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Information seulamen t
The present work represents one section of a general study 157*

of the ecosystem of Lake Dallnee carried 'out in past years b~ y

numbe.r ..of researchers (Krogius, Krokhin, Menshutkin, 1969) . The basic

principle of the -work is the study of the trophic relationships of the

biological cycle and the productivity of an ecosystem . To solve these

problems,the production of the organisms which are the largest and

.most important food source must be determined ; this .necessitates

knowing the biological cycles of these organisms well and having an

idea of the quantitative indices of their development, growth, popu-

lation dynamics and reproduction. The present study is devoted t o

the -examination of several of these indices for N angustilobus -

ohe of the most important food sources for young red salmon in Lakd Dallnee .

*Numbers in the ric-ght-hand margin i~dicate the corresponding pages
in the original .
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Material and Methodology 

Samples of plankton collected in Lake Dallnee between 

October 1965 and October 1968 served as the research material. A 

majority of the samples were obtained in a period of five days in 

summer and ten to fifteen days in winter. In the winters of 1965-66 

and 1967-68, the frequency of collection was irreqular. In summer, the 

period of most rapid changes in the planktonls growth processes, the 

samples were gathered more often, sometimes daily. A total of more 

than 250 samples were collected and processed. 

Sampling was done in the pelagic zone of the lake, in the 

centre or one-third of the distance along its long axis, in the area 

of the source of the Dal'nyaya River (the western end of the lake). 

The horizontal distribution of plankton in the lake WaS uneven; as. 

it varied somewhat under the windls influence. Therefore the position - 
,. 

of the station to some extent affected the representivity of thE 

quantitative indices of the samples; but in general, the deviations 

were relatively small, as demonstrated by control samples taken from 

different parts of the lake. 

An overwhelming majority of the samples were taken during the 

evening, with the sun roughly at the - same-distance above the horizon. 

The same Juday net was always used with an aperture diameter of 18.0 

cm., gauze No. 55. All catches were complete, - and with a few exceptions, 

were made in the 0-37 metre layer. 

The samples were fixed with formalin in the usual manner.' 

In 1965 and 1966 at each station, the nets were raised once, 
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but later, two or three times . The samples were proCe33ed,by the

standard method, ytith piston pipettes of U-5, 1 and 5 ml . used,

depending on the abundance of the various stages of the crustaceans .

All the crustaceans, except the nauplii, were divided into 158

sta ;7es . The adults were often counted as a whole ; the females Were

defined by the level of preparedness for reproduction (by the state of

sexual products, the presence of spermatophores in the,genital segment)

and the number of barren and oviferous females was noted . To determine

fertility, the number of eggs in the egg sacs was counted (for 10-20

females per sample) .

1.7hile workino,-, I benefited by consultation with and advice of

~ .V . Krogius, Krokhin, V .V . Menshutkin and G .G . Vinberg and

also the friendly aid of B .P . Kozhevnikov and laboratory assistant

L .V .Palivoda, to whom I am deeply grateful .

Distribution of N . angustilobu s

Published data about N. anqustilobus is extremely sparse .

There is only information about its morphology and location in a few

regions of its geographic range .

On the Eurasian continent the species was first described as

Diaptomu 'angustilobLis by G .O . Sars (Slars, 1898) from a lake in the

Yana River basin near Verkhoyansk . The description contained a few

inaccuracies' which were corrected by V.M . Rylov (1930) (from specimens

from lakes at the mouth of the Yenisei) . But this author's work too

contains slight discrepancies compared to our data .

The morphologizal proximity of N. angustilobus to the American

N . tyrelli (Poppe) at one time misled S .S . Smirnov, who was_identifying
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planktonic crustaceans of Lake Dallnee, with the result that N.tvrelli 

was mistakenly assigned to the hydrofauna of Kamchatka (Rylov, 1S40). 

The species was also found in the lower reaches of the Lena 

River (Pirozhnikov, Shul'ga, 1957), but there are no other mentions 

of it on the continent. It can only be surmised that its 

geographic range covers broad areas of E,astern Siberia, at least 

from the Yenisei to the Pacific Ocean, where it is found in latitudes 

from the mouth of  the  Anadyr' River (and perhaps even the Ohukotka) 

to Okhotsk (in the Amur basin and on Sakhalin, although this species 

has never been discovered there despite the frequent collection of 

hydrbbiologica samples). 

The species is also found on the North Kurile Islands where, 

as in Kamchatka, it is very common in freshwater lakes (Kikuchi, '1936; 

Mijadi, 1937; Ueno, 1938). 

' Beyond the Asian continent and the Kurile Islands, it is alsO 

known on Bering Island as Diaptomus ambiauus from Liajeborg's descrip-

tion (Lilljeborg, 1887). Subsequently, with -advances in synonymy, 

this species will in all probability be known by this name, since 

Lilljeborg's account was written ten years before Saris. 

On the Pribilov Islands this species was described by Juday 

and Muttkowski (Juday and Muttkowski, 1915) as plantml.p_pribilofensis. 

-- 
According to E.V. Borutsky (personal. communication) these last two species 

are synonymous. 

The species is also known in Alaska and Canada as D. pribil-

ofensis  Juday and Muttkowski Gilson and Yeatman, 1959). A diagram in 

the referenced material loaves no doubt that this is identical to the 

Asian species. 

•sre:Tr-...rerrme,,pirm,rmrtr".:•krr..:rCir:rf:,..7.7,7-?7,74-7r713,er:  
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On Kamchatka, N. angustilobus is very widely scattered 

(Kurenkov, 1967) and ) with Gvoloos scutifer  Sers and Daphnie longi-

remis Sers,  forms the basic pelagic complex of crustaceous plankton. 

It is found in the largest lakes, such as Kronotskoe . (more than 200 

sq. km .) and also in the small ones with an area of a few hectares 

(especially in lakes formed in the craters of extinct volcanoes). 

It is possible that,in order to live, the species needs a significant 

part of the lakels water balance to be contributed by ground waters, 

since it is not found in floodplain and tundra lakes with little groune-

water supply. 	At the same time, it is not found in many of 

Kamchatka's 1.akes which appear to have all the conditions .for its 

existence and where its usual pelagic companions live. 

It is not found in relict lakes either, except the lari;e Liackish 

Lake Nerpich t ee (found in only one sample). However, it was noted.in 

brackiSh water in the Lena estuary by P.L. Pirozhnikov and E.L. 

Shul'ga (1957). 

The water in all the lakes where we found N. ansustilobus  

(except Lake Nerpich'ee) belonged to the hydrocarbonate class, charec- 

'terized by high transparency and relatively low temperatures 

(no more than 20°Cat the surface and Jonsiderably less in the hypo-

limnion). According to all the data, the species also avoids lakes 

with an appreciable humic acid content. In all the lakes studied in 

Kamchatka where we found Neutrodiaptomus,the  pH varied from 6.8 to 9.5. 

Obviously the species is well adapted to low temperatures, as 

seen in the timing of reproduction to coincide with the period of the min-

imum temperatures, which in Lake Darnee at the 40-metre level are 1.5 to 3.00 . 
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Data on the distribution and population dynamics of N. an^us-

til.obu•s in Lake .D.a1lnee were collocted by Krokhin (1948) for a

nw;aber of years. B.P. Kozhevnikov studied the characteristics of

the stimmer vertical migrations of the crustaceans. This exhausts

all the published information on the biology of this species.

Life -Qyc1e

Lake Dallnee is inhabited by a monocyclic population of

N. an gi.ilobus, whose reproduction takes place in the first half of

the calendar year - from the beginn^.ng of January to the middle of

August.

The'first nauplii appear in February. At the end of June

the transformation into the first copepodid stage begins. Since

reproduction continues until August, nauplii are present in the lake•'-

made up of copepods (mainly in the fifth stage) in the middle of this

period (October-November). The first adults appear in December and

begin reproduction in.January. This proce,âs is presented schematically

in Fig. 1.

Let us examine the development of the crustaceans by phases. 160

. . ,.

until the 'end of that morith.• The copepodid period occupies a large

part of the development time; crustaceans of these.sta;es are found

in the plankton from June until April, with the entire population

Reproduction. Reproduction begins when the adults become stronger

after the final moulting. The difference in the ratio of thq sexes at

the beginning and and of the reproductive period is onlyslight (close

to 1:1 and only towards the end of reproduction do the

females begin to predominate^

71, I
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Fig. 1. 	Seasonal changes in the development of the 
N. ancustilobus population of Lake Dallnee 

- Adult 	N Nauolii 	G  - Copepod, in Stages I-V 

All the data show that the mating process of N. anerustilobus 

does not differ from that of other representatives of this species. 

