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anvnearance was confirmed in the following years, This cladoce-

Sudler (1899), who conducted histological and morvhological
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Penilia avirostris Dana was discovered for the first

time in the Bay of Navles by Caroli (1924) and its seasonal

ran, which is present in the Bay from May to November, renro-
duces by the monocyclical type of deuterotokous’parthenogenesis.

The first to study the biology of P. avirostrisiwasﬁ

research on the parthenogenetic form and its embryonic stages.

at Beaufort, North Carolina. Using specimens collected.-in the_-"
Adriatic Sea, Steuer (1933) described the juvenile forms |
which precede reproductive nmaturity, prihiparous and multi-

parous forms, seasonal variations of thelr size and several

- juvenile stages of the male sexual form. Pavlova (1959)

studied the seasonal, quantitative variations of P. avirosg—

tris collected in the Bay of Sevastovol, the development

and growth of both parthenogenetic and male sexual fonns;
The same author is also responsible for observing the re-
sniration of the juvenile and adult forms (1961) and the

feeding process (1959 a), the mechanism of which had already

TResearch carried out «ith the contribution of the
CNR given to one of us (Della Croce) at the Zoologlcal Sta-
tion of Naples. : ,
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formed the object of a study by TLochhead (1936) dealing

with the Penilia of the Bay of Naples., Wicksteod (1963)

observed the quantitative, seasonal variations of Penilia
o\

avirostris in the waters off Zanzibar and dealt with the

.biological and ecologic factors which regulate and condi-

tion the cycle.
Della Croce (1958, 1962, 1964) examined the sea~-

sonal cycle of P. avirostris in the Bay .of Naples and its

geographical distribution and reproductive votential. Ya-
mazi (1964) studied the population density of this clado-
ceran in the innermost vart of the Bay with relation to
the water pollution. Della Croce and Bettanin (1965) de—
scribed the stages of develowment and the embryonic growth
of the parthenogenetic organism in the brood pouch of the
varent form which they collected in the Bay of Navles,
In consideration of the fact that thewpreceding.

N o
observations were based on samvlings btaken at different

- tinme intervals and from various stations distributed over.

the entire Bay of Naples, it was decided that the cycle of
P; avirostris would be reexamined at only one station in

—

the Bay by means of weekly samplings. In this way, the

cualitative and guantitative seasonal variations of the

population and its;reﬁro&uctive methods could be studied.

Equipment and Methods .

50

The samplings were carried out at Ammontatura from .

May 16, 1962 to January 24, 1963 twice a week on a water
column of 50 - O meters, by means of nylon nets having 625

meshes per cubic centimeter and a diameter of 70 centimeters.
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From each svecimen fifty warthenogenetic females‘in
the act of revwroducing were scelected and the length and num—

ber of eggs or embryos of each of these was examined; once

these eggs or embryos had been extracted from the brood pouch,

the stage and size reached were ascertained. The length of
the parthenogenetic and sexual forms was measured from the‘
tov of the head to the base of the caudal hairs. All meas-
ureanents were made with an ocular micrometer whose unit of
measurement corresponded to 16 microns.,

The selection of the above-mentioned smnecimens oc-—- .
curred after the samvle, which had been vreserved in forma-
lin, was brought to a volume of 250-500 cc., depending on
the density of the planktonic harvest. The fractions which
Were exanined range from a minimum of 1.3 to a maximum of
500 cc., the number of Penilie being resvectively equivalent
to 103 and 341. At the same time, the dead, juvenile and

. sexual forms were counted. |
The povoulation density per cubic meter was calculated
by assuming to be unchanged the filtration cavacity of the

net along the column of water of from -50 meters to the

@ SN
surface. _ O

Seasonal Cycle

Although sporadically 2. avirostris has been found

. in March in the Iigurian Sea (Della Croce, 1952) and in

'December and January in the Bay of Navles (Caroli, 1924; Del-

la. Croce, 1962) it was thought that the appearance of P, avi-

rostris among the,plgnkton was limited to the period from
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June to November (Della Croce, 1964).

