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A B S T R A C T

The search for patterns, i.e., statistical arrangement in the data, is a key step to understand the way in which natural 
systems change in space and time. In order to detect community patterns I analyzed in this study some community traits 
of forty-five local assemblages of sandy beach invertebrates of Chile. There were identified three main community 
patterns. ( 1 ) Species richness tended to decrease with beach slope (morphodynamic state index), fitting a power model. 
The variability non-explained by beach slope (about 50%) was independent of grain size and latitude, but a little fraction 
(9%) was explained by sampling effort. Beach length seemed also to be related with this unexplained variability, but 
in a non-linear way. (2) The species composition of the local assemblages tended to be a non-random nested subgroup 
of the species composition of the richer assemblages, i.e., the species composition fitted a nested pattern. (3) The species 
abundance and distribution were positively correlated, which indicate that wide distributed species tended also to be 
locally abundant. This is the first time that the “nested species composition pattern” (N° 2) and the “interspecific 
abundance-distribution pattern” (N° 3) are documented for sandy beach fauna. These three patterns were statistically 
evident at both regional (~2xl02 km) and geographical (~2xl03 km) scales, suggesting that they are scale-independent 
along the evaluated range. Much work is still needed to explain how sandy beach communities are structured, in the 
present study only the first step has been taken, i.e., the detection of patterns, leaving open the question about the 
underline processes and mechanisms.

Key words: abundance-distribution relationship, Chile, morphodynamic, nestedness, pattern, sandy beaches, 
spatial scale, species composition, species richness.

R E SU M E N

La búsqueda de patrones, i.e., arreglos estadísticos en Ios datos, constituye un paso clave en el proceso de entendimiento 
de la variabilidad espacial y temporal de Ios sistemas naturales. Con el objeto de identijf(car patronës comunitarios, en 
este trabajo se analizaron algunos atributos comunitarios de cuarenta y cinco ensambles locales de invertebrados de 
playas de arena de Chile. Se identificaron tres principales patrones comunitarios. (1) La riqueza de especies tendió a 
decrecer con la pendiente de la playa (índice del estado morfodinámico), ajustando un modélo potencial: La variabilidad 
no explicada por la pendiente de la playa (alrededor de 50%) fue independiente del tamaño de grano y latitud, pero una 
pequeña fracción (9%) fue explicada por el esfuerzo de muestreo. La longitud de la playa también pareció estar asociada 
con esta variación no explicada, aunque en una forma no lineal. (2) La composición de especies de Ios ensambles locales 
tendió a ser un subgrupo anidado, no aleatorio, de la composición de especies de Ios ensambles más diversos, i.e., la 
composición de especies siguió un patrón de anidamiento. (3) La distribución y abundancia de las especies se 
correlacionaron positivamente, lo que indicó que las especies ampliamente distribuidas tendieron además a ser las más 
abundantes localmente. Esta es la primera vez que se documenta en playas de arena la ocurrencia de “anidamiento en 
la composición de especies” (patrón N° 2) y de “relación interespecífica positiva entre distribución y abundancia” 
(patrón N° 3). Estos tres patrones fueron estadísticamente evidentes, tanto a escala regional (-2x102 km) como 
geográfica (~2x 103 km), lo que sugiere que son independientes de la escalá en el rango evaluado. Aún hace falta mucho 
trabajo para explicar como se estructuran las comunidades de playas de arena, en el presente trabajo solo se ha dado 
el primer paso, i.e., la detección de patrones, permaneciendo abierta la interrogante respecto a Ios procesos y 
mecanismos subyacentes.

Palabras clave: relación distribución-abundancia, Chile, morfodinámica, anidamiento, patrón, playas de arena, 
escala espacial, composición de especies, riqueza de especies.
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INTRODUCTION

E co logy  deals wi th the var iabi l i ty  o f  na tu ­
ral sys tems.  The s t andar d  sc ient i f ic  ap ­
p ro ach  to expla in  this var iabi l i ty  involve  
the fo l lowing steps: (1) ident i fy  pat t erns  of 
var ia t ion ,  (2) infer  poss ib le  p ro cesses  and 
m ech a n i sm s  capab le  o f  gene ra t ing the pa t ­
terns  detec ted ,  (3) p ropose  exp l i ca t i ve  hy ­
pothes is ,  and final ly (4) evaluat e  the  h y ­
pothes i s .  Thus ,  the search  for pa t t erns ,  i.e., 
s t a t i s t ica l  ar rangemen t  in the data,  is a key 
s tep  to unde rs tan d the way in w hi ch  natura l  
sys tem s  change in space  and t ime.  F u r th e r ­
more ,  as was c la imed by Shra de r-F re che t t e  
& M c C o y  (1993),  in the absence  o f  st rict  
em pi r i ca l  laws the foun da t ion s  o f  m uch  of  
pop u la t io n  and c o m m u n i ty  ec o lo gy  will  
have  to be laid in broad s ta t is t ica l  g en e ra l i ­
za t ions .

