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ABSTRACT 

Data on the distribution, size-age composition and feeding of cod in NAFO 
Divs. 3KLN0 in spring-summer seasons of 1987-1991 are summarized. 

Cod of younger age have been distributed over the northeastern and eastern slo-
pes of the Grand Bank, with growth they migrate towards the western slope, coa-
stal areas and. Central shallows. 

The diet of cod from Div. 3K is dominated by shrimp, from Div. 3NO by sand eel, 
and from Div. 3L by crabs. Capelin is an important prey for cod in all areas. 
The distribution and biomass of the first three species do not show significant 
year-to-year variations; these species appear to dominate the cod food and pro-
vide sustained minimum food supply required for subsistense of the population. 
Distribution and stock size of capelin - mobile species with a short life cy-
cle - exhibit considerable year-to-year variations, hence. conditions of cod fe-
eding on capelin also change. These changes seem to be major reasons behind ab-
rupt variations of yearly increments in cod during 1985-1991. 

The paper gives summarized maps of the distribution of total biomass of cod,num-
bers of certain age groups, maps of cod feeding grounds and distribution of its 
major prey. 

INTRODUCTION 

Comprehensive research of feeding and famed relations of cod over the Newfound-
land shelf, done in the recent 30 years, has.shown the complexity and diversity 
of cod Graphic relations (Lilly, 1987). The ultimate goal of collection of such 
information is. obviously, a construction of model that could allow, in parti-
cular, to forecast the response of cod population to changes in food availabili-
ty. However, an attempt to incorporate all complex of relations involved would 
be a failure, because an important attribute of a working model is its simplici-
ty. At present, the analysis of available information is needed, that could help 
to show the structure of trophic relations and present relations of cod as a 
structured system, having specific hierarchy of its components. 

The present paper attempts to accomplish such analysis in the course of study of 
the relationship between the cod growth rate and status of food supply. This pa-
per should be regarded as the first. rather tentative suggestion for a certain 
field of research. 

MATERIAL AND METHODS 

Data on the abundance, distribution, age-length composition and stomach content 
of cod from the Newfoundland shelf (NAFO Divs. 3KLN0), obtained in spring-summer 
season during PINRO survey for 1987-1991 are presented in the paper (Table 1). 

Data on yearly increments of cod at age 2-12 were used to analyse variations of 
cod growth rates. Yearly increments were estimated as a difference in mean 
length of fish from the same cohort for two neighbouring years. Variations in 



yearly increments are presented in per cent of mean value of this parameter for 
the given age group for 1985-1991. . 

Data on cod food composition were obtained from analysis for feeding of cod in 
field conditions, when 25 fish from catch were examined for size, sex, stage of 
gonads maturity. and main preys were registered in stomachs. Stomach fullness 
was estimated by 5-point scale, i.e. 0 - empty, 1 - poor fullness. 2 - mean ful-
lness, 3 - full stomach, 4 - stomach walls are stretched. Frequency of prey oc-
currence in cod stomachs was estimated as a ratio of number of stomachs, contai-
ning a given prey to a total number of stomachs analysed. 

When studying distribution- peculiarities of cod at different age from each 
catch, abundance of fish with size similar to those of cod of the same age were 
eastimated, and the values obtained were used on the map. A map of distribution 
of fish of size given was drawn for each year using interpolation. When draw-
ing general map, mean values of the abundance for 5 years (1987 - 1991) in each 
point of standard grid (15'W x 10'N) were estimated. 

The same methods were used for drawing the following maps: 
1. Ataap of distribution of cod total biomass; 
2. Maps of main feeding grounds of cod - by degree of stomach fullness; 
3. Maps of cod feeding on shrimp, capelin, crabs and sand eel - by these 

species frequency of occurrence in cod food; 
4. Maps of distribution of shrimp (Pandalus  sp.), capelin (Mallotus villosus). 

 crabs (Chionoecetes opilio, Hyas araneus)  sand eel (Ammodites  sp..) - by • 
their abundance in by-catches during bottom surveys. 

SUch method of summarizing of the results allow to reveal a pattern of varia-
tions of the parameter analysed, however absolute values of the parameter are 
somewhat reduced. (Fig. 1). 

RESULTS. 

1. Peculiarities of growth rate, age composition and distribution of cod in 
NAFO Divs. MAO. 

Considerable differences in growth rate, age composition and distribution of 
cod from Divs. 3KLNO are observed. 

