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Epischura baicalensis S a r s. (Copepoda, Calanoida) occupies 

a leading position in the plankton of Lake Baikal, constituting up to 90% 

of its numerical strength and biomass. This rachok (crablet!)* serves as 

the principal food item of fish and of the predatory invertebrates of the 

palagic assemblage of the lake, being a phytophagous and bacteriophagous 

filterer. 

It has been possible to undertake the calculation of this 

crablet's production only after the elucidation of certain questions 

concerning its biology. As data for this have served perennial observations 

at the dekadnaya# station in the open part of southern Baikal for the layer 

0-250 metres. The processing of the data was done taking cognizance of the 

numerical strength and biomass of the individual stages of the development 

of the Epischura. More than 500 ovaries of females were dissected, in which 

all oocytes were counted. More than 1300 measurements of adult specimens 

were done. 

As a result, we have determined the number of Eposchura generations 

in a year, the duration of metamorphosis and the life span of adult specimens 

of each generation, the fertility of the females and the ratio of the sexes 

(Table 1). 

Calculation of the production of Epischura has been done separately 

for crablets of the winter and summer generations, which, developing under 

different ecological conditions, are distinguished by morphological 

peculiarities, and differ in the duration of the development of individual 

stages, and in the life spans of adult specimens, et cetera. 

Italic brackets ( ) enclose translator's parentheses. 

Usually means "a decade of days", and 'sometimes "decimal", 

but is cryptic in this context. 	 Translator 
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One year's  production of Epischura has been determined by a 

number of methods, namely: by the graphic method, variant I (Vinberg, 

Shushkina and Pechen', 1965), by formula (Pechen', Shushkina, 1964), by 

the graphic method, variant II (Greze and Baldina, 1964) and by the method 

of B.M. Mednikov (1962). 

Below will be given the calculation of the value of the Epischura's 

production for the winter generation (from February to June, 1962) 1  by the 

enumerated methods. Shown in Table 1 are certain data on the biology of the 

Epischura of the winter generation which are necessary for calculation of 

its production. 
/195  / 

Calculation 	b y t h e 	graphic 

method G. G. 	Vinberg 	(Figure 	1): 

1 

The growth curve (Figure la) was plotted according to the initial weights 

of the individual stages of development. After attaining sexual maturity, 

the Epischura does not grow; and its weight remains constant. On the basis 

of the growth curve, a curve of absolute growth increment was plotted 

(Figure lb). For this purpose, the values of the weight of the specimen 

(Wo  and Wt ) at the instants t o  and t were taken off the growth curve. The 

value of the mean absolute growth increment for the intervals (1-15 days) 

was found from the formula: 

Wt - Wo 
P 	t - t o  

When constructing the increment curve, the quantity p was plotted in the 

middle of the interval t - t o . 

When constructing the curve of numerical strength, the mean 

numerical strength of the daily ages of the given stage was plotted against 

There are no data for January, 1962. 	(Author) ' 
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the point on the abscissa corresponding to the mean duration of the stage 

(Figure lc). 

The values of the mean daily increment of the specimens and their 

numerical strength were taken from the appropriate curves. From their products 

were obtained the productions of the individual ages, on the basis of which 

the production curve (Figure 1d) is constructed. The area bounded by the 

curve gives the mean daily production of the generation due to juveniles.  L196_7 
The production of adults from eggs was calculated on the basis of the egg- 

-laying tempo and the biomass of the eggs: 

• J • x • R, De  

where q is the weight of an egg; De  is the duration of embryonic development; 

J is the number of adults; x is the percentage of the total number of adults 

which are females; and R is the number of eggs in one laying. Adding the 

production of adults from eggs to the production of juveniles, we obtain f-197 7 

the total production of the winter generation per day. Multiplying this 

production by 150 days, we obtain the production of the winter generation 

for the period from February to June. 

The results of these calculations are given in Table 2. 

/-198 7 
Calculation 	b y formul a 	(Pechen T , 

Shushkina, 1964): 

P [ g- jxR k-n  N + J•t, De  Dn  Dk 

where q, n, k, i are the initial weights of the eggs, nauplius larvae, 

copepodites and adults, respectively; N, K, J are the numerical strengths 

of the nauplius larvae, copepodites and adults, respectively; De , Dn, Dk are 
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the durations of the embryonic, nauplial and copepodital periods; x is the 

percentage of the total number of adults which are females; R is the number 

of eggs per laying per female; and t is the observation time in days. 

In order to obtain the production of the winter generation of 
data 

Epischura, we used average monthlyton the numerical strength of the individual 

stages of development and of adult Copepoda#, derived from the ten-day* 

observations at the permanent station. 

Calculation 	b y the 	graphic 

method 	(variant 	II) (Figures 	2, 3 ): 

The growth curve was constructed on the basis of the initial and average 

weights of the individual stages of development, and the initial weight of 

àdult specimens (Figure 2). After the attainment of sexual maturity, the 

growth of the Copepoda# stops, and the process of reproduction of the living 

substance proceeds by way of egg-formation. This is shown by the dotted line 

.on the figure. The female Epischura may give 200 eggs during her lifetime, 

which constitute 50 • 10 -3  milligrammes. 

In Figure 3, curve (2) shows the tempo of the growth increment of 

one specimen as a function of its weight. Curve (b), showing the dependence 

of numerical strength on weight, was constrncted in the following manner: on 

the horizontal axis was plotted the maximum weight of nauplius larvae, 

copepodites and adult specimens, taking into account the production of their 

eggs; on the vertical axis was plotted the average numerical strength of the 

nauplius larvae, copepodites and adults as a cumulative total. Then, depending 

In retrospect it seems that rachok, literally "crablet", 

should have been rendered by Copepoda throughout this translation. 

Translator 

Footnote# on page 2 is rescinded. 	Translator. 
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on the paths of the curves, Figure 3 (a,b) was divided by verticals on 

the section (Sic). For each vertical was determined the number of specimens /  199_/  

(n1, n2, . . . • nn ) having a weight within the limits bounded by 

neighbouring verticals. The obtained values of n were multiplied by the 

average values of the growth  incrément for the given section, which were 

taken from the curve (a). The production was reckoned by summing the 

obtained products for all sections of the graph (Figure 3). 

-e 

Calculation 	by method 	of  

B. M. Mednikov a. 	This method is suitable for determining the 

production of a stationary population. It has been used for the Copepoda 

Epischura, which gives two generations per year. The calculation is done 

separately for each generation. The annual value of the production of the 

Epischura was obtained by summing the values for the winter and summer 

generations. 

For the initial number of females giving the winter generation, 

we took the average number of them for the period from October, 1961, to 

February, 1962, which was equal to 31,000 specimens/metre 2 . For a fertility 

of 66 (the product of the average number of eggs in the egg-sac and the 

average number of layings which the female can give under ordinary conditions), 

the initial numerical strength of the winter generation (No) will be equal to 

2,046,000 specimens/metre 2 . For the final numerical strength of this 

generation was taken the number of Copepoda of the fifth copepodite stage 

and adult specimens in June, 1962, (Nt), equal to 162,400 specimens/metre 2 . _ 
I 200 7 

The coefficient of elimination was calculated using the 

formula: 
Ne-kn = Nt, 
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where k = (logjo - loyt) ÷ n t , 

and 	n = the duration of the life of nauplius larvae, copepodites 

and adult Copepoda, i.e. ni + n 2  + n3 = 270 days; 

moreover, the average age of adult specimens was taken as 90 days (180 	2), 

as old and young females were encountered in equal numbers in the plankton. 

7-201 7 
P  (* )= 	el). 	(e—kn 	e—k (n 1  -F 	. v2 + (e—k (nri-n3) 	e-k (n 1 +n,4 n3) )031. =33.5g/m2 ,  

whereas for the period from February to June (150 days): P=18.0grammes/metre 2 ; 

P/B average for the period = 5.0; P/B daily = 0.033. 

Thus, the results obtained by the four methods turned out to be 

comparatively close (Table 4). 

Consequently, knowing the fundamentals of the biology of Copepodà 

(the duration of the development of the individual stages, the life span of 

adult specimens, the number of egg-layings which a female can perform during 

her lifetime, the average number of eggs in the egg-sac, the ratio of the 

sexes, the number of generations, and the possibility of somehow dividing 

them, the weights of the individual stages of development, and their numerical 

strength for definite intervals of time), one may calculate the production of 

species which are of interest by any of the above-enumerated methods. 