In 1962, however, the cycle of P, avirostris began

in May and the population reached its maximum density (2063
- orgnnisms per cubic meter) at the beginning of June. High
'oonulﬂtlon densities were again attained at the end of July
(987 organisms vper cubic meter) and in declining values
again at the end of August (435 organisms per cubic meter).
By Novembexr the vopulation had completely died out. The
sexual forms which appeared at the end of July were found
until October (Table I, Fig. 1).

The cycle is,‘thereforé, characterized in the begin-
ning by a living explosion in every sense of the word and
it often disapvears just as rapidly as it comes into being.
This vhenomenon has been clearly observed in various loca—
tions (Della Croce, 1958; Bainbridge, -%960; Deevey, 1960;
Wicksbtead, 1963).

Wickstead (1963) clalms that the rapid creation of
a hlgh population density may determine in .« several areas'
an oxygen-deficiency - which is not alleviated by normal |
diffusion processes — and an increase in carbon dioxide.
This increase favours the deyelopment of diatoms which take
on the function of keeping the oxygen at optimum concentra-
tions, When the above-mentioned situation ceases to exist
because of the rapid decline of the' diatoms, sexual forms
and resting eggs'will\appear.

Therefore, the substitution of parthenogenetic ré—
production by sexual reproduction leads, according to Wick—
stead, to a ravid pooulation decrease inasmuch as the old

one disappears and no new one arises to -take its place. If




conditions are favourable for the hatching of-the resting
eggs before the surviving forms of the old povulation disap-
pear, they will mix with the parthenogentic forms of the new
population. Wickstead identifies this phase with fhe valley
between the peaks of two vovulations on a frequency curve.
Such a valley is sometimes encounfered in several aress in..
the course of.a few months,

Wickstead's theory concerning oxygen concentration

and its effects may be held to be relatively valid, but it

" has not been ascertained that there exists in P, avirostris

a concomitance between maximum population density and the

appearance of the sexual phase, as was pointed out in Lvadne

(Bainbridge, 1958). We rather believe that this is a progres-

sive conditioning of the cycle, as shown by the variations

in size of the parthenogenetic forms and the fact that their

revroductive capaclty progressively diminishes in subsequent
generations until the sexual forms appeaf.

Therefore, the above-mentioned valleys (Fig., 1) are
caused by the population's adapting to the reduced nourish-.
ment present in the water, the water having alréady been
devleted of nart of its nutritional components by preceding
nopulation exvlosions; by seasonal variétions in envifon—
mental conditions;hand by the changes brought on in fhe |
watér by the same pooulation, '

Moreover, whether or not the resting egis hatch be-
fore the old parthenogenetic population has disappeared’
has yet.to be proven. Such a supvosition may vrove founded

in those areas where the species is endemic and has an
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.. Table 1 - Population density of P. avirosbris in a column

of water of -50 meters to
the surface

Date Juvenile foims Parthenogene- Sexual Dead Total
and forms with- +ic forms with forms forms '

out embryos embryos
' v ' i .
.16.V.1962 1 : 3 o= 4 8
24 4 - 6 Lo—- 4 S 14
29 10 30 Lo— 65 105
5.VI 320 1002 —_ 741 2063
; 15 28 201 —_ 158 387
19 55 * 155 . - 105 315
28 52 173 —_ 153 378
3.VII 79 228 - 251 558
13 47 117 _ 120 284
20 76 \ 542 .o— 369 987
27 73 283 17 351 - 724
1 3.VIIL 56 i 176 ‘ 3 243 478
14 - 13 33 , 1 89 136
Lo 15 ! 41 Eo— 39 95
‘ 29 171 145 | 3. 116 435
41X 8. - 129 . 2 141 310
14 2 ; 3 ‘ 1 13 19
24 14 59 L 14 7 . 159
5.X. 1 3. 3- 5" 12
12 0,1 , 0,1 2 2. 42
. 23 —_ —_— ! —_ 0,4 0,4
30 .0,5 ! 2 i o1 3 6,5.
7.X1I 0,1 - [ 0,4 — 0,4 0,9 -
15 -0, 04 - 1 )3

annual cycle (for examvle: Algiers, PFreetown), provided
naturally that the oyole there is noﬁ sunnorted by a con-
tinuous parthenogenetic reprbduotion,.(LOChhead, 1954).

