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Stomach contents o f  298 black scorpionfish (Scorpaena porcus) from 13 stations o f  the eastern 
Adriatic, sampled in May (spring), June and July (summer), September (autumn), December and 
March (winter) 1987-1991 were examined. The relative importance o f  different components o f  
the diet was assessed using three feeding indices (IRI, MFI, Q) which combine in different ways 
the percentage frequency o f  occurrence (%F), percentage number (%N) and percentage weight 
(%W) of prey categories. Decapoda Brachyura were dominant food component independent o f 
the season, followed by fishes and crustaceans Decapoda, Anomura and Natantia. Taking 
individual species into account, Pilumnus hirtellus was the most dominant prey, both by number 
and weight, followed by Ilia nucleus, Lissa chiragra and Xantho species. O f the fishes, the 
species o f  Gobiidae family w ere the most numerous, o f  Anomura the Galathea species and of 
Natantia the species o f  Alpheiidae and Palaemonidae families. The food changes were recorded 
with fish length. Seasonal quantitative dietary changes were also recorded. The lowest feeding 
activity was recorded in summer during the spawning season of this species in the Adriatic Sea.
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IN T R O D U C T IO N

Scorpaena  p o rc u s  L innaeus, 1758 (black sco rp ionfish ) is  o n e  o f  th e  m ost num erous 
species o f  Scorpaenidae in the M editerranean  and the A dria tic  Sea. It inhab its rocky and 
rocky-sandy  in fra litto ra l bo ttom s ov e rg ro w n  by algae and "m eadow s" o f  m arine  
phanerogam s (C ym odocea  nodosa , P osidonia  ocean ica ) betw een  0 .5  and 50 m dep th , 
m ost num erous betw een 5 and 15 m  (G  r u  b  i s  i c  , 1982). A fte r so m e  au thors (H  u 
r  e  a  u  and  L i t v i n e n k o ,  1986) they  m ay reach  as deep  as 800  m . T hey  are  
so lita ry  and  sedentary  species. T hey  a re  o f  a defined  com m ercial im portance in  the 
coastal fish ing  o f  th e  M editerranean  and  A dria tic  w here  they  a re  cau g h t by  tram m els and 
beach seines. A nnual m ean catch  o f  all com m ercia lly  in te resting  sco rpaen idae (m ainly 
Scorpaena  scro fa  and  S. po rcu s)  am oun ts to  178 t and  show s sligh t in crease  ( G r u b  
i s  i c  , 1982). A part from  the A driatic  and th e  w ho le  M ed ite rranean , including the 
B lack Sea, th is  spec ies is  d is tribu ted  along the eastern  A tlan tic  coast, from  B ritish Isles 
to  Senegal, a round  A zo res  and  C anary  Islands ( H u r e a u  a nd  L i t v i n e n k o ,  
1986). In the A dria tic  they  attain  u p  to  35 cm  leng th  (T L ) and 0 .8 0  kg w eight. 
Spaw ning  occurs d u rin g  th e  first h a lf  o f  sum m er (G r u  b  i s  i <5 , 1982).

A fte r som e ea rlie r stud ies o f  food and feed ing  hab its  o f  th is  species (S  o 1 j  a  n and 
K  a r  I o  V a  c , 1932; V a 1 i a  n i , 1935; D  i e  u  z e i d  e  e t a l . , 1955; B o  u t i è 
r  e  , 1958; C  o 1 1 i g  n  o  n  and A l ó n e l e ,  1960; S v e t o v i d o v ,  1964; B r  
a d  a i and B o u a  i n  , 1990, e tc .)  b lack  sco rp ion fish  a re  m arked ly  carn ivorous 
species feeding m ainly  o n  decapod crustaceans, sm all fish (B lenniidae and  G ob iidae) and 
som e ben th ic  invertebrates.

T h is  paper p resen ts qualita tive-quan tita tive  ana ly s is  o f  food o f  th e  species Scorpaena  
p o rcu s  w ith  special regard  to  se lec tiv ity , seasonal in tensity  and  d iffe ren ces in feeding 
h ab its  betw een ind iv idual length g roups.
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#  sompling s t a t i o n s

Fig. 1 Map of sampling stations in the eastern Adriatic

beach seine ca tches. O f  all analyzed stom achs, 186 contained food res idues and  112 
w ere  em pty.

