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A b s tra c t. T h e  resu lts o f a year long study  in w hich so ft-bo ttom  ep ib en th ic  in v erteb ra tes  w ere 
co llected  by g rab , d redge and b eam -traw l, a long  th e  so u th e rn  M e d ite rran ean  coast o f Israe l, are  
describ ed  in th is p a p e r . T h e  classificatory analysis used fo r b o th  norm al and  inverse analyses used 
tw o m easures o f  dissim ilarity  -  C a n b erra  m etric  and  B ray-C urtis, and b o th  g roup-average  and 
neares t-n e ig h b o u r clustering . T h e  results w ere  d isp layed as dendrogram s. F our site  g roups and  five 
species groups ch arac te rised  a  to ta l o f 58 site  sam ples and  245 species. T h e  p ro m in e n t species in 
each  o f  th e  five species groups a re  m en tio n ed . T h e  app licability  o f  “com m unity  concep ts” and the 
effec ts o f  sed im en t p roperties on  com m unity  s tru c tu re  a re  discussed.

Problem

Com m unity studies of the continental shelf of Israel have been  conducted  for 
th ree  decades. T he earlier studies w ere considered fishery research  and the  
inverteb ra tes em phasized w ere those form ing an im portan t link in the food- 
chain ( W i r s z u b s k i ,  1953; G i l a t - G o t t l i e b ,  1959). I t  was only in the  sixties that 
an extensive program  was undertaken  by G i l a t  (1964) to describe the m acro- 
b en tha l com m unities. H ow ever, G i l a t ’s  com m unity concept was derived from  
th e  B r a u n - B l a n q u e t  school and  th e  w ork of P é r è s  &  P i c a r d  (1958), and thus 
resu lted  in subjective judgem ents in th e  recognition of associations and the 
selection of characterising species. T o m ,  in his M .Sc. thesis on the  benthic 
associations o f H aifa  Bay (1976), sub jected  his m aterial to num erical analysis, 
th ere fo re  enabling him to  handle m ore da ta  and consequently  to expect m ore 
satisfactory results.

T he pu rpose  of the  presen t study is tw ofold: (I) to determ ine the  com position 
and distribution of soft bottom  benth ic  invertebrate  assem blages along the 
sou thern  Israeli coast, and (II) to investigate the relationships betw een these 
assem blages and  sedim ent properties.
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Material and Methods

G a l il , L e w in s o h n

T h e  d a ta  discussed in th is p ap e r w ere  ob ta in ed  from  a survey o f  eleven  sam pling sites in th ree 
transects (Palm ahim  A  S ta. 1, 2 , 3 ; B S ta. 4, 5 , 6, 7; N izanim  S ta. 8 , 9, 1 0 ,1 1 ), perp en d icu la r to  the 
coast (Fig. 1). A t each tran sec t th e  b o tto m  was sam pled  at four s ta tions co rrespond ing  to  20, 35, 50 
and  8 0 m  dep ths (th e  20 m site  at P alm ahim  A  w as d e le ted ). A t tran sec t Palm ahim  B an additional 
sam ple w as ta k e n  at each  location  a t n ight. T h e  positions o f  s ta tions w ere ob ta in ed  from  a M ini 
R a n g er R a d a r ab o ard  ship and tw o sh o re  s ta tions th a t continually  gave exact bearings and w ere 
estim ated  to be  correct to  w ithin 50 m . S am ples w ere  collected in Ja n u a ry , M ay, Ju ly  and  O ctober of 
1977. E ach  site w as sam pled  w ith  a  P e t e r s e n  grab o f  0.1 m 2 a rea , a  trian g u la r d redge w ith  an  arm  of 
0 .6  m  and a beam -traw l w ith  a 1.15 m  w ide iron  fram e. T h e  sam ples w ere  sieved th rough  a nest of 
fo u r sieves, th e  finest o f w hich h ad  a m esh size o f  1 mm.

Species identifica tion  w as m ad e  in p art by experts in th e  various g roups and  in p art by 
com parison  w ith the re fe ren ce  co llection  o f  th e  Z oology  D ep a rtm en t o f  T e l A viv U niversity  '.

M aterial fo r the sed im en t analysis was rem oved  from  u n d istu rb ed  grab  sam ples. Sedim ent 
partic le  size d istribu tion  w as d e te rm in ed  by sieving and p ip e tte  analysis follow ing p rocedures 
described  by B u c h a n a n  (1971).

T o  sim plify and  ex trac t in fo rm ation  from  th e  m eristic d a ta  co llec ted , w e used  b o th  “no rm al” 
(sites classified using  species as a ttr ib u te s )  and  “ inverse” (species classified using th e ir site  of 
occurrence as a ttrib u tes) classification.

O f th e  m any coefficients o f dissim ilarity  availab le  w e used tw o: th e  C a n b erra  m etric  -  know n to 
b e  insensitive to  large values and  skew ness and  w hich can  thus be used  w ith un tran sfo rm ed  d a ta , and 
th e  B ray-C urtis m easu re  w hich is sensitive to la rge  values, ignores d oub le  zero  m atches and plays 
dow n th e  im portance  o f  ra re  species ( L a n c e  &  W il l ia m s , 1967; F i e l d , 1971; C l if f o r d  &  St e p h e n ­

s o n , 1975).
C lustering  w as accom plished using tw o agg lom érative h ierarch ical c lustering  strateg ies: w eakly 

clustering  n eares t-neighbour and space conserving group-average ( C l if f o r d  &  S t e p h e n s o n , 1975).
B ecause o f th e  m ass o f  d a ta  co llec ted  w e recou rsed  to elim ination  o f  ra re r  species (occurring  in 

less th an  7  sam ples ( <  7 record ings)) p rio r to  analysis, follow ing p ro ced u res by D a y  et al. (1971) and 
H u g h e s  &  T h o m a s  (1971).

* T h e  collection of th is s tudy  is d ep o sited  a t th e  Z oology  D ep artm en t o f T e l A viv  U niversity .
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Fig. 1. M ap  show ing location 
o f  sam pling sta tions and 
isobaths.
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Results

1. Sediment distribution
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T he substra te  in the  area changes w ith the  distance offshore. The proportion  of 
sand  decreases w ith increasing dep th , while the  p rop o rtio n  of silt-clay increases. 
M edian  partic le  d iam eter and standard  deviation w ere com puted using form ulas 
given by F o l k  &  W a r d  (1957), from  cum ulative particle size curves p lo tted  on 
arithm etic  scale paper. These statistics together w ith the  sedim ent com position 
are  p resen ted  in T ab le  1. W ave action is im p o rtan t in determ ining sedim ent 
com position in shallow  w ater as is evident from  the well sorted  sedim ent (S =  
0.38) in sta tion  4 located  at 18m , Palm ahim . A  sam ple taken  in January  at the 
sam e station  had  a standard  deviation (S) of 0.36 due to w inter storm s. I t  should 
be no ted  th a t in the  35 m sites we find a m arked  difference betw een Palm ahim  
(1;5) and N izanim  (9); the  la tte r generally have a high silt-clay content.

T ab le  1. D e p th , se d im e n t m edium  partic le -d iam eter (M d) a n d  s tan d ard  dev iation  (S) in ph i u n its, 
sa n d , s ilt, clay p e rcen tag es  fo r each sta tion  sam pled  in O cto b er.

D ep th
(m )

S ta t io n s Md i S i , s a n d  
> 0 .0 6 2  m m

%  co m p o s itio n  
s i l t

0 .062  m m  -  0 .002m m
cla y  

< 0 .0 0 2  m m

18 4 2.96 0.38 95.5 3.82 2.28
20 8 3,1 1.08 87.2 8.94 3.86
35 1 ¿.26 2.0 65.5 20.97 13.46
35 5 ¿.¿1 2.¿ 64.6 21.57 13.8
35 9 6.2 1.5¿ 2.6 65.82 31.56
50 2 5.9 1.68 10.49 56.62 32.88
50 6 5.88 1.74 10.53 61.09 28.37
50 10 6.62 1.4 2.66 58.26 39.09
80 3 6.¿3 1.44 1.15 63.26 35.6
80 7 6.36 1.42 0.99 65.71 33.29
80 11 6.¿6 1.7 9.8* 48.51 41.65

*  The c o a r s e  f r a c t io n  c o m p r is e d  of f r a g m e n te d  s h e l l s .

