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The fishes of family Tetraodontidae were collected from the trawl, trammel net, shore seine and hook and line catches 

of Visakhapatnam (lat 17º39´N; long 83º14´E) from January 2009 to December 2011. Of the 15 species, a total of 2751 

specimens belonging to ten species, regularly represented in the catches of this region, were collected for length frequency 

distribution and length-weight relationship (LWR) studies. From LWR estimates b value varied from 2.8113 to 3.0223. These 

studies on length frequency and LWR for Arothron immaculatus, A. stellatus, Chelonodon patoca, Lagocephalus lagocephalus, 

L. guentheri, L. inermis, L. lunaris, L. sceleratus, Takifugu oblongus and Torquigener hypselogeneion has been estimated for the 

first time from Indian waters.  
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Introduction 

The trawl, trammel net catches include 

over 11% of the economically less important by-

catch of finfishes
1
. This constitutes not only 

juveniles of commercially important species and 

small size fish but also non-edible species like 

fishes of the order Tetraodontiformes. A 

detailed study on species composition, length 

groups represented in the catches and length-

weight relationship could enable monitoring 

short and long term effects of multispecies stock 

exploitation on overall species potential of this 

region. Toadfishes are also part of the discarded 

by-catch in the South East Trawl Fishery 

(SETF). Tetraodontids are caught by 

recreational fishers; however they are apparently 

not targeted.  They are also caught by both 

trawlers and purse-seiners but mostly thrown 

away as the unwanted by catches back into the 

sea in near shore waters. This perhaps offers 

ample and fresh food for puffers helping in 

thriving of their populations in an unchecked 

manner. Although tetraodontids are used 

commercially, basic ecological knowledge of 

natural populations is usually scarce. More 

information is required at species level over 

space and time to formulate methods to reduce 

trawl by catches.  

 

 

Family Tetraodontidae includes fifteen 

species
25

 belonging to six genera Arothron 

Muller, 1841; Canthigaster Swainson, 1839; 

Chelenodon Muller, 1839; Lagocephalus 

Swainson, 1839; Takifugu Abe, 1949 and 

Torquigener Whitley, 1930. 

Studies on LWR of species of the 

family Tetraodontidae are very meagre
2-15

. Few 

studies were carried out in the species 

Chelonodon patoca, Lagocephalus laevigatus, 

Arothron stellatus,        L. sceleratus,                 

L. lagocephalus 
15-18

.  In Indian waters these 

studies were carried out in the species                

L. spadiceus
 20-22

. 

The present study contributes to the 

knowledge of length frequency distribution and 

LWR of ten species belonging to five genera of 

puffer fishes of the family Tetraodontidae. 

These biological parameters have been 

estimated for the first time from Indian waters 

for the species  Arothron immaculatus (Bloch 

and Schneider, 1801), A. stellatus (Bloch & 

Schneider, 1801), Chelonodon patoca 

(Hamilton, 1822), Lagocephalus lagocephalus 

(Linnaeus, 1758), L. guentheri (Ribeiro, 1915), 

L. inermis (Schlegel, 1850),  L. lunaris (Bloch 

& Schneider, 1801), L. sceleratus (Forster, 
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1788), Takifugu oblongus (Bloch, 1786), 

Torquigener hypselogeneion (Bleeker, 1852). 

 

Material and Methods  

The present study is based on random 

samples collected mainly at Visakhapatnam 

fisheries harbour, during the period January 

2009 to December 2011. Samples are also 

collected from traditional fish landing centres 

from the catches of hook & line, shore seine, 

trammel net and beach seine.  Samples of 

Tetraodontids represented in the trawl by-

catches were collected thrice a week as soon as 

the catches were off loaded. Over a greater part 

of the year, the mini trawlers (commonly called 

mechanized boats) do the fishing during the 

forenoon and in the early part of the afternoon, 

until about 6 P. M. From the latter half of the 

November to March, trawling is done at night.   

For length frequency distribution and 

LWR a total of 2751 individuals belonging to 

ten species of family Tetraodontidae were 

collected. After identification, total length data 

were obtained from the fish measured to the 

nearest millimeter from the tip of mouth to the 

tip of caudal fin ray and weight measured to 

nearest gram. For length frequency studies the 

specimens were grouped to the next 10 mm 

interval.  Data from samples of each month was 

pooled and percentage length frequency was 

calculated.  

