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]‘Development cycle and some data. o ~thegrowth of
Penilia avirostris Dana in the Sevastopol Bay

: Penilié avirostrisfis'one‘éf.the.repre§entétives of the not sb
:;ndhegéUS group.Cladocera o£ the mariné plahkton; if‘is encountered
“in the Black Sea during the summer and. fall months; Mass develop-
| ment‘ofvthe Penilia occurs in August ahd Septeﬁber'wheh”if may form :
'.up to 50% of the food zooplankton.  4 E | |
The life cycle of the Penllla can be referred to -the general
scheme characterlstlc for all Cladocera:. dur;ng the summer perlod * '
reproduction of the populatlon occurs by:paftbdéenesis;fin unfavor-
“able conditions at the end of thé sea;on‘males abpéar:and_formation'ﬂ
of eggé begins. in the females; after fgrtiiizatioh~these eggs are‘
needed for the hibernation périod. Aftef‘the»latent period-partheno—
‘geheiibvfémales-hatoh»again'ffom the hibernating eggs,‘ofigihating‘

the whole subsequent pbpulation.
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During observatiens‘of the population of Peniiia avirostris
'-in'tne~8evastepol Bay in the course of three years.(l954; 1955,
1956) we succeeded in establishing some details of the cycle of
their deVelopment |
The flrst spec1mens of Penilia started to occur in 1954 at the
'_beglnnlng of July at a temperature of 26 C (Fig. 1). During the
whole month of July the population remained Qery small in numbers
(up to 7 specimens per m3) Rapld development of Penllla in the
plankton started in August,produc1ng at the end of August and the
‘beglnnlng Qf_September a maximum quantlty i.e, 2118 specimens per

»m3. At thatdtime Penilia avirostris was the prevailing form of

~animal plankton. Up.to this period thedpopulationnconsisted only
of partnogenetic females and jnveniles i.e. females which did not
.reaeh yet sexual maturity. At the end of August at a water temper-
‘ature_l9—22°c, males began to appear in very limited quantities
(1 male'per.lOO females). tDuring almost the whole of-September the
E population of females was-fairly‘numerous.(448;645 per ms). Together
Cwith females producing parthenogenetic eggs, females appeared which
were ehanding to production of hibernating eggs: this could be
clearly'noticedfby the.dark-brewn celor of their ovaries. At the
end of September the quantlty of Penllla in the plankton decreased
conslderably (up to 20 spe01mens per m3) At the beq1nn1ng of October-
lonly slngle spe01mens were encountered and by 5 October not a single
Penilia was caught in the plankton of the bay.
| In the follow1ng year 1955 Penilia appeared in the last days of

July at a water temperature of 25 C i.e. later than in 1954, At the
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beginningfof August their'quantity was reaching 80 specimens per m3
(Fig. 2). This was the maximum quantity for the year 1955, Up to

and including November the population of P. avirostris remained on

a low levei quantitétively. At the end of November, at a water
temperatuie of l3oC the Penilia disappeared completely from the
plankton. .The first males apbeared, like in fhé preceding yéar,
at the end of August. TFemales with hiﬁernating eggs were'encountéred

in the population in October.. .--
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"Fig. 1. Changes of quantities of Penilia avirostris in the
. ' Sevastopol Bay in the year 1954
1 - temperature; 2 - number of specimens

The year 1956 was characterized by a short presence of the pop-

ulation of P. avirostris. The small crustacean was éncountered
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in the;planktqntfiret time-in this year -in the‘early days  of August

[atva:watér-temperature of;22°C'(Flg. 3)} In mid-August the population
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Mfig} 2. Changes of quantltles of Penilia av1rostr15 in the.
' Sevastopol Bay in the year 1955
1 - temperature, - 2 - number of specimens

grew.coneiderably in,numpersiand’reached‘its maximum in this year
of 358 spe01mens per mg._ from-this moment the quantitylef Penilia
in the plankton decreased steadlly, and already in the first days
of September only 51ngle spec1mens were dJscovered The disappearance
of the Penllna from the plankton took place at half September at a
water temperature l7—18 C. Like in the precedlmg year, the first .
malee appeared towards the;epd‘of August.- Females which Would change
to producing"hibernatihg‘egds were not found ‘