2. Faunal data

D uring  the  course o f the work 33 000 specim ens w ere identified and yielded 245 
species. H igher taxa  w ith the m ost species were M ollusca  (66 species), Crustacea 
(61) and  Polychaeta  (50). F o r the classificatory analysis, results from  sam e day 
replicates at a site w ere grouped together. To avoid a 3-dim ensional data  m atrix 
(sites X species x  tim es) we incorporated  the season in to  th e  site sam ple and 
trea ted  each site  sam ple in a given season as a  sam ple unit. Species which 
occurred  at less th an  7 of the 58 sites w ere elim inated  from  classification, leaving 
51 species, w hile discarding less th an  15 %  o f the  to tal data.

H ierarch ical grouping o f sites using C anberra  dissimilarity m easure and  both 
g roup-average and  nearest neighbour clustering are p resen ted  in Figs. 2 and  3. 
T he m atrix  contained  the  to tal num bers o f species. This analysis p roduced
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Fig. 2. Site dendrog ram : C a n b erra  coeffic ient and  g ro u p  average sorting. Scale show s percen tage  
d issim ilarity . F irst num eral o f site designation  re fe rs  to  sam pling  period  (1:Ja n u a ry , 2 :M ay, 3:Ju ly , 
4 :O c to b e r) . N ext n u m erals a re  sta tion  num b ers (1 -1 1 ). N -  night sam pling . B roken  lines indicate  
m ain  g roups.

F ig. 3 (righ t). S ite  dendrog ram : C a n b e rra  coeffic ient and  neares t ne ighbour sorting.
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dendrogram s w hich arranged  the  sam ples in four site groups in transect sequ­
ence from  th e  shallow est sites to the deepest, accepting groups at different 
dendrogram  levels. A cceptance at different levels has been due to  group size 
dependence, a phenom enon  inheren t in sharply clustering strategies as em ploy­
ed here  (see W i l l i a m s  et al., 1971). V ariation betw een  sites is generally g rea ter 
th an  betw een sam ples and the  seasonal variation w ithin a site. I t  revealed that 
dep th  and substra te  w ere the  m ain factors influencing site grouping. A ssum ing a 
correlation betw een  sedim ent type and depth , th e  tw o w ere trea ted  as one 
factor. T here  is an extraordinarily  close sim ilarity betw een th e  site groups 
generated  by using species as a ttribu tes and the sed im ent classification of the  
sites (Table 1).

T he main groups rem ain  the  sam e w hether sorting is by group average o r the 
nearest neighbour m ethod . W ithin each group, sam ples are linked toge ther in 
roughly sim ilar sequences.

T he dendrogram s p roduced  for species grouping utilised the C anberra  m etric 
and  B ray-C urtis dissim ilarity m easures with group average sorting strategy. T he 
m atrix  contained presence/absence values for species in sites. C haracterising 
species w ere chosen from  their high dom inance/constancy values (T able 2). 
(Constancy was calculated  as the  frequency of occurrence of species in given site 
g roups).

T ab le  2 . T o ta l n u m b ers  o f  characterising  species o f the species groups show n in F igs. 4 and  5.

C h aracterising  s p e c ie s
1 2 3 * 5

s ta t io n s

I 6 I 7 8 9 10

Sicyonia ca rin a ta 6 4
Ph ilocheras m onacan thus 128 99
Diogenes p u g ila to r 359 290
Sphaeronassa m u ta b il is 14 14

♦ O ratosqu illa  m assavensis 19 1 27 3
*  C e rith ium  koch i 1306 375 142 1023
Trachypenaeus c u rv iro s tr is 16 4 28 3 4 2 2

* C h aryb d is  long ico llis 136 194 18 109 291 6 532 143 2
*  M y ra  fugax 9 15 8 12 2 4 14
P o n toca ris  ca ta p h ra c ta 71 210 49 58 140 43 25 38 7
Processa n o u ve li n o u v e li 18 178 45 2 13 12 8 16 28

