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Some Notes on the Resting Eggs of the Marine Cladoceran 

Podon polyphemoides0 

Takashi 0NBE2\ Tsukasa MITSUDA3)* and Yutaka MURAKAMI2) 

Fisheries Laboratory, Faculty of Fisheries and Animal Husbandry, 
Hiroshima University, Fukuyama 

Abstract 

The resting egg of the marine cladoceran Podon polyphemoides is spherical, measuring 
0.15-0.21 mm (mean: 0.18 mm) in diameter. The outer membrane is thick and stout, with 
polygonal cell-like structures covering its whole surface. The egg looks dark in transmitted 
light, but greenish light-brown in reflex light. The resting eggs hatched at all temperatures 
and salinities tested: 13°-24°C and 7.3-31.3 %0 S, respectively. At 24°C, the hatching seemed to 
be suppressed. Some eggs hatched even in freshwater. The eggs hatch after the rupture of 
the outer membrane along the definite latitudinal line cutting the egg at about one third of its 
diameter. Newly hatched young differs considerably from the young hatched from the partheno
genetic egg in its large size, with rich yolk remains within the body. 

Introduction 

Although the existence of the resting eggs of marine cladocerans had long been known, 

their fate after release from mother animals could only be surmised until recently (cf. LOCH

HEAD, 1954; BAINBRIDGE, 1958). In 1970, abundant resting eