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Abstract. Mineral composition, granulometry, cohesion, 
relative and absolute density, and the pH of samples of  
the Santa Elena sedimentary rock shoal (37056'02 " S; 
58°11'35" W; Argentina) were determined in order to re- 
late the endolithic fauna with the properties of  the sub- 
strate. Twenty three samples were collected in December 
1987, applying a systematic sampling method to an inter- 
tidal area of  5 500 m 2. The mineral composition was deter- 
mined using x-ray diffraction. Cohesion was determined 
by visual evaluation of  the disintegration of  the sample 
following various periods of  immersion in water and by 
recording the resistance to compressive fracture accord- 
ing to the American Society for Testing and Materials 
(ASTM) standard. The ASTM standard was also fol- 
lowed for measurement of  absolute and relative densities 
and porosity. The rock was ground up in distilled water 
and the pH of the resulting liquid measured over a period 
of  24 h. The data were analysed using numerical taxono- 
my, and in a supplementary study a granulometric analy- 
sis was attempted using five representative samples. The 
endolithic species selected were: the sipunculan Themiste 
petricola; the polychaetes Polydora sp. and Pherusa sp., 
and the bivalves Lithophaga patagonica, Petricola patag- 
onica, Saxicava solida, Barnea lamellosa, and Pholadidea 
darwini. The mineral analysis indicated heterogeneous 
composition and spatial distribution characteristic of  a 
loess. In terms of  cohesion, the substrate displayed vary- 
ing degrees of disintegration, with resistance ranging 
from zero to very high (254.6 kg/cm2). The endolithic 
fauna Themiste petricola, Polydora sp., Pherusa sp., 
Lithophaga patagonica, Petricola patagonica, and Saxi- 
cava solida were found in areas of  low to very high cohe- 
sion, with or without calcite. The Pholadidae were found 
in areas of  zero to low cohesion, with absence or traces 
of  calcite. This study indicates the important role of  
cohesion in determining the distribution of  the endolithic 
fauna. 

Introduction 

One of  the goals of  the "Bioturbations of  the Buenos 
Aires Loess" program, initiated in 1987 by a multidisci- 
plinary research group, was to study the dependence of  
the endolithic fauna on the type of  substrate. The nature 
of  the hard substrate is a fundamental element in the 
distribution of  benthic marine invertebrates (P6ras 1961, 
Dayton 1971). As a consequence, the mineral composi- 
tion, granulometry, and physical and chemical character- 
istics of the substrate should have a close relationship to 
the distribution of  endolithic organisms in the intertidal 
zone. 

To test this hypothesis, we investigated the mineral 
composition, granulometry, cohesion, relative and abso- 
lute densities, and the pH of the hard substrate of  the 
Santa Elena shoal (province of  Buenos Aires, Argentina). 

The results of these studies were then related to the 
different endolithic species which were well-represented 
in the zone. 

Materials and methods 

The rocky substrate studied is located at Santa Elena (37°56'02"S; 
58°11'35"W). It is a compact sedimentary rock, sometimes cement- 
ed by crystalline calcium carbonate, and is of variable color and 
hardness. In some sectors of the beach it is fragile and can be broken 
up by hand whereas in other sectors it is more solid and can be 
broken only by a hammer. The color of the dry rock which disinte- 
grates in water is "buckthorn brown" and that which does not is 
"light buff" (see Plate XV of Reedway 1912). 

The beach consists of a 5 m-high embankment and a gently 
shelving floor (0.866 ° ) with drainage channels running perpendicu- 
lar to the coast (Fig. 1). The sea rises 50 cm up the embankment at 
normal high tide, but under southeast storm conditions can com- 
pletely cover it. 

In order to analyze the properties of the substrate and determine 
its endolithic fauna, samples were taken at low tide on December 
1987 (tabulated low water 0.29 m) using a systematic sampling plan 
(Krumbein and Graybill 1965) which consisted of tracing seven 
transects perpendicular to the coastline: A, AB, BA, B, BC, CB and 
C (distance between A and C= 132 m; see Fig. 3b). Transects A, B, 
and C extended from the top of the embankment to the sea (length 
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Fig. 1. Study area on coast of Santa Elena, 
Argentina 

approx 41m each), and the remaining transects, AB, BA, BC, and 
CB (length approx 6 m each) ran from the upper inhabited level 
towards the sea. No samples were taken from the sandy beach zone 
lacking epilithic flora and fauna (Fig. 1). 

On Transects A, B, and C, three samples were taken from the 
embankment (Levels 1, 2 and 3; Fig. 3 b) and two from the beach 
(Levels 4 and 5; Fig. 3 b). On Transects AB, BA, BC, and CB, two 
samples were taken from each, corresponding to Levels 4 and 5. The 
total number of samples taken was 23, with a volume of approx 
27000 cm 3 per sample. 

In the laboratory, each sample was divided into three subsam- 
ples: one for examining the mineral composition, one for physical 
and chemical determinations, and the remaining sample for deter- 
mining the most abundant endolithic species. 

The mineral composition was determined with a Philips DRX 
x-ray diffractometer, Model PW 1011/00, with a copper tube, wave- 
length 1.5414A, 18mA, 40kV, goniometer velocity 2°/min; 
1 200 mm/h paper speed. Semiquantitative determinations of the 
components of each sample were made. 

The clay fraction was studied in oriented preparations (normal, 
ethylene glycol-saturated, and calcined). In samples containing 
abundant clay, the percentage contributions of its various compo- 
nents were recorded. This was not possible for samples containing 
little clay. The crystallinity of the clay was determined on the basis 
of the sharpness and symmetry of the diffraction peaks, which 
indicate the internal atomic order of the minerals. 

The mineralogical study generated a basic data matrix. 
The physical study of the samples consisted of a quali-quantita- 

tive evaluation of cohesion, determination of relative densities in 
dry and saturated states and of the absolute density, and the calcu- 
lation of porosity from the densities in dry and saturated states and 
of the absolute density. 

The qualitative analysis of cohesion consisted of the visual eval- 
uation of the disintegration of the sample after various periods (0.5, 
1, and 24 h) of immersion in tapwater at ambient temperature 
(20°C). The quantitative study was made by recording the resis- 
tance to compressive fracture following Methods C-42 and C-39 of 
the ASTM standard. 

The chemical parameter studied was pH, measured on the solu- 
tion resulting from grinding the sample and leaving it in contact 
with distilled water for 24 h. 

The cohesion analysis generated a second basic data matrix. 
The two basic data matrices (mineralogic and cohesion studies) 

were processed using the NT-SYS system (Rohlf et al. 1972) on an 

IBM 4361 (National University of La Plata, CESPI Center). In 
those samples for which the clay was not quantifiable (traces only) 
"not comparable" was entered. To both matrices was applied the 
cluster-analysis method (unweighted pair-group method of analy- 
sis) based on a matrix of taxonomic-distance coefficients (Sneath 
and Sokal 1973). To analyze the degree of correspondence between 
the phenograms obtained from the mineralogical and physical data, 
a strict consensus tree was calculated (Smith and Phipps 1984). 

For the granulometric analysis, we selected a sample of each of 
the five groups delimited in the phenogram of mineral components 
belonging to Levels 4 or 5. The samples selected were: B4, CB4, 
AB5, C5 and CB5. The equipment used was a Sedigraph 5000ET 
Micromeritics. The sample preparation technique consisted of 
grinding in a mortar and sieving through a 60 gm net to retain the 
sandy fraction. The sieving were immersed in hydrogen peroxide 
and dilute hydrochloric acid for 2 h to eliminate organic matter and 
calcium carbonate. 

The endolithic species selected were: the sipunculan Themiste 
petrieola, the polychaetes Polydora sp. and Pherusa sp., and the 
bivalves Lithophaga patagoniea, Petricola patagoniea, Saxieava 
solida, Barnea lamellosa, and Pholadidea darwini (Fig. 2). 

Results 

The resul t  o f  the analys is  o f  the  23 d i f f r ac tog rams  re- 
vea led  the p r inc ipa l  c o m p o n e n t s  o f  the ma te r i a l  s ampled  
to be illite, kaol in i te ,  smecti te ,  fe ldspar ,  qua r t z  and  cal-  
cite. 

Us ing  numer ica l  techniques ,  the  samples  were com-  
p a r e d  by  semiquan t i t a t ive  analys is  o f  thei r  mine ra log ica l  
c o m p o n e n t s  (Table 1). 

The  resul t ing p h e n o g r a m  dis t inguished  five g roups  
( I - V  in Fig.  3 a). 

G r o u p  I cons is ted  o f  samples  con ta in ing  nonquan t i f i -  
ab le  c lay  o f  p o o r  c rys ta l l in i ty  and  a b u n d a n t  fe ldspar ,  
qua r t z  and  calcite.  

G r o u p  II  samples  were compr i s ed  o f i l l i t e  and  smect i te  
in e q u a l p r o p o r t i o n s ;  they were o f  p o o r  to m o d e r a t e  crys-  
ta l l ini ty ,  and  inc luded  a b u n d a n t  fe ldspar  and  quar tz .  
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Fig. 2. Endolithic species pres- 
ent in substrate at study site. 
(a) Burrow of Themiste petri- 
cola containing galleries of 
Polydora sp. (arrowed); 
(b) burrow of Pherusa sp.; 
(c) Lithophaga patagonica; 
(d) Petricola patagonica; 
(e) Saxicava solida; (f) Barnea 
lamellosa; (g) Pholadidea dar- 
wini. (All scale bars = 5 mm) 
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Fig. 3. (a) Distance phenogram of 23 samples along Transects A, 
AB, BA, B, BC, CB, C, divided by mineralogical characteristics into 
five groups (I-V); characteristics of Groups I -V  described at be- 
ginning of "Results", numerals following transect designations are 
collection levels in (b); C.C.C.: cophenetic correlation coefficient; 
top abscissa shows distance values of phenogram. (b) Spatial distri- 
bution (Levels 1-5) of mineralogical Groups I - V  in study area; 
Levels 1-3: embankment samples; Levels 4 and 5: beach samples. 
Study area was 132 m wide, embankment 5 m high, beach 36 m 
long, and sampled beach was 6 m long 

Calcite was absent from the majority of the samples ex- 
cept Samples B3 (sparse) and C4 (traces). 

Group III was composed of samples with nonquantifi- 
able clay of poor to very poor crystallinity; they con- 
tained abundant feldspar and quartz but no calcite, ex- 
cept for traces in Sample AB5. 

Group IV samples contained quantifiable amounts of 
illite, kaolinite and smectite; they were of poor to good 
crystallinity, and included abundant amounts of feldspar 
and quarz, with little (traces) or no calcite. 

Group V samples possessed nonquantifiable clay of 
very poor crystallinity, and abundant feldspar and 
quartz, with little (traces) or no calcite. 

Fig. 4 presents the diffractograms of Samples B4, 
CB4, AB5, C5, and CB5, which are representative of 
Mineralogical Groups I, II, III, IV, and V, respectively. 

Fig. 3 b shows the spatial distribution of Groups I - V  
to be heterogeneous in the study area. 

Granulometric evaluation revealed the rock to consist 
of three components: sand, silt and clay. 



A. Amor et al.: Endolithic fauna and it's relationship to substrate 

r~ 

~o~ "~ 

_~ ~'~ 

, ,  "= 
~ . ~  

• ~ ~ ~ 

0) .e~ 

~ o  

e~tl ~ O 

~ h 3 d  

i 

r~ 

O ~  

~ . ~  

O 

¢-q 

L) 

t¢3 

¢m 

tt3 

t-q 

< 

< 

< i  

it3 < 

< 

¢-q 
< 

o 

+.o 

t-x I 

t-q 

t 'q 

t"q 

o,3 

m eq e,i e,i eq 

o o  
o'5 

c'q 

t"q 

¢.q 

t"q 

t"xl 

t-q 

O 

• 

.~..~ ~ 

c y  c y  ¢~ 

t"q 

c'q 

e~ 
< 

oo 

t< 

t"- 

oo  

oo  

Ld m. 

oo  

m. 
oo 

¢q  

06 

t'-- 

oo  

o o  

o o  

OO 
06 

o o  

0"3 

t< 

,.a 

275 

The technique used did not allow granulometric anal- 
ysis of four of the five samples selected because it was 
impossible to achieve their total disperison. Work is con- 
tinuing with a view to solving this problem• 

Sample B4, however, contained abundant calcite, 
which was attacked by the hydrogen peroxide and dilute 
hydrochloric acid, liberating the sedimentary particles 
and thus achieving complete dispersion for analysis• 

Fig. 5 a shows the particle-size distribution for Sample 
B4. The histogram in Fig. 5 b reveals that the sediment 
was composed of 12% clay (q5 0 to 2 gm) and 88% silt (~b 
2 to 60 pm). In the silt fraction, 62% of the particles were 
2 to 20 ~tm, 23% were 20 to 40 gm, and 3% were 40 to 
60 gin. 

As for the mineralogical components, numerical tech- 
niques were applied to classify the samples on the basis of 
qualitative/quantitative cohesion (Table 2). 

The resulting phenogram (Fig. 6a) reveals, at a dis- 
tance of 1.295, three cohesion groups (I, II, III) and an 
isolated sample (A3). 