The determination of the relationship 

between length and weight was based on the 

pooled data regardless of time of capture, sex 

and stage of maturity for the species through 

log-transformed data.  LWR was not estimated 

to the rare species that are represented in the 

catches of this region.  

The relationship between the length and weight 

of a fish is usually expressed by the equation 
10

,                               

W = aL
b 

Where W  -  body weight (g) 

L  -  total length (mm)            

a  -  coefficient related to 

body form and  

 b  -  exponent  

 

  The adherence of the empirical points 

was analytically demonstrated by calculating the 

regression coefficient (r
2
), which indicates the 

percentage of deviation from the theoretical 

straight line.  Statistical significance level of r
2
 

and 95% confidence limits of the parameters a 

and b were also estimated. Values of the 

exponent b provide information on fish growth 

and it may range from 2.5 to 3.5
24

. When b=3, 

increase in weight is isometric. When the value 

of b is other than 3, increase in weight is 

allometric, (positively allometric if b>3, 

negative allometric if b<3)
6
.  

 

Results and Discussion 

Family Tetraodontidae is represented by 

fifteen species in the catches of Visakhapatnam. 

Studies on length frequency distribution and 

LWR was carried out only for ten species (Table 

1).  Other five species are rare in the catches of 

Visakhapatnam
25

. In the species Arothron 

immaculatus, Chelenodon patoca, 

Lagocephalus guentheri and Takifugu oblongus 

all the length groups are represented in the 

catches of trawl and traditional gear almost 

throughout the year.  Species           L. inermis, 

L. lunaris and L. sceleratus are represented only 

in trawl catches and are rare in shore seine 

catches.  A. stellatus is common in shore seine 

catches and rare in trawl catches.  Torquigener 

hypselogeneion is rare in trawl by catches and 

shore seine catches.  Specimens of 

Lagocephalus lagocephalus and large sized 

specimens of L. inermis, L. lunaris,  were 

caught with hook and line and in surface trolling 

at 40m to 90m depth region, sometimes even at 

110m depth along with skipjack and yellowfin 

tuna.  

Of the ten species monthly length 

frequency distribution graphs for the species 

Chelenodon patoca, Lagocephalus guentheri, L. 

lunaris and Takifugu oblongus is given in Fig 1 

to 4. The pooled annual length frequency 

distribution graphs for  Arothron immaculatus, 

L. inermis, L. Lagocephalus, L. sceleratus and 

Torquigener hypselogeneion is given  in Fig. 5 .   

For Genus Arothron, study is carried out 

in two species; A. immaculatus and                          

A. stellatus.  In the species A. immaculatus all 

length groups represented in the catches in the 

month of January to April, July, August, 

October, November and December. The length 

range 100-290 represented in the catches in the 

months of February, March and December and 

the largest specimen 37.5 cm TL collected in the 

month of March.  A. stellatus occurs in the 

months of February, March, June, August, 

November and December. The length range 

100-470 mm TL represented in the months of 

June and December. The estimated LWR of A. 

immaculatus (b= 2.8113) and A. stellatus (b = 

3.0223) revealed that growth pattern is 

allometric negative and isometric respectively.  

  In Chelonodon patoca monthly length 

frequency distribution graph reveals that this 
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species occurs throughout the year except in the 

month of May which is the trawl ban period i.e 

closed season for central east coast of India. 

Common size represented in the catches in all 

the months of year is 90-210 mm TL. The 

length range 60-90 mm TL occurs in the months 

from March to June and August. 

The estimated LWR reveals that growth pattern 

is allometric negative (Table 1).  

In the genus Lagocephalus present 

study is carried out in four species L. guentheri, 

L. inermis, L. lagocephalus and L. sceleratus.  

In L. guentheri the size groups 110 to 300 mm 

TL represented predominately in the catches 

throughout the year except in May and 

December. Monthly length frequency 

distribution graph reveals that specimens less 

than 100 mm TL occur from February to April, 

July and October.  L. inermis occurs in January 

to March and June to December.   Specimens of 

length range 150-480 mm TL represented in the  

catches in July, August, November, December. 