Fish at age 5-6 are dominated in Div. 3K (Bulatova et al., 1989; Kuzmin. 1992) 
(Fig. 2). Values of yearly increments compared to the long-term mean values in 
cod from all age groups vary synchronically , except for fish younger than 3 
(Fig. 3). In this area cod appear to be a single concentration, which in some 
years can migrate as a whole unit to the west, north or south (Fig. 1). Depth 
range occupied by cod in Div. 3K is rather narrow - 310-340 m (Kuzmin and Tevs, 
1991). - • 

In Div. 3L cod at age• 4-5 appear to be the most abundant, while according to the 
year-to-year dynamics of glvwth rate, the following age groups could be distin-
guished: a) younger than 3, b) age 3-5. c) age 6-7, d) older than 7. From year 
to year in spring-summer season in this area cod is distributed at 190-240 m 
depth and, as a rule. form concentrations in the west. near Newfoundland Island 
coast, as well as on the northern and northeastern slopes of the Grand Bank. 

• 
Cod at age up to 3 inclusive dominate in the south of the Bank in Divs. 3N and 
3D with a relatively low .abundance of cod at age 5-8, while cod at age older 
than 8 are more abundant than those from the northern areas. Values of yearly 
increments in cod at age 3-7 and at age older than 8 are observed to vary synch-
ronically. In the southern Grand Newfoundland Bank cod occurr in a wide depth 
range from 75 m to 340 m, with concentrations on the Bank slopes and shallows at 
depth up to 100 m. 

The character of yearly increments variations in cod of different age relates, 
probably, to cod feeding peculiarities. since other parameters influence (i.e. 
tempermturn) would appear in synchronic varintiorri of yearly increments in total 
cod stock. Hence, to make further analysis easy, cod stock on the Newfoundland 
shelf was sutdevided by similarity of yearly increments variations into several 
age groups: 1) younger than 3, 2) Age 3-5, 3) Age 6-7, 4) Age 7-8, 5) older 
than 6 

Analysis of distribution of several cod age groups showed their similar. distri-
bution in Div. 3K, while in Div. 3L smaller cod was observed to be concentrated 
on the northeastern and eastern slopes of the Bank, and larger cod - in coastal 
areas. In Divs. 3NO main concentrations of cod younger than 8 are distributed 
over the slopes, i.e. smaller fish - on the eastern and southern slopes, while 



larger fish - on the western one (Fig. 4). Cod at age 7-8 with the smallest 
quantities in Divs. 3N0, Were distributed in a narrow section of the western 
slope approximately along 44'N - 53 °W, while fish older than 8 occupied an expa-
nsive are of the shallows. As cod at age 7-8 as well as cod older than 8 are not 
numerous in Divs. 3 NO and 3K, respectively, these age groups were combined and 
considered to be a single group. 

2. Spatial structure of cod trophic relations in NAFO Divs. 3KLNO. 

In spring-summer season the diet of cod from Div. 3K is dominated by shrimp and 
capelin, from Div. 3L - capelin and crabs. from Div. 3N0 - capelin and said eel 
(Table 2). 

Shrimp (Pandalus borealis)  appeared to be widely distributed in Div. 3K with the 
densest concentrations being observed at the western slopes of the Funk Island' 
Bank (Fig. 5). In Div. 3L shrimp were mainly distributed over the northern and 
eastern slopes of Grand Bank, approximately up to 46 °N. Cod fed on shrimp mainly 
in the vast area of Div. 3K (Fig. 6). 

In spring-summer season capelin are widely distributed in Div. 3L with single 
concentrations being observed in Div. 3K. as well as dense concentrations - on 
the eastern and southern slopes in Divs.3N0. The most intensive cod feeding on 
capelin is observed in Div. 3 L with areas of high frequency of capelin occur-
rence in food of cod younger than 5 being distributed both in the coastal areas 
and on the northeastern slope. Large cod feed on capelin mainly in the coastal 
waters. Only small cod feed on capelin on the slopes in Divs. 3N0 (Fig. 7). 

Crabs in by-catches from a bottom trawl occurred mainly at depth above 300 m. On 
the southern Bank there were mixed concentrations of Ch. opilio  and Hyas 

 while Ch.  opilie  dominated in the north. The main feeding grrurds, where cod 
feed on crabs are the Fink Bank in the Div. 3K and an extensive coastal area in 
Div. 3L (Fig. 8). 

