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Abstract

The results o f  m easurem ents o f  energetic value and lipid content in the zooplankton o f  the south
ern B altic in 1974 are presented. D iel and seasonal changes in  these param eters are illustrated. The 
energetic value o f  organic m atter ranged from  25.5 to 33.2 J-m g- 1 , while the lipid content o f  
dry plankton m atter fluctuated between 4.3 and 22.9% .

1. Introduction

In the previous biological investigations of the Baltic, zooplankton biomasses 
were expressed by fresh weight or dry weight (Mańkowski, 1975, 1978 a, b; Lindahl, 
1977). In present day investigations, it is sometimes also necessary to  express the 
biomass o f  zooplankton by means of its energetic value. Particularly in ecosystem 
investigations the comparison of various trophic levels requires the use of one com 
mon idex, which may be energy or content of carbon (Hagmeier, 1961; Beers, 1966; 
Cummins and Wycheck, 1971; Williams and Robins, 1979). The use o f calorific 
values of the plankton published by various authors (Kreutzberg and von Oertzen, 
1973; Bast and von Oertzen 1976; Chojnacki, 1976: a, b Griffiths, 1977; Williams 
and Robins, 1979) for converting the biomass of the Baltic zooplankton into energy 
values does not always give satisfactory results as they often refer to  other ecosystems* 
and other species. They also exhibit significant discrepancies (from 20 to  30 J-m-1). 
Therefore, in order to  convert multi-year data and very numerous biomasses o f the 
Baltic plankton into energy values, direct measurements of energetic value of the 
Baltic zooplankton were made. Since the calorific value of plankton depends to  a 
large degree on its fat content, measurements of lipid content in the zooplankton 
were also made.

* The investigations were carried out under the problem  09.1.7 coordinated by the 
Institute o f  E cology o f  the PAS.



2. Material and methods

Zooplanktonic samples were collected during cruises of the r/v ‘B irkut’ in the 
Southern Baltic in 1974. Stations at which the zooplankton was sampled are present
ed in Figure 1. A Hensen plankton net with a mesh size of 333 pm was used; the 
column of water was filtered vertically from the bottom  to the sea surface. Plankto
nie samples were immediately dried in a tem perature of 333° K  in an oven specially

designed for this purpose and stored in an desiccator until the end of the cruise. 
Just before the samples were burned, tablets weighing from  10 to  25 mg were made 
from the plankton; these tablets were dried at a tem perature of 333°K to a constant 
weight. Energetic value was measured by burning the tablets in a Phillipson (1964) 
microcalorimetric bomb (type Klekowski and Bęczkowski, 1973). The energetic 
value was calculated with respect to benzoic acid, whose energetic value was as
sumed as 26.46 J-m g-1 . From three to  six measurements (burnings) were made 
from  each planktonie sample. The results presented in the tables are the mean values 
from  several measurements. High repeatibility of burning results was obtained; 
deviations of individual results from the mean value did not exceed 1 % of the mean 
Value. Ashes were determined by burning samples o f dry plankton in a muffle fur
nace at a tem perature of 773°K. Our experiences have shown that the process of 
drying and preparing the tablets for burning has to  be carried out very carefully. 
Filter paper cannot be used for preliminary drying of samples since fat losses may 
occur there. The force applied for pressing the tablets cannot be too large since fat, 
very abundant in the Baltic plankton, may leak out.

Lipid content was determined by extraction-weighing m ethod (Dowgiałło, 1975). 
The powdered dry material (about 0.1 g) underwent extraction while hot, but the 
solution consisting of methyl alcohol and chloroform  was not allowed to reach the 
boiling point. After filtering, the extract was concentrated in a water bath with a 
tem perature of 333 —343°K and then in a vacuum desiccator over P20 5 in nitrogen



atmosphere at a tem perature of about 323°K. The preparations thus obtained were 
subjected to re-extraction with the help of the solution consisting of chloroform  
and petroleum ether. The solution obtained was filtered and concentrated in tared  
weighing bottles in a steam bath and then redried in a vacuum desiccator. By weigh
ing bottles with settlings and taking into account the blank test with solvents, 
the weight of lipid (in per cent) was determined.

3. Results

The burned planktonie samples contained planktonie organisms which measured 
up to 2 mm when living. D ry plankton weight contained on the average 93.44% 
of organic substance and 6.56% of ash. The energetic value of the organic substance 
ranged from 25.5 to  33.2 J-m g -1 , while the lipid content in the plankton fluctuat-

Table 1. Energetic values and lipid content o f  the Baltic Zooplankton

Energetic values Lipid
/~\ n fori f

D ate Station dry m atter organic m atter
cum eni

[dry
m atter[cal/m g] [J/mg] [cal/m g] [J/mg]

22 IV K* 6.07 25.4 6.50 27.2 8.50
23 g 2 5.92 24.8 6.34 26.5 4.30
25 b 2 6.24 26.1 6.68 28.0 9.50
25 b 4 5.87 24.6 6.28 26.3 7.10
26 B l 5.82 21.4 6.23 26.1 8.40
27 A i 6.03 25.2 6.46 27.0 6.70

1 VI G i 6.80 28.5 7.28 30.5 21.80
2 b 3 6.73 28.2 7.20 30.1 17.30
3 B i 6.57 27.5 7.03 29.4 18.10
5 A x 6.35 26.6 6.79 28.4 12.90

14 VIII g 2 7.24 30.4 7.76 32.5
15 b 3 6.75 28.3 7.22 30.2 17.90
17 B t 7.00 29.3 7.45 31.2
18 A i 6.56 27.5 7.02 29.4
18 7 7.39 30.9 7.92 33.2
18 8 6.42 26.9 6.87 28.8 14.80
18 26 6.55 27.4 7.02 29.4 15.50
19 1 7.31 30.6 7.83 32.8 .

19 12 7.10 29.7 7.59 31.8 .

20 14 7.34 30.7 7.85 32.9
26 g 7 5.70 23.9 6.10 25.5 5.60
26 16 5.71 23.9 6.11 25.6
26 17 7.05 29.6 7.55 31.6
27 23 5.89 24.7 6.31 26.4 5.70
27 24 5.92 24.8 6.34 26.5 6.30
29 27 7.28 30.5 7.79 32.6
29 29 6.73 28.2 7.20 30.1 18.60

7 X I g 2 7.25 30.4 7.76 32.5 22.90
9 B i 7.30 30.6 7.82 32.7 21.50



Fig. 2 . Seasonal changes in  the m ean energetic value ([cal/rag] and [J/m g]) o f  the Zooplank
ton  in various areas o f  the Baltic Sea. 1 — G dańsk Deep; 2  — Słupsk Furrow; 3 —Bornholm  D eep; 
4 —A rkona D eep

\

Table 2. Energetic values and lip id content o f  Zooplankton in  G dańsk D eep  in  June 1974

D a te Time
Lipids 

[% o f  dry 
matter]

Energetic value [J/mg] 

organic
dry m atter

23 VI 400 21.8 29.0 31.1
12°° 17.3 28.2 30.3
2o°o 22.6 30.2 32.1
2400 22.9 30.0 31.9

24 VI 400 19.2 28.3 30.1
l 2 oo 18.8 28.5 30.4
1600 21.1 29.1 31.3
20° 0 21.2 29.3 31.1
24° 0 23.6 30.4 32.3

25 VI goo 19.9 28.1 30.3
12°° 20.6 28.6 30.7
20°° 23.9 30.0 31.9

26 VI 16°° 14.3 28.1 30.9
20 °° 22.0 29.1 30.9



Fig. 3. The dependence o f  the energetic value o f  the organic plankton m atter on  the lipid content 
(per cent o f  dry p lankton m atter) o f  the Baltic zooplankton

ed between 4.3 and 22.9 %. The results of energetic values and lipid contents in the 
zooplankton are presented in Table 1. The seasonal changes and regional differences 
in the plankton energetic value are presented in Figure 2. The points in Figure 2 
represent the average values from the measurements made at the stations of a given 
area (eg the Gdańsk Deep -  stations K 4, G 2, 27 and 29; the A rkona D e e p -A t , 7 
and  8). It can be seen in Figure 2 th a t the energetic value o f plankton in Gdańsk 
Deep was greater than in the Bornholm Deep. It can also be said that energetic 
value of the plankton increased from April to  November. Figure 3 shows that the 
energetic value is proportional to  the lipid content in the plankton. The equation 
for the relationship, determined by the least squares method, is:

En=24 .80+0.30-L, 

where:
E„—energetic value o f plankton expressed in J-m g -1 (org. matter),
L —lipids expressed in per cent o f the dry m atter.
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Between June 23 and 26, 1974 diel measurements of the plankton energetic value 
and lipid content were made (Table 2). It appeared from these observations that the 
plankton energetic value and lipid content increased during the night and dropped 
during day-time. The diel fluctuations in the plankton calorific value were described 
by mean of the following trigonom etric function:

where:

E,w — mean value for the 24-hour period,
E0l —amplitude of energetic value fluctuations, 
t0 —time when the maximum energetic value occurs,

2n
co — —-, (T = 2 4  hours),

The diagram of the above function and the results of measurements of diel 
energetic values of the plankton are presented in Figure 4. The coefficients of equa
tion (2) were determined by the least squares method on the basis of the diel meas
urements of energetic values. Figure 4 also presents diel fluctuations in lipid content 
in the plankton, which can be presented by means of the following function:

L ip ^L ip o + L ip i^co sco it—to). (3)
#

Like in equation (2), the coefficients o f this equation were calculated by least squares. 
In terms numerical values o f the coefficients, the equations for variations of plankton 
energetic value in 24 hours, and for diel fluctuations of lipid content may be rewritten 
as follows:

4. Discussion

No detailed analysis of species composition of our planktonic samples was 
made. After our rough estimation it may be said, however, that species composition 
of the plankton underwent substantial changes during the year. In spring, about 
90%  of the zooplankton biomass were comprised of Copepods, especially Temora lon- 
gicornis (Müller), Acartia longiremis (Liljeborg) and Pseudocalanus elongatus (Boeck); 
the rest belonged to Cladocerans. During the round-the-clock (June 23 — 26) in
vestigations, Temora longicornis was the dom inant species in the samples. Cladoce
rans were the most abundant in August (60—70%), the dom inant species being 
Bosmina coregoni maritima (Müller). In autumn, the same species as in spring were 
most abundant but Acartia longicornis predominated. A  more detailed description 
o f the species composition o f the Baltic plankton at tha t tim e may be found in the

En = E„o + En ic o s c o ( t- t0) (2)

E n =  30.93 +  0.83cos co(t—22.5), (4)

(5)£ ¡^= 20 .54+ 2 .37  cosco(i—23.75).



papers by: Chojnacki (1975, 1976b), Chojnacki and Drzycimski (1976) and Ciszewski 
and W itek (1977).

M ean energetic values (30.5 J-m g-1 ) of the Baltic Zooplankton are relatively high 
when compared with the values quoted in the literature, eg in: Bast and von Oertzen 
(1976), Kreutzberg and von Oertzen (1973), Ostapenya and Shushkina (1971), 
Shushkina and Sokolova (1972), M usaeva and Sokolova (1979), Williams and Robins 
(1979), Zagorodnyanya and Pastukhova (1981), Shushkina and M usaeva (1982). 
The most likely reason for such discrepancies is the difference in methods of sample 
preparations for further counts. In some of the studies quoted above, formalin solu
tion was applied for plankton samples preservation (Ostapenya and Shushkina, 
1971; Shushkina and Sokolova, 1972, Zagorodnyaya and Pastukhova, 1981). 
Energetic values o f Zooplankton approximating the ones estimated in the Baltic 
Sea were counted for Copepods by Phillipson (1964) and Okolowicz (1980).

Seasonal changes in the energetic values of plankton may be due to  alternations 
in species composition o f plankton during the year, as well as to  variations in fat 
content in plankton individual species. Seasonal changes in energetic value of plank
ton may also result from varying participation of juvenile forms in the to tal plank
ton  matter. According to  Petipa (1964), Williams and Robins (1979), the increasing 
participation of older development stages and of m ature Copepods in plankton 
samples will be accompanied by an increase o f specific energetic value of Zooplank
ton. The high calorific value of the Baltic plankton is connected with its high fat 
content. Large amounts of fat were observed when the tablets for the burnings were 
prepared as well as during direct measurements of lipid content. These values are 
in the same order of magnitude as the values of lipid contents in Zooplankton and 
other marine animals observed by Fisher (1962), Falk-Petersen (1981), Falk-Petersen 
et al (1981), Sargent and Falk-Petersen (1981), H anderson et al (1982), Falk-Peter
sen and Sargent (1982), Falk-Petersen et al (1982).