 

Specimens measuring below 150 mm TL occur 

in March, July, August and December. L. 

lagocephalus occurs from February to July, 

October and November.  Specimens of length 

range 200-300 mm TL occur predominately in 

the catches.  Samples contain oceanic and 

pelagic specimens that were collected from the 

deeper waters off Visakhapatnam from surface 

waters beyond shelf zone and around 55 nautical 

miles away from the shores. Only adult 

specimens (5 female with mature gonad, 24 

males with mature testis and one spent) are 

represented in the hook and line catches along 

with flying fish (Cheilopogon cyanopterus, 

Gollabhamalu in Telugu). It grows to 73.5 cm 

TL
26

.  Monthly length frequency distribution 

graphs of L. lunaris reveals that it occurs 

throughout the year except in May.  Specimens 

of length range 110 to 210 mm TL are 

predominately represented in the catches and 

specimens measuring less than 100 mm TL 

occur in February to April. 

L. sceleratus occurs from February to 

March and July to September.  Specimens of 

length range 50-130 mm TL occur in the months 

of February and March and those measuring less 

than 185 mm TL represented in the catches in 

the month of February.  

For LWR the values of constants a and 

b were estimated from log transformation values 

of length and weight as Log-4.4906+2.9057 log 

L in Lagocephalus inermis; Log-4.258+2.7025 

log L in L. lagocephalus; Log-4.3682+2.9010 

log L in L. lunaris; Log-4.8056+2.9486 log L in 

L. sceleratus. This reveals that the growth 

pattern in all these four species is allometric 

negative.

Table 1: Length range and length weight relationship of ten species of the family Tetraodontidae from the catches off Visakhapatnam 

Species n Length 

range 

(cm TL) 

Weight range 

(g) 

 

Log a W= aLb (r2) 

original 

data 

(r2) 

log 

transformed 

data 

Growth 

Type 

Arothron immaculatus 131 11.0-37.5 22-775 -4.263 W=0.00002670L2.8113 0.84 0.86 Allometric 

(-) 

A. stellatus 26 8.2-57.0 12-4400 -4.6884 W=0.00006404L3.0223 0.86 0.92 Isometric 

Chelonodon patoca 581  6.5-29.0 5-600 -4.2732 W=0.00002895L2.8448 0.86 0.88 Allometric 

(-) 

Lagocephalus guentheri 937 3.8-37.4 1.2-495 -4.2271 W=0.00002414L2.7595 0.83 0.94 Allometric 

(-) 

L.  inermis 50 10.0-56.5 18-3250 -4.4906 W=0.00003862L2.9057 0.94 0.99 Allometric 

(-) 

L.  lagocephalus 67 20.3-38.0 72-450 -4.258 W=0.00001147L2.7025 0.82 0.84 Allometric 

(-) 

L. lunaris 552 8.5-28.0 10-464 -4.3682 W=0.00002319L2.9010 0.85 0.86 Allometric 

(-) 

L.  sceleratus 176 3.8-18.5 1.5-64 -4.8056 W=0.00001538L2.9486 0.85 0.85 Allometic   

(-) 

Takifugu oblongus 175 15.5-34.0 54-780 -4.4793 W=0.00002321L2.9138 0.83 0.87 Allometric 

(-) 

Torquigener 

hypselogeneion 

56 4.1-13.0 1.2-46 -4.6232 W=0.00001224L2.8961 0.90 0.90 Allometric 

(-) 
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In Takifugu oblongus monthly length 

frequency distribution graph reveals that this 

species is represented in the catches in all 

months of the year except in January, May and 

November.   Juvenile specimens represented in 

the catches from July to October. For LWR the 

values of constants a and b were estimated from 

log transformation values of length and weight 

as Log-4.4793+2.9138 log L. This reveals that 

growth pattern is allometric negative. 

Torquigener hypselogeneion occurs  

February to April, July to October and 

December. Largest specimen 13.0 cm TL 

collected in September.  Specimens of length 

range 200-300 mm TL represented in February, 

March and July to October and those measuring 

less than 200 mm TL length occur July to 

October.  For LWR the values of constants a 

and b were estimated from log transformation 

values of length and weight as Log-

4.6232+2.8961 log L. This reveals that the 

growth pattern is allometric negative. 
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In the present study ‗b‘ values range from 

2.7025 (Lagocephalus lagocephalus) to 3.0223 

(Arothron stellatus). The obtained ‗b‘ value 

3.302 for  L. lagocephalus by earlier author is 

higher than estimated in the present study 

2.7025
6
.  LWR studies in L. sceleratus from 

different regions were carried out, the recorded  

‗b‘ values in pooled samples are 2.924, 2.86, 

2.979, 2.893 and in the present study the 

estimated ‗b‘ value 2.9486 is in agreement 

with the previous authors
9,27-30

.  