,The incubation time can very significantly with the water temperature, 

- , about which more will be said below. 

After each mating, the female generates one unpaired egg'sac 

in which the eggs are clearly seen, greenish at the beginning of  

incubation and black later. By the end of incubation, the female is 

lobviously ready to produce new eggs, but without a repetition of mat-

:ing these are flot  extruded and sacs are not generated. 

In an aquarium with no males, females lived in such a condition for 

weeks, but when males 'uere added', all the females proved to be oviferous 

on the next morning. 

Spermatophores form very quickly; one male can fertilize up 

to at least ten females during three days. 

Duration of incubation.  To determine the length of time for eggs to 

mature under various temperatures, we kept oviferous females under 

aquarium conditions. Part of these were kept in a laboratory at 

room temperature, and the rest in 3-litre containers covered by two 
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layers of very thick gauze were placed in the river at its source 

from the lake. The daily water temperature here varied from 7 to 

10° . Filtered lake water was poured into the containers. As food we 

supplied a culture of Scenedesmus  and Chlorella,  in a concentration 

which produced a barely noticeable greenish hhe in the water in the 

aquariun tanks. 	This concentration of algae was higher than in 

the lake; therefore we assumed that the crustaceans experienced no 

food deficiencies. 

We succeeded in completing tests with only thirteen 

specimens, twelve of which produced very close results. Since it was . 

not possible to ensure complete temperature equality, a small discre-

pancy in results was quite natural. The average length of incubation 

at a temperature of 17-18°  was 4 days. 

\;(9 assumed that changes in the duration of incubation followed_ 

Krogis "normal curve" and, using the temperature correction found in 

the literature for relating the exchange values to 20 °  (Vinberg, 1956), 

we calculated our hypothetical curve within the limits of 2-20° . Points 

corresponding to the results of our experiments were plotted on this 

curve. Like most researchers, we used as indices not duration in 

1 
days (D), but the reciprocal of this value m y  i.e. the speed of . u 

development. 

Ile, fit of the curve appeared to be satisfactory. We compared 

this curve with similar ones obtained 

for 'Calanoida by other authors (Elster, 1954; Eichhorn, 1957) and 

those combined into a single diagram in the work of W.T. Edmundsor, 

G.W. Comita and G. Anderson (1962). Although all  the  Curves are 
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Fig. 2. Relationship between the speed of embryonic development' ;,162
and temperature for various Calanoida:

1.' N. anqustilobus (dots- results of separate experiments)
2. P"ixodiaotomuG lacinetus
3. Eudiaptomus ^racilis No. 2-4 according to Edmondson
4. xcanthodiaotor.ius denticornis et al (1957)

similar (Fig. 2), the upper two for E. gracilis and M. lacinatus

(curves 2 and 3) are noticeably different from the others, while a

third,.for Acanthodiaptomus denticornis (curve 4) almost coincides

with ours. There is a discrenancy only in the lower part of the

curve (below 8-9°), that is, in the section which was not corroborated

by experimental data in our case.

The duration of incubation at various temperâtures (taken 101

from the curves) and a^number of other calculated values, about which

more will be said later, are presented in Table lyA^
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Table 1. Relationship between temperature and the duration of 
the various stages of the development of N. ,anglAst5,1obus 

(in days) :1;1311,11mo:11, 	iemnepat ■ p:Iii 11 npo»,c,:w:Iiie.ru.110,211.10 
Inaoon pamniusl N. anu>H1ohub (! cYTax) 

9  • 	25 	7,5 	101 	350 
3 	22  

	

7,1 	91) 	312 
A 	 19 	6,7 	79 	275 

. 5 	17 	6,0 	70 	2-11 
;.) 6 	15 	- ,,..o 

	

 GI 	911 
Y 	1:3 	1,5 	53 	1.85 
8 	11,6 	4.0 	.18 	162 
9 	10,0 	3,5 	10 	143 

10 	8,9 	- 3,0 	36 	123 
11 	8,0 	, — , 

	

_,e 	,9 

	

.)... 	112 
12 	7,2 .0

,
A  

	

