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By I.I, Kurenkov

of the ecosystem of Lake>Dal'nee carried out in past years by a \%'
number of résaarchars (Krogius, Krokhin, Menshutkin, 1969). The basic
prineciple of the Wgrk is the study of the ﬁrophic 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 imp6£tént food source must be determined; this. necessitates

i 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 to

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

ons of the most important food sources for young red salmon in Lake Dal'nee.

*Numbars in the rlont~nand margin indicate the correSpondlng pages
in the original,




2.
Material and Methodology
Samples of plankton collected in Lake Dal'nee between
Octoler 1965 énd October 1968 served as the»research material., A
majority of the samples were obtained in a period of five days in
sunmer and ten to fifteen days in winter. In the winters of 1965-66
and 1967-68, the frequency of colleétion was irregular. In summer, the
period of most rapid changes in the plankton's growth processes, the
samples were gathered more often, sometimés daily. 4 total of more
than 250 samples were collected and prbcessed.
Sampling was done in the pelagic zone of the lake, in the
centre or one~third of the distance along its long axis, iﬁ-the area
of the sourée of the Dal'nyaya River (the western end of the laké).
The horizontal distribution of plankton in the lake was uneven; as.
it varied somewhat under the wind's influence. Therefore the pos%@ion‘
of the station to some extent affected the representivity of the N
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 ths 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 exceptioné,
were made in the 0-37 metre layer.
The samples were fixed with formalinm 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 processed by theA
standard method, with piston pipettes of 0.5, 1 and Siml. used,
depending on the abundance of the various stages of the crustaceans.

All the crustacseans, except the nauplii, were divided into 158
stazes. 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).

‘While workingz, I ”bénefited by consultation with and advice of
F.V. Krogius, E.M. Krokhin, V.V. Menshutkin and G.G. Vinberg and

also the friendly aid of B.P. Kozhevnikov and laboratory assisténi'

"\
.

Distribution of N, angustilobus

Published data about N. anzustilobus is extremely sparse.

There is only information about its morphology and location in a few
regions of its geographic range.
On the Burasian continent the species was first described as

Diaptomus’ angustilobus by G.0. Sars (3ars, 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 morphologieal proximity of N. anzustilobus to the American

N. tyrelli (Poppe) at one time misled S.S. Smirnov, who was identifying
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planktonic crustaceans of Lake Dal'nee, with the result that N.tyrelli
was mistakenly assigned to the hydrofauna of Kamchatka (Rylov, 1540).
The species was elso 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
geograpiilc range covers broad areas of Eastern Siberia, at least.
from the Yenisei to the Pacific Ocean, whore it is found in latitudes
from the mouth of ‘the Anadyr' River (and perhaps even the Shukotka)
to Okhotsk (in the Amur basin and on Sakhalin, although this species
has never been discovered there despite the frequent collection of
hydnbiologicil samples).

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

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

-

A}

Mlaadl, 1937; Ueno, 1938). | )

Beyond the Asian continent and the Kurile Islands, it is also o

known on Berinz Island as Diaptomus ambiguus from Lilljeborg'!s descrip-

tion (Lilljeborg, 1887). Subsequently, with advances in synonymy,
this species will in all probabilityvbe known by this name, since
Lilljeborg's account was written ten years before Sar's.

On the Pribilev Isiandsvthis.Species was described by Juday

and Muttkowski (Juday and Muttkowski, 1915) as Diaptomus pribilofensis.

According to E.V, Borutsky (personal. communicetioh) these last two speeies
are synonymous, |

The species is also known in Alaska and Canade as D, pribil-
ofensis Juday and Muttkowski (Wilson and Yeatman, 1959). A diagram in

the referenced material leaves no doubt that this is 1dentlcal to the

Asian species,
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On Kamchatka, N, angustilobus is very widely scattered

(Kurenkov, 1967) and,with Jyclops scutifer Sars and Daphnia longi-

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

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

sq. km,) and also in the small ones with an area of a few hectares 159
(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 lake'!s water bslance to be contributsd by ground waters,

since it is not fourd in floodplain and tundra lakes with little ground-
water supply. At the same time, it is not found in manj of
Kamchatka’s.lakes 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 large Lrackish

-

A . o R h) R
Lake Nerpich'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'za (1957).