The populatlons under consideration were different with regard

to dates of appearance, length of perlods of existence and quantltles.j

In 1954 Penlllae appeared the first time on June 6 at a water temperQ:

ature 26 C and were encountered durlng a perlod of three months., In
'1955 they appeared somewhat later on June 26 at a water temperature

25°C and existed for more than four months and in 1956 they came still
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"tities of Penilia av1rostrls: B e ‘ .
in the. Sevastopol Bay in the’ in first place on a uniform decrease
year 1956
1 - temperaturej 2 - number of the water temperature in the course
of specimens -

: of all summer and fall months. Thus
1the populatlon of 1955 was able to last to November owing to a gentle
bdrop of the temperature from August (24° c) to November (13°c). In

1954 - durlng one month from August to September the water temperature
decreased'by 9'C (from 26° to 17 C).whleh caused fast mortality of the
populatlon at mid- September. - | | |
- The problemﬁgpantlty ﬁﬁfvariationslef Penilia frem year to year
'is a part ‘of the yet unsolvedvproblem of variations in the productivity
of the’ whole black Sea. rin the caee’ef P évirostris ef the Sevaétopolv
Bay a clearly expressed dlrect relatlonshlp between quantlty varlatlons
&g temperaturgﬁggﬁﬁ; not'be observed | -

In splte‘of the dlfferencesfshown‘between the three populations, -

it is possible to note commoh_featuree'characteristic for the develope

ment cycle of Penilia avirostris ,




The first spectmens”of the'animals appearing as a rule in the
..July plankton are juveniles and parthenogenetlc females of medlum

151ze (0. 7O mm long) in which the quantity of ‘eggs in the brooding

~ . pouches amounts to-five'on the aVerage; ‘In August begins a strong

Vfdevelopment of the populatlon which reaches a maximum at the end of
1Auqust and the beginning of September The pOpulatlon con51sts in
- 40-60% of Juvenlles havlng dimensions 0.49 and 0.56 mm in length.
r‘Therarthehogenetic femaies reach maximum dimeheions (up te 0.91
:and 0.98 mm in lengtb)}and prdduee the largest number of eggs and
“ embryost(8 on the average, 11 maximum);..The smales appear at the
end:ef'August)altbngh'in small quahtities. At the beginning of
September'one cad“find:in the planktoh‘single females not able to‘
_produceapaithenogenetic generations, Which ﬁave changed to producing
) hibernatihg eggs;‘ Atﬁthe eame time'femaleS"are encountered with
';hibernating eggs forming;*-their‘largest numbers appear at the end 'j 57.
.of September and in October. However, till.the end of life of the
“,populatlon parthenogenetlc females and Juvenlles remain predomlnant
.w1th regard to.quantlty. The ratios of all the groups of animals shown
in the populatiqn.ef 1955'are’given in'Fig. 4. Attention is drawn
by the veryAinsignifieant quantrty of.feﬁales With hibernating eggs_
(15%) in eQmparison with the duantity‘df parthenogenetic ones (60%

of the Wholefquantity of specimens).

Translator s note: '
This sentence is translated verbatim: it seems to be superfluous
‘as it repeats the statement made in the precedlng sentence.
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Fig. 4.';Ratlos of sexes and of ages of females of Penilia avirostris
in the population 1955, '

1 - females with parthenogenetlc eggs; 2 - Jjuveniles;
3 - males; 4 - females with dormant eggs.
| The dimensions of the parthenoqenetlc females decrease tat the
‘end of.September.and in October in comparison with August (up to O. 84

and 0.77 mm in length);"elso the number of mature eggs and embryos

decreases (three or four on the average, maximum six). October and

.‘Notember is the period of perishing of the population P. avirostris.
From this moment bedins the'hibernation‘period during.which (8-9
mooths) only dormant eggs of Penilia are encountered in the Bay of
Sevastopol.a In July of the follow1ng year the cycle begins again.

‘With' the moment when females with dormant eggs appear 1in the

‘population, some signs of depression can be observed in parthenogen-
etic females. Apart'from a general decrease of body dimensions, which
‘was mentioned earlier, the femalesxdeposit.in the brooding pouches

- a’ smaller number.of.eggs. In 1954, the averege number of eggs in

L] "'8




August was. eight and at the end of September three. 1In l955 at the
beginning of the population development the females deposited on the
-average six eggs,.towards the end the quantity decreases to three or
four. A direct re]ationshlp between reduction of the number of eggs
and decrease of body dimensions of the females towards the end of the
llife of the population was not noted (Table 1). The quantity of eggs
in tbe brooding pouches: of tbe females of equal body dimensions was

; different An - Auqust anduOctober 1955. As can be seen from.the table,
females O 70 and O. 77 mm long gave in August maximum ten, on the average
six eggs, and towards the end of the life cycle maximum seven to
eight, on the average four to five. Such a .decrease of the fertility

of . Pl avirostris between the beginning and'the end of‘the season was

~observed in all dimensional groups of parthenogenetic females.

When analys1ng the population of Daphnia magna Berg (1934) arrived

at the conclusion that the reduction of the quantity of eggs towards
,the end of the season is not connocted with the average decrease of
the female~s dimensions ‘and that a depression of the population in
the- change from parthenogenesis to typical sexual reproduction is the

..cause of it.




Table 1

Chanqe of fertility of females P. avirostris .between
.the ‘beginning and the end of llfe of’ the populatlon in 1955

Ta6nuua 1

WsMenieHUe MJQAOBHTOCTH cavmox P, auvirosiris OT uauaja K KOHLLY
kusuu momyasauuy 1955 r,

Number of eggs Hiicaio sy
PaaMepbl caMoK Auguet Asryer 0t o beOxradpe
MM
Dimen.si ons MaxcH- MIHI- cpen- MAaKCIH- M- cpea-
PO f f On"ll a8 MaJbloe MaJibHOC nee MaJjbHOC MaJabHoC u‘e_e
mm mexim. | minim modian Imexim. minim. | median
0,63%x0,28 6 3 5 6 2 4 -
0,70%0,28 10 1 6 7 1 )
-5 0,770,335 10 i 6 8 2 0 4
0 8’1){0 35 8 5 6 6 4 5

et —

Some qualltatlve changes of the parthenogeneLlc females should
also:be.referred to 51gns of depresslon: the eggs bepome smaller and
often as if diSpersed over the poﬁch; females with resorbed eggs énd
even embryos occur. - In the plankton are encountered females covered
‘with infusoria, Wﬁich impedes movements and filtration and probably
proves a_géneral weakness of the organism. All thése are features
of irreversible physiological changes léading finally to destruction

of the population; |

In. ordel to clarify the problem of the.rate of growth and number

of moults of Penilia, an analysis was made of the population in the
yearé 1954 and 1955 énd a series of laboratory experiments conducted.

The investigations were conducted in 500 cm3 vessels ta@ered
downwards which had in the bottom aArubber drain tube with'é‘clamp.
In.suéh a vessel it is eas§ to change the water ( every two or three
days in our experiments) without causing a trauma by'transferring
the animals With-é pipette, and to drain tﬁe sediméﬁt forming on

the bottom, moult skins and dead animals. The water in which the

..Ilo
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: aniﬁéls'ﬂwere kept was taken from a sea water pipe line-and was fil-
tered through a paper filter to remove large particlés suspended in
the Water. - The tempefature of the water was comparatively stable
during the experiments (22~24OC) and corresponded to the temperature
‘of natural.ﬁonditions; sharp variatioﬁs in day time and at night were
- not obéerved. ‘The experimental vessels were protected against action
of direqt sunlight. Colorless flagellated algae not larger than 8/k
served‘as food in theiexperiments; their cultures were kindly supplied
to us by L;A; Lanskaya;‘employeg.of the Sevastopol biological station.
"To determihe the body dimensions the experimental animals were picked
1carefully‘ffom the vessel using a wide pipette, plaéed on a slide
glass with a holiéw and measured under a microscope by ﬁeans of a
microheter chlar. The length of the»animal?s body was measﬁred
fromhﬁhe antériOr point of the head to the end of the post-abdomen,
the width in the middle of the thorax on the dorsal side.

| " We performed'measurements of 520 specimens of’females from the
nafhral popﬁlation of the Sevastopol Bay. Among them most often
females were_found of some'determined dimensions: 0.42; 0.49; 0.56;
‘O.63§ 0.70; O.77;”O.84§ 0.91, mm in lengﬁh. The dimension 0,98
-occurred comparatively rarely. There was an insignificant number
of_intermédiate values among theAindicated dimensions. In Fig. 5
is shown thé fréduency of encountering dimensions of female length.
The peaks on the graph correspond to dimensions most ofien encountered,
The presence of such repeated body dimensions made the assumption
possiblé that particularly at those dimensions, being the most steady,
occurs ﬁhe réjectioh by the animalsvof thé old chitin carapace 1i,e,.

that moUifing of Penilia avirostris takes place.