This relation, in conjunction with the equation at the foot of 

of the precèding page, implies that: / = 	. 	Translator 

Winter generation. 	(Author) 

s•le 
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Calculation of the production of Epischura baicalensis by the graphic 

method of G.G. Vinberg: 

Anc. 1. Panel" npoilyKulm Epischura baicalensis rpatimPleciaint meTo. 
gold r. r. 13nn6epra 

(no OCR a6cuticc Tip0g0JUKI1TeJlbHOCTb minim (cynin)): 
a — npnaaR pocra oco6n (no ocu ownnurr — nec 006011 Li 10-3  mr); 6— npnnan 
a6contornoro npnpocra (no 001 OpAllflaT — npupocT ocen n Ur —3  !qr. ); 
RUH 51HCABHHOCTI1 BO3PEICT013  (rio OCH Op611118T 	mucnennocTi, 11 ThIC11 ,1a X 'A(  
3emnanp0e Ha KB. men));  e  — npunan PO1YB 1 1 111 BO 3 PaCTOB ( 1 1 0  OCB oplIuar — 

npogynnun B miumnrpammax Ha 	meTp n cyinn). 

Growth curve of the specimen (Ordinate: weight of specimen in 10 -3  mg). 

Absolute increment curve (Ordinate: growth increment of the specimen 

in 10 -3  milligrammes). 

Curve of the numerical strength of ages (Ordinate: the numerical 

strength in thousands of specimens per square metre). 

d 	Curve of the production of ages (Ordinate: the production in 

milligrammes per square metre per day). 

Abscissa(in all cases): 	Duration of development (days). 
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Calculation of the production of Epischura baicalensis by the graphic 

method of V.N. Greze: 

70-ere 
/00 

Air 

901 

119 

701 

60i 

50 

110 

20 

10 

1 11 Ill IV V VI VII VIII IX X .X1 west« 

Pitc. 2. Pactier npoapaum Epischura ba-
icalensIs rpacinigenam merogom B. H. rpe-
3e. Kfflan poeTa oeo6a (no on a6ctwee-
lip0,110JINCIITeJibHOCTI, pa3rnlTIIH  B cynçax, 
RO OCR opgnHaT — nec  oco6n  n 10-3  Mr) 

Growth 	curve 	of 	the 	specime n: 

Ordinat e: 	Weight of the specimen in 10 -3  milligrammes. 

Absciss a: 	Duration of development in days*. 

Actually, the word which appears at the end of the abscissa 

is mesyats = month. 	 Translator 
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Figure 	3. 

Calculation of the production of Epischura baicalensis by the graphic 

method of V.N. Greze. Numerical strength and intensity of the growth 

increment: 

NO 	 70 	100 

P11C. 3. Pacqetr npoilyKumi Epischura baicalensts rpacinittecKint 
mero,gom a H. l'pese. T-1110.11011MOCTb linTeHCHBHOCTb npliporra: 

—.XPRIXIX TeMni ripmpOcra °Asa ocodii  I  MINCH/40C= OT ce BCCa (Ha 

OCX 110C111,CC —  nec  0004:111 13 10-3  Mr,  s Ha OCH op,anuar — cytosine% npii- 
poer e 10-3  idr);  6 —.  )(plug 8111111CHXOCTH ancaennocrn OT neca (Ha OCH 
a0C1/11CC ......14/1XCHlitablIbii sec maynanycon nonenoairron  u  espocaux c 
yietom TIPDXyKLIXX HX stun, Ha OCH opener — napacTaionnim nTorom 
mitcxemmocTs.maynsirycps, Konenontros  X  sapodemx  n  TbICSVUX 91C.3eMnag-
pOIS Ha xi. Mtn). /1t, /12, KOXHaeCTBO oco6en, nmeioninx nee 

npexemix, orpannmeinnax coceninem seprnicannei B Tucsinax BK3CMITHSI. 
pos ma xs. men)). 

Curve of the tempo of the growth increment of one specimen as 

a function of its weight (Abscissa: weight of the specimen in 

10-3  milligrammes. Ordinate: daily increment in 10-3  mg). 

Curve of the dependence of numerical strength on weight 

(Abscissa: The maximum weight of nauplius larvae, copepodites 

and adults, taking into account the production of their eggs. 