The water in all the' lakes where we found N, angustilobus

(excépt Lake Nerpich'ee) belonged to the hydrocarbonaﬁe class, charec-
‘terized by high transparency anq relaFivelv low tempéfétures

(no more than 20°Cat the surface and consiéerably less in the hypo-
limnion). According to all the data, +ths species also avoids.lakes
with an appreciable humic acid content. In all the lakes studied in

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

Obviously the species 1is well adapted to low temperaturss, as

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

' o)
imum temperatures, which in Lake Dal'mee at the 40-metre level are 1.5 to 3.0
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Data on the distribution and population dynamics of N, angus-
tilobug in Lake Dallnee wére collected by E.i. Krokhin (1948) for a
number of years. B.P. Kozhevnikov studied the characteristics of

the summer vertical migrations of the crustaceans. This exhausts

all the publishsd information on the biology of this speciss.

Life Jycle
Lake Dal'nee is inhabited by a monocyclic population of

N. anaualilobus, whose reproduction takes place in the first half of

the calendar year = from the beginning of January to the middls of
August. |

The first nauplii appsar in Febfuary. At the end of Juns
the transformation into tpg first copepodid stage begins. Since .
reproduction continues until August, nauplii are present in the 1%ke"'“
"QHEiE fhe ghdng that mpﬂﬁh.' The copepodid period occupiss a largé"
part of.the deVeIOpéent time; crustaceans of thesé,stages are found
in the plankton from June until April, with the entire population
made up of copepods (mainly in the fifth stage) in the middle of this
period (October-tovember). The first adults appear in Decsmber and
begin reproduction in .January. .This process is presented schematically
in'Fig. 1.

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

Reproduction. Reproduction begins when tha adults become stronger
after the final moulting. The difference in the ratio of ths sexes at
"the beginning and end of the reproductive period is only‘slight (close

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

females begin to predominatél




O = o Y B
i / ‘ \ l'
i \ V.4 / c A Vs

X UAN / /
‘\ A »,\\\; ff . \ //[2

ol T~ E_h T
; ut v v x Y] / w v Ty

MECs; bt Mon7THs

Pl T Caemrd 0ol il it n parnu it ronvaaig N, angeusii-

T et st N ginveaaien: O - noneneaitbagt [\ evaan,

Fig. 1. Seasonal changes in the developmsnt of the
N, angustilobus ponulation of lake Dal'nee
A = Adult N - Nauplii G =~ Copepods in Stages I-V

411 the data show that the mating process of N. angustilobus

e S e

does not differ from that of other representatives of this species,
'The incuybation 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

PRERS

" Voo
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-

iing these are not extruded and sacs are not generated.

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

Ay

- weeks, but when males wers ddded, all the females proved to be oviferous
(s

on the next morning.

-

Spermatophores form very quickly; one mals can fertilize up
to at least ten females during three days.

Duration of incubation, To determine the lenzth of time for eggs to

mature under various temperatures, we kspt oviferous females under
aquarium conditions. Part of these were kept in a laboratory at

room bemperature, and the rest in 3-litre containers covered'by two




layers of verv thick gauze were placed in the river at its source
from the lake., The daily water tempzrature here varied. from 7 to
10°, Filtered lake water was poured into the containers. As food we
suppliad a culture of Scenedesmus and Chlorella ., in a concentration
which produced a barely noticeable greenish hue in the water in the
aquarium tanks. This concentration of algas was higher than in
the lake; therefore we assumad that the crustaceans experiepced n&
food deficisncies,

We succeéded in completing tests with only thirteen
gspscimens, twelve of which produced very close results. Since it was
not possible to ensures complete temperature equality, a small discre-
pancy iﬁ results was quite natural. The average length of incubation
at a temperature of 17-18° was 4 days.

Ve assumed that changes in the dgration of ipcubatién.foiioﬁed_

\ -

Krog's "normal curve! and, using the temperature correction found }nl
the literaturs 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
days (D), but the reciprocal of this value % s 1.9, the speed of
,develépment.
The_ fit of the curve appeared to be satisfactory. We FOmpared

this curve with similar ones obtained

for Jalanoida by other authors (Elster,ll954; Eichhorn, 1957) and

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

G.W. Comita and G. Anderson (1962). Although all the curves are
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Fig. 2.
' and temperature for various Calanoida:

. Eudiaptomus gracilis

N. angustilobus (dots=- results of separate expsriments)
Mixodiaptomus lacinatus

No. 2-4 according to Edmondson

Acanthodiaptomus denticornis

et al (1957)

ol

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

Lin 4

(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 discrepancy only in the lower part of the
curve (below 8-9°), that is, in the section which was not corroborated
by expsrimental data in our case.
The duration of incubation at various temperaﬁﬁres (taken © 161

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

more will be said later, are presented in Table 1, A.
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Table 1. Relationship between temperature and the duration of
L the various stages of the development of N, angustilobus