— , 	23 	101  
13 	11 5 	2,2 	26 	91 
14 	5,8 	9,0 	93 	81 
1.5 	5.2  • 	1,8 	21 	-- iô 
10 	.1.8 	1,6 	19 	• 67 
17 	. 	4,1 	1,5 	17,5 	61 
18 	4,0 	1,1 	10,0 	55 
19 • 	. 	3,6 	1.3 	14,0 	51 
20 	3,3 	1,1 	13,3 	• 	17 

1. Temperature (in degrees) 	V. Naupliar period 
A. Incubation period 	 G. Copepodid period (Stages 1-V) 
B. Interval between egg-layings 	D. Length of adult life 

••,„ 

• 

In aquariums at 17-180  the interval between two consecutive ' 

periods of incubation of egg sacs lasted over a day (about 30 hours) 

and for specimens in the river containers, three days or a little more. 

This indicates that.in  ihis - case too, the change in the rela- 

tionship between the length of the interval and the temperature 

corresponds to the "normal'curve". 'We alsa calculated such a relation-

ship from the approximate data available to us (Tableq, B). 

If the crustaceans had begUn reproduction simultaneously, it 

would have been easy to prove how accurate our calculations were, 

since the sequence of incubations would have been accessible to direct 

observation. However the process of maturing (the transition from 

the fifth stage to the adult) is greatly prolonged, and in winter 
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takes almost three montha. The gradual involvement of the adults

in reproduction conceals the overall picture of the order of replace-

ment of egg sacs. The calculation of oviferous and barren females

(Fig. 3, A) o ^shottils that the ratio changes appreciably during m the

reproductive period., and it is possible to trace, although not very

precisely, four periods of increase in the relative number of oviferous

females. At winter lake temoeratures of about 2° (Fig. 3, B) the

period of one laying with an interval_takes 30-35 days. Gonsequentl•y,

during the reproductive period, the great bulk of the females succeed

in bearing 4-5, and some 5-6, egg sacs. As will be discussed further

in greater detail, this assumption is confirmed by the existence of very

distinct periods of the appearance of copepods in the first.stage in

the lake's pelagic zone. Usually there are five or six of these periods.

04 ^--. _!L' j - _.._s.

Figure 3. Fertility of female N. angustilobus
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A. Percentage of oviferous (bars) and barren females in 1966 samples
B. Number of eÛ;s in one egg sac (bars) and average temperature (t°)

of the 40-metre layer of <<;ater

N
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Fertility. During the reproductive period the fertility of the 

females is not constant. From January to April the number of eggs 

in one egg sac changes very little (usually 4-6). In May it decreases 	163 

approximately one and a half times, but after ice break-up on the lake it 

quickly increases. In mid-July the average number of eggs reaches a 

maximum (12-13), but then declines and by the beginning of August has 

again fallen to 4-5 (Fig. 3, B). 	In all probability, the increase 

and decrease in fertility is related not to temperature, but to a 

change in food conditions. In May, before 'ice break-up, the - 

situation is at its worst, and the crustaceans look "emaciated". 

This phenomenon was noted by A.P. Shcherbakov (1967) for the Diantomus  

of Lake Glubokoe. The crustaceans are transparent, compleely devoid 

of fatty inclusions. But already at the beginning of July their 

appearance has changed noticeably; small orange fat drops form 

under their body covering. The reason for such a rapid qualitative 

change is the increase, following quickly upon iCe break-up, in 

the population of the highly nutritious diatom Stephanodiscus  

Hantzschii - the basic food, not only of  keutrodiaptomus,  but also 

other pelagic crustaceans and even many rotifers. 

The fertility of the crustaceans d'eclines at the end of the 

growth period of Stenhanodiscus  at the end oe July and beginning of 

August, although the water temperature remains at roughly the same 

level. This confirms the prime role of the food factor in the changing 

fertility, as Edmondson (Edmondson et al, 1962) has noted for a'series 

of other representatives of Calanoida. 

This does not preclude that the decline in fertility is due •  
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as well to the ageino of the females, the first claneration of i:hich

,are beginning to disappear at this time. A similar phenomenon was

also noted by the above authors for Diaptomus sicilis in Lake Lenor.

It is possible that the time of disappearance of the crustaceans

.from Lake Dal'nee, coinciding with a sharp deterioration

in their food supply, is biologically expedient and results from the

population's adapting to this, change.