Ordinate: Cumulative total of the numerical strength of 

nauplius larvae, copepodites and adults in thousands of 

specimens per square metre. nl, n2, . . . , nn  are the 

number of specimens having a weight within the limits bounded 

by the neighbouring verticals, in thousands of specimens per 

square metre). 

Left-hand ordinate: 

Right-hand ordinate: 

Thousands of specimens/metre 2 . Translator 

10-3  milligrammes. 
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Table 	1. 

Certain data on the Epischura baicalensis S a r s. of the winter 

/ 195_/ 

generationl: 	 Average 

	

Weigh 	t: 	Numerical 	Mean  

	

Strength 	biomass 
Œ 

	

For the Of 	for the cS 

	

Initial 	Average 	period: daily period 
Author 	Objec t: 	days 

mg-10 -3 	mg-10-3 	5 	
ages: 	,2 

	

Y 	g/m  
• 

§ 	Nauplius larvae 	90 	(Dn) 	0.25 	(n) 	1.5 	(1,1) 	856.43 9.52 	- 	- 

5 	Copepodites 	90 	(0k) 	5.5 	(k) 	22.0 	(7, 2 ) 	54.25 0.60 	- 	- 

5 	Adult Copepoda 	180 	(Di) 	51.0 	(i) 	- 	(03) 	*12.54 0.14 	- 	- 

Eggs 	 20 (Dq) 	0.25 	(q) 	- 	 - 	 - 	 - 	 200 

All Copepoda 	- 	 - 	 - 	 923.22 	- 	3.59 	- 

The average number of eggs in the egg-sac of the female is 22 (R). 

The ratio of the sexes is close to unity (x). 

The interval between two egg-layings is 20 days (De). 

The development of the Copepoda of the winter generation takes place 

at a mean temperature of =2.61 °C, and of the summer generation, =4.97 °C. 

(A.-uthor) 

Key t o 	symbol s: 

Afanas T eva, 1960. 

Kozhov, 1965. 

a 	The durations of the periodS of development of Copepoda and of the adult period. 

Thousands of specimens / metre 2 . 

Y 	Thousands of specimens / metre 2 . 

â 	Fertility of the females (the average number of oocytes in the ovary). 

- 6.76. 
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Table 	2 - 14 - 

Production of adults due.to  eggs.• Q-  • 	• R, g/metre 2  = 	0.00186 (per day) De  

P/B, average for the period, = 	4.7 

P/B, daily, = 	0.031 

2.847 2.754 2.2044 

- III, 

Table 	2a* 

Months 	I - II, 

P, g/m 2 	1.1903 

IV - V, 	; V - VI 

3.3151 

The average monthly production of the Epischura baicatensis population, 

calculated by the graphic method (variant I): 

Weight of 	Growth 	Numerical 	Value of the 
a specimen 	increment 	strength 	production 

of ages 	of ages 

mg • 	10-3 	mg • 	10 -3 	103 specimens  mg 	• 	10-3  sq. metre 

	

0.25 	 0.017 	 11.6 	 0.2 

	

0.5 	 0.04 	 10.9 	 0.44 

	

1.0 	 0.04 	 10.0 	 0.42 

	

1.5 	 0.066 	 9.0 	 0.59 

	

2.5 	 0.066 	 7.5 	 0.49 

	

3.5 	 0.13 	 5.3 	 0.69 

	

5.5 	 0.43 	 3.6 	 0.57 

	

12.0 	 0.96 	 2.0 	 0.92 

	

26.5 	 0.96 	 1.0 	 0.96 

	

41.0 	 0.43 	 0.5 	 0.21 

	

47.5 	 0.16 	 0.3 	 0.05 

	

50.0 	 0.066 	 0.15 	 0.01 

51.0 

Mean daily production due to juveniles l , grammes/Metre 2  = 	0.11144 

Total production per day, grammes/metre 2 , = 	0.1133 

Production of the winter generation, grammes/metres 2. 	= 16.995 

1 The mean daily production of the Epichura due to jilveniles 

is the integraj Of the •curve  of  prodUcticsn of ages.(Author) 

