, the m obil­
ity of the in troduced  sand  is unlikely to be a cause  of 
species loss p e r  se-, not only D. serra, but almost all 
species on these open b each es  prefer  mobile sands, 
m any are  tidal migrants,  requir ing  dynam ic env iron­
m ents (Brown 1983) and  most are  absen t in sheltered  
sites w ithout w ave action.

C onclusions

The addition of tailings to Elizabeth Bay beach  has 
clearly resu lted  in considerable accum ulation of m a te ­
rial and  beach progradation . It has also inc reased  the 
sand particle size of the affected sections of beach, a 
consequence  of w ave action d ispersing fine fractions in 
the tailings and  leaving coarser material behind. With 
w ave action u n ch a n g ed  in the bay, the increase in p a r ­
ticle size has converted  m uch  of the beach  from dissi­
pative to in te rm edia te .  Indeed, it appears  certain that 
the entire beach  w as fully dissipative prior to 1991, 
ranging  from low ene rgy  dissipative in the she lte red  
w estern  sector to h igh  energy  dissipative in the east. 
This investigation has both  confirmed the suggestion  
(McLachlan & de Ruyck 1993) that tailings disposal on 
Elizabeth Bay beach  has cha n g ed  beach  state and  fau­
nal communities and  lent support to the general 
hypothesis (McLachlan 1990, M cLachlan et al. 1993) 
that chang ing  beach  state from dissipative towards 
more reflective conditions results in a decrease  in fau ­
nal diversity and  abundance .

T hese changes  in particle size and  beach  m orphody­
namic state have had  serious impacts on the fauna. 
Since it is well d ocum en ted  that dissipative beaches  
support richer faunas than  reflective beaches  
(McLachlan et al. 1993), a loss m  species richness and 
a b u n d a n ce  of benthic m acrofauna is not surprising. 
Particularly m arked  is the partial loss of a large p o p u ­
lation of the sand  mussel D onax serra, which dom i­
nates  the biomass in T ransects  I and  V. The p resence  of 
this species at G rossebucht and  at both ends of Eliza­

beth  Bay, w here  tailings effects are  minimal, and  its 
a b sen ce  in the m ore affected a reas  in the cen tre  of 
Elizabeth  Bay leave little doub t tha t the re  was once a 
substantia l population a round  the entire  shoreline of 
E lizabeth Bay, p robably  with g rea tes t  ex ten t and  d e n ­
sity in the east (Fig. 8).

The reasons for change  in com m unity  structure, 
including loss of species such as sand  mussels, follow­
ing tailings disposal could be (1) increasing  sand  
particle size limiting body size, bu rrow ing  rates and 
other functions m a variety of species; (2) sm othering 
by rapid accum ulation  of tailings; (3) clogging of gills 
and  other s tructures by the m ud  p lum es associated 
with tailings disposal; and (4) changing  b each  state 
and  concomitant changes  in sw ash  climate.

Increasing particle size can directly affect m any  sp e ­
cies. It m ay pose lower limits to body size (Dugan et al. 
unpubl.)  or limit burrow ing  perfo rm ance  (Alexander et 
al. 1993). Body size effects m ay account for the partial 
exclusion of the 2 small bodied  isopod species (E urydice  
longicornis  and  P ontogelo ides latipes), w h erea s  exper i­
m entation  on D onax serra  (Nel 1995) has show n that the 
particle size changes recorded at Transects II—IV at Eliz­
abe th  Bay would directly d ec rease  bu rrow ing  perfo r­
mance.