In the locations where the oyole'was studied for
a number of consecutive years (Pavlova, 1959; Deevey, 1960)
differences relative to the beginning.of the cycle, its
length and the popu;ation density were observed. Pavlova
(1959) claims that the énpearanoe and length:of a cycle
are closely related to the temperature, & sudden decrease
in which may bring the cycle to a sudden end.

No less important are the conditions on which de-
‘,

* pend the survival and hatching<of the resting eggs on the
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Pig, 1 - Quantitative variations of the naerthenogenetic
J D! &

form (solid line) and percentile variations of
the sexual forms (dotted line) in the course
of a cycle

botton as well as the eologic and biological factors Which
favour a massive onset of the cycle and regulate 1ts sub—
sequent course. Among these factors are food avallﬁbllltJ,
reproductive bepavior, disversion, mortality and predation;

Juvenile forms, under which term.we'understahd also
those forms 1écking eggs or embryos, make up from 10 to 20%
of the pooulation from May to August and from O to . 10% from
September to November (Fig. 2).

The ratio of the juvenile forms to the.forms with 55

* embryos is equal to 0.4 ih May. The high vercentage ¢
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of juvenile forms foretells of the massive develooment that
the population will reach in June and July (0.2) whereas the
values in August {0.5) as well as in Seotember and October .
(0.4) signal the decline of the cycle 1nwsuuoh as a contin-
uingly eleva tod Juvenlle percentaée does not signify an in-
. crease in the nopulatlon denglty but rather an increase in
mortalitys - |
| As a matter of fact, the dead forms constitite 27 -
509%% of the population from the boglnnlng of the cycle until
August, - They never drop below_45% in the subseguent perlod
and may reach even as high as_ES% (Fig. 2). Furthermore,
beginning in June, the mortality rate is continuoule in-
crenolng(377/1000) and reaches its hlghest veak in October
(588,/1000")
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The samvling methods did not vernit us to examine
the relationshiv between the sexes; neveptheless, it was
observed that individual cladocera of the mns culgn& sex

seemed to prevail., In the Bay of Nanles, Caroli (1924)

' observed.that the males which had appeared in July in-—
creased subseguently until they equaled or even exceeded

in number the sexual females with resting eggs which disap-—

peared in October. _
In 1962 in - the Bay of Navles, the embryonic and
adult forms (Della Croce and Bettanin, 1965) attained the

follow1ng sizes whlch are exnressed in mm.

" Fmbryonic .Stages Partheno. Sex, indiv, Restingv
Pirst Tast individuals Tem. Males, eggs
minimum  0.05  0.16 0.49 0.61 0.51 0.23
maximumn 0.11 - 0.41 o 0.91 0.79 0.64 0.33
average 0. 08 0. 27 0.67 0.71L 0.57 0. 26

In the B .y of Sevastopol, EL Avirostris reaches a

olze eoulvalent to 0.70 - 0.98 mm. in the parthenogenetic

form, to 0.8 - 1 in the female form and 0.65 - 0.80 in the . =

male form (Doigopolskaja, 1958; Pavlova, 1959). In .the
Canal of Leme this cladoceran measures resoecblvcly 0.7 -

1.2; 0.92 — 1.20; 0.85 - 0.88 mm.  (Steuer, 1933).

P. avirostris -attains a particularly high popula-

tion density in several areas (Table 2). We think it op- g

“portune to'boint out her@ that in some areas this cladoce-

ran may comprise. more than 50% of the plankton population
and renresent one of the basic food bources of »lankton~ -

eating fish (Dolgopolskdja, 1958, Pitsik, 19603 Goromosova,
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1962; Margineanu, 1963).