T otal length (T L ) in m m  and w eigh t (W ) in g (fresh) w ere  m easured in  all the 
co llected  specim ens. T hereupon  fish w ere  d issected  and stom ach  conten ts taken  o u t and 
preserved  in 5%  form alin  so lu tion  fo r laboratory  analyses.

Found  p rey  w as iden tified , w henever possib le , to the level o f  low est taxonom ic 
ca tego ries (genus and species) and in cases o f  tiny  (Isopoda, A m phipoda) o r  
sein id igested  o rgan ism s (particu larly  N atantia and Paguridae) only  to  the level o f  genus 
o r  subo rder. Specim ens o f  iden tified  o rganism s w ere  w et w eiehed  to  th e  nearest 
0 .01 g.

T o  m ake the ana ly s is easier, found prey  w as classified  to h ig h e r taxonom ic  ca tegories 
(P isces, D ecapoda B rachyura, A nom ura , N atan tia  e tc .) fo r w hich  th e  fo llow ing 
percen tages w ere  ca lcu lated  (R  o  s  e  c  c  h  i and N  o u a  z  e  , 1987):

% F =  p ercen tage  o f  th e  fre q u e n c y  o f  occurrence : the num ber o f  s tom achs con tain ing  
one o r  m ore ind iv iduals o f  each prey  ca tegory  expressed as a  percen tage o f  total 
num ber o f  stom achs w ith  food;

% N =  percen ta g e  n um ber : the  total num ber o f  ind iv iduals o f  each food category  
expressed as the percen tage o f  th e  total num ber o f  ind iv iduals o f  all food categories;
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% W  =  p ercen tage  w e ig h t: th e  to tal w eig h t o f  each food ca tegory  exp ressed  a s  the 
percen tage  o f  th e  to tal w eig h t o f  all stom ach conten ts.

70

62

Sí.

46

38

30

22

14

6
m  r f

S c o r p a e n a  porcus 
n = 298

8  12 16 20 24 28
t o t a l  l e n g th lL T l lc m )

Fig. 2. Scorpaena porcus. Frequency polygon of examined specimens size

T o  get be tter insight in to  th e  food se lec tiv ity  and m ake th e  com parison  o f  the 
d ifferences in  feed ing  hab its betw een d ifferen t length classes and  in d ifferen t seasons, 
the fo llow ing  th ree n u trition  indexes w ere  calculated  from  these percentages:

IR I =  in d ex  o f  re la tive  im portance  (P  i n k a  s  er a l . , 1971):

(% N  +  % W ) X % F

M  FI =  m ain  fo o d  item  ( Z a n d e r ,  1982):

(% N  +  % F )/2  X %W

w here  obtained  va lues M F I > 7 5  mean the essential food , 5 1 < M F I < 7 5  principal 
food , 2 6  < M F I <  5 0  secondary  and M F K 2 6  occasional food;

Q  =  fe e d in g  coeffic ien t (H  u r  e  a  u  , 1970):
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w here  ob ta ined  va lues Q > 2 0 0  re fe r to  p referred  food, 2 0 < Q < 2 0 0  
secondary  and Q < 2 0  occasional food.

The ana ly s is o f  changes in feed ing  hab its in d ifferen t seasons and  in d ifferen t length 
classes w as perfo rm ed  by the use o f  the fo llow ing  indexes:

w eigh t o f  diggested  food
% Jr =  fu llness index : —   x 100

fish w eight

(H  u r  e  a u , 1970).

E r (n u m b er o f  em pty  stom achs) x 100
%V =  vacu ity  coeffic ien t :  -

N (to tal num ber o f  analyzed gu ts)

( H u r e a u ,  1970).

R ESU LTS

F a u n a l lis t a n d  to ta l g ro u p  se lectiv ity

T h e  lis t o f  found prey o rgan ism s is presented in T ab le  1. A s show n by th e  table 
D ecapoda B rachyura (IR1 =  6 5 6 1 .0 6 ;M F I =  5 0 .8 0 , Q  =  2009 .7 5 ) and P isces (1R1 =  
1037.44: MF1 =  2 5 .0 8 ; Q  =  4 6 5 .9 0 ). w ere  follow ed by D ecapoda A nom ura  and 
N atan tia . T he rest o f  o rgan ism s (the  rest o f  C rustacea, M o llu sca , Po lychaeta, 
S perm atophyta  and Phycophyta) w ere  m ore rare ly  p resen t in  the food. A s show n by 
ob ta ined  va lues o f  M  FI and Q  coeffic ien ts. D ecapoda B rachyura and  P isces are  
p rinc ipal o r  p referred  food o f  th is  species, D ecapoda A nom ura  and  N atan tia  are  
secondary  food w hereas all the  o th e r o rgan ism s a re  on ly  occasional p rey  (F ig . 3A ).

T h e  ana ly s is  o f  the presence  o f  indiv idual species show ed that P ilum nus h ir te llu s  w as 
the m ost num erous spec ies o f  D ecapoda B rachyura (30%  o f  the to tal num bers  arid 
3 9 .9%  o f  the total w eigh t o f  B rachyura crustaceans). T h e  species I lia  n uc leus , L issa  
ch irarga  and  the spec ies o f  genus X an tho  w ere  far less rep resen ted . O f  D ecapoda 
A nom ura  the species o f  g en u s G alathea  w ere  best rep resen ted , and o f  N atan tia  the 
species o f  fam ilies A lpheiidae  and Palaem onidae. O f fish the species o f  fam ily G obiidae 
w ere  best represen ted .
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C hanges w ith  f i s h  length

An increase in fish length w as a lso  fo llow ed  by defined  changes in feed ing  habits 
(T able 2 , F ig . 3B ). C om paring  the values o f  all th ree  n u trition  indexes in defined  length 
groups (specim ens sm aller than 15 .0  cm  T L , from  15 .1 -19 .5  cm  T L  and b igger than 
19.5 cm  T L ) it is o bv ious that D ecapoda B rachyura are  p resen t in a lm o st equally  h igh 
num bers in all the  length  g roups , even though  th ey  w ere  s lig h tly  b e tte r represen ted  in 
specim ens sm a lle r than  15 .0 t cm  T L . T he p resence  o f  A nom ura increased w ith  length 
increase. O n the co n tra ry , the presence  o f  N atan tia  w as reduced w ith  the body  length 
increase being p articu la rly  h igh in specim ens sm a lle r than  15.0 cm  L T  to  b e  alm ost 
com pletely  absen t from  g u t conten ts o f  the b iggest ind iv iduals. T h e  presence  o f  fish w as 
m arkedly  increased  in  the food  o f  ind iv iduals o f  g rea te r body  leng ths. Isopoda, M ollusca 
and P o lychaeta  w ere  best represen ted  in the sm allest ind iv iduals and  n o t a t all p resen t 
in the b iggest ind iv iduals. T he largest nu m b er o f  d iffe ren t g ro u p s (10) w as recorded 
from  stom ach con ten ts o f  the sm allest and m ed ium  length  c lass, and on ly  8 in the 
b iggest specim ens.
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Fig. 4  Scorpaena porcus. Fullnes index (Jr) and vacuity coefficient (V) in specimens analyzed 
by particular size classes (A) and sampling seasons (B)
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Table 2. Scorpaena porcus. Values o f  feeding indices IRI, MF1 and 0  of major prey categories by size classes

IRI MFI Q

Prey
categorics/TL(cm) <  15.0 15.1-19.5 >19.5 < 15 .0 15.1-19 5 >19.5 <15 .0 15.1-19.5 >19 .5