B risso p s is  ly r i fe r a 139 134 6 84 153 270
Antedon m ed ite rra nea 22 3348 3375 942 1011
P arapenaeus lo n g iro s tr is 302 2042 357 558 34 114 536
M acrop ipus p u s il lu s 73 70 30 45 12 19 38
Galathea in te rm e d ia 12 33 6 19 13 4
A lp h e u s  g laber 7 43 8 20 4 11
S a be lla  pavonina U 245 20 164 77 273

T u rite lla  com m unis 82 69 20
Nucula su lca ta 126 76 3
S te rn a s p is  s cu ta ta 36 14 4
A lcyo n iu m  p a lm a tu m 4 1 26

*  S a u rid a  undosquam is 15 3 1 12 8 13 2 10
♦ A lpheus rapac ida 12 14 3 10 9 22 7
D enta liu m  denta le 1 94 177 5 53 17 54
Goneplax rhom boides 10 59 13 35 6 24
A rn o g lo ssu s  la te rn a 18 17 5 2 17 34 9 35 8 7

♦ o f  In d o -p a c if ic  o rig in .
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I t appears th a t the  dendrogram s contain  five distinct clusters (Figs. 4 and 5) 
accepting groups at different dendrogram  levels. Species group A  is uniquely 
characterised  by the  decapod crustaceans Sicyonia carinata ( B r ü n n i c h ) ,  
Philocheras m onacanthus ( H o l t h u i s ) ,  D iogenes pugilator (R oux) and the gas­
tro p o d  Sphaeronassa mutabilis ( L i n n é ) ,  all frequen t a t the  shallow est sandy 
sites (18; 20 m) (T able 2). A  sim ilar com m unity was described by G i l a t  (1964)

D

Sicyonia carinata 
Philocheras m onacan thus  
D iogenes pugilator 
Sphaeronassa  mutabilis 
M acropipus vernalis 
Penaeus japon icus  
Anapagurus laevis 
Buglossidium  luteum  
C ynoglossus sinusarabici 
Oratosquilla m assa ven sis  
Cerithium koch i 
Trachypenaeus curvirostris 
Saurida undosquam is  
Leiognathus klunzingeri 
Callionymus filam entosus  
Ariosom a balearicum  
Aporrhais p e sp e leca n i  
Ethusa m ascarone  
Dardanus arrosor 
Pontocaris cataphracta  
Charybdis longicollis 
P rocessa nouveli nouveli 
A rnoglossus laterna 
A lpheus rapacida  
Myra fugax  
Upogebia tipica 
M acropodia rostrata 
B rissopsis lyrifera 
P arapenaeus longirostris 
M acropipus pusillus 
Galathea intermedia  
A lpheus glaber  
Sabella pavonina  
G oneplax rhom boides  
A ntedon  mediterranea  
Dentalium dentale  
Sym phurus n igrescens  
Corbula gibba  
D orippe lanata 
Inachus dorsettensis  
M acropodia longipes  
Nucula sulcata  
Turritella com m un is  
Alectrion edw ardsi 
Anapagurus bicorniger 
Diluvarca diluvii 
Naticarius m illepunctatus . 
Cassidaria echinophora  
Callistoma granulatum  
Sternaspis scutata  
Alcyonium  palm atum

r

20 40 60 80

Fig. 4. Species d endrogram : C anberra  coeffic ient and  g roup  average so rting . Scale show s percentage 
d issim ilarity  as given.
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from  Palm ahim . D. pugilator  and  S. mutabilis are “ com m unity ind icators” in the  
classical m anner and  m entioned as such in o ther parts of the M editerranean  
( G a u t i e r ,  1957; O r e l  &  M e n n e a ,  1969; V a t o v a ,  1975). Species group B 
contains species m ost frequent on the sandy-m ud 35 m sites. T he characterising 
species are the  Indo-Pacific s tom atopod Oratosquilla massavensis ( K o s s m a n n )  
and  the  Indo-Pacific gastropod  Cerithium ko ch i ( P h i l i p p i ) .  T he decapod

Sicyonia carinata 
Philocheras m onacan thus  
D iogenes pugilator 
Sphaeronassa mutabilis 