T he spat ial  var iabi l i ty  of  spec ies  r i c h ­
ness  (e.g. H u tch inson 1959, R ick le fs  & 
S c h l u t e r  1993)  a n d  c o m p o s i t i o n  (e .g .  
Pa t t e rs on  & Atmar ,  1986),  and the in te r ­
s p e c i f i c  v a r ia b i l i ty  o f  a b u n d a n c e  (e .g .  
P re s ton  1948, 1962) and  d is t r i but ion (e.g.  
B ro w n  1984, Hanski  1982),  are a m o n g  the 
pr incip al  topics of  co m m u n i ty  eco lo gy .  In 
this paper ,  these co m m u n i ty  a t t r ibutes  were 
inves t igat ed  in as se m blages  of  in ter t ida l  
inve r t ebra te s  o f  sandy bea ches  o f  Chi le ,  in 
o rd e r  to detec t  pa t terns  o f  var ia t ion .  The 
focus  was p laced on fo ur  main  topics:  (1) 
the re la t ionsh ip  b e tw een  local  spec ies  r i c h ­
ness  and physica l  fac tors ,  (2) the d eg r ee  of  
n es ted ness  in the local  species  c o m p o s i ­
t ion,  (3) the in terspec i f i c  re la t io nsh ip  b e ­
tw een  abunda nce  and dis t r i bu t ion,  and (4) 
the ef fec t  o f  spat ial  sca le  on the det ec t io n  
o f  co m m u n i ty  pat terns.

T h e  theme  of  spec ies  r i chness  o f  sandy 
b ea ch es  has been t rea ted  in seve ra l  s tudies  
ca rr i ed  out  around the wo rl d  (e.g.  D e feo  et 
al. 1992,  Borzone et  al. 1996,  M c L a c h la n  
et  al. 1996),  and also in Chi le  (e.g.  Jaramil lo  
1978, Jaramil lo & Go nzalez  1991, Jar amil lo  
& M cL a ch lan  1993).  In these  s tudies ,  local  
spec ie s  r ichness  has  be en  re la t ed  to p h y s i ­
ca l  fac tors  such as s ed im en t  type  (e.g.  
M c L a c h l a n  et al. 1981,  D efeo et  al. 1992),  
in ter t ida l  slope (e.g. M c L a c h la n  et al. 1981, 
D e fe o  et  al. 1992) an d  wave  e x p o s u r e  
(E lef ther iou  & N ich o l so n  1975).  N o w a ­

days  it is kn o w n  that  bea ch  slope,  gra in 
size and exposu re  are cor re la ted ,  and they 
contribute to de te rm ine the morphodynamic  
state o f  the beach,  w h ich  explains great  
par t  o f  the local  va r ia bi l i ty  of  species r ich ­
ness (e.g. M c L a c h l a n  1990, M cL ach lan  et 
al. 1993).  H o w e v e r ,  a cons ider ab le  amount  
of  va r ia t ion  re m a ins  w i th o u t  explanat ion,  
jus t i f y in g  there fo re  the sea rch  for new pa t ­
terns o f  species  r i chness  in sandy beach 
as semblag es .  The first  a im of  this paper  
was to det er m in e how  local  species r i ch ­
ness is re la ted  with  bea ch  s lope (m o rp h o ­
dynamic  state index) ,  and then to evaluate  
how the var ia t ion  non expla ined by the 
s lope is af fec ted  by others  factors,  such as 
sampl ing ef for t ,  la t i tude ,  gra in  size,  and 
beach length.

N est ednes s  take p lace  wh en  the co m p o s i ­
t ion of the p o ore r  a s se m b lag e s  tend to be a 
non - r an d o m  nes ted  su b g ro u p  o f  the c o m ­
posi t ion  of  the r i ch e r  ones  (Pat terson & 
A tm ar  1986).  N e s t e d n ess  impl ies  that  the 
d is t r i but ion of  species  a m o n g  local it ies  is 
predic table ,  w hi ch  has  im p o r tan t  im p l i ca ­
tions f rom the  ec olog ic a l  and m anage m en t  
point  of  v iew.  A l th o u g h  the prob lem  of  
nes tedness  has  been  recen t ly  pointed  out 
(e ight ies) ,  pa t t erns  o f  nes tedne ss  have been 
broadly  d o c u m e n te d  in the  l i te rature (e.g. 
Pat t erson  & A tm ar  1986,  Wrig th  & Reeves  
1992, C o o k  1995).  In sandy  beaches  as ­
sem blages  the loca l  var iab i l i ty  o f  species 
com pos i t io n  has be en  po or l y  studied,  and it 
is to date u n k n o w n  i f n es ted ness  occur  in 
such habi ta ts .  The  se c o n d  object ive  o f  this 
s tudy was to assess  the deg ree  of  nes tedness 
in the local  species  c o m p o s i t io n  of sandy 
beach a s se m b lag e s  o f  in ter t ida l  inver te­
brates .

One o f  the more  w ide ly  supp or ted  g ene r­
a l iza t ions  in ec o lo gy  is tha t  the local  a b u n ­
dance  and di s t r i bu t i on  o f  species  tend to be 
posi t ive ly  re la ted  (e.g.  B ro w n  1984, Gaston 
1994, Gaston  et  al. 1997).  Thi s  pat t ern  has 
been d o cu m e n te d  in a var ie ty  o f  taxa,  hab i ­
tats,  geo grap h ic  re gions ,  and spat ial  scales 
(for recent  revis ion see B r o w n  1984, Gaston 
1994, 1996).  H o w e v e r ,  the re la t ions h ip  
b e tw een  the abu n d a n ce  and di s t r ibut ion of 
species  has neve r  been  s tudied in sandy 
beach m ac ro fauna .  Th us ,  the thi rd  aim was 
to evaluat e  how  the d i s t r i bu t ion  and ab u n ­
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dance of  sandy beach specie s  of  i n v e r t e ­
bra tes are rela ted.

The des c r ip t ion  o f  pat t er ns  is the d e s c r i p ­
t ion o f  var iabi l i ty ,  and its qu an t i f i ca t i on  
depends  on the scale of  o b se r v a t io n  (Lev in  
1992).  C onsequen t ly ,  the concep t s  o f  p a t ­
tern and scale are s t rong ly  co nnect ed ,  in 
the sense  that  d i f ferent  pa t t er ns  (a spects  o f  
the sys tem) cou ld  em erge  d ep e n d in g  on the 
scale o f  obs er vat ion  (e.g.  Wiens  1989).  
Thus ,  the four th  objec t ive  was  to ana lyze  
how the spat ial  sca le e m p l o y e d  affec t  the 
detec t ion  o f  co m m u n i ty  pat t erns .  I e x a m ­
ined two spat ial  scale,  n a m e d  geograph ica l  
( ~ 2 x l 0 3 km) and regiona l  (~2 x l 0 2km).

In su m m ery ,  the main  obj ec t ive  o f  the 
present  s tudy was to detec t  co m m u n i ty  p a t ­
terns  in sandy beach a s sem blages ,  in orde r  
to enc o u rag e  future in ves t iga t ions  focused  
on par t i cu la r  problems .  To this end,  I a n a ­
lyzed pub l i sh ed  and u n p u b l i s h ed  dat a  that  
inc lude biot ic  and abiot ic  in fo rm a t io n  f rom 
for ty-f ive  sandy  bea ches  o f  Chile.

METHODS

D a ta b a s e

The  da tabase  includes  b io t ic  and abiot i c  
in fo rm a t io n  f rom fo r ty -f ive  e x p o s e d  sand y 
beaches  o f  Chi le  (b e tw een  20° and 40° S).  
T h e  i n f o r m a t i o n  w a s  o b t a i n e d  f r o m  
p u b l i sh ed  data  of  thi rty three  bea ches ,  an d  
f rom surveys  carr ied  out  on tw elve  ex p o s e d  
s a n d y  b e a c h e s  o f  c e n t r a l  C h i l e  ( s e e  
A p p e n d ix  1). Tw e lv e  sandy  b ea ches  o f  c e n ­
t ral  Chi le  ( 3 2 ° 6 r -3 4 ° 4 0 '  S) were  s a m p le d  
diiring low t ides o f  Ap r i l  - M a y  o f  1997,  
fo l low ing  a sys tem at i c  approach .  For  the  
propo se  o f  this study,  a san dy  beach loca l i ty  
is def ined  as a sandy coas ta l  be l t  o f  100 m  
in length ,  where  the a lo n g -b each  var iab i l i ty  
o f  phy s ica l  cha rac ter is t ic s  is a s s u m e d  to be 
re la t ive ly  low.  Alo ng  ten t rans ect s  (10 m 
apart),  f ive sampl ing uni ts  (SU) pe r  t ransect  
were  ob ta ined  with  a core  o f  0 .02  m 2 and 30 
cm in dep th .  The first  S U  was  co l l ec te d  on 
the dr i f t  l ine  (1-3 m above ) ,  the  s ec o n d  and 
thi rd w e re  ob ta ined b e tw e e n  the dr i f t  and  
e f f luen t  l ines ,  and the four th  and f i f th w ere  
taken u n d e r  the ef f lu en t  l ine.  SU 's  w e re  
s i ev ed  th r o u g h  1 -m m m e s h e s ,  a n d  the

re ta ined  o rg a n i s m s  were  s to red  in 10% 
formalin .