Th dava
FaABBCUMOLTE MUKAY TELMGEBATY PO B BPOACAIHICIBHOCTLIY PR3IRYHLIX (ln a-'r‘:‘)
sracan paremitsn N angustilobus {8 cyvigax)

itopepua

Tesiepa- | Tusydosnuon- Haveraaan. Cpow Mu3un

N, LU HOPHO, . ; u3pacaodt
P al e lélil;‘{}l U= él’)  ocom (1) D
2 20 7.5 191 3o
3 22 7.1 Ui 312 180
4 1o 6,7 78 Eri
) 17 G0 70 241 147
¥ 13 5,2 i 213
7 13 4,5 53 1355
3 16 49 43 162
] 10,6 3,5 46 1id
HU 8.4 A0 3 125 75
1 80 27 32 112
i 7.2 94 13 il
13 &A 22 thl yl
14 5,3 20 23 &1
B 0.2 1.8 21 i3 44
th 1.8 1.6 9 07
17 . G4 1,5 17,5 Gt
18 40 1.4 16.0 55
19 . 4,8 1.3 14,6 a1l -
20 3,3 1,1 13, - 47 28
1. Temperature (in degrees) V. Naupliar period
A. Incubation period G. Copepodid period (3tages I-V)
B. Interval between egg-layings D. ILength of adult life _
)
.
: . ° . NI
In aquariums at 17-18" the interval between two consecutive “

_pefiodé 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 this case too, the change in the rela-
tionship between the length of the interval and the temperature
corresponds to the tnormal curve". We alsd calculated such a relation-
ship from the approximzte data available to us (Table'l, B).

If the crustaceans had begﬁn féprdductioﬁ'simulténeously, it
would have been easy to prove how accurate our calculations wefe,
since the sequence Of.incubations would have been accessible to direct
observation, However tha process of maturing (the tranéition‘from

the fifth stage to the adult) is greatly prolonged, and in winter
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takes almost three months. The gradual 4nvolvement 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

* st
(Fig. 3, A) shows that the ratio changes appreciably during 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 temperatures of about 2° (Fig. 3, B) the L
period of one laying with an interval bakes 30-35 days., Conseguently,
during the reproductive perilod, the great bulk of the females succeed

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

in greaﬁer detail, this assumption is confirmed by the exiétencé of very
distinet 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.

Figure 3. Fertility of female N, angustilobus .
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Fertility. During the reproductive period tne fertility of the

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

in one egz 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 declinss 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 Diaptomus
of Lake Glubokoe. The crustaceans are transparent, complefely devoid
of fatty inclusions. But already at the beginning of July their -
“appearancelhas changed noticeably; smali orange fat drops form 2u.»-
under»théir body covering., The reason for such & 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 MNeutrodiaptomus, but also

other pelagic crustaceans and even many rotifers.

The fertilitylof the crustaceans declines at the end of the

growth period of Stenhanodiscus at thé end of July and beginnihg of
dugust, 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 séries
of other representatives of Calanoida.’

This does not preclude that the decline in fertility is due
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as well to the ageing of the females, ths first gseneration of which
are beginning to disappear at this time, 4 similar phenomenon was

algso noted by the above authors for Diaptomus sicilis in Laks Lsnor.

It is possible that the time of disappearance of the crustaceans
from Lake Dal'nee, cecinciding with a sharp deterioration
in their food supply, is biologically expédient and results from the
populaiion'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 eggs-produced by the females during the life of

one year-class of Neutrodiaptomus. We note that this value does

not represent the "potential fertility" (Mazepov, 1963),when the

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

it "real fertility", as all necessary parameters for the calculationli

are taken from the actual state of the population. This latter is B %
important for the.future calculations of production.

We assumed that each female, survivinz from maturation to the
vend of its year-class, produced annually five, and in
1965 éix, egz sacs- (judeing by thegéix appearahces.of copepods in the
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,hand the
number of eggs in the plankton was aﬁproximately 13 to 21 thousand

psr cubic metre of water. ' " :