A M acropipus vernalis 
Penaeus japonicus  
Anapagurus laevis 
Buglossidium luteum  
C ynoglossus sinusarabici 
Oratosquilla m assavensis  
Cerithium kochi 
Trachypenaeus curvirostris 
Saurida undosquam is  
Callionymus filam entosus  

B  Leiognathus klunzingeri 
Pontocaris cataphracta  
Charybdis longicollis 
Processa nouveli nouveli 
Arnoglossus laterna 
A lpheus rapacida 
Myra fugax 
Upogebia tipica 

C M acropodia rostrata 
Ariosoma balearicum  
Aporrhais pespe lecan i 
Ethusa m ascarone  
Dardanus arrosor 
Brissopsis lyrifera 
Parapenaeus longirostris 
M acropipus pusillus 
Galathea intermedia 
A lpheus glaber 

D Sabella pavonina
G oneplax rhom boides  
A ntedon  mediterranea  
Dentalium dentale  
Sym phurus n igrescens  
Corbula gibba 
Dorippe lanata 
Inachus dorsettensis  
Macropodia longipes  
Nucula sulcata  
Turritella com m unis  

E Alectrion edwardsi 
Anapagurus bicorniger 
Diluvarca diluvii 
Naticarius m illepunctatus 
Cassidaria echinophora  
Calliostoma granulatum  
Sternaspis scutata  
Alcyonium  palm atum

20 40 60 80

Fig. 5. Species d en d ro g ram : B ray  C urtis coeffic ient and  group average sorting. Scale show s 
p ercen tag e  dissim ilarity  as given.
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Trachypenaeus curvirostris ( S t i m p s o n )  has a som ew hat low er constancy. C. 
kochi characterise the  30 m assem blage in  H aifa Bay ( T o m , 1976) bu t with 
different co-dom inants. Species group C is com prised of species ubiquitous in all 
sites, except those closest to shore, and is uniquely characterised  by four 
decapod species of high dom inance/constancy value: Charybdis longicollis 
L e e n e  and M yra fu g a x  ( F a b r i c i u s ) ,  bo th  of Indo-Pacific origin, Pontocaris 
cataphracta ( O l i v i )  and  Processa nouveli nouveli A l A d h u b  &  W i l l i a m s o n  the 
la tte r taken  alm ost exclusively at night. Species group D is com posed of species 
presen t in bo th  50 and  80 m  sites and is uniquely characterised  by seven species 
of high dom inance/constancy values: echinoderm s Brissopsis lyrifera ( F o r b e s )  

and A n tedon  mediterranea  ( L a m a r c k ) ,  decapods Parapenaeus longirostris 
( L u c a s ) ,  M acropipus pusillus ( L e a c h ) ,  Galathea intermedia  L i l l j e b o r g ,  A l­
pheus glaber ( O l i v i )  and polychaete Sabella pavonina  S a v i g n y .  All of these are 
“com m unity ind icators” know n from  m uddy grounds from  the  Israeli coast 
( G i l a t ,  1964,1969; T o m ,  1976) and o ther p arts  of the  M editerranean  ( G a m u l i n  
B r i d a ,  1967; P é r è s ,  1967; V a m v a k a s ,  1970). Species group E  is com posed of 
species found alm ost solely in the m uddy-clay 80m  stations. It is uniquely 
characterised  by m ollusca Turritella com m unis  R isso , Nucula sulcata B r o w n ,  

polychaete Sternaspis scutata ( R e n i e r )  an d  octocoral A lcyon ium  palm atum  
( P a l l a s ) .  A ll o f these  appear as “com m unity indicators” in previous studies of 
the M ed iterranean  benthos.

Discussion

Since M i l l s  (1969) th e re  has been a tendency  to regard populations of species as 
“being d istributed in an overlapping m anner along com plex environm ental 
gradients to  form  continuous ra ther th an  discrete units or com m unities” . 
A ccording to  this view  it is alm ost im possible to draw  boundaries.

In o rd er to explain com plex benthic da ta  we seek the best discontinuities in a 
nearly  continuous system  by m eans of classification m ethods. Since the  selection 
of these m ethods is subjective and can be u sed  to  give a gradation  from  stress on 
dom inancy ( B r a y - C u r t i s ,  untransform ed data) to fidelity (C anberra  m etric 
w ithout zero ad justm en t) ( C l i f f o r d  &  S t e p h e n s o n ,  1975), we used both . W hen 
different m ethods agree, the  results can b e  in terp reted  with m ore confidence.