Proceeding from the approximate dates of egg-bearing,

changes in fertility and the number of females, we calculdted the

average number of eg;s produced by the females during the life of

one year-class of Neutrodiaptomus. llr'e note that this value does

pot represent the "potential fertility" (Pdazzepov, 1963),«?hen the

elimination of females is not considered. It is more correct to call

it "real fertility", as all necessary parameters for the calcul:atiqri

are taken from the actual state of the population.. This latter is

important for the future calcutations of production.

We assumed that each female, surviving from maturation to the

iend of its year-class, produced annually five, and in

1965 six, egg sacs. (judgina by the six appearances.of copepods in th3

first stage). We arbitrarily took the period of first bearing to

'be three months, taking into account the long interval for the change from

the fifth stage to the adult. The determination of the number of

icrustaceans and weight of the eggs (on the basis of which calculation

of the biomass was made) will be described below. The results of the

computations (Table 2) showed that 'the real fertility.of females in

the years studied varied from 25 to 30 eggs per female, and the

number of eggs in the plankton was approximately 13 to 21 thousand

per cubic metre of water.
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Table 2. Fertility of females, number and biomass of the eggs 
of N. anpustilobus in Lake Dallnee 

. 	 3- h camon, q:13..,;e13133-.‘b n ilaumacca sum N. zlogu , 1110hus n 	Rail Idler,' 

r'.0:).1- 	: 	 r. 	 r. . 	.•. 	 u.....3‘; r. P 
1 	

.); .i 	- 	 i . 	1...u:,:.-i 
, cpoKII __— — 	I ,  	 – 

-l'in  1 	1  II:IC, II 
 

IIIIrlika. ! 	2_1 	n 	, M 	‘: 	1 n 1 M 	:, 	N 

5,5 900 4 050 4,5 1 500 6 730 1,0 	i-60 3 1 la 
5,5 ;7m:1 4 400 5,0 	900 4 500 4,0 1 000  4  om 

3,5 750 2 600 4,13 	709 3 200 3,5 1 000  4 1,0,i 

5,0 794 3 500 4,5 	000 2 700 4,2 1 . 000 1 200 

9,0 590 	450 10,0 	100 4 000 9,0 	703)  u 3::1) 

.. 
3 	n c e r o... 	30,9 	12 910 28,5 	19 9i.,0 2i3 .6 	21 150 21,7 	21 400 

4 
itilu. .1tei.”.3 	 :8,1 	 27,9 	 99,6 	 30,1) 

1 	1 —III  	1,0  Wu 3 000 
9 

 

	

IV 	:35  700 2 450 

	

V 	3,0 5',131 	150 

4 	VI 	4,2 359 1 470 

5 	VII 	10,2 300 3 020 
0,0  

1. No. of laying 
2. Periods.of laying 
3. Total 
4. Biomass of eggs (mg./cu.m.)  

n. 'Number of eggs per female 
M. Average number of females per 

cubic metre 
N. Number of eggs par cubic metre 

Duration of Development of Nauplii and Copepods 

The duration of development of the nauplii'from hatching 
• 

out of the eggs to the transformation into the first stage was deter- 

mined in two ways by a comparison of the time between the maximum 

number of nauplii and the first copepodid stages in the samples, 

considering the water temperature at the time; and immediate retention 

of the nauplii as they hatched in aquariums at fixed temperatures. 

The first calculation was done on the basis of the appro- 

priate graphs for 1967 (Fig.  4);' 	The diagram shows the change in 

numbers, first in the naupliar period, and then in the first copepo-

did stage. The number of specimenà per litre is shown on the ordinate 

of the first graph and on the second, the percentage of the first 

stage compared to the total number of crustaceans in all copepodid 

stages. Such plotting allows us to observe more distinctly the 
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• N - Number of nauplii (specimens per litre) 
K - Number of copepodids of Stage i (in % of all copepodids of Stages I-V) 
1-5 - Senal numbers of generations.  
1 - Periods of development of the nauplii 

appearance; length of existence in the plankton and sequence of thê- 

groups of crustaceans in the first stages, which are 	consecu- 

tively developing generations shown on the graph as five separate peaks. 

We assume that the maximum peak in the number of nauplii, 	165 

found in the 26 March sample, must correspond to the peak in the 

first copepodid generation, occurring on 3 July. In other words, this 

is the crest of the population density wave which extends over •  

100 days (11 ). 

During most of this time, the temperature at the forty-metre 

water level remained even (2.8 ° ), and it rose -noticeably only at the 

end of the period, with the result that the average temperature of 

this layer was 3.20  for the hundred day period. 