Cohesion Group I was comprised of samples with zero 
to slight cohesion. These samples disintegrated immedi- 
ately or within 30 min of submersion in water, and did 
not offer resistance to compression. 

Group II samples displayed medium cohesion, disinte- 
grating between 0.5 and 1 h of submersion in water and 
possessing a resistance to compression of between 1 and 
21 kg/cm 2. 

Group III samples did not disintegrate even after 24 h 
submersion in water, and resisted compression of be- 
tween 1 and 254.6 kg/cm 2. 

The isolated sample, Sample A3, disintegrated after 
24 h submersion and did not resist compression. 

Table 2 shows relative and absolute densities of the 
sediment under dry and saturated conditions, and its 
porosity. These parameters could be recorded only in 
those samples which did not disintegrate when sub- 
merged in water. 

pH ranged from 7 to 8.3 (Table 2), indicating slight 
alkalinity of the substrate. 

Fig. 6b shows that the spatial distribution of the sam- 
ples varied as a function of cohesion. 

Analysis to determine the degree of correspondence 
between the clusters defined by the two phenograms 
(minerals and cohesion) by means of a strict consensus 
tree revealed incongruency between the phenograms, in- 
dicating that the two sets of clusters were not comprised 
of the same samples. 

Some samples from Levels 1, 2 and 3 displayed miner- 
al and cohesion characteristics similar to samples from 
Levels 4 and 5, indicating the discontinuity of the sub- 
strate characteristics. 

The samples from Level 4 were characterized by abun- 
dant feldspar and quartz, by the absence of calcite (except 
in Sample B4 which contained abundant calcite), by the 
presence of clay in variable quantities, and by slight cohe- 
sion. The species found in this level were Themiste petri- 
cola, Polydora sp., Pherusa sp., Lithophaga patagonica, 
and Saxicava solida. 

The samples of Level 5, except for A5 and BC5 were 
characterized principally by the presence of varying 
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Fig. 4. Diffractograms of samples repre- 
sentative of the five mineralogical groups 
revealed by phenogram in Fig. 3 a. 
(a) Sample B4, Group I; (b) Sample CB4, 
Group II; (c) Sample AB5, Group III; 
(d) Sample C5, Group IV; (e) Sample 
CB5, Group V 
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quantities of feldspar, quartz and clay, by the absence of 
calcite, and by complete lack of cohesion. In samples 
from this level we found Themiste petricola, Polydora sp., 
Pherusa sp., Lithophaga patagonica, Petricola patagonica, 
Saxicava solida, Barnea larnellosa and Pholadidea dar- 
wini. 

Sample A5 had not disintegrated by 24 h; it contained 
Polydora sp. and Pherusa sp. Sample BC5 differed from 
the other samples by its very high resistance to compres- 
sion (254.6 kg/cm2), its abundant calcite content, and by 
containing the most fauna: Themiste petricola, Polydora 
sp., Pherusa sp., Lithophaga patagonica, Petericola patag- 
onica and Saxicava solida. 

Table 3 clearly reveals that the samples from the em- 
bankment (Levels 1, 2 and 3) did not contain endolithic 
species, which were restricted to Levels 4 and 5. 

Discussion and conclusions 

The heterogeneity of the composition and distribution of 
the rock, the presence of sand, silt and clay in different 
proportions but with a predominance of silt, and the 
presence of calcite in varing proportions, all indicate that 
the substrate is characteristic of a loess (Teruggi 1982). 

The most variable physical properties of the substrate 
are its resistance to compression and disintegration. Of 
the total samples analyzed, 43.48 % resisted compression 
and 86.96% disintegrated within 24 h of submersion in 
water. 

Our attention was caught by the fact that here was no 
correlation between those samples comprising the groups 
defined on the basis of their mineral properties and those 
defined on the basis of their cohesion properties. This 
could result from the observed heterogeneity within the 
substrate. 
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PARTICLE SIZE DISTRIBUTION 

SAMPLE IDENTIFICATION B 4  . . . . . .  
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Fig. 5. Granulometric analysis of Sample B4. (a) Particle-size distribution; (b) frequency 
distribution of particles as a function of size 

The endolithic fauna Themiste petricola, Plydora sp., 
Pherusa sp., Lithophaga patagonica, Petricola patagonica 
and Saxicava solida inhabit substrate with low to high 
cohesion, with or without calcite, reflecting their capacity 
to colonize areas of  extremely varied mineralogical and 
physical characteristics. 

The presence of  these species in association with sub- 
strates displaying very high resistance to compression 

(254.6 kg/cm 2) and abundant  calcite content indicates 
that they possess a specialized boring mechanism. 