Said eel concentrations on the Newfoundland shelf.are well pronounced at depth 
above 100 m in the central shallows of the Grand Bark. In the eastern shallows 
these concentrations are denser, probably, as a result of bottom structure 

- (Winters, 1983). In this area, closer to the eastern slope, the main feeding 
grounds where cod feed on said eel are registered, with smaller cod feeding on 
said eel only in the north of the shallows (Fig. 9). 

Areas of the most intensive cod feeding in spring-summer season could be isola-
ted by variations in degrees of cod stomach fullness. For all fish, except for 
the smallest (younger than 3). these feeding grounds are observed in coastal 
areas, where cod feed on crabs and capelin running to spawn (Fig. 10). As for 
the largest cod, the area of its feeding on said eel is well pronounced. 

Areas of steady occurrence of cod from given age group for the whole period of 
observations are presented in these maps. Small cod constantly occur on the 
Funk Dank northern and western slopes, as well as on the northeastern and east-
ern slopes of the Grand Bank. Large cod form stable concentrations in the same 
areas, as well as in the coastal areas and in the Central shallows of the Grand 
Bank. 

DISCUSSION 

As it was pointed out above, capelin, shrimp, crabs and said eel are the most 
important preys for cod on the Newfoundland shelf in spring-summer season. Dim 
wary frequency of these preys occurrence in fish stomachs varies from 60% in 
Divs. 3NO to 85% in Div. 3K. The weight percentage of these preys in cod food 
could he higher, as all these preys are relatively large. 

Capelin is an important prey in cod feeding in all areas. Capelin is a very mo-
bile.species, which is able to migrate for spawning and feeding for a long dis-
tance. The total capelin stock with a short life cycle is closely related to 
certain year-class abundance hence; exibit considerable year-to-year varia-
tions. Recent observations showed the capelin stock on the Newfoundland shelf 
to decline more than 50 times from 1990-1991 (Rep. Sci. Coun., 1992). 

Distribution of the three remained species is more stable, since they do not 
make extensive migrations during a year. Their life cycle is twice as long as 
that in capelin (Winters. 1983; Parsons et al., 1992), hence their stock size 
is more stable (Rep. Sci. Coun., 1992). The areas of intensive cod feeding on 
these preys cover the main part of the area surveyed, with distribution of cod 
stable concentrations evidently coinciding with these areas (Fig. 1, 6, 8, 9 
for comparison). 



It can be supposed, that these species,. i.e. shrimp, crabs, said eel appear to 
dominate cod food on the Newfoundland shelf, ' providing sustained minimum food 
supply required for subsistence of the population. 

It will be correct to characterize capelin as a preferable prey, but not the 
main one, due to high instability of their stocks and distribution. Cod inten-
sively feed on capelin nearly all the year round. Cal feeding migrations, in 
particular, their approach to the Newfoundland coast in spring and summer, re- . 
late to capelin (Lilly, 1987). Year-to-year variations in cod distribution and 
rather abrupt variations of its yearly increments are assumed to be determined, 
primarily, by the conditions for cod feeding on capelin in each specific year. 

From this point of view we shall try to analyze reasons for year-to-year varia-
tions in growth rates of cod on the Newfoundland shelf. As it was mentioned 
above, character of yearly increments variations in cod at age 2-3 considerably 
differ from that of older fish from all three areas. Plankton crustaceans (co-
pepods, euphausids, hyperiids) appear- to be predominant in small cod food. This 
seem to be a reason for cod distribution along the northeastern and eastern 
slopes of the Grand Bank, where plankton biomass is the highest (Plekhanova, 
Ryzhov, 1976). Insignificant range of variations-in yearly increments values 
indicate, apparently, a stability in foal supply. . 

Cod at age 3 reach 30-40 cm in length and begin to feed on capelin (Popova, 
19627 TUruk, 1986; Lilly.1987, 1989; Lilly. Rice. 1983). This change is gradual, 
i.e. growth rates of cod at age 3-5 in.Div. 3L relate to abundance of small im-
mature capelin from the northern and northeastern slopes of the Grand Bank, 
while those of cod above 7 - to abundance of large capelin running to spawn 
to the Newfoundland coast (Gerasimova et al., 1992). Peculiarities of distribu-
tion of cod from these age groups, presented in the paper, confirm the map ear-
lier suggested. 