Production of the winter generation, g/m 2 , = 12.311 

P/B, average for the period, 	 = 	3.3 

P/B, daily, 	 = 	0.023 

This table is not numbered in the text, but is directly 

below Table 2. 	 Translator 



Mean daily 
growth 
increment 
of a 
specimen (-0) 

Numerical 
strength (n) 

Daily 
production 
(n0) 

P/B, daily, 

- 15 - 

T a b 1 e 	3. 	 f-200 

The daily production of Epischura baicalensis calculated by the graphic 

method (variant II): 

Weight group 

mg • 10 -3 	mg • 10 -3 	103 spec imens  ma/metre 2  

	

sq. metre 	- 

47.08 

3.84 

5.82 

5.50 

6.60 

7.40 

1.85 

1.65 

0 - 5 

5 - 10 

10 - 20 

20 - 30 

30 - 40 

40 - 50 

50 - 70 

70 - 101 

0.055 

0.256 

0.416 

0.55 

0.66 

0.74 

0.37 

0.37 

856 

15 

14 

10 

10 

10 

5 

5 

Tota 1: 79.74 

Daily production, grammes per square metre per day, = 	0.08 

Production for the period, grammes per square metre,= 	12.0 

P/B, average for the period, 	 = 	3.3 

0.022 

925 



Table 	4. 

The seasonal production and P/B coefficients of the winter generation 

of Epischura baicalensis, calculated by different methods: 

Metho d: 	 B g/m 2 	p g/m 2 	p/B 	P/B 

for the 	daily: 
• 	 season: 

Graphic 	(variant I): 	3.59 	16.99 	4.7 	0.031 

Formula of G.A. Pechen' 	3.59 	12.27 	3.3 	0.023 

and E.A. Shushkina: 

Graphic 	(variant II): 	3.59 	12.0 	3.3 	0.022 

of B.M. Mednikov: 	 3.59 	18.0 	5 	0.033 

4, 

Average value: 14.8 ±3 4.07 ±0.89 
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0,055 
0,256 
0,416 
0,55 

0,66 
0,74 
0,37 
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14 
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5 
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47,08 

3,84 

5,82 
5,50 

6,60 
7,40 
1,85 
1,65 

0,08 

12,0 

3,3 

0,022 
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Table 	1. 

Ta 6J1H x a 1 

Hewnwpbte aannue-6uomeuu ..Epischtira,balcalensis -  &Ifs. aieweeo tuncanenun 

Beca CpeAtisin qvc.nett-  
ITOCTb 	 5 F.)  

	

Cpoxii  	 g 	a 
• p831311THFI 	 Ô -i-,:' 	il.' 8  • 

06.vein• 	
pagKoe ii 

	

>K113H13 	e 	
-,-, 	(am.-..  z,.,, 	 g ,, 

133p0C.J1b1X, 	- 	e el 	'di n m 

	

cyncti 	A 1 	. 	1 	1:1«, 	0 $ 	'1 	= 0. 	<iie m <2 
;IF 	'9' 	 gxd-o.i 	̀i.f 0 	0 .e 

• = e 	e 	gq., 	ic;e 	Cg 	e_. : 

90 (Dn) 0,25 (n) 	1,5 (oi) 

(A(pauaceaa, 1960) 

Konenoawrbi 	90 . (Die) . 5,5 (k) 	22,0 (1,2) 	54,25 	0,60 

• (Kcexon, 1965) 

Bspocabie painm 	I80  (Di) 51,0 (0 	- (u3) • 	12,54 , 0,14 
(Kotos, 1965) 	(y-6,76) 

5101xa 	 20 (Pq) 0,25 (q) 	- 	 - 	- 	200 

Bce patam 	 - 	923,22 	- 	3,59 - 

Cpeame Inicao aim  B aünesom mewxe canixa - 22 (R) 
Coanoweaxe noma 6.nu3x0 x eamatte (x) 
HaTepaaa meamy gam' x.na,axamx - 20 CyTOK (De) • 

1  Pasautme patawa smiler° notioaexasi npoucxclauT npu cpemeii Temnepa-
Type 	2,61°, a .nerxero - 4,97°. 

Table 	3. 