Table 2 - Vaximum density of populetion of P, avirostris
expressed in number of individual cladocera oer.
- cubic meter in diverse locations

o~

Tocation N° /inc- Date Author
Bay of Navnles 639  July 1957 Della CGroce 1958
Bay of Navples 15000  Sentember 1962 Yamazi 1964(+)
Bay of Nanles 2063  June 1962 D.Croce,Bettanin '65
Sevastopol .. 8000  August 1951  Pavlova 1961 a (+) -
Sevastonol ' 2118  August 1954 ©  Pavlova 1959 e
Sevastonol . 80 August 1955 Pavlova 1959
Sevastovnol 358 August 1956 Pavlova 1959

. Rumanian waters 22158 August 1960 Margineanu 1963
Algiers 340  June 1951 Bernard 1955 (+)
Waters off Freetown 2679  December 1954 Bainbridge, 1960
Zanzibar 2186  January 1961  Wickstead 1963

Block Island Sound. 900 October 1949 Deevey 1952 a (+)
Long Island Sound 11000 September 1952 Deevey 1956

Delaware Boy 4045 Avgust 1952 Cronin & coll. 1962
Gulf of Auraki 1250 January 1949 Fuller 1950

.. Bay of Kumihams, 4000  June 1947 Yamazi 1954

(+) calculated values

(++) In the Delaware Bay (Deevey, 1960) and in Block
Island Sound (Deevey, 1952), 800,000 and 2900 organisms were
collected after dragging the nets for resvectively 10 and 15
minutes. In the Black Sea P, avirostris reached in welght a
density of 188 mg/mec (Dolgopolskaja, 1958).

Development and Moulting of the Partheno— l
genetic form

In 1959 Pavlova observed that the parthenogenetic
forms present in the Bay of Sevastopol belonged predominantly
to eight length classes and held that the greater frequency

with which these lengths were found Qorrespoﬁded to moulting
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. periods.. Although it was impossible to follow all eight

moults: on the same individual, this hypothesis was con-
firmed in the lahoratory. Pavlova furthermore noticed that 5T
if the normal develomment is in any way hindered (by, for '
example, a thermic dron or traumas) fhe-period between
two moults no longer last from 36 to 45 hours but is
lengthened and sometimes moulting has still not occurred
after three or four déys. Often the individual dies.
' Pavlova held, therefore, that once it was known

at what size moulting occurred, one might be able to ca1—i

 culate the body increaseé between one moult and another and

the increase from birth to the first moulting by measurlng ;
the 1nd1v1dual at birth and after the first moultlng. ‘
 Pavlova's sole predecessor was Steuer (1933)VWho
had examined the moults that Penilia underwent in the
Canal of Léme and discovered only six, The following dif-
fetrences were~found{
A 1) Parthenogenetic forms pass through four moults
in the Canal of Leme and three in the Bay of Sevastonol
beforé reaching renrbductive maturity; 2) Revnroductive
parthenogenetic fdfms pass through two moults in the Canal
of Teme and five moults in the Bay of‘Seﬁastopbl; "3) The-

Pepilia in the Canal of Leme attains a greater size than

aoes thnu in the an of Sevastoool.

.Pavlovu says that he did not observe the moult whlch
Steuer claims the embryo passes through as soon as it is re~
leased fron the“broad-poﬁch. Fﬁrthermore, having calculated
an increasé of 0.07 mm., for each of tHe,eight moults, he be-

Tieves that the two moults of the adult varthenogenetic Torm
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which Steuer described may, on account of their size, be 
divided into the five moults which precede the shedding
following the first moulting. Pavlova is, therefore, of
the oninion that it is'érobable-that body dévelopment.oc—
curs in the same manner, regardless of the differént sizes

of the P, avirostris in the two locations.