Brachyura 7311.6 6351.6 6179.3 58.61 52.13 53.18 2379.4 2307.8 2541.0

Anomura 166.9 198.5 380.5 8.75 9.26 13.67 58.5 80.5 127.1

Natantia 1419.8 499.6 13.6 16.58 7.50 1.71 240.2 53.6 3.0

Pisces 240.8 1055.4 1293.9 10.61 26.04 24.54 74.4 509.4 491.4

Stomatopoda -

oci 21.8 - 1.10 3.53 - 0.9 8.5

Amphipoda 1.7 - - 0.23 - - 0.1 - -

Isopoda 15.6 3.9 - 0.92 0.37 - 0.6 0.1 -

Euphausiacea 0.4 - 0.08 - - 0.1 - -

Mollusca 48.8 8.9 - 2.15 0.74 - 3.7 0.5 -

Polychaeta 5.4 0.5 - 1.15 0.26 - 0.9

Spermatophyta 74.4 9.0 316.1 3.54 1.38 6.32 8.3 1.4 27.2

Phycophyta - 1.8 23.7 - 0.17 1.31 - 0.1 1.2



I. Ja rd as  &  A. Pallaoro

Food and  feeding o f  b lack  scorp ionfish

8 9 3

T he analysis o f  feeding in tensity  expressed hy the index o f  stom ach  fu llness (Jr) and 
vacuity  coeffic ien t (V ) in individual length g roups , po in ts to  the fact th e  feed ing  in tensity  
w as h ighest in m edium  leng th  class (1 5 .0 -1 9 .5  cm  LT and low est in the sm allest 
ind iv iduals (sm aller than  15.0 cm  L T ). A ll th is  is  show n in F ig . 4A . In m edium  leng th  
class the index o f  gu t fu llness w as 3 .19  and in the sm allest leng th  g ro u p  1 .49 . T he 
h ighest values o f  vacu ity  coeffic ien t w as, no rm ally , ob ta ined  in th e  sm allest specim ens 
(% V  =  4 3 .9 ) and the low est (% V  =  2 2 .5 ) in the b iggest specim ens (exceeding  19.5 cm  
LT).

Sea so n a l changes in fe e d in g  h ab its

It w as observed tha t Scorpaena p o rcu s change the ir feeding hab its w ith  seasons (T able 
3 , F ig . 3c). So, the analysis o f  n u trition  indexes show  that D ecapoda B rachyura 
p revailed  in food during  spring  and especially  sum m er, w hereas th e ir  quan tities w ere  
considerab ly  sm aller in autum n and particu larly  in w in ter. O n the co n tra ry , D ecapoda 
N atan tia  w ere  m ost poorly  represented  in stom ach con ten ts in sp ring  and sum m er and 
h igh ly  p resen t in autum n and w in ter. D ecapoda A nom ura w ere  b e tte r represen ted  in 
sum m er and  w in te r and p o o re r in spring and au tum n. F ish , how ever, occurred  in far 
g rea te r quan tities than any o th er food com ponent in w in te r w hereas the ir sum m er 
quan tities w ere  ex trem ely  low . In sum m er stom achs con ta ined  the largest n u m b er o f  
d iffe ren t com ponents (10) and the low est num ber w as reco rded  in w in te r (on ly  6).

F ood  quan tity  in analyzed gu ts , expressed as the index o f  fu llness (J r), show ed  som e 
osc illa tions in  all seasons. F eeding  intensity  is m ore  o r  less the sam e all y ear round 
w ith  the excep tion  fo r sum m er w hen  a s ign ifican t d rop  w as reco rded  (F ig .4 B ). 
P resum ab ly , th is  is d u e  to  spaw ning , since these fish spaw n in th e  A driatic  in sum m er 
(June and Ju ly ). O n the co n tra ry , the h ighest va lues o f  vacu ity  coeffic ien t w ere  ob ta ined  
fo r autum n (% V  =  4 2 .9 ) and the low est ones fo r spring  (% V = 2 2 .6 ) .
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Table 3, Scorpaena porcus. Values of feeding indices IRI, MFI and Q o f  major prey categories by seasons

1 R I M F 1

Prey
categories/Scasons : spring summer autumn winter spring summer autum

n
winter

Brachyura 8983.7 10074.0 4483.8 1033.6 64.8 67.9 44.0 16.0

Anomura 71.1 553.8 206.0 313.5 4.5 ■ 17.6 10.4 10.9

Natantia 327.2 230.0 1556.8 557 6 5.7 4.7 14.8 6.9

Pisces 759.9 52.9 676.5 4535.8 20.1 5.5 20.1 51.4

Amphipoda 9.4 - - - 0.3 - -

Isopoda - 1.6 - - - 0.2 -

Euphausiacea - 1 6 - - - 0.2 -

Stomatopoda - - 19.5 14.9 - - 3.4 3.0

Mollusca 48.7 18.9 - - 1.4 1.2 - -

Polychaeta - 18.7 - - - 2.1 -

Spermatophyta 26.3 1.8 49.2 237.4 2.1 0.5 3.5 7.4

Phycophyta - 6.5 36.7 - - 0.8 1.7 -

I. Jardas &  A. Pallaoro 
Food and feeding  o f  b lack  scorpionfish

Table 3. continued
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Tabic 3 continued