The most intensive cod feeding on capelin in Div. 3K is observed in the second 
half of the year, when capelin at age 2+ and partially 3+ migrate for feeding 
to the north. It should be mentioned, that size composition of capelin migra-
ting in this period appears to be more homogeneous than that in spring in 
Div. 3L, since considerable amount of large fish at age 4+ die after spawning, 
while juveniles at age 1+ are concentrated southwards in victinity of the nor-
:them boundary of Div. 3L (Bakanev and Gorchinsky, 1985). This, probably is 
regarded to be a reason for distribution similarity and synchronism of variati-
ons in yearly increments in cod from different age gioups in Div. 3K. 

The variations in yearly increments, probably, depend on localization of main 
capelin concentrations during summer-autumn feeding. EXtention of capelin mig-
rations for feeding to the north changes from year to year. i.e. the most in 
sive cod feeding capelin was observed in Div. 2J in autumn 1985, while in 
autumn 1986 -- in Div. 3K (Lilly. 1991). We should note, that similarity of vari-
ations in yerly increments in cod from Div. 3K and small cod from Div. 3L could 
be a result of fish migration from one division to another along the north-
eastern and eastern slopes to the sites of maximum capelin concentrations (Lear, 
1986a). 

• 
As it was mentioned above. abundance of cod at age 4-7 in Divs. 3NO was abnor-
mally low, meanwhile the closest trophic . relations between capelin and fish of 
the same age from other areas are observed. Analysis of tagging allows to assume 
cod to migrate from the southern Grand Newfoundland Bank to Div.3L along the 
western slope of the Bank and the coast (Lear, 1986b). Cod migrations from south 
to north along the coast, probably, relate to cod feeding on spawning capelin. 
as far, the peaks of capelin approaches for spawning shift precisely in this di-
rection (Templeman. 1968). 

As for cod older than 8, occurring in considerable amounts only on the south-
ern Grand Newfoundland Bait, close trophic relations between cod and capelin 
are, probably being lost (Fig. 11),that is also proved by different character of 
variations in growth-rates being observed in the Central shallows. Sand eel be-
come eredcmirlant prey (ear ecd nl lie Ik4a1RAII 'Utrir KI Newlotumlined Raid). Huwe 
ver, said eel stock 'on the Grand Bank is rather' stable (Winter- . 1983), while 
yearly increments in cod older than 8 sharply vary from year to year.The lat-
ter could be explained by:the inaccurate data on size-age composition due to 
a low abundance of fish at age older than 8.However. in certain years. trophic 
relations between large cod from the southern Grand Bank and capelin. probab-
ly. exist.Some fragmentary data indicate large amounts of mature capelin to oc-
cur in stomachs of large cod from these areas in the end of June - beginning of 
July.Observations on large cod feeding on capelin juvenile are also done (Lilly, 
1987). 



CONCLUSIONS 

The simplest classification of cod trophic relations, which can be devided into 
the secondary and main ones, and the latter - into stable and labile, is a re-
sult of the analysis reported. Stable relations provide the possibility of sub-
sistence of this species population in the echosystem, while labile ones deter-
mine cod growth rates and, hence, influence their fecundity and abundance of 
the population. 

We suppose, that even such primitive systematization of the data obtained pre-
sents the certain base for further research and trophic relations modelling. 
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Table / Dates or Research Ground Trawl Surveys 
in NAFO Div. 3KLNO in 1987-1991 

Division 
Year 

3N0 3L. 3K 

1987 11. 03-13..04 26.04-11.05 11. 05-06. 06 

1988 17. 03-06.04 07.04-23. 04 24. 04-08. 05 

1989 05. 03-21. 05 27.04-21. 05 05. 06-19. 06 

1990 05. 04-26. 04 26. 04-23. 05 01. 06-18. 06 

1991 09. 04-27. 04 09. 05-06. 06 no data 



3 
Iq 
E 
0 
44 - 

VI Z. 
O 

O _1 
u 744 

M 
C 
- 0 

tr. 
Z 

• > 

la 0 

0- 

4- O co 
cp.°3  

W s. 
• E 
• E u U J 

C o 

u 
C N 

L 
U. 