:From ice break-up and the beginning of warming up, we 
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considered the temperature, not of the entire depth, but onl~y o f

the surface layer since, as is well known, the nauplii are primarily

concentrated there .

Unfortunately there are no well-marked peaks in the numbers

of nauplii in the growth period following the first, and we cannot

assume with sufficient assurance that thay correspond to the second,

third and fourth generations . Such a comparison is possible only for

the las-G, or fifth, generation. It is quite obvious from the grapli

that the nauplii population curve declines in the first ten days of

August, corresponding to the formation of the fourth peak of the

copepodids . Following this, a new peak in the nauplii curve begins

to form with the maximum on 16 August . In the first ten days of

September, the nauplii of this last generation completely change int o

the c-Opepodid stage . The difference in time (1 is 2-4 days in2

The average temperature of the surface layers of water in this warMb8t

period of the hydrobiological year was 14 .6' . For other years, the

curves of the changes in nauplii numbers do not show sufficiently

distinct peaks, particularly in the winter, and we are .unable to

yerify the conclusions with these data .

In summer, when samples were collected more frequently, the

development period of the last generation (1,,) was traced more clearly

in 1965 ., 18 days (with an avera-ge temperature of 14 .3") ;,in 1966, 15

days (at 150) ; in 1968, 25 days (at 140) . The possible error here is

+4 days .

To test these results, nauplii were kept in aquariums . Several

oviferous 'females were placed in three-litre containersi In two days
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( 3-1^ ."^.u ^ust ) nauplii hat ched from a ma j ority of the eggs.All the

females,we.re removed.and the containers with the nauplii,were sus-

per_de d' at the source of the Dal 1na,ya River, with their tops above

the water level and covered with thick gauze. The water temperature

cha.n,-,ed three times a day. During the first 15 days, the crustaceans

were not disturbed, and after this the contents of the containers

were e:a..amined under a microscope once every two days.

The first copepodid was discovered on 23 August:.

The subsequent transition of the nauplii into the copepodid

stage continued until 1 September, but occurred mainly from 28 to 30

August. If the average date of change is taken to be 29 August, then

the average period of development at a mean temperature of'13° is 26

days, with a minimum of 20 and maximum of 30.

.^.

With these data, as in the first-case when the incubation,.

period was determined, a Krog "normal curve" was calculated (Fig.

5}. . On this, graph .;ae . plotted the points produced by calculating the

duration of development of the nauplii (11 and 12). It is obvious

that four of the five points are within the limits of the

trend line. Only the fifth point (for 1966) lies-below it, the one

which was obviously obtained as a result of incorrect determination

(12) due to chance deviation of the N curve (Fig._4), resulting in 166

a decrease in the development period. Therefore it is possible to

conclude that, within the limits of the accuracy of the analyses; the

results of the observations are sufficiently confirmed experimentally.

Data on the nauplii development period in relation to tempera-

ture, calculated from the graph, are listed in Table 1, V.
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Information in the literature on the duration of the naupliils 

development almost coincides with ours. Thus for E. gracilis  and  

E. graciloides, this period is 10 to 20 days (Malovitskaya, 1965).% "- 

• It must be noted however, that at lower temperatures both species 

require a longer growth period than N._an.P .ustilobus. 

This is probably related to the great adaptability of 

Neutrodiaptomus  to low temperatures. As already stated, this species 

exists for a prolonged time, grows and even reproduces in winter at 

an underice temperature of 1.8 to 3° . - 	• 

To determine the duration of development of the copepodids, we 

used the graphic method as for the nauplii. We calculated the 

average temperature of the 40-metre layer in winter and the 20-metre 

for the period of existence of the epilimnion, aince vertical migra-

tions of the crustaceans in general do not go beyond the boundaries 

of this layer. 
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The duration of development of the first generation ean be 

observed clearly enough (150-160 days), but it is considerably more 

difficult for the last. Examining a large quantity of data, we 

discovered specimens in the fifth stage even in June. In all proba-

bility, they belonged to the 'last generation Whose growth generally 

takes place at low temperatures (averaging about 4° ) and  continues  

for 280 to 300 days. 