Q

Prey categorics/Scasons spring summer autumn winter

Brachyura 3344.6 4134.9 1468.8 201.5

Anomura 16.6 255.1 69.9 115.3

Natantia 29.4 20.7 163.6 36.5

Pisces 281.9 20.7 288.9 2066.1

Amphipoda 0.1 - - -

Isopoda - 0.1 - -

Euphasiacea - 0.1 - -

Stomatopoda - - 7.5 7.0

Polychaeta - 3.0 - -

Spermatophyta 2.9 0.2 5.9 41,6

Phycophyta - 0.4 1.8 -
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DISCUSSION

Feeding of ihe species Scorpaena porcus has been relatively well studied in the 
Mediterranean and Adriatic. The feeding o f  these fish was studied by S o 1 j a  n and K a r l o  
v a c  (1932) (eastern Adriatic coast) and by V a I i a  n i (1935) (Italian coast), S v  c t o v i d 
o v (1964) (Black Sea), D i e u 7. e i d e (1955) (Mediterranean coast) and S i b 1 o t  -  B u t 
a f  1 i k a (1976) (Algerian area) as well as B r a d a i  B o u a i n  (1990) (Tunisian waters), 
whereas B o u t  i è  r  e (1958) and C o I 1 i g  n o n and A l ó n e l e  (1960) studied the feeding 
o f  this species along the Atlantic coast o f Morocco. All the authors came to the same results; all 
o f  them recorded the dominance o f  Crustacea Decapoda in relation to other food components (fish 
and other benthic invertebrates). So S o 1 j a n and K a r 1 o v  a c  (1932) reported an absolute 
dominance o f  Crustacea Decapoda (85.6%) (44.2% Brachyura. 19.9% Anomura and 17.1% 
Natantia) in relation to other crustaceans (Isopoda, Amphipoda, Stomatopoda) (6.6% ), fish (2.2%) 
and other food components (Cephalopoda, the rest o f Mollusca, Polychaeta, residues o f  algae and 
Spcrmatophyta) (5.5%). B r a d a i  and B o u a i n  (1990) found the following: all Crustacea 
(82.11%) (43.3% Macroura, 18.7%, Brachyura Isopoda 18.9%, Notopoda 0 .2 % ), fish 16.26% 
and other groups (Mollusca, Annelida, Echinodermata) (3.42% ). These authors reported 
Decapoda Brachyura and M acroura as the preferred food of the species Scorpaena  po rcu s  
fo llow ed by fish . Isopoda as secondary  food and all the o th e r recorded  g ro u p s o f  prey 
as occasional food. T h is  b road ly  ag rees w ith  o u r results .

Feeding behav iou r o f  th is species, like that o f  m ost o f  fish species, considerab ly  
o sc illa tes during  the y ear affected  by physio log ical processes, p articu la rly  during 
rep roduction . It w as found tha t feed ing  in tensity , expressed by the index o f  gu t fullness 
(J r) show ed m arkedly  low er values during  spaw ning  (the beg inn ing  o f  su m m er), w hereas 
it w as at alm ost the sam e level d u rin g  the res t o f  the year, w ith  sligh t in tensity  increase 
in postspaw ning  period  (au tum n and  w in ter). T h e  sam e w as reported  by B r a d a i  and 
B o u a i n  (1990). O btained values o f  gu t vacu ity  coeffic ien t (V ) does n o t, how ever, 
fo llow  th is regu la r pa tte rn , p robab ly  due to  inadequate sam pling m ethod . Scorpaena  
p o rcu s  is a nocturnal species, the feed ing  ac tiv ity  o f  w hich  beg ins d u rin g  early  evening 
h o u rs  and  ex tends to  the m orn ing , w hereas the light period  o f  the day is  the period  o f  
resting  and com plete  d igestion  o f  the p rey  caught the p receding n ig h t (S o  I j  a  n and 
K a  r  1 o  v  a c  , 1932). T h e  specim ens caugh t du ring  early  even ing  hou rs w hen 
tram m els, by w hich  m ost o f  ana lyzed  m aterial w as caugh t, w ere  se t in to  th e  sea, could 
n o t fill up the ir stom ach like th e  fish caugh t du ring  the n ig h t o r  early  m orn ing  w hen nets 
w ere  d ragged  o u t. T he d ep a rtu res  from  J r  and  V values w ere  p robab ly  d u e  to  this 
inappropria te  sam pling.