The reason for diel fluctuations in the calorific value of the plankton are probably 
related with the diel feeding rhythm  of the plankton. Planktonic species occurring 
in the investigated samples feed mostly during night-time (Wimpenny, 1938; Detalo, 
1964; Petipa, 1964a; Zagorodnyaya, 1974; 1975; Pawlowskaja and Peczen-Finenko, 
1975; Petipa et al 1975).

Such diel fluctuations in the fat content in the Zooplankton were also observed 
by Petipa (1964b), according to  whom they may exceed 10% of the fresh plankton 
weight. It appears from our results (Fig. 4) that diel changes in the lipid content in 
the plankton may equal about 23 % (with respect to  the mean value).

References

B a s t  H. D ., O e r t z e n  von  J. A ., 1976, Zusammenstellung von Energie-equivalenten aquatischer 
Organismen unter besonderer Berücksichtigung der Ostsee, W iss. Z. U niv. R ostock , M athe- 
m at.-N aturw iss. R ., H . 3., 295 — 304.

B e e r s  J. R ., 1966, Studies on the chemical composition o f  the m ajor Zooplankton groups in the Sar
gasso  Sea o ff  Bermuda, L im nol. O ceanogr., 11, 520 — 528.



C h o j n a c k i  J., 1975, Zooplankton południowego B ałtyku w 1972 roku  (Southern Baltic Z ooplan
kton  in  1972), Zesz. N au k . Akad. R oi. w  Szczecinie, 51, 3 — 20.

C h o j n a c k i  J., 1976a, W artość energetyczna zoopłanktonupołudniowego B ałtyku  (Calorofic value  
o f  the Southern Baltic Zooplankton), Zesz. N auk. A kad. R oi. w Szczecinie 60, 3 — 12.

C h o j n a c k i  J., 1976b, Ocena tendencji skupiskowych zoopłanktonu na podstaw ie liczebności, su
chej m asy i  wartości energetycznej (Evaluation on  aggregation tendency in  Zooplankton  
from  data o n  its abundance, dry weight, and energetic value), Zesz. N auk. Akad. R oi. w  
Szczecinie, 60, 13-30.

C h o j n a c k i  J., D r z y c i m s k i  I., 1976, The southern B altic Zooplankton in spring and summer 
1974, A nn. b io l, X X X I, 72-73 .

C i s z e w s k i  P ., 1977, Ocena zasobów  biom asy m ikrozooplanktonu w Południowym  B ałtyku  w la
tach 1971 — 1974, Stud, i M ater. M IR  w  G dyni, A /19 , 25 — 50.

C is z e w s k i  P ., W it e k  Z ., 1977, Production o f  older stages copepods A cartia  bifilosa (Giesb) and  
Pseudocalanus elongatus (Boeck) in Gdańsk Bay', Pol. Arch. H ydrobiol., 24, 449 — 459.

C u m m in s  K . W ., W y c h e c k  L. C ., 1971, Caloric equivalents fo r  investigations in ecological ener
ge tics, M itt. Int. Ver. L im m ol., 18, 1 — 158.

D e t a l o  E. P., 1964, O sutochnom rytm e v p itan ii Pseudocalanus elongatus {Boeck), Trudy Sevast. 
B iol. Stan ., X V , 9 4 - 1 0 0 .

D o w g ia l l o  A ., 1975, Chem ical com position o f  anim al body and its  fo o t. [In:] M ethods fo r  eco
logical bioenergetics, Ed. G rodziński W ., K lekow ski R . Z ., D uncan  A ., IBP H andbook, 
24, Blackwell Sei. Publ., Oxford.

F a lk - P e t e r s e n  S., 1981, Ecological investigations on the Zooplankton comm unity in Balsfjorden, 
northern Norway: seasonal changes in body weight and the main biochem ical com position o f  
Thysaonessa inermis, T. raschi and M eganycthiphanes Norvegica in relation to environmental 

fa c tors, J. Exp. M ar. B iol. E col., 49, 101 —120.
F a lk - P e t e r s e n  S., G a t t e n  R . R ., S a r g e n t  J. R ., H o p k in s  G. C. E ., 1981, Ecological inves

tigations on the Zooplankton com m unity in Balsfjorden, northern N orw ay, seasonal changes 
in the lip id  class composition o f  M eganycthiphanes norvegica, Thysanoessa rachi and T. iner
mis, J. Exp. Mar. B iol. E col., 54, 2 0 9 —224.