R &
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~observing all the eight success- Penilia avirostris no pumue
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ive moults of the ‘same female: Fig. 5. Frequency of encountering
, ’ S dimensions of length of the
- because the duration of life of : Penilia avirostris -

Penilia was much shorter in the experiment, ”partlcularly in individual

upkeep“*butiin laboratory conditions different females rejected cara-
paces at all the dimeﬁsions'énumerated above. All the eight moults
are conhected with the growth of the animal? as the 'size of the body
increaséé after each of £hem; On the average about 48 hours passed
from one moult to another The period'up to the third moult is the
tlme of 1nten51ve growth, the animal moults ‘in 36 hours. After the
 th1rd and all the successive moults the length of the period between
them incrééées somewhat (up to.4% hrs.5. This probably is connected
with the fact that up to the third moﬁlt the animél did not yet reach
sexual matufity;.‘Only after the third moult the female starts repro-
‘duction and bears the first portion of embryos which fact retards
the arrival Qf the next moult. When.some.impediments to growth and
a‘normal course of the héult are present (é.g. loWering of the témp—
“erature of water at night, damage to the bristles of the antennae
_and tail) the duration of the periods between the moults is extended

irrespectively of the age of the female. In such cases moulting did

* Translatér's note: : '
Translated ‘verbatim. I do not get what the author has in mind here.
Perhaps keeping the specimen in a test tube separated from others?
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not occur for three or four days and'often death of the anlmal was .
the outcome, often with preceding resorption of the,eggs ortembryos:
in the brood pouch. It can be assumed that under adverse conditions

the same occurs to P. avirOStris also in the sea,

Knowing the dlmen81ons ‘at which moults of females occur ~one can
calculate the 1ncrement of the body from one moult to another. To
calculate the lncrement to the first moult the average dimension of
freshly hatched juveniles and the'dimenslon at which the first moult

occurred Were taken into account. Their difference is the increment
of thelbody in length The~dlmensions.in width are‘the averages of
those most frequently encountered for the glven length ‘ The"resulte:
of the calculations are complled in Table 2. The 1ncrement of the.”
body in length is in all cases the same and equals 0.07 mm. .The
1ncrement in Wldth is equal in females up to the third moult, later
it becomesnbigger-with each moult. This probably depends on'the |
quantity of the embryoe born and the. stage of their development
The more embryos ‘the female carrles in the pouch the broader is the-
female. We can compare the data obtained by us only Wlth the unlque

~work on the blology of the P av1rostrls from the Adr1at1c~§ea (Steuer

1933) Steuer .gives an analy51s of the population of Penilia from

the channel D1 Leme* of samples from August 1932, on the basis of Which

he shows a graph of the ‘stages of moultlng (Flg. 6). As can be seen,
there are only six moulting stages (Roman,numerals), four of.which ‘ 60
include animalsiwhich did not reach eexual'maturity (marked with a »
plus sign); females in the V and VI stages produce eogs and\hear

juveniles. - Comparinglsteuer‘s graph (1933) with our data we can de="

tect the followingrdifferences.

Translator s. note: '
Now: Limski Zaliv near Rov1nj in Yugoslav1a




Table 2

Body increments of femaleé'of Penilia avirostris in length and width
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1. According to Steuer sexually mature fe-
males go through dnly two moults instead of

five, as follows from our observations.

2. The period up to sexual maturity includes

four moults, one more than in the Black Sea

3; The Adriatic Peniliae attain larger dimeh~
sions than the Black Sea ones (the maximum
length of the Adriatic Penilia is 1.09, that
of the Black Sea one 0,98 mm).

As faf as the first difference is con-
cerned, one can state that the stages between
the moults of sekually mature females accord-
ing to Steuer appear to us to be vefy spread
with a great number of dimensional variations
and very large body increments in comparison
with the juvenile stages. E.q. the V stage:
includes body dimensions from 0,70 to O.86»mm
in length, whereas the II stage has from 0.55
to 0.62 mm. This means that the body incre-
ment in the first case is tWiceifhe incrément
in the second (0.16 and 0.07). It is diffi-
cult to imagine that adult females would have
a twice as large body increment than females
which did not reach sexual maturity in the
period of intensive growth. As has been ex-
plained, the body increment of the Black Sea’

Penilia is the same between any twb of the

ee 14
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eight moults and equals 0.07. Therefore we think that the last two
:stages of moult propoéed by‘éteuer (1933) areAcumulafive, each con-
sisting at least of’twb. Stéﬁer‘s \Y étage corresponds to two of ours
(V and VI), Steuer's VI stége prébably covers our three stages (VII,
VIII, IX). Since thé'body incréments in Adriaticlggpiliae in the

first four stages of moult correspond to the increments of the Black

Sea ones (calculated:from Steuer's graph) the body increments of P.

.aviroétfis is probably the- same in both seas.

Steuer explains the @resence of thé I stage of moult by the cir-
cumstance that after leaQing‘the bfood pouéh the:juveniles moult
immediately. We did not succeed in observing such a pheﬁomenon.

The -extension of the juvenile périod in the Adriatic Sea in com-
barison with thé Black Sea, together with attaining larger sizes increases
'considerably the duration of fhe"individual life of the Adriatic Penilia,
1f we take into account the length of the stages between moults being

_equal in both seas..
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Pue. 6. Asaans nonyasuuu Penilia avirostris 6 asrycta 1932 r. w3 xanajia
ST - '~ Hu Jleme (mo Ilreltepy, 1933):

I—VI — crafui JIGIeK; @ — MOJOAb;, © — B3pOCHEIG CaMKI (B KDYXKKe YKa3ano wHCJIO
9MOPHONGH)

nilia AviTestris of 6 June

Fig. 6. Anélyéis of’the.populatioﬁ~of Peni

11932 in the channel Di Leme* (according to Steuer (1933) ) -w»»~t

I-vI - stages of moulting; a - juveniles: b - adult females (the
number of embryos is shown in circles) :

During an inspection of 19 samples of zooplankfon from the bay
taken from the.end ofAAugust to the moment of perishing of the popu-
lation of 1955, 76 méles Qere found, the measurements of which gave
the following results;. |

" The prevailing length diménsions - 0.42, 0.49, 0,56, 0,63, 0.70,

0.77 mm ¢

See footnote on page 12.
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cthe width of the bOdy'increased proportionally to the lenqth'
from 0.17 to 0.35 mm. These most often encountered body dlmen51ons
were taken as border values between two moults. The presence of

those dlmen51onal groups conflrms in a certain way the ex1stence of

five moults of the males of B. avirostris. Up to the I moult the

juveniles do not have yet fhe secondary sexual characteristiee of a
male: the twin penis and long I antennae. After the first moglt the
antennae elongate (from 0.112 to 0.25% mm), in the location of the
'future copulatlon organs appear small tubercles (0.028-0.07 mm long).
With each successive_moult the length of the antennae and the penes
increaees (Table 3). The maximum dimensions of the penes (from 0.21
to 0.308 mm) are observed in males after the v moult; after this
moult the antennae exceed the length of the.body>(0.77 mm) .

- | | Table 3

Increase of the length of penes and I antennae
of males P. avirostris, following moults

TaGnuwa 3

VBeJHUCHHE ANHIE TIEHHCOB H | anTeHH y camnon P, avirosiris ¢ JuNbKAMH
a il <
Len{rbh ﬂnnuq M Oul s e HHBKH
of organs opranos,
MM I ’ II 111 v v
min
| | | |
Penes [lenncer. . .| 0,028—0,07 | 0,035—0,126 | 0,07 —0,210 0,112—0,28 | 0,21—0,308.
I antenndeaurerint 0,112—0,266 [ 140—0,378 | 0,210—0,56 10,308—0 608 0,40—0,77 ,

The body increments of the males_between two moults are the same as
the increments of the females and eqnals 0.07 mm. Certain variations
of the: length of penes and antennae correspond to each body dimension

of the male; therefore their,incremenfs from moult to moult cannot be
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shown as one value. It is of interest that"éfter the IV and V moultl
the growtb of the penes and antennae is retarded.and stops (at a length
of 0.70 ﬁm)...Apparentiy the V and VI stages of.moult include fully
adulé'malés cépable to fertilize the femaleé,

The problem of the duration of the stages between the moults,
and'consequently the duration of life of the méies themselves was not
clarified definitely. In experimental conditions the males lived up

to five days. Sexually adult males lived in the aquarium three days

only.
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