The pub l i sh ed  in fo rm a t ion  included in 
the da tabase  was also ob ta ined  from sn ap ­
shot surveys ,  ca rr i ed  out  in s u m m er  - early 
autumn,  dur ing low tides.  In all studies ,  
b i o log ica l  in fo rm a t io n  was obt a ined t ak ­
ing sampl ing cores  a long seve ra l  t ransects ,  
and s ieving sand thro ugh  1-mm meshes .  
Surface  of  s am pl ing  cores var ied  be tween  
0.03 and 0.1 m 2, n u m b er  o f  t ransects  b e ­
tween 1 and 6, an d  total  s am pled  area b e ­
tween 0.9 and 4 .8 m 2. R e ta in ed  organisms  
were s tored in 5 -1 0 %  fo rma l in  unti l  sort ing 
in labora tory .

The dat abase  con ta in s  in fo rm at ion c l a s ­
s if ied by bea ch  o f  the fo l l ow ing  var iables :  
( 1 ) species r ichness,  (2) species composition, 
(3) species density,  (4) lat itude,  (5) beach 
slope (m easured  fo l lowing Emery  1961), 
(6) mean  gra in  size,  (7) beach  length  and 
(8) sampl ing ef fort  (total a rea  sampled).  
The whole  database ,  that  inc ludes  for ty-five 
local it ies d is t r ibuted f rom Iquique (20° S) 
to V a ld i v i a  (40°  S),  was  u s e d  in the g e o ­
g r a p h ic a l  sca le  a n a ly s i s  (~2  x l O 3 km).  
T h e  r e d u c e d  d a t a b a s e ,  tha t  i n c lu d e s  the 
tw e lv e  l o c a l i t i e s  s a m p l e d  in c e n t r a l  Chi le  
( 3 2 ° 6 r - 3 4 ° 4 0 '  S),  was  u s e d  in the r e ­
g io n a l  s ca le  a n a ly s i s  (~2  x l O 2 km).

S ta t i s t i c a l  a n a ly s e s

E va lua t i ng  s am pl ing  ef for t  adequacy:

The n u m b e r  o f  spec ie s  tha t  cou ld  be found 
in a g iven area  dep ends  on the sampl ing 
ef fort  (e.g.  Sander s  1969).  Thus ,  before  
any analys is  wi th  species  r ichn ess  ( ideal ly 
dur ing pi lo t  s am pl ing) ,  it is im por t an t  to 
evaluat e  i f  the p e r f o r m e d  sampl ing  ef for t  
( s ampled area in ben th ic  co m m u n i t i e s )  was 
adequa te  to es t im at e  the n u m b e r  of  species  
occ urr ing in a g iven  area.

To assess  the sam pl ing  e f fo r t  adequacy ,  
spec ie s -a rea  cu rves  we re  m a d e  for each of 
the twelve  local i t i es  su rv ey ed  in centra l  
Chi le.  In con t ra s t  wi th  the  approach  fo l ­
l ow ed  by Jar am il lo  e t  al.  (1995) ,  the curves  
were  gene ra ted  by cu m u la t in g  species  by 
t ransects ,  and not  by sam pl ing  s ta t ions .  I 
preferred  this a l ternat ive p ro cedure  because  
sandy bea ch  spec ies  show ev iden t  zonat ion
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Pat t erns  of  species  r ichness :

At  r eg iona l  and g eo g rap h ica l  sca les  the 
s p e c i e s  r i c h n e s s  o f  s a n d y  i n t e r t i d a l  
as se m b la g e s  d ec rea sed  s ign i f i can t ly  wi th  
in ter t ida l  s lope,  fo l lowing  in both  ca ses  a 
s imi l ar  p o w er  model  (Fig.  2). It is im por t an t  
to po in t  out  that  beach s lope  is an i nd ex  o f  
beach m o r p h o d y n am ic  state.  B eac h es  with  
flat  s lopes  tend to be in the d i s s ip a t iv e  
ex t re m ity  o f  the m o r p h o d y n a m i c  g ra dient ,  
while s t eepes t  beaches  tend to be in the 
re f le c t ive  marg in  (W ri gh t  & S hor t  1983).  
T h e r e f o r e ,  the ‘T i c h n e s s - s l o p e  p a t t e r n ” 
de tec ted  in this s tudy imply  a “ r i ch ness -  
m o rp h o d y n a m ic  p a t t e r n ” . The scale  i n d e ­
p e n d e n c e  o f  this r e l a t i o n s h i p  w as  a lso  
sugges ted  by others  regiona l  (e.g.  Ja r am i l lo  
& G o n z a l e z  1991, D e f e o  e t  al.  1992,  
J a r am il lo  1994, B o rz one  et al. 1996) and 
g e o g r a p h i c a l  s tudies  ( M c L a c h l a n  et  al. 
1981, M cL a ch lan  et  al. 1996).  Th us ,  it is 
ca te go r i ca l l y  d em o n s t r a t e d  that  the r ich-  
ness -s lope  re la t ionsh ip  is the m os t  c o n s p i ­
cuous  an d  re levan t  c o m m u n i ty  pa t t e r n  in 
sandy  beach  habi tats .

Al though  the “r ichness -s lope  pat t er n” has 
been well  d o cu m en te d  (see also M cL ach lan  
et al. 1993, Ja ram il lo  & M c L a ch lan  1993, 
Ja ramil lo  et  al. 1993),  the proc es ses  and 
m ech an i sm s  re sponsib le  o f  its genera t ion  
remain unkn ow n,  but  some hypotheses  have 
been proposed .  M cL a ch lan  et al. (1993) 
sugg es ted  that  an inc re as ing  n u m b e r  of  
species is exc lu ded  f rom the beach as swash 
cl imate  (see M cA r d le  & M c L a c h la n  1991, 
1992) bec ome h a r she r  as bea ch  s lope b e ­
com e s teeper.  It was also su gges ted  that, 
because  of  it type o f  coa s ta l  c i rcu la t ion  
(i.e.,  c i rc ul a t ion ce lls) ,  p r im a ry  p ro d u c t iv ­
ity is h igher  in f lat  b ea ch es  (i .e.,  d i s s i ­
pat ives) ,  a l lowing  therefore  tha t  many  s p e ­
cies were  capab le  to sus tain  v iable  p o p u la ­
tions in this type o f  beach  (M cLach lan  
1990).  These  hy p o th eses  hav e not  been 
p rope r ly  tes ted yet.

A l though bea ch  s lope  ex p la in e d  a c o n ­
s iderable  f r ac t ion o f  the var ia nce  o f  s p e ­
cies r ichness  at g eo g ra p h ic a l  sca le (52% 
see Fig.  2), a s ign i f i can t  p ro p o r t i o n  r e ­
mains wi thout  expl ana t ion .  This  re ma ined  
var iabi l i ty  was ana lyzed  in re la t ion  to sam-

Geographic scale: Richness=38.6.Slope'
r=-0.72, r2=0.52, p<0.0001

O" Regional scale: Richness=23.3.S!ope
r=-0.64, ^=0.41, p=0.024

CD 15

O O

0 8 10 12 14 16 18 20

Intertidal slope (%)
Fig. 2: Relationship between species richness and beach slope at both goegraphic and regional scales. The 
fitted models are shown in the upper right hand o f the graph.

Relación entre la riqueza de especies y la pendiente de la playa a escala geográfica y regional. Los m odelos ajustados se 
muestran en la parte superior derecha del gráfico.
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t ion o f  species  r ichness  non -e x p la in ed  by 
beach  s lope  was a lso  i n d ep en d e n t  of  bea ch  
leng th  and gra in  size.

Th e abs ence  of  co rre la t ion  be tw een  beach 
length  and spec ies  r ichn ess  re s idua ls  was 
an unex p e c t ed  result .  It is w idely  k n o w n  
that  i s l ands  supp or t  fe w er  species  than c o n ­
t inental  areas  of  s imi la r  surface  (M acA r th u r  
& W i l so n  1967).  Li kew ise ,  severa l  s tudies  
on l a n d s c a p e  e c o lo g y  h av e  fo u n d  that  
pa tches  located  in con t inuos  large areas 
tend to sus ta in  m o re  species  than pat ch es  
of  co m p ara b le  area  located  in smal l  f r a g ­
ments  o f  habi ta t  (e.g. T h o m a s  et  al. 1992).  
Th e “re scue e f fe c t” (i .e. ,  im m ig ra t io n  r e ­
duce  ex t in c t io n  rate,  B ro w n  & K odri c -  
B ro w n  1981) has  been ev o k ed  as the r e ­
spon s ib le  process .  Thus ,  it had been s u s ­
pec ted  before  the analys is  that  local  a s s e m ­
blages  i m m e rs ed  in lo nge r  beaches  cou ld  
maint a in  h igh er  d ivers i ty ,  but  s imple  l i n ­
ear  regress ion“ analys i s  d id not  show  any 
s igni f i cant  t rend ( r=0.1 ,  P=0 .5 4 )  (Fig.  3a).  
But  whe n  the re la t ion  was sepa ra te l y  a n a ­
lyzed a long the rang e 0 .2-2 km o f  length ,  
species r ichness residuals  tended to increase  
wi th b each  length  ( r=0 .39,  P = 0 .0 58  (Fig.  
3b).  Thi s  suggest s  tha t  species  r ichn ess  and 
beach length  could  be re la ted ,  but  not  in an 
obv ious  way.  This  re la t io nsh ip  s ee m e d  to 
be non - l in e a r  and scale d ependen t ,  but  is 
still  n ee d ed  much  work  to d e te r m in e  how 
bea ch  leng th  af fec t  spec ies  r ichness .