The relationship between the •duration of development and 

temperature for three years was highly satisfactory, although for 

the last generation it is very arbitrary and calculated only 

for two year-classes (1965-66 and 1966-67) (Table 1, G). ' 

Unfortunately, confirming these conclusions experimentally 

has not been successful as yet. 
• 

The life time of the adult crustaceans remains to be determined. 167 

• As already stated, the first individuals in this stage appear 

in the lake at the end of December and are seen until mid-August. 

However it must be remembered that this basic group is composed of 

varying ages from five consecutive generations. 

As the feasible period of existence of adults of one (the 

first) generation, we took the interval of time from the beginning 

of maturing to the first signs of the males dying off. The latter 

is possible to determine from the ratio of males and females in the 

samples. When kept in aquariums the males die somewhat earlier than 

the females, therefore a change in the sex ratio of the adult portion 

of the population (noted in the second  half of June) is the signal that 

the first generation is beginning to disappear. 



The common life span of adults is about 240 days, but of 

the first generation (on the basis of the foregoing indications)- 

180 days; a significant part of this time the crustaceans live at 

very low temperatures (2-3° ). Individuals from the four following 

generations grow more quickly since their development more often 

occurs during the period of higher temperatures. The results of an 

approximate caLullation of changes in the life span of mature indi-

viduals at various temperatures (roughly of the average for males 

and females) are shown in Table 1, D. The ratio of the duration of 

the basic developmental stages of Heutrodiaptomus  at different temper-

atures (egg : nauplius: copepod : mature) is 1 : 4 : 13 :'8, and for 

the post-embryonic stages - 1 	3.5 : 2.1. 

For E. aracilis and E. eraciloides (Wutrich, 1948; Maloviskaya, 

1965) the ratio of the same stages is somewhat different, 1 : 1.7 1, 8 

and 1 : 2.5 : 10, that is, it differs significantly from what we 

obtained, showing the ecological variation in representatives of the 

different species of Jalanoida. There is a particularly large varia-

tion in the life span of the adults. A possible explanation for this 

is that in M.L. Malovitskayais experiments the adult crustaceans were 

• 	- 
kept in aquariums and our observations were made under natural conditions. 

Conclusions 

1. Neutrodiantomus aneustilobus  Sers  is very widely distributed in 

the northern part of Siberia, Kamchatka, the Northern Kurile, Koman-

dorsky and Pribilov Islands and also in Alaska and •Janada. However, 

information about its biology is practically non-existent in the 
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lteratare. In dif `'ernnt^ regions of it:i ;eo?rap'aical area, this species

de 3C2'1 Ûrz;,d a;3 new and t'S1.E3]."t'for e is now desi gnated by three synon^*ris.

2. The species lives main'y in lakes of secondary oligotrophic or

mesotrophic types and varying ,sâze.s. It avoids hurnic water and is

rareltT found in salty estuar,y lakes.

3. In Lake Dal' neo, there is one monocyclic population. Its repro-

duction be;ins in January and ends in August, after iivhich the adults

die. Nauplii are present in the plankton from February until the

be;innin.; of 3epternber. The first copepodids are noted at the end of

June v..-ith the maximum number observed.in July. The first adults

appear in December and in March, practically the entire population

is made up of mature crustaceans. The average duration of the post-

embryonic period under natural conditions is about sixteen months.

4. Dûring their lives, females produce 5 to 6 egg sacs. The number

of eggs per sa:; varies, averaging about 4 in the winter, 10 in the 1^08

summer and 5 to 6 at the end of their life. The number of eggs per

sac reache:l its maximum during the lake's "flocvering't with Diatomi.Ls

(3tenhanodiscus), the basic food of the crustaceans. In all, a

female produces 25 to 30 eggs. The length of incubation at a tempera-

tura of 100 is 9 days, with an interval of 3 days between layings.

5. Observations of the lake population and experiments in aquariums

demonstrated that the relationship between the rate of growth and. temper-

ature for the bulk of the crustaceans of various stages followed-

Krog's "normal curve", but some variation from the men was characteristic

of individual specimens even from one laying.
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S  11111 ta a r y 
The biological cycle was traced of a pelagic crustacean very common in the lakes of IKainchatha, an important food OrgalliSin of the local planktophagous fishes. Data are 

presented on the jeographical distribution and ecolog-y of the species. The periods of 
embryonal ;did post-embryonal development were followed  and the relafi6n of titis  deve-
lopment in all its stages v..ith temperature was established. 
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