On the other hand, it is evident that  the Pholadidae are 
restricted to Level 5 and, within this level, to substrate 
characterized by zero to slight cohesion. The absence of 
Barnea lamellosa and Pholadidea darwini f rom a sub- 
strate with similar characteristics in Level 4 could be at- 
tributable to other factors not  studied here. 
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T a b l e  3. Presence ( + )  of endolithic species in 23 sediment samples arranged by collection levels. (e.g. A1 = Level 1 in Transect A, B2 = Level 
2 in Transect B, etc.) 

Sample Themiste P o l y d o r a  P h e r u s a  Li thophaga Pe t r i co la  S a x i c a v a  B a r n e a  Pholadidea 
petricola sp. sp. patagonica patagonica solida lamellosa darwini 

A1 . . . . . . . .  
B1 . . . . . . . .  
C1 . . . . . . . .  
A2 . . . . . . . .  
B2 . . . . . . . .  
C2 . . . . . . . .  
A3 . . . . . . . .  
B3 . . . . . . . .  
C3 . . . . . . . .  
A4 - + . . . . . .  
AB4 + + + + . . . .  
BA4 - -  + -- + . . . .  
B4 - -  + . . . . . .  
BC4 . . . . . . . .  
CB4 - - + + - + - - 
C4 . . . . . . . .  
A5 -- + + . . . . .  
AB5 -- + -- + + + -- + 
BA5 -- - + + - - + + 
B5 + + + + . . . .  
BC5 + + + + + + -- -- 
CB5 - + - + - + + - 
C5 -- + + + -- -- + + 
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Fig. 6. (a) Distance phenogram of  23 samples along Transects A, 
AB, BA, B, BC, CB, C, divided by cohesion characteristics into 
three groups ( I - I I I ) ;  characteristics of Groups I - I I I  described in 
"Results";  numerals following transect designations are collection 
levels in (b); C.C.C.: cophenetic correlation coefficient; top abscissa 
shows distance values of phenogram; (b) Spatial distribution (Lev- 
els 1 -5)  of Groups I - I I I  and of isolated Sample A3 in study area; 
Levels 1-3:  embankment  samples; Levels 4 and 5: beach samples 

Our results appear to indicate that the Pholadidae 
recorded are not capable of penetrating a substrate with 
high compressive resistance and abundant calcite con- 
tent. 

I t  is i n f e r r e d  t h a t  Themiste petricola, Polydora sp. ,  
Pherusa sp.,  Lithophaga patagonica, Petricola patagoniea 
a n d  Saxicava solida m u s t  p o s s e s s  b o t h  p h y s i c a l  a n d  
c h e m i c a l  p e n e t r a t i o n  c a p a b i l i t i e s ,  w h e r e a s  t h e  P h o l a d i -  
d a e  a r e  o n l y  c a p a b l e  o f  p h y s i c a l  p e n e t r a t i o n .  S t u d i e s  o f  
t h e  t e g u m e n t a r y  g l a n d s  o f  e n d o l i t h i c  b i v a l v e s  a n d  p o l y -  
c h a e t e s  u s i n g  t h e  A l c i a n  b l u e  t e c h n i q u e  h a v e  r e v e a l e d  t h e  
p r e s e n c e  o f  a c id  m u c o p o l y s a c c h a r i d e s  ( K i i h n e l t  1930,  
R u s s e l l - H u n t e r  1949,  Y o n g e  1955,  D o r s e t t  1961).  T h e  
l i t e r a t u r e  t h u s  p r o v e s  t h e  e x i s t e n c e  o f  a c h e m i c a l  m e t h o d  
o f  p e n e t r a t i o n  a n d  s u p p o r t s  o u r  i n t e r p r e t a t i o n  t h a t  t h e  

p r e s e n c e  o f  s o m e  spec ies  is c o n n e c t e d  w i t h  a h i g h  d e g r e e  
o f  s u b s t r a t e  c o h e s i o n .  

I n  c o n c l u s i o n ,  o u r  r e su l t s  c o n f i r m  t h e  c lose  r e l a t i o n s h i p  

b e t w e e n  m i n e r a l o g i c a l ,  p h y s i c a l  a n d  c h e m i c a l  c h a r a c t e r -  
is t ics  o f  t h e  s u b s t r a t e  a n d  t h e  d i s t r i b u t i o n  o f  e n d o l i t h i c  
o r g a n i s m s  in  t h e  i n t e r t i d a l  z o n e .  
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