A n o t h e r  unex p e c ted  re su l t  was  the fate 
that  sandy beach m acr o fau n a  did not  p re sen t  
the gene ra l  t rend  of  d iver s i ty  in c re ase  t o ­
wa rds  low la t i tudes  (e.g.  B ro w n  & G ibson  
1983,  R o s e n z w e ig  1992, 1995).  Thi s  r e sul t  
ag ree  w i th  o b s e rv a t io n s  c a r r i ed  ou t  by 
M c L a c h la n  et al. (1996) ,  who  s t a ted  that  
la t i tude  is a neg l ig ib le  fa c tor  in d e t e r m in ­
ing local  species  r ichne ss  in s andy  b eaches  
o f  A u s t r a l i a .  S a n d y  b e a c h  m a c r o f a u n a  
seems  to be ano ther  excep t ion  o f  the g e n ­
eral  la t i tudinal  pa t t ern  o f  spec ie s  r i chness  
(e.g.  San te l ices  1980).

N e s t e d  s p e c i e s  c o m p o s i t i o n

Th e  local  species  c o m p o s i t io n  in in su l a r  
sys tems and f r agm ented habitats  (e.g. lakes ,  
pa tch  fores t ,  moun ta in  t ips) tend  in m an y  
c a s e s  to be  n e s t e d ,  i .e . ,  t h e  s p e c i e s

as semblages  o f  po ore r  local i t ies  tend to be 
a nes t ed ,  n o n - r a n d o m  s u b g r o u p  o f  the 
spec ies  a s s e m b lag e s  o f  the r i che r  ones  
(Pat terson & A tm a r  1986).  E x am p le s  of 
n e s t e d  s p e c ie s  c o m p o s i t i o n  h a v e  bee n  
broadly  re por ted  in the re cen t  ec ologica l  
l i terature  (e.g.  Sou lé  et  al. 1992,  Pa t t erson  
1990, Wrig th  & Reeves  1992, Doak  & Mil ls  
1994),  but there are not  pub l i sh ed  a n t e ­
cedents  of this pa t t ern  in s andy bea ch  f au ­
na.

The resul ts  ob ta i ned  in the p resen t  s tudy 
dem ons t ra te d  that  sandy be ach  m ac r o fau n a  
is not an except ion.  At  both  geog raph ical  
and regional  sca le ,  the d is t r ibut ion o f  sp e ­
cies am on g local i t ies  t en ded  to be nes ted .  
The t emper atur es  o f  the g eo graph ica l  and 
regiona l  matr i ces  were  10.97° and 11.09° 
respect ively ,  and its probabi l i t i es ,  c a l c u ­
lated by 500 m o n tec a r lo - ra n d o m iza t io n ,  
were 4 .4 x l ( L 36 and 2 . 7 x l 0 ' 6 re spec t ively  
(Fig. 4).  T hese  resul ts  cons t i tu te  the first  
ev idence  of  nes ted  species  c o m p o s i t io n  in 
sandy beach mac ro fauna .