A 
II 

F-1. 

 oz  

I 11,”'
W
 1
6
 	

0
6
 	

6
8
 	

R
O
 	

L
S
 

— 	o .,-.1 co 	:- 	--, 	-r t,  1.7 671 	1.4 	Cj 

. i 4 7 ..; .: - , r". — S 9 -• ....... 

t,- r- N ,9 :, o.- - 03 -.) '417 9 S 

.1.1C10.0)710SCINSINP )  

N 	.43 0 .1 I CO r - r, 	0`N 

N 	r) SI C A .--. cr S 	---, N 
r,  

CO CD ifi ell 41 •=t 0 61 1.4) WI ...0 C- 

CI r) a s 	.). ma u) s -I .• ill -0 

rn r) .-4 07 1. 9 ,t 	--• ' I ,-, -0 0' 

-41 5 	•-. 	•0 CI 0 	--. C 4 	,-. 1'1 ill Cr 

11  C4 CI 0' C4 S in C. -, a ci ... 

	

r0 o- 	N. 

	

Sus 	.^- 

	

-O. 0- C-.. 	r,  

	

0.--, 49 	-0 
VI 

	

NCO --, 	Ill 

	

0 -.4 •-• 	CO 
r) 

-• r-  

	

C^ --. ct 	-I 

	

-4  S -,-. 	•0 
a 

	

-0 -4 0- 	cr 

	

0 9 9 	co 
a 

I 

I"- 
l&71 

CO 
r■ 
C 4 

1"-. 
N 
N 

r I 
-0 
S 

J 
r) 

i  
	

-  

n
e
o
W
  
1
6
 
0
6
 	

6
8
  
8
8
 	

L
O
 

r) -Oa o m o a a .. o r, c• 

a-  -. --. s m Cl 9 t) --. S SD? 
--. CJ 	 ri 

-0 •-, 0 0' e" co el •• 7,  -0 G f-- 

90rcr10 .-.1 1 01 7 910 , ..41' 
-, •-• -, 	 a 

N -. co o t ) N 01 VI u71 C 4 l'... 1. 1 

 ..... C4 r> 0 yr a m ...-.3 s m a- .-.- 
.. C 4 	 .-I 

I-  C I r. V) c )  SI 01-  --. ct II -0 u1 

El 0 	0 t) CI ..0 N ... S 0 r) 
•-■ 	-. 	ND 	..... 	 r) 
-• 0 0- r) a- CI 	N re) 9 CO tn 
r.-; 2  r.... 	•3 mi ea. 	1 	,-; cl 6 ri c.., 	' -. r) 

-0 	I'■ 141 9 CO N 03 N 	41 l■ 
• 1 	• 	• 	• 	• 	. 	• 	. 	1 	. 	• 	1 

14 	V) r,  a- -0 S-.S1 	ITN 
.-. 	 N 

	

c i ... in 	a- 

	

S S S 	•-. 
IN 

	

-3 VI IT 	CO 

	

S IS S 	0 
-. 

C.1 	Cr 	5 

S 	m 	S 
1.- 1 

.... 	0, 	0' 

	

S 0 	01 ..., 
19 

! 	1 	1 	o 
N 

-0 
1 	1 	1 

N 

C 1 
N 
0 .. 
5 
S 
r I 
.... 

If) 

g  -,-. 
..-. 

oor.' 

.4) 
-0 
a 

'1C 
1'1 

u
e
e
w
 1
6
 	

0
6
 	

6
0
 	

8
8
 	

L
0
 

a
 
2
.
4
 
1
.
9
 
0
.
5
 0.
6
 
n
  

1.
4 

1.
8
 
0
.
7
 4.
0
 
3
.

4
=
  

a
  

4.
1
 -
 
0
.
5
 1.
5
 
1
.

5
 

5.
2
 
1
6
.

1  
1
0
.
3
 
1
1
.
8
 
d
  
1
0
.

8
 

2
3
.
2
 
1
0.
2
 5
6
.
0
 
4
0
.

1  
a
  

3
4
.
6
 

0.
3
 0.
1
 0.

1  
0
.
1
 
t
 0
.
2
 

0.
3
 
-
 
0
.
2
 0.

1  
a
  
0
.

2
 

2.
2
 
1
.
5
 
0
.
9
 
2
.
3
 
1
.