o o b ot
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Table 2. Fertility of females, number and biomass of the eggys - §
of N. angustilobus in Lake Dal'nee i ;
4
TlanohiTosih CaMoHY, wegelitocrs 1 Gtomacca sy No angudtilobns noon. Jlaardes
Y s T s B H [T V
SRUEE %Csmxn | R b e | DI ; - o
L i""‘"ﬁ?’jé nooM N n | -‘"J Nojono Moo N M N
i F 40 600 3600 55 90 4030 45 186 6730 J0 80 Ban
2 IV 35 700 2450 5,5 8S0d 4400 50 900 4500 4,0 1000 Qe
3 Vo0 o6 150 3.5 T30 2600 4,6 Te0 3200 35 1000 30
4 VIoo4,2 330 1470 50 T0d 3500 45 LD 2700 4,2 000 120
5 VIE 102 500 3020 90 300 430 10,0 400 4000 @0 TO0 6EW
6 VIIT 60 id @9 .
30,5 12040 285 19950 286 21 130 M7 _ 2400
At aeeian? 8,1 779 20,6 300
1., No. of laying n. Number of eggs per female
2, Periods of laying M. Average number of females per
ying 2 P :
3. Total cubic metne :
4. Biomass of egzs (mg./cu.m.) N. Number of eggs per cubic metre ;
Duration of Development of Nauplii and Copepods '
The duration of development of the nauplii from hatching . {
. \ Vo {
out of the eggs to the transformation into the first stage was deter- }
ats =4 N . i
mined in two ways : by a comparison of the time betwesen the maximum N §
nunber 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= i

priate graphs for 1967 (Fig. 4)~..‘ The diagram shows the change in

numbers, first in thne naupliar period, and then in the first copepo-.
did stage. The number of specimens per. litre ié 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 distinetly. the
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Determination of the duration of development of

Fig. 4.
nauplii (19467)
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N - Number of nauplii:(specimens per litre)

K - Number of copepodids of Stage I (in % of all copepodlds of Stages I-V)
1-5 - Senal numbers of generations

1l - Poriods of development of the nauplii

appearance, length of existence in the plankton and ssquence of the- Ca
groups'qf crustaceans in the first stages, which are consecu-
tively developing generations shown on the graph as five separate peaks.

Ve assume that thé maximum peak in the number of nauplii, 165
found in the 26 March sample, must correspond to the peak in the
first copepodid generation, occur?ing.on 3 July. In other words, this
is the crest of the population demsity 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 3.2° for the hundred day period.

.From ice break-up and the begimning of warming up, we

y
R

Y

b S s quptna .
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considered the temperature, not of the entire depth, but only of
the surface layer since, as is well known, the nauplii are primarily
concantrated there.

Unfortunately there are no well-mafked peaks in the numbers
of nauplil in the growth period following the first, and we cannot
assume with sufficient assurance that they correspond to the second,
third and fourth generations. Such a comparison is possible only for
the last, or fifth, generation. It is quite obvicus from the graph
that the nauplii bopulation 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 cul‘?'ve begins
to form with the meximum on 16 August. In the first ten days of
September, the nauplii of this last generation completely change ;nto
the copepodid stags. The'difference in time (12) is 24 days iﬁ ail{m-‘
The average temperature of the surface layers of water in this Warﬁést‘*i
period.qf the hydrobiological year was 14.4°. For.other yeurs, the
curves of the changes in nauplii numbers do not show sufficiently
distinet peaks, particularly in the winter, and we are unable to
verify the conclusions with these data.

In summer, when samples were collegted more frequently, the
development period of the last generation (12) was traced more clearly :
in 1965, 18 days (with an average temperaturs of l4,3°);;in 1966, 15
deys (at 15°); in 1968, 25 days (at 14°). The possible error here is
:Z days. | |

To testvthese results, nauplii were kept in aquariums. Several

oviferous females were placed in three~litre containers. In two days
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(3-4 auzust) nauplii haﬁched from a majority of the eggs. Aall tﬁe
females were removed .and the containers with the nauplii were sus-
perded: at the source of the Dal'naya>Rivér, with their tops above
the water level and covered with thick gauze. The water temperature
changed three times a day. During the first 15 days, the crustaceans
were not disturbed, and after this the contants of the containers
were examined under a microscope once every two days.

The first copepodid was discovered on 23 August.

The subsequent transition of the nauplii into the copepodid
staze 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.

LY

With these data, as in the first case when the incubation\i"
period wéé determined, a Krog "normal curve" was calculated (Fig.
5},. On this graph we plotted the poiﬂts produced by caleulating the
duration of development of the nauplii (l1 and 1,). 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

(1,) dus to chance deviation of the N curve (Fig. 4), resulting in

 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 confirmsd experimentally.,

Data on the nauplii development psriod in relation to tempera-

ture, calculated from the graph, are listed in Table 1, v.

L

166

e
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Diagram 5. Relationship between the spesed of development
of the nauplii and the btemperature
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Information in the literature on the duration of the nauplii's

development almost coincides with ours., Thus for B, gracilis and .