Three  m a jo r  hypo theses  capable  to e x ­
plain the pat t ern  of  ne s tednes s  have been 
proposed.  (1) Th e local  ex t inc t ion  p r o b ­
abi l i t ies of the species  o f  the  regiona l  pool  
are nes ted  (e.g.  Pat te rson  & A tm ar  1986, 
Pa t t erson 1990, W o r th e n  & R ohde  1996).  
(2) The species  p ro bab i l i t i es  of  local  c o l o ­
niza t ion are nes ted  (e.g.  Pa t t e rs on  & A tm ar  
1986, W or th en  & R ohde  1996).  (3) The 
en v i ro n m en ta l  to l e ra nces  o f  spec ies  are 
nes ted  (e.g. P a t t e r s o n  & B ro w n  1991).  
Given the im por t ance  that  bea ch  m o r p h o ­
dynamic  have to species  r ichne ss  (see Fig.  
2), the in te rspec i f i c  v ar iab i l i ty  in the to l e r ­
ance  to the en v i ro n m e n ta l  cond i t ions  g e n ­
era ted  by d i f f e ren t  m o rp h o d y n a m ic  s tates ,  
could  play  an im por t an t  ro le  in the g e n e r a ­
t ion  of  the pat t ern  of  ne s tedn ess .  T h e r e ­
fore,  I sug ges t  tha t  the d is t r i but ion o f  the 
sandy beach m a c r o fau n a  o f  Chi le  fo l low a 
nes ted  pat tern  bec ause  the spec ies  c a p a b i l ­
ity to l ive t h ro ughou t  the m o rp h o d y n a m ic  
g rad ient  is nes ted .

I n t e r s p e c i f i c  a b u n d a n c e  a n d  r a n g e  o f  
d is t r ib u t io n

The range o f  d i s t r ibut ion (i .e. ,  n u m b e r  of  
local i t ies  occ up ied)  and the ave rage  l ineal
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d e n s i t y  ( r e g a r d i n g  o n l y  the  o c c u p i e d  
local i t i es)  o f  the sandy bea ch  m ac r o fau n a  
o f  Ch i le  were  d i rec t ly  co rre la ted ,  both  at 
r e g io n a l  ( r = 0 .63, P = 0 .0 3 8 )  and  g e o g r a ­
ph ical  ( r=0.76,  Pcc O .O l )  sca les  (Fig.  5). In 
the  r e g i o n a l - s c a l e  a n a ly s i s  all  s p e c ie s  
f o l l o w e d  the g ene ra l  t re nd ,  bu t  in the 
geo g ra p h ic a l  analys is,  two outl iers  species  
w e r e  o b s e r v e d ,  th e  a m p h i p o d  T y l o s  
s p i n u l o s u s  and the  p o l y c h a e t e  N e p h ty s  
l am e l ib ran c h ia t a .  W h e n  ex ten s iv e  s tudy 
areas  were  ana lyzed,  l ike in the geog ra -  
ph ica l - sca le  analys is ,  it is probab le  that  the 
s p e c i e s  p o o l  i n c l u d e  s p e c i e s  w h o s e  
g eo g r ap h ica l  ranges  over la p  only  a l i tt le 
par t  o f  the s tudy are. In such cases,  the 
d i s t r i bu t ion  would  be un d eres t im a te d ,  but 
not  the abunda nce .  Thus ,  a b u n d a n t  but  poo r  
d i s t r i bu te d  species ,  that  g en e ra te  noise  in 
the r e la t ions h ip ,  cou ld  a ppea r  s imple  by 
m e th o d o lo g ic a l  fails.

But  in gene ra l ,  the specie s  wi th  the w i d ­
est  r ange  o f  d is t r i but ion t ended  also  to be 
the m o s t  ab undan t  local ly ,  re gardl es s  the 
spat ia l  sca le  of  analys is (Fig.  5). Thi s  p a t ­
tern is k n o w n  as the “ in te rs pec i f ic  abun-  
d an c e - r an g e  r e l a t io n s h ip ” (G as ton et al. 
1997),  and has  been wi del y  d o c u m e n te d  in 
the eco lo g ica l  l i te ra ture (e.g.  Hansk i  1982, 
B r o w n  1984,  Gaston & L a w to n  1990,  W a r ­
ren & G a s ton  1997),  b e c o m in g  one of  the 
m o s t  gene ra l  pa t t ern  in ec o lo g y  (G as ton  et 
al. 1997) .  Th e in t er spec i f i c  re la t io nsh ip  
b e tw e en  ab undance  and di s t r i bu t ion  has  
n ev e r  been inves t igat ed  be fo re  in sandy 
b eaches ,  indeed,  this the f i rst  t ime the “ in ­
t er speci f ic  a b u n d a n c e - ran g e  r e l a t io n s h ip ” 
is d o c u m e n t e d  in this sys tem.