F a lk - P e t e r s e n  L. B ., S a r g e n t  J. R ., 1982, Reproduction o f  asteroids fro m  Balsfjorden, northern 
N orw ay. A nalyses o f  lipids in the gonads o f  Ctenodiscus crispatus, A sterias lincki, and P teraster  
m ilitaris, M ar. B iol., 69, 2 9 1 —298.

F a lk - P e t e r s e n  S., S a r g e n t  J. R ., H o p k in s  C. C. E ., V a ja  B ., 1982, Ecological investigations 
on the Zooplankton comm unity o f  Balsfjorden, northern N orw ay: lip id  content in the euphasiids 
Thysanoessa raschi and T. interm is during spring, M ar. B iol., 68, 97 — 102.

F is h e r  L. R ., 1962, The to ta l lip id  m ateria l in som e species o f  Zooplankton, Rapp. Cons. Explor. 
M er., 153, 1 2 9 -1 3 6 .

G r i f f i t h s  D ., 1977, Calorific variation in Crustacea and other animals,7 .  anim . E col., 46, 593 — 
665.

H a g m e ie r  E., 1961, Plankton-Äquivalente, K ieler M eeresforsch., 17, 32 — 47.
H e n d e r s o n  R . J., F a lk - P e t e r s e n  S., S a r g e n t  J. R ., 1982, The composition and biosynthesis 

o f  lipids in Thysanoessa raschi fro m  the C lyde E stuary, Scotland M ar. B iol., 70, 1 — 12.
K le k o w s k i  R ., B ę c z k o w s k i  J., 1973, A new modification o f  microbom b calorim eter, E kol. 

P ol., 21, (16), 2 3 1 -2 3 8 .
K r e u t z b e r g  M ., O e r t z e n  von  J. A ., 1973, Zusammenstellung von Energieequivalenten aquatisch- 

er Organismen unter besonderer Berückichtigung der O stsee, I. W iss. Z. U niv . R ostock , 
M ath. -N aturiw ss. R ., H . 10, 1153 — 1158.

L in d a h l  O., 1977 , S tudies on the production o fphytop lan kton  in the B altic in 1976, and a sum m ary  
o f  the results fro m  1973 — 1976, M edd. H avsfiskelabor. Lysekil, 220, 1 — 52.

M a ń k o w s k i  W ., 1975, Zmienność produktyw ności toni wodnej B ałtyku, Pr. M IR  (T om  Jubil), 
G dynia, 2 3 3 -2 8 4 .

M a ń k o w s k i  W ., 1978a, Z ooplankton B ałtyku  i jeg o  produktyw ność  (Baltic Zooplankton and



its productivity) [In]: Produktyw ność ekosystem u M orza Bałtyckiego, O ssolineum , W rocław ,

M a ń k o w s k i  W ., 1978b, Badania nad zooplanktonem  B ałtyku  >f latach 1965—1974, Stud, i M a
ter. M IR, G dynia, A /24, 5 — 155.

M u s a e v a  E. I., S o k o lo v a  I. A ., 1979, K alorijnost’ planktonnych zhivotnykh Tikhovo Okeana, 
O keanologia, X IX , Acad. Sci. U SSR , 146—149.

O k o l o t o w i c z  G ., 1980, Opredelenie teplosoderżania nekotorykh vidov i grup chernomorskogo  
planktona p r i pom oshchi kalorim etricheskoj m ikrobom by, B ioproduktivitat des Pelagials 
im  Schwarzen M eer, W ilhelm -Pieck U niv., R ostock , 61 —65.

O s t a p e n y a  A . P., S h u s h k in a  E. A ., 1971, K alorijnost set novo p lanktona i energeticheskie ekvi- 
valenty m asy tela  nekotorykh tropicheskihk planktonnykh rakoobraznykh, Funkcjonirovanie 
pelagicheskikh soobshchestv tropicheskikh rajonov okeana, Izd. N auka, 171 — 178.