According to earlier authors studies on 

LWR for Chelonodon patoca with regression 

value 2.913 and 2.86 respectively; the ‗b‘ 

value in the present study is 2.8448
8,30

. The 

estimated ‗b‘ value for L. inermis as 2.95 by 

previous author
31 

is very close to the present 

study value 2.9057. For A. immaculatus ‗b‘ 

value is 2.763 while in the present study it is 

estimated to be 2.8113
32

. The ‗b‘ value for A. 

stellatus in the present study is 3.0228 which  

 

is higher than the value obtained from New 

Caledonia, indicate changes in the ecological 

condition
9
. 

The disproportional growth between 

length and weight can be attributed to 

environmental factors which inhibit growth
33

. 

Frequency of immature individuals in the 

population and food availability also influence 

these LWR parameters and the variations in 

the regression coefficient may also be related 

to sex, size and season
25-26

.  A comparison 

with the previous studies revealed that ‗b‘ 

value and regression coefficient exhibit inter 

and intra specific variations. When comparing 

LWRs available in the literature, one might 

find wide variability in parameter estimates for 

a single species. This is due to the fact that the 

LWR is greatly affected by many factors 

related to population variability and to 

sampling and estimation methods. Sampling 

related factors include sample size, length 
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distribution in the sample and type of length 

measure, while nutritional conditions account 

for intrinsic biological variability
36

.  

 

Conclusion 
A total of 15 puffer fish species

 
were 

recorded from this region
25

.  The present study 

contributes to the knowledge of length groups 

represented in the catches, length frequency 

distribution and length weight relationship 

studies of ten species that are regularly 

represented in the catches of Visakhapatnam 

during the period January 2009 to December 

2011. These studies were carried out for the 

first time from Indian waters for Arothron 

immaculatus, A. stellatus, Chelonodon patoca, 

Lagocephalus lagocephalus, L. guentheri, L. 

inermis, L. lunaris, L. sceleratus, Takifugu 

oblongus and Torquigener hypselogeneion.  

The species Chelenodon patoca, Lagocephalus 

guentheri, L. lunaris and Takifugu oblongus all 

the length groups are represented in the 

catches of trawl and traditional gear almost 

throughout the year. The specimens of 

Lagocephalus lagocephalus caught with hook 

and line and in surface trawling at 90-110 m 

depth along with skipjack and yellowfin tuna.  

LWR studies reveal that nine of the ten species 

showed negative allometric growth and  b 

values ranged from 2.7025 to 2.9486. 

Arothron stellatus showed isometric growth 

and b value estimated as 3.0223. 

 

Acknowledgments 

The authors are thankful to the Head, 

Department of Marine Living Resources, 

Andhra University for providing facilities for 

carrying out the research work. The authors 

are grateful to the Ministry of Earth Sciences 

(MoES), New Delhi - Centre for Marine 

Living Resources & Ecology (CMLRE), 

Kochi for financial support under ITIS project. 

 

References 
 

1. Sujatha, K., Trash fish catch of the trawl 

fisheries off Visakhapatnam, J. Aqu. Bio., 11 

(1&2) (1996)  17–23.  

2. Sujatha,  K., Finfish constituents of trawl by-

catch off Visakhapatnam, Fish. Technol., 32 (1) 

(1995) 55–60.  

3. Aiken, K.A., The biology, ecology and 

bionomics of the trigger fish, Balistidae, 

Caribbean coral reef fishery resources, 7 

(1983) 191-205. 

4. Letourneur, M., Kulbicki, M., Labrosse, P., 

Length-weight relationship of fishes from coral 

reefs and lagoons of New Caledonia – An 

update, Naga, ICLARM 21 (1998): 39-46. 

5. Abdallah, M., Length-weight relationship of 

fishes caught by trawl off Alexandria, Egypt, 

Naga ICLARM Q., 25(1) (2002) 19-20. 