Ta 6 axu,a 3 

Cynenuun npodetiun twnyAnuuu Epischura buicalensis, 
paccumannan epacpuneacum Atemodom (11 eapuannz) 

CpeAvvit crroq- 
&con« rpytma, 	omit npvpocr 	Illic.netniocrb 	Cyroquan Iwo- 

°coda (v), 	(n), INC. 	KS./1.4' 	Aymiuut no. 

mr• 10 	
mr/m2 

. 	 -3  

0-5 
5-10 

10-20 

20-30 
30-40 
40-50 
50-70 
70-101 

Beer() . . .925 	79,744 

CyTOITHaS1 lipORyKLIHST, r/M 2  CyTKH 

11p0P,yKieff sa nepxox, r/m2  
PIB cpegnnil sa nepxoa 
PIB CyTOVHbei 

Haynanycw 



MeTOAIJ 	 I'M 	I' r lm 2  B 
ail Ce30II 

"Ill  

eytun 

Tables 	2 	& "2a". 

• , 	. • .Ta 6.naLta 2 . 	, . 	 . 
- 	- •• ',?;. . • .. . 	. 	., 	 , 	. 

Cpeanecymoimax . npodijicuu8 nontbinquu Epischtira baicalensis, 	<. 

	

pacc.inunatuain apagbugette,u mentoaim (I eapuwan) 	. 
‘. 

. 	 . 

. 

 

Bec'  cico6ir, '. 1%11- • 10 -3  ,,', 1, ,..T1  p11pOCT. ittF.: 10773  
thiestentocrb 1303pae• 

T013, 	MS./M3  
BeilinHa npoAymunt 
1303paCTOD, 11117•10'-'3  . 

0,25 	 0,017 	 11,6 • 	 0,2 

. 	0,5 	. := 	0,04 	' 	• 10,9 	 0,44 

1,0 	 q,0 	 10,0 	 '"r 0,42 

1,5 	
" 
	. 0,066 	 -9 .,0 	). 	0,59 

2,5 	 0,066 	 7,5 	 0,49 

3,5 	 . 0,13 	. 	. 	5,3 	 0,69 
5,5 	. 	0,43 	 3,6 	 0,57 

•
: 

12,0 	' . • 0,96 	 2,0 	 0,92 

26,5.. . .:: 	. : 0,95 ' 	 1,0 0 96 
•

. 	. 	, 
41,0' 	. 	i 	.0,43 	' 	0,5 	 0,21 

47,5 	 0,16 	 0.3 	 0,05 

50,0 	 0,066 	 0,15 	 0,01

•51,0 	 ' :.. 

Crieaaecyroimaa, npgayicgifs. 30 cueT mano,aa 1 , r/m2 	- 0,11144 

lipoaykuha'Hapocaux aa etier 	• • R, r7m2 	- 0,00186 . 	 De  
0611181i 11p0,11yKiklifl sa 	r/ms 	 - 0,11:33 
riPoJIYKuss 3amaero noneneaaa, r/m 2 	 -16,995 
PIB cpejnaii aa nepaoa. 	 - 4,7 	• 
PIB cyrolunifi 	 S - 	 0,031 

Cpeaaecyroquaa npogyKans snawypht 3a ctier mo.no,an - rune-
!span. xpaaoià npoayagna ao3pacria. 

3,59 	16:99 	4,7 	0,031 . 

. 3,59 

	

12,0 	3,3 	0,022 

	

18,0 	5 	0,03:1 

I-II, 	I1-III, III-IV, IV-V, 	V-VI 

1,1903 	2,754 • 2, 	
.

2044 	3,3151 	2,847 

Mecs 

1.1poaymuu1 aamaero noxoneaaa, _r/m2 	. 	 12,311 
P/à cpéailag 3a nepsoa 	 3,3 
eià èyrc.4111,1,17i 	; . r 	• 	 0,023 

Table 	4. 

Ta6jinua 4 
,Cesounaft npoDytauto u P1B-Icos4r'4iu1uenniu aumneao notumenun 

Ept,schura batcalensis, pacctsumannue pashagmu mentoDa.stu 

fpaclumectutil (I BapHairr) 

(Doymy.na r. A. I-level-lb, 3. A. 'Ilya'. 	3,59 	12,27 	3,3 	0,023 
•-xxsoft 

fpwinmecaliii (fi nammirr) 	 3,59 
B. M. Mealuncona 

14,8 + 3 	4,07 + 0,89 Cpeauee aaaliesae 