F o l lo w in g  the n o m e n c la tu r e  in t ro d u ced  
by H a n sk i  (1983),  the spec ie s  o f  wide  d i s ­
t r ib u t io n  and  high a b u n d a n ce  are n a m e d  
“co re  s p e c i e s ” , whereas  the  species  o f  r e ­
s t r i c ted  d is t r ibut ion  and lo w  abu n d a n ce  are 
k n o w n  as “ satel l i te s p e c ie s ” . In  both  r e ­
g io n a l  an d  g e o g r a p h i c a l - s c a l e  a n a ly s e s  
there  were  de tec ted  the sam e  four  “core  
s p e c i e s ” , be ing  th em  E m e r i t a  a n a l o g a ,  
O r c h e s t o i d e a  t u b e r c u l a t a ,  E x c i r o l a n a  
h i r s u t i c a u d a  and E. b r a z i l i e n s i s  (Fig.  5). 
Th is  indi ca te s  that  the  co n s i s t en ce  b e tw e en  
the re g io na l  and geo g r ap h ica l  pa t t ern  was 
not  on ly  in the genera l  t re nd  (i.e,  pos i t ive  
r e la t io nsh ip  bet ween  a b u n d a n ce  and d i s t r i ­

but ion),  but  a lso  in the ident i ty  of  the c o m ­
mon and rare  species .

M any hy p o th ese s  have been proposed  to 
expla in  the “ in terspec i f i c  a bundance - range 
r e l a t i o n s h i p ” . T h e s e  i n v o l v e  d i f f e r e n t  
m ech a n i s m s ,  such  as s am p l in g  art i fact ,  
geograph ica l  d i s t r ib ut ion ,  n iche  breadth,  
resource  avai l ab i l i ty ,  m e tap o p u la t io n  dy­
namics ,  dens i ty  dep e n d en t  habi t a t  se l ec ­
t ion, and vi tal  ra tes  (see Gaston  1994 and 
Gaston  et  al. 1997 for revis ions) .  Al though  
the most  p lau s ib le  m ech a n i s m s  have a l ­
ready been ident i f ied ,  no ne  o f  the h y p o th ­
eses have i r refutable  evidences  (e.g. Gaston

TSc

(0ca>■a
"5j<uc

D ensity= -90.9+71.0.range 
r=0.76, p « 0 .0 0 0 1

3000  -

2000  -

10 15 20  25 30 35 40

16000

14000

12000

10000

8000

6000

4000

2000

0

•
Density= -1527.2+718.6.range Ean

:

r=0.63, p=0.038

' - ' O t u
*  Ebr Ehir

•
-------• — r

•  •
i - . - i i

0 2 4  6 8 10 12

Distribution range (n° of occupied localities)

Fig. 5: Interspecific relation between lineal density 
and range o f distribution in sandy beach macrofauna 
of Chile, at both geographical (upper) and regional 
(below) scales. The species indicated by an asterisk 
( 1 : Tylos spinulosus and 2: Nephtys lamelibranchiata) 
were considered outliers and were not included in 
the lineal regression analysis at geographical scale. 
The linear models fitted are shown in the upper right 
hand of the graphs. Ehir: Excirolana hirsuticada , 
Ebr: E. braziliensis, Otu: Orchestoidea tuberculata 
and Ean: Emerita analoga.

Relación interespecífica entre la densidad lineal y el rango de 
distribución en la macrofauna de playas de arena de Chile, a 
escala geográfica (arriba) y regional (abajo). Las especies 
indicadas con un asterisco (1: Tylos spinulosus y 2: Nephtys 
lam elibranchiata) fueron consideradas “outliers”, y no fue­
ron incluidas en el análisis de regresión lineal a escala 
goegráfico. Los m odelos lineales ajustados se muestran en la 
parte superior derecha del Ios gráficos.
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APPENDIX 2

The geographical pool of sandy beach species of Chile

El ensam ble geográfico  de especies de playas arenosas de C hile

Species Code Species

Ampelisca sp (amphipod) 15
Bathyporeiapus magallanica (amphipod) 16
Hurape sp (amphipod) 17
Orchestoidea tuberculata (amphipod) 18
Phoxocephalopsis mehuinensis (amphipod) 19
Tryphosella schelenbergi (amphipod) 20
Tylos spinulosus (amphipod) 21
Emerita analoga (decapod) 22
Lepidopa chilensis (decapod) 23
Mesodesma donacium (bivalve) 24
Bellia picta (decapod) 25
Phalerisidia maculata (insect) 26
Candancia sp (copepod) 27
Ocypode gaudichaudii (decapod)

Chaetilia paucidens (isopod) 
Excirolana braziliensis (isopod) 
Excirolana hirsuticuada (isopod) 
Excirolana monodi (isopod) 
Macrochiridotea aff lilianae (isopod) 
Macrochiridotea mehuinensis (isopod) 
Macrochiridotea setifer (isopod) 
Euzonus heterocirrus (polychaete) 
Hemipodus sp (polychaete)
Nephtys impressa (polychaete)
Nephtys monilibranchiata (polychaete) 
Polydora sp (polychaete)
Scolelepis chilensis (polychaete)