Reproductive votential of the parthenogenetic form

The number of eggs or embryos present in the brood

~pouch varies during the course of the cyile,

The reproductive cavacity which is greater when
the species begins its cycle in May', gradually decreases
until it reaches a minimun in July; thereafter it tends to
increase agaiﬁ_bﬁt 1t never approaches by any menns the
initisal values. At the end of Sentember it has again

reached the minimum (Fig. 3; Table 3).

The above-mentioned variations may be considered - 59 . .

as a true characterization of the rebroductive behavior of"
the varthenogenetic form, a fact Wthh vreceding obsorvq—
tions, even if dlsconulnuous, have confirmed. (Pavlova, 1959,

Della Croce, 1964)., These oboervatnons show that the D

avirostris' found in- the Bay of Naples has a lower repro-
&uétive potential than thaf of the Bays of Sevastonol, |
Beaufort and Narragansett. ‘ . ét® | -A.
Research conducted on Moina by Allen and Banta (19?9),
on Daphnia by Green (1956) and on Evadae by Bainbridge (1958)
are in agreement over ‘the fact that food ava 1lability and
femper&ture are the mowﬁ imnortant factors in the conditioning

of the reproductive capacity of these cladocera and it may




‘.-

T T T T T T T T T
' ~ 0 o w w < ~ ©
— L g
{ {wm)
o™

16 24 2

A
3

13

58

Fig, 3 - Percentile
frequency of the’
narthenogenetic form
denending on the num-—

- ber of eggs or enmbryos

present in the brood
nouch, and variztions:
in the average renro-
ductive cavacity
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therefore be suonosed that the suie holds true for P. avi-

rostris,

Purthermore, the renroductive mnotential may be in-
fluenced by environnental conditions even if only in areas
of limited extension (Table 4), such as the Bay of Nanles
(Della Croce, 1962),

Table 3 - Nuuber of EQL or Embryos present in the nar-
thenogenetic forms

. Date N¢ of swneci- O of eggs or embryos Standard

nens exanined . Max. Mln. Average Deviation
16.V.1962 . 16 - .13 5 9,1 T2
24 R o122 6,7 2.3 -
.29 L 50 . - . 4 7.6 : Lo1,s
. 5.VL .50 e 2 49 T3
©o15 50 } e 6 T 2 3,1 W
19 o 49 o R A 3,1 S Y
Io2g S 500 R/ 1 3,5 o3
i 3VIL .49 - . 5 1 .27 1,0
S S 1) B L4 1~ 16 0,3 -
20 . 507 o6 1 36 P13 ;
27 50 6 1 2,7 .. B
3VIIL . 50 : 6 1. 3,0 o 1n
o 14 - C 4 1 2,2 . 0,8
21 .50 Y e s L1 2,5 p 1,2
29 S 8. 1 3,8 ! Lo1,7
4.1X. .50 . 6 2: 3,2 * C12
14 e 54 S . 6 . 1L 2,8 1,3 -
24 . 50 - ; 3 1- 1,7 0,5
5X. . 45. 4 1, 2,2 0,9
12 .. L — — L — L - - :
23 . e e —_ — —
30 . ‘ 2 - o6, 2 3,8 : 0,9
T2Xr . 4 i 3 2 v — ; Ll
15 3 T3 3.0 - : —_
27 — — C— — ) —

The ronroductlve cnna01ty in the 1nner 1087 section’

of the Bay (Station F) was high in June, but very much re—
duced even if constant during the remaining months of the

cycle, In the more ex tornal area (Station C) P. avirostris

appeared in the following month and retained a more uni-

form renroductive camacity until October. The values were,

. however, inferior to those in the preceding station.

60
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Table 4 - Number of eggs or embyyos carried by the partheno-
genetic forms collected in two stations in the
Bay of Naples in 1957

Date ©N° of specimens N° of eggs or embryos. Stendard.
examined MaX. Min. Average Deviation
Station B . U S - e
22V 100y S8 .3 540 FE T I
i 30.VIL . 100 | . 4 1 2,1 . L0
T 30.VIIL 100 | i 5 1 2.4 | 09
17.1X. . 97 . ' v 4 1 2,2 ; t0,8
Coo25X. 25 . .4 % 2,2 . X
4 bt . C v S i D .
Station C - . - . . ) A | .
T R — i E— — — - .
boo29.vrIL 100 l. 4 1 1,9 0,8 X
© 29.VIIL - 100 ! P4 1 1,9 G 07 )
b 160X 100 - | - 4 1 2 S o08
L 24X, 33 - 20 ‘ .06 ]
— : (SRS N

Numbexr of Eggs or Embryos and Size of the Parent Form

In diverse fresh-water cladocera, it has been ob-

‘served that the number of eggs laid stands in direct relation

o the size of the parent form., In Tvadne and Podon Cheng (1947)

found that the largest parthenogenetic forins carried a larger

nunber of embryos than the smaller forms. Bainbridge also

al

aflirms (1958) that the larger spepimens of Fvadne tend to _
vroduce 2 greater number of embryos. Although Pavlove (1959)
did not notice thisicorrelation,'he stressed that the number

of eggs nresent in-the brood wouch of P, avirostris of identical

. size varies in the different months of a’ cycle.

‘These obsexvations lead us to conclude that, in
general, the number of embryos is actually greater in the
largest female parthenogenetic forms and smaller in the smallest®
forms (Table 5, Fig. 4). This correlation, while quite obvious

at the beginning of the cycle, is less evident . 61
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in the intermediate phase (when the reproductive potential

- remains constant at two to four embryos) and atzthe end of

the same cycle.

On the basis of monthly observations and others
made over diverse years, Steuer claims (1933) that 2B, avi-
rostris undergoes a seansonal variation in size and that
this cladoceran reaches the greatesf length during the
course of the oyole.;The abovg~menﬁioned observations stress,~'

however, the opnosite, i.e., that P. avirostris reaches its

greatest size at the beginning of the chie and this is in
accordance with observations made on Evadne (Bainbridge,
1958). Moreover, as Pavdova already stated (1959), the -
ber of embryos found in the parthenogenetio-forms of the» 4
same ‘size varies in the diverse months of the cycle; there-

fore, the fluctuating variations in the number of eggs or

Table 5 - Length of the parthenogenetic form and its revnro-
ductive cavnacity, exvpressed in terms of the num-
‘ber of eggs or embryos; values in italics indicate
the nunber of organisms for each freguency class

Length _
. g May June July August September October Average
(microns): .
. . ) - { .
©480-510 1 -, — — 1,0 1~ 30 1. — 20 2
| 510-540 — — 20 17 1,0 1 40 2 1,0 1 - 20 5 .
i 540-570 — 32 5 2310 3,111 24 5 1,8 5 . 2,6 36
570-600 6,0 I- 3,116 2029 2228  , 2923 "' 2,1 9 . 3,0 106
600-630 6,3 12 3;8 30 2,635 2837 ' 2527 2213 , | 34 154
630-660 6,4 11 3,940 2,645 2,729 2,541 - 2,9 10 3,5 176
660-690 7,0 17 3,6 27 2,6 39 3,0 51 2,5 23 02,9 17 3,6 174
690-720 7,0 17 3,239 3,422 3,726 2,6 15... 13,4 8 P39 127-
< 720-750 7,6 15 3,821 3,1 12° 3,113 28 9 ©3,0 2 3,9 72°
750-780 - 7,513 3,6 11 3,6 5 3,0 2 22 5 6,0 1 4,3 37
780-810 .81 & 45 2° 60 1 - — — _ 6,2 11-
. 810:840 . 90 6. 57 3 - — 50 1 . 20 2 — 54 12
| 840870 9,5 6 50 3 - .— — L1071, 6,0 1 .54 11
870-900 10,0 2 2,0 2 . — — = — D60 -4
12,2 4 — L—_ —_ = — 122 4

" 900-930
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embryos in P. avirostris do not devend solely on the sige

of the parent but evidently also on external “factors which
temporarily effect their reoroductive canacity.

It is quite possible that the larger parthenoge—

netic forms having a greater number of embryos which ap-

pear-at the beginning of the cycle may be-identifiable
with the generation stemming from the resting eggs unless
their greater size is to be considered as the exclusive

result. of optimum énvironmental conditions which would

favour a greater life span.
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Fig. 4 — Number of eggs or embryos énd size of thé parent'
form (average value of the frequency classes); be-
ginning . (May), end of cycle (October) and average

value; measuremnents in mm - '
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Parthenogenetic and Sexual Reproduction

P. avirostris anpears in the Bay of Naples in May

and reaches its highest population dehsity on the 5th of
June. The size and renroductive capacity of the partheno-'
genétic'forms are greater in average valués in this first
vhase than those encountered during the entire cycle. They
diminish, however, considerably between the 5th of June
and the 27th of July when the sexual forms appear (Fig.5).

From the onset of the sexual nhase until the end
of the cycle, the parthenogénetic fenales undergo quite
lirited avernge Variatiéns which generally remain within
their own size class (Pig. 5) while their revroductive
capacity, which is increasing slightly, reaches again, af-
ter a series of oscillations, its minimum at the end of
Sevtember (Fig. 5). |

Since it is not possible to determine accurately
the number of generations produced by a Singlg varent form
in the course of a cycle, it has.beén thought opportune to
assume as a reference boint the modifications which take

place in the biometric comvosition of the adult vovulation

due to the infiltration of the new reproductive generstions.

It is assumed, therefore, that at least seven generations.
characterize the populgtion.betwéen May and October and
that they anvear every 16 to 23 days (Pig. 5). A longer
1ife spman and a greater reproducfive cavacity seem.to char—
acterize the first populations rother than the last ones

" and this fact_iSnin keeping with.theqvarying environmnental

. conditions which pecome steadily less favourable as the
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cycle progresses.

i

It must be noted, however, that according to labo- -
ratory observations made by Pavlova (1959), the snecimen
which is released from the brood pouch of the nmarent Lform
completes.i%s biological cycle after eight moults and,
therefore, in twelve to fifteen days and begins to repro-—
duce after the third noulting.

Sexual revnroduction takes vlace between July and
October, a month earlier than had previously been observed
in the Bay of Nanles (Della Cfoce, 1964). That renroduction
does occur earlier probabiy has to do with the fact that the 
cycle is earlier and this fact brings un the question.againﬁ{
as to whether the aovnearance of the sexuﬁl vhase depénds ex-— o lfg;

clusively on dewnressive phenomena of an ecologic nature'(Berg, L N

1934), or whether it is cloéely connected to the biological ' .

cycle of the phase itself (Weismann, 1876-9). ,
The sexual formgs show two maximums: the first appedrs

at the onset of the sexual phase; the second, aovproximatvely

two months later, and both becomé manifest when the repro- -7

ductive cavacity of the parthenogenetic form has reached | ‘

minimal values. Such behavior seems to signify that once the

.conditions which usher in %he sexual phase.are present, they

are not reversible, even if the revroductive capacity of

g ey

 the parthenogenetic vnopulation is temporarily revived
(Fig. 5). S '
In Dabhnia the reduction in the average number of
eggs of the parthenogenetic individuals‘stands.supposedlj