6. Sangun, L., Akamer, E., Akar, M., Weight-

Length relationship for 39 fish species from the 

North-Eastern Mediterranean Coast of Turkey, 

Turkey J. Fish. Aqu. Sci., 7 (2007) 37-40. 

7. Vianna M., Sanos Costa, F.E. and Ferreira, 

C.N., Length-Weight relationship of fish 

caught as By-catch by shrimp fishery in the 

Southeastern Coast of Brazil, B. Inst. Pesca, 

Sao Paulo., 30 (1) (2004) 81-85. 

8. Willing, R.S., Pender, P.J., Length-weight 

relationships for 45 species of fish and  

three invertebrates from Australia's northern 

prawn fishery. Northern Territory Dept. Pry 

Industry and Fish, Australia. Tech. Bull., 142 

(1989) 57.  

9. Kulbicki, M., Guillemot, N. and Amand, M., A 

general approach to length-weight relationships 

for New Caledonian lagoon fishes. Cybium. 29 

(3) (2005) 235-252.  

10. Le Cren, E.D., The length-weight relationship 

and seasonal cycle in gonad weight and 

condition in the perch (Perca fluviatilis), J. 

Anim. Ecol., 20 (1951) 201-219. 

11. Garcia, C.B., Duarte, J.O., Sandoval, N., Von 

Schiller, D., Melo, G., Navajas, P., Length-

weight relationship of demersal fishes from the 

Gulf of Salamanca, Colombia, Naga ICLARM 

21 (3) (1998) 30-32.  

12. Peristiwady, T., Geistdoerfer, P., Biological 

aspects of Monacanthus 

tomentosus (Monacanthidae) in the seagrass 

beds of kotania bay, West Seram, Moluccas, 

Indonesia. Mar. Biol., 109 (1991) 135-139.  

13. Smith, A., Dalzell, P., Fisheries resources and 

management investigations in Woleai Atoll, 

Yap State, Federate States of Micronesia. 

Inshore Fisheries Research Project, South 

Pacific Commision Noumea, New Caledonia. 

1993 pp 64. 

14. Yangawa, H., Length-weight relationship of 

Gulf of Thailand fishes. Naga ICLARM  17(4) 

(1994) 48-52.  

15. Bouchon-Navaro, Y., Bouchon, C., Kopp, D., 

Louis, M., Weight-length relationships for 50 

fish species collected in seagrass beds of the 

Lesser Antilles, J. Appl. Ichthyol. 22 (2006) 

322–324. 

16. King M., Fisheries biology, assessment and 

management, (Fishing News Books. Oxford) 

1995, pp. 341. 

17. Sparre P, Ursin, E and Venema, S.C., 

Introduction to tropical Fish Stock Assessment. 

 Part 1. Mannual FAO Fish. Techn. Paper, 

306/1 (1989) pp, 337. Rome. 

18. Sujatha, K., Shrikanya Rao, K.V.L., Iswarya 

Deepti, V.A., Length weight relationship 

studies of three species of groupers (Pisces: 

Serranidae) off north Andhra region, J. Fish. 

Tech., 50 (3) (2013) 277-279. 

19. Frota, L.O., Costa, P.A.S.,  Braga, A.C., 

Length-weight relationship of marine fishes 

980 



INDIAN  J. MAR. SCI., VOL. 46, NO. 05, MAY 2017 

from the Central Brazilian Coast. NAGA 

ICLARM, 27(1) (1994) 20-26. 

20. Naik, S.D., Jalihal, D.R., Biological 

observations on the pufferfishes of South 

Konkan Coast with special reference to the net 

damaging species L. spadiceus (Osteichthyes, 

Tetraodontidae). Indian J. Mar. Sci., 27 (1998) 

426-432. 

21. Sirisha, R.I., Yedukondala Rao, P., Length-

Weight relationship of puffer fish Lagocephalus 

spadiceus (Richardson, 1844) off 

Visakhapatnam, east coast of India. J. Aqua. 

Biol., 20 (2) (2005) 161-164. 

22. Vaitheeswaran, T., Venkataramani, V.K., 

Length-weight relationship of Odonus niger 

(Ruppell, 1836), Tamilnadu.  J. Vet. Ani. Sci., 4 

(2) (2008) 48-51. 

23. Santos, M.N., Gaspar, M.B., Vasconcwlos, 

P.V., Monteiro, C.C., Weight-Length 

relationship for 50 selected fish species of the 

Algarve coast (Southern Portugal), Fish. Res., 9 

(2002) 289-295. 