P a v lo v s k a j a  T. W ., P e c z e n - F in e n k o  G. A ., 1975, Sravnitelnaja ocenka roli zivogo i mertvogo  
organicheskogo veshchestva v  p ita n ii Pseudoealanus elongatus (Boeck), B iol. M or, 34, Izd. 
N aukova D um ka, K iev, 65 — 70.

P e t ip a  T. S., 1964a, Sutochnaja rytm  razkhoda i nakoplenia zhira u Calanus helgolandicus v Cher- 
nom M orje, D ok i. Akad. N auk SSR , 156, 6, 1440—1443.

P e t ip a  T. S., 1964b, Sutochnyj ry tm  v p ita n ii i sutochnyje racjony Calanus helgolandicus (Claus') 
v Chernom M orhe, Tr. Sevast. B iol. Stan. X , 69 — 93.

P e t ip a  T. S., M o n a k o v  A . V ., S o r o k in  Yu. I., V o lo s h in a  G. V ., K u k in a  I. V ., 1975, Balans 
veshchestva i energii u veslonogikh rachkov ( Copepoda) v tropicheskikh apvelingakh  (Balance  
o f  the m atter and energy in  copepods in  tropic apwellings), [in:] Ecosystem  o f  the pelagic  
zone o f  the Pacific O cean. Trans. Shirov. Inst. O ceanol. A cad. Sci. U S SR ., M oscov, 102, 
3 3 5 -3 5 0 .

P h i l l i p s o n  J., 1964, A miniature bomb calorim eter fo r  sm all biological sam ples, OJKOS, 15,

r g e n t  J. R ., F a lk - P e t e r s e n  S., 1981, Ecological investigations on the zooplankton comm unity  
in Balsfjorden, northern N orw ay, lipids and fa ty  acids in M aganycthyphanes norvegica, Thy-  
sanoessa raschi and T. inermis during m id-winter, Mar. B iol., 62, 131 — 137.

S h u s h k in a  E. A ., S o k o lo v a  I. A ., 1972, Kalornyje ekvivalenty m asy tela  tropicheskikh zhivotnykh  
pelag ia li (Caloric equivalents o f  the body m ass o f  the tropical organism s from  the pelagic  
part o f  the ocean), O keanologia, X II, A cad. Sc. U S SR , 860 — 866.

S h u s h k in a  E. A ., M u s a e v a  E. I., 1982, Kalorijnost' m orskogo zooplanktona  (Caloricity o f  
m arine zooplankton). O keanologia X X II, 1, Acad. Sc. U S SR , 102 — 107.

W i l l ia m s  R ., R o b in s  D ., 1979, Calorific, ash, carbon and nitrogen content in relation to length 
and d ry  weight o f  Parathem isto gaudichaudi in the North E ast A tlan tic  Ocean, Mar. B iol., 
52, 2 4 7 - 2 5 2 .

W im p e n n y  R. S., 1983, Diurnal variation in the feeding and breeding o f  zooplankton rela ted  to  
the numerical balance o f  the zoophytoplankton comm unity, J. du C onseil, X II, 3, 323 — 337.

Z a g o r o d n y a y a  Yu. A ., 1974, Pitanie i m igracji Chernom orskogo Pseudoealanus elongatus 
(Boeck) v zim n ijperiod , G idrobiol. 2, 10, 49 — 56.

Z a g o r o d n y a y a  Y u. A ., 1975, Vertikalnye m igracji i sutochnyje racjony veslonogogo rachka  
Pseudoealanus elongatus (Boeck) v  Chernom M orje, B iol. M or, 33, Izd. N aukova D um ka, 
K iev, 1 1 - 1 8 .

Z a g o r o d n y a y a  Yu. A ., P a s t u k h o v a  E. A ., 1981, K alorijnost’ setnovo p lanktona i energeti- 
cheskije ekvivalenty m asy tela  planktonnyh copepoda i chaetognatha tropicheskoj A tlan tik i 
(Calorific value o f  the net plankton and energetic equivalents o f  the body m ass o f  som e plan- 
ktonic C opepoda and C haetognatha from  the Tropical Atlantic), O keanologia, X X I, A cad. 
Sci. U S SR , 7 0 9 -7 1 2 .

1 1 3 -1 3 4 .

1, 1 3 0 -1 3 9 .