7 
1.
8
 
0
.
3
 
0
.
5
 0.

6
  
0
.

3
 

0.
3
 
-
-
  

0.
3
 
0
.
1
 0.

2
 

18
.
8
 
1
4.
0
 11

.
4
 5.
5
 12

.
4 

-
 0.

1
 
0
.
3
 
0
.

1 
0

.
8

 0
.
1

 0.
2
 

uo
TElem

 
)
 

Y
e
a
r
  

F
o
o
d  

o
b
j
e
c
t 



47 5  

43. 

)
,

N
F

A
--„--5-, 

;
 

)11r.  
• 

ktt, 

-t 

\ 	
'  

C 	
\
  

t  
N

  

. 

._, 

■ 
' 

4 	\ 
187- 

\-- 

/ 

.17:1\ 

i 9,31 

, cY 

\ 
) 

c-, 	1  

fc 
a 	/ 

P*   

.../ 

(In) 

'''"?.., 

6:9S. 

t5 
• 	' 

101 

''' 

ti;09 

al 
4.: * 

44Sr.4 WO 

.1e 

/ 

( 	
1 

..,, 	
j:\ 	

Id 

•

;.:;$
 '' 	

il 
L.
.
 It"—

 A
-
-
  1

  
a... 	

,egkge.:;  x
, 

.. 

R
' 

 
, ,.---

 	
(M

T 	
( 

,.. 	„......c... 

7\----, 

) 
WA 1 

33 2  
3 

5.1 
	

54 
	

52 
	

43 

Fig. 1. Distribution of main concentrations of and from the Newfoundland shelf 
in spring-summer season from 1987 to 1991. 

1 - 100L200 kg/hour trawling: 2 - 201-500: 3- above 500 



Fig. 2. Age composition of cod in NAFO Divs. 3K2N1) by the data from 
1967-1991 surveys. 
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Fig. 3. Year-to-year dynamics of cod growth rate in NAtO Divs. 3KLN3 
(in % of mean yearly increments for 1985-1991). 	• 

1 - cod at age 2-3; 2 - age 3-4; 3 - age 4-5; 4 - age 54; 
5 - age . 6-7; 	6 - age 7-8; 7 - age 8-9; 8 - age 9-10; 
9 - age 10-11; 10 - age 11-12. 
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Fig. 4. Distribution of cod younger than 3 (A), age 3-5 (B), age 6-7 (C) and 
older than 7 (D).on the Newfoundland shelf by the data from surveys 
for 1987-1991. 

1 - 1-10 fish per 30 minutes trawling, 2 - 11-25 fish; 3 - 26-50 fish; 
4 - above.50 fish 
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I 	5 Abundance  of shrimp (II. capelin (II), crabs (III) and sand eel (IV) in , 
by-catches during bottom surveys in NATO Divs. 3K NO in 1987-1991. 
1 -single fish;• 2 - tens; 3 - hundreds; 4 - thousands and more fish 
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Fig. 6 Main feeding grounds where ccd feed on shrimp: cod younger than 3 (A). 
age 3-5 (B), age 6-7 (C) and older than 7 (D) by the data from surveys 
for 1987-1991. 
1 - frequency of shrimp occurrence in cod food - 10-25%. 2 - 26-50% 
3 - 51-75%. 4 - areas.'where cod feeding on shrimp were registered 
annually. 
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Fig. 7. Main feeding grounds where cod feed on capelin 
. See Fig. S legend. 
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See Fig. 6 legend. 
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Fig 10. Areas of intensive feeding of cod at age younger than 3 (A -.age 3-5(0). 
age 6-7 (C) and older than 7 (D) on the Newfoundland shelf in spring-
summer season by the data from surveys for 1907-1991. 
1-stomach fullness above 1 degree; 2-above 2 degrees; 3-above 3 degrees: 
4-areas where cod at certain mere occurred annually. 



40 .  

30 

20 

10 

3N0 
40 

3 30 
-o 
46  20 

3L 
40 

30 

20 

10 

3K 
4 

- 18 - 

20 	30 
	

40 50 60 70 80 90 

Len9th,cm 

Fig. 11. Frequency of capelin .(1). sand eel (2). crabs (3) and shrimp (4) occur-
rence in food of cod from different size groups ( by the data from sur-
veys in 1987-1991. 
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