Sm othering  m ay also be important: at T ransect III, 
w h e re  tailings accum ulation  has b ee n  g rea tes t  and  the 
b each  g rew  200 m in 2 yrs, this am oun ted  maximally to 
27 cm d ' 1 or 13.5 cm sed im en t build -up  per  tidal cycle. 
At Transects II and  IV, accum ulation  rates w ere  consid­
erably less, at <5 cm per  tidal cycle. For active beach  
fauna, w here  most species m igra te  with the  tides and  
rapid burial and  em erg en ce  are  characteristic, even  this 
would  not necessarily  cause  problem s. Parr et al. (1978) 
found less mobile species to be bu r ied  by b each  r e p le n ­
ishm ent activities in California (USA) but otherw ise 
found no adverse  affects; in contrast, they found oppor­
tunistic mobile crus taceans  to inc rease  in response to
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Fig. 8. M odel of beach  m acrofaunal  a b u n d a n c e  a ro u n d  Eliza­
be th  Bay before  and  after disposal of tailings. Broken line: 
original condition; solid line: 1994 condition; sh a d e d  area: loss 
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rep len ishm ent,  and  concluded  that beach  communities 
are  dynam ic and  a d a p te d  to seasonal (e.g. Ansell et al. 
1972) and  other m ovem ents  of sedim ents and  can th e re ­
fore cope with both depositional an d  erosional condi­
tions. O ther  studies of the  effects of b each  nourishm ent 
on benth ic  m acro fauna  have  mostly found limited or 
neg l ig ib le  effects and, w h ere  the re  w ere  effects, they 
were  short-lived (Naqvi & Pullen 1982, Gorzelany & Nel­
son 1987). The Elizabeth Bay beach fauna should also be 
quite  resilient to this type of perturbation .  By contrast, 
rem oval of sand  from beaches,  for exam ple  by beach  
sc rap ing  (Wells & M cN inch  1991), m ay be expected  to 
directly im pact fauna th rough  removal.

C logging of filtering structures by turbid  plumes 
m ay accoun t for the  exclusion of som e species m  the 
im m edia te  vicinity of the d ischarge  point.  However, 
since vigorous w ave  action rapidly d isperses this m a te ­
rial into the nearshore ,  such effects are  very  unlikely 
at Transect IV, 1 km  aw ay  from the d ischarge  site. 
C h a n g e s  in sw ash climate with  the change  in beach  
s tate from dissipative to in te rm ed ia te  m ay also play a 
role, bu t  this is difficult to appraise.

The ques tion  then  arises as to w h a t  rem edial action 
should  or could be taken  to red u c e  im pacts of tailings 
disposal,  rem edy  the situation, or even  re tu rn  the 
b each  to its original condition. Since la rge  quantities of 
coarse m ateria l have  now  b ee n  a d d e d  to the beach, are 
sp rea d in g  laterally a round  the  bay, and  would  be 
almost impossible to remove, it m ust  be accep ted  that 
ch anges  are  irrevocable, at least in the m edium -term . 
Indeed, the b each  m ay never  re tu rn  to its original con­
dition of fine sand. To p rev e n t  fu rther  deterioration  of 
the  situation, consideration  could be  g iven to disposal 
of fu rther  fine tailings elsew here .  T hese  p ro tec ted  bays 
on the  N am ib ian  coast can  harbou r  exceptionally  rich 
faunas. Since E lizabeth Bay has  a lready  been  de tr i­
m entally  affected  by tailings disposal,  but G rossebucht 
is in pristine condition, the la tter  should enjoy par t icu ­
larly h igh  conservation  status. Until such time as su r­
veys reveal other bays with faunas to m atch  Grosse- 
bucht,  its b each  should  be  carefully sh ie lded  from any 
major d is tu rbances  such as those which have occurred  
in E lizabeth  Bay.

This study has supported  the contention that changing 
a microtidal beach  from a dissipative to a more reflective 
s ta te  would  result in a reduction  in faunal species r ich­
ness and  ab u n d a n c e  (McLachlan et al. 1993). In this 
case, the  ch anges  have  b ee n  d ue  to changes  in particle 
size, and  wave action has rem ained  unchanged . It would 
be  of g rea t  fundam en ta l  in te res t  to b each  ecology to 
com pare  this scenario to one in which  particle size was 
kep t  constant and  w ave energy  levels changed. Such an 
e x p e n m e n t  would provide a u n ique  opportunity  to con­
trast the influences of the 2 key  e lem ents  of beaches  — 
particle  size and  sw ash  climate — on the fauna.
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