-

!t‘.!

graciloides, this period is 19 to 20 days (Malovitskaya, 1965).)

e Sy

~,

It must be hoted however, that at lower temperatures both species
require a longer growth period than N._angustilobus.
»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 reproducses in winter at
an underice temperaturs 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 QOfmétre
for the period of existence of the spilimnion, since vertical migra-

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

of this layer,

Bl
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The duration of development of the first generation can be
observed clearly enougn (150-1460 days), but it is considerably more

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

1 ' discovered svecimens in the fifth stage even in June. In all proba-
’ bility, they belonged to the last generation wnose growth generally
takes place at low temperatures (averaging sbout 4°) and continues
for 280 to 300 days,
The relationship betwsen the duration of development and
temperature for three years was highly satisfactory, although for
the last generation it is very arbitrary and calculated only i
for two year-classes ﬁ1965~66 and 1966-67) (Table 1, G).°
- Unfortunately, confirming these conclusions experiﬁentally

has not been suczessful as yet. .

P

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

As already stated, ths 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 gensrations,

4s the feasible period of existence of adults of one (the :

€y .
first) generation, we took the interval of time from the beginning
of maturinz 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 i
ths females, therefore a chanze in the sex ratio of the adult porﬁion

.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 (2-30). Individuals from the four following
gensrations grow mors quickly since their de?elopment‘more often
oceurs Jduring the period of higher temvperatures. The results of an
approzimate calsulation of changes in the life span of maturs indi=
viduals at various temperatures (rough}y of tha average for maleas
and females) are shown in Table 1, D. The ratio of the duration of

the basic developmental stages of Nsutrodiaptomus at different temper-

- atures (egg : nauplius: copepod : mature) is 1 : 4 : 13 : '8, and for
e the post=embryonic stages - 1 : 3.5 : 2.1,
For E, gracilis and B, graciloides (Wiutrich, 1948; Malovitskaya,

-

'1965) the ratio of the same stages is somewhat different, 1 1.7\1 8.

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

obtained, showing ths ecological variation in representatives of the
diff'erent species of Jalanoida. There is a particularly large varia=
tion in the life span of the adults. A4 possibls explahation for this
is that in M.L. Malovitskaya's expariments the”aaulf grustaceans were

kept in aquariums and our observations were made under natural conditious.

Conclusions

1. DMNeutrodiantomus angustilobus Sarg is very widely distributed in

the northern part of Siberia, Kamchatka, the Northern furile, 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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Tterasture. In different regions of its geographical area, this species 7

was deseribed as new and therefore 1s now designatsd by three synonyms.

2, Ths species lives mainly in lakes of secondary oligotrophic or
mesotrophic types and varying sizes. It avoids humic water and is

rarely found in salty estuary lakes.

3. In Lake Dal'nee, there is ons monocyclic population. Its repro=-
duction begins in January and ends in August, after which the adults
dia, Nauplii are preseut in the plankton from February until the
bezinning of September. The first copepodids are noted at the end of

- June with the maximum number cbserved.in July. The first adults
appaar in ﬁecember and in March, practically the entire population
is madc up of mature crustaceans. The average duration of the post-
embryonic period under natural conditions is about sixteen month;¢~’
P ﬁhring their lives, femalss produce 5 to 6 ezg sacs. The number
of egis per sac varies, averaging about 4 in the winter, 10 in the 168
suwnmer and 5 to 6 at the end of their life. The number of eggs per

- sac reachas its maximum during the lake's "flowering" with Diatomus

(Stenhanodiscus), the bagic food of the crustaceans. In all, a

LA s

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

ture of 10° is 9 days, with an interval of 3 days between layings.

5. Observations of the lake population and expcriments in aquariums
demonstrated that the relationship between the rats of growth and temper-
ature for the bulk of the crustaceans of various stagpé followed

Krog's "normal curve", but soms variation from the mean was characteristic

of individual speclmens even from one laying.
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QPLPODA, CALANOIDA) IN LAKE DAL'NEE (Kamchalha)

I. L, Kurenkov . ' ?
Summary '

The biological cyvele w st i

. i 3 vas fraced o ¢ ory i

o Komeqipegical evele ‘{ r !L ..'f_a pelagic cruslacean very common in {he lakes

o et ‘m‘ 'lh“ mo‘ \;r aln. Ilw;' ;.m,fdxtusm of the local planklophagous fisties. Data are ;
nife ¢ geographical distribufion aud logy of peri ‘ |

resen . geograj atid ccology of the species. The perituds

Ik‘l.:',"i‘-“(‘tl““fl and post-embryonal developmenl were followed and (e relafion orpll;i:‘. (GC\‘gf ‘

opment o all its slages with lcmperature was estublished. .