Feeding hab its do  no t change qua lita tive ly  in function  o f  seasons, bu t they  change 
q u an tita tive ly , that is  the p ercen tages o f  individual p rey  g ro u p s a re  changed . These 
changes may b e  related  to  seasonal habitat changes, and  there fo re  d irec tly  to the
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re la tive  num bers  o f  d ifferen t food com ponents in d ifferen t seasons.
T h e  d ifferences in feeding beh av io u r as a  function  o f  p red a to r s ize  a re  q u ite  obvious. 

B igger p red a to r specim ens norm ally  catch  larger p rey . It w as reco rded  that m edium  and 
largest length classes feed m ore in tensively  than  the sm allest specim ens, w h ich  w as 
confirm ed  by B r a d a i  and B o u a i n  (1990) fo r the Bay d e  G abes in T un isia .
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ISHRANA SKRPUNA {SCORPAENA PORCUS  L. 1758)(PISCES,
SCORPAENIDAE)

U OBALNIM  VODAM A JADRANSKOG M ORA

A .  P a l l a o r o  i 1 . J a r d a s  

Institut za Oceanografiju i ribarstvo Split, Hrvatska

K R A T K I S A D R Z A J

A naliziran i su  zelucani sad rzaji 298 p rim jeraka sk rpuna (S corpaena porcus) raspona 
tofaln ih  du z in a  tije la  (I.t) od 8 ,2 -3 0 ,0  cm  (Slika 2 ), sakup ljen ih  d u z  istocne obale 
Jad rana  tijekom  m jeseca sv ibn ja  (p ro ljece), lipnja i srpn ja  ( lje to ), ru jna  (jesen ), prosinca 
i ozu jka  (zim a) 1987-1991 god ina. U sporedujuci dobivcne v rijednosti tr iju  h ran idbenih  
indeksa  (IR I, M F I, Q) koji na raz lic ite  nacine  u sebi uk ljucu ju  posto tak  frekvencije 
p o jav ljivan ja  ( % F), posto tak  b ro jnosti (% N ) i postotak te iin e  ( % W ) po jed in ih  kategorija  
p lijcna , dob iveno  j e  da su p referen tna hrana ove v rste  rakovi D ecapoda B rachyura i 
rib e , sekundam a rakovi D ecapoda N atan tia  i A nom ura , a s lucajna , odn o sn o  dodatna, 
sve o sta le  p ro nad jene  skup ine  (T ablica  1; S lika 3 A). O d po jed inacn ih  v rs ta  najb ro jn iji 
su m cdju p lijenom  o d  b rah iu rn ih  rakova bili P ilum nus h ir te llu s , L is sa  ch iragra , Ilia  
nucleus  i v rs te  roda  X a n th o , od riba  vrste porodice G ob iidae , an o m u rn ih  rakova v rste  
roda G ala thea , a  natanc ija  v rste  porod ica  A lpheiidae i P alaem onidae.

U tv rdene su od redene pron ijene u kvantita tivnom  sastavu  h ran e  kod  prim jeraka  
raz lic itih  duz in sk ih  k lasa (T ablica  2 , S lika 3B). M anji p rim je rc i ( < 1 5 ,0  cm  Lt) 
najöesée gu taju  m anje  rakove (N atan tia , Isopoda, B rachyura) ali i po lihe te  i m ekusce, 
dok  velik i p rim jerc i (19 ,5  cm  L t) uzim aju  ug lavnom  v e like  rak o v e  (S tom atopoda, 
A nom ura , B rachyura) i ribe. U tvrdene su  takoder p rom jene u p reh ran i i u raz lic itim  
sezonam a (T ablica 3 , S lika 3C ). U pogledu in tenziteta ish rane  do b iv en o  j e  da j e  on 
v iSe-m anje identican tijekom  cijc lc  go d in e  osim  ljetnog p erio d a  kad j e  znatno  nizi {to 
se  m o fe  p ro tum aciti odv ijan jem  rep ro d u k c ije  u toj sezoni.

A cta  A t

T

IS P

P . C

T he I 
deniers, 
to a  tyi 
A part I 

T arti 
bottom  
and fisl 
conical 
the bas 
is grou 

Sinc< 
a suddt 
,1989) 
them  t( 
bottom