in relation to the depression that»precedés the sexual phase.. ;65

.
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'Pig.5- A: vercentile distribution of the frequency of the
size classes of the narthenogenetic forms (average volue of
the freguency classes); the diagonsl, broken lines indicate
the ponulations which are possible during the course of the
cycle. B: guantitative variations of +the sexusl forms ner
cubic meter; the variations in the average size of the nar—
. thenogenetic forms (C) and their revroductive votential (D)
are likewise renresented. Feasurements are in mm.
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The depression is apyrarently determined by unoropitious
environméntﬂl conditions (Berg, 1934). Jorgensen (1933)
points.out thaijiﬁ@Evédne the number of embryos declines
before gamogenesis occurs although Bainbridge does not
entirely corroborate this observation., Iucas (1938) re-
vorts that the prodﬁction.of sexual eggs in the cladoceran
is caused by.an dverpopulation and considers food and the
-accuwlation of metabolic oroducts the determining faétors.
Manuilova (1962) stresses the influence of the natural con-
centiﬂtion of bacteria on the rewnroduction of fresh—wa%er.
cladocera.

There are not at the present time sufficient ob—_.
servations to justify our asserting that the causes deter-
mining the appearance of sexual reovroduction in P. aviros-

tris can be found outside of the more or lessimvosing facts.

.

Conclusion

Maximum vopulation densities having the same char—
acteristics are reached in diverse areas even though the
cycle began earlier than what had until today been consid-

ered’ the moment of apoearance of P, avirestris among the

plankton ih the Bay of Naples.

Research carried out by Pavlova and Wickstead leads
~Wickstead tQ believe that the ﬁopulation apex 1s reached
in 36 to 40 days. At any rate, the vresent observations
indicate‘that more than 21 days are definitely required
befofe this amnex 1s reached. '

‘The reproductive potential of the varthenogenetic

)




Torm found in the Bay of Havleg isg inferior to that of
the forms found in the Bays at Narrsgansett, Beaufort
and sSevastovpol. Furtﬁerﬂore, the renroductive owotential I
dininishes in & manner parallel to the realization of the
denressi&e nhase;r even if the number of.embryos of the
varthenogenetic forms tends to increase again after the _ o _“,
apnearance Qf the sexual ohase,

The number of eggs or e bryos of the warthenogene—
tic form depends in a rather obvious fashion on the size
of the prrent form. Parthenogenetio‘individﬁals of the’
same éize class can, hevertheless,-carry_in their brood

vpouches a different number of embryos in different seasons.

The decrease in the revroductive notential of the
~varthenogenetic forms precedes the appearance of the sexual
formg, The onset of the sexual phase is currently associated
with denressive nhenomena.’

The life swan of the individual cladoceran, its 66
rate of growth and the optimum natural growth rates in re- ‘
'latipn tb the biotic vpotential and environmental resistance,
the cyclic fluctuntions and oscillations in vonulation, the
influence of overvooulation and the vpopulation structure

constitute imnprtént asnects of the study of the pobulation.

These asvects can o?ly be examined by breeding P. avirostris,
which, according to Pavlova, seems possible. Only in this
case will.it be truly possible to begin to study the dyna-
mics df marine populations, by conducting laboratory ex-
perinentation alongside of field eiperimentation, as has
already been begun for the ndtural vopulations of Daphnia

" (Hall, 1964).
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SUMMARY

During 1962 Penilia avirostris Dana was present in the Gulf of Naples and was
most abundant in Junc. Reproduction is mainly parthenogenetic, and sexual individuals
first appears in July, The cycle and demographic aspects of the population are described
and discussed also in relation to the nutritional value of this cladoceran for pelagic
fishes in some areas. Observations by other A, on growth and number of moults of the
‘parthenogenectic form are reported. In the Gulf of Naples the reproductive potential
of the parthenogenctic females shows characteristic fiuctuations through the cycle, and
it appeared modificd by environmental conditions also in relatively restricted areas.
Larger individuals produce larger broods of young, and this is mostly evident at the
beginning of the cycle. During 1962, the scagonal cycle would be performed at least
by seven parthegenctic populations characterized by fluctuations in size and embryo
production. Such fluctuations reaeh the lowest values immediately before the appearing
of the sexual reproduction which is favoured by a more or less severe depression. The

possibility of rearing P. avirostris in the laboratory is discussed with rcfcrence to an ’

experimental npproach to_the dynamics of natural populations.
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