Site classification gave topographically coheren t groups which followed an 
onshore-offshore sequence and hence, close correspondence betw een the site- 
groups and  the  sed im ent p roperties, m asking possible effects of o ther abiotic 
factors. T he species groups described are  generally large and reveal only vague 
relationships to  substrates. N o site group was defined by the  presence of a 
species group which occurs now here else. O f the five assem blages which were 
identified, tw o (A , E ) w ere judged  to  be reasonably valid com m unities. The 
th ree  questionable groups (B , C , D ) show ed substantial overlap and were 
essentially in terg raded  (Table 2). Few species w ere recorded  as abundant and 
within the ir area  of dom inance they w ere associated with a large num ber of 
o ther species which ex tended  beyond th e ir  areas. A  close exam ination  of the 
d istributional pa tte rn s  of individual species suggests that they in tegrade and that 
the  apparen t distinctiveness of site groups is caused by the distance betw een
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sam pling stations. T hus, our findings suggest a view of com m unities as sections 
o f continua o f d istribution, ra th er than  the  P e t e r s e n - T h o r s o n  theory  o f bottom  
com m unities ( T h o r s o n ,  1957).

T he species groups defined by the  num erical analysis w ere com pared  w ith 
associations suggested by o thers w orking in this a rea  and in o ther parts of the 
M ed iterranean  ( G a m u l i n  B r i d a ,  1962,1967; G a u t i e r ,  1957; G i l a t ,  1964,1969, 
1974; M a s s é ,  1972; P é r è s  &  P i c a r d ,  1958; T h o r s o n ,  1957; P i c a r d ,  1965; T o m ,  

1976; V a m v a k a s ,  1970). W e have often found  parallel dom inant species with 
o thers parts of the  M editerranean ; how ever, the  sandy-m ud associations that 
range from  35-50 m have no know n parallels outside the  Israeli coast. This is 
m ainly due to  the  absence o f typical A tlan tic-M editerranean  species and the 
presence o f Indo Pacific species w hich pen e tra ted  th rough the Suez C anal, 
becam e established and form ed thriving populations, perhaps dom inating 
fo rm er A tlan tic-M editerranean  com m unities. Excellent exam ples are  provided 
by th e  gastropod  Cerithium koch i and the  decapod crustacean Charybdis 
longicollis, bo th  of which now form  a characteristic  fea tu re  of the  Israeli coast. 
I t  is apparen t th a t a continuously growing p roportion  o f the m acrobenthic fauna 
belongs to  Indo-Pacific im m igrants. O f th e  to ta l 245 identified species found  in 
the  course o f this w ork, 26 w ere o f Indo-Pacific origin, som e dom inan t and 
ubiquitous.

Summary

B ased  on da ta  collected from  beam -traw l and dredge sam ples taken  betw een 
18-80 m  during a one year survey o f 3 transects off the  Israeli M editerranean  
coast and using classificatory analysis to identify faunal boundaries across 
gradients, 4 site  groups and 5 species groups w ere identified. Site classification 
gave a close correspondence betw een site-groups and sedim ent p roperties and 
w ere arranged in transect sequence. V ariation betw een  sites is g rea ter than 
betw een  sam ple and seasonal variations w ithin a site. T he 51 species classified 
w ere allocated  into 5 species-groups.

D ifference in m ethods of collection and subjectivity of com m unity description 
m ake com parison with previous observations of the m acrofauna of the  M editer­
ranean  difficult. H ow ever, we conclude th a t the  sandy-m ud associations have no 
know n parallels outside the  Israeli coast due to absence of typical A tlantic- 
M ed iterranean  species and the dom inance of Indo-Pacific species w hich had 
pen e tra ted  th rough the Suez Canal.

T he p resen t study revealed a com plex grad ien t of “distance from  shore” 
which undoubted ly  em bodies several environm ental factors. T he distribution  of 
individual species suggests th a t they in tergrade and th a t the  apparen t distinct­
iveness of zones is due to  the  distance betw een sam pling stations.
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