24. Pauly, D., Gayanilo Jr., F.C., A Bee: An 

alternative approach to estimating the 

parameters of a length-weight relationship from 

length frequency samples and their bulk 

weights, NAGA ICLARM, Manila, Philippines 

1997. 

25. Sujatha, K. and Padmavathi, P., Puffer fish 

species diversity in the trawl and trammel net 

by-catches off Visakhapatnam, middle east 

coast of India, J. Mar. Biol. Ass. India, 57(2) 

(2015) 95-104. 

26. Abdallah, H., Nakamura, I., Nguira, A., A large 

oceanic pufferfish rare in Tunisian waters, Bull. 

Inst. Natn. Scien. Tech. Merdesalammobo, 31 

(2004) 123-125. 

27. Sabrah, M.M., Ganainy, A.A.El., Zaky, M.A., 

Biology and toxicity of the pufferfish 

Lagocephalus sceleratus (Gmelin, 1789) from 

the Gulf of Suez, Egyptian J Aqu. Res., 32 (1) 

(2006) 283-297. 

28. Aydin, M., Growth, reproductive and diet of 

pufferfish (Lagocephalus sceleratus Gmelin, 

1789) from Turkey‘s Mediterranean sea coast, 

Turkish J Fish. Aqu. Sci., 11 (2011) 589-596. 

29. Kalogirou, S., Ecological characteristics of the 

invasive pufferfish Lagocephalus sceleratus 

(Gmelin, 1789) in Rhodes, Eastern 

Mediterranean Sea. A case study. Medit. Mar. 

Sci., 14/2 (2013) 251-260.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

30. Basusta, A., Basusta, N., Ozer, EI., Length-

weight relationship of two puffer fishes, 

Lagocephalus sceleratus and Lagocephalus 

spadiceus, from Iskenderum bay, Northeastern 

Mediterranean, Turkey. Pakistan J Zoo., 45(4) 

(2013) 1047-1051. 

31. Daliri, M., Moradinasab, A., Aghajanpour, M., 

Andakhsh, M., Raeisi, H.,  Bagheri Paeinkolaei, 

S., Length-weight relationship of five fish 

species from Hormozgan coastal waters 

(Northeastern Persian Gulf), J. Appl. Ichthyol., 

31(1) (2015) 248-249. 

32. Harrison, T.D., Cooper, J.A.G., Ramm, A.E.L., 

State of South African estuaries—

geomorphology, ichthyofauna, water quality and 

aesthetics, Department of Environmental Affairs 

and Tourism, State of the Environment Series 

Report No. 2, 2002. 

33. Swain, P.K., On the length-weight relationship 

and condition factor in the ribbon fish 

Trichiurus lepturus Linneaus from Gopalpur 

(Orissa), Mahasagar. Bull. Natl. Inst. 

Oceanogr., 26 (1993) 133-138. 

34. Andrian, I.F., Barbeiri, G., Total weight-total 

length relationship and condition factor of 

―Cangati‖, Parauchenipterus galeatus Linneaus, 

1790 (Siluriformes: Auchenipteridae), from the 

region of Itaipu Reservoir. Rev. Unimar., 14 

(1992) 177-191. 

35. Dasgupta, M., Length-Weight relationship and 

condition of the copper mahaseer, 

Acrossocheilus hexagonolepsis (Mc Clelland). 

Matsya., 14 (1988) 79-81. 

36. Ricker, W.E., Computation and interpretation of 

biological statistics of fish populations. Bull. 

Fish. Res. Board Can., 1(2) (1975) 519-529.  

37. Rehulkova, E., Gelnar, M. A revised diagnosis 

of Thylacicleidus (Monogenea: Dactylogyridae) 

with A redescription of the type species 

Thylacicleidus serendipitus  and descriptions of 

two new species from Southeast Asian 

pufferfishes (Tetraodontiformes: 

Tetraodontidae). J. Parasitol., 91 (4) 2004 794-

807.  

38. Fiedler, K., Lehrbuch der speziellen Zollogie. 

Band II: wirbeltiere, Teil 2: Fische, Gustav 

Fischer Verlag, Jena, 1991 pp 498. 

 

 

 

 

 

 

 

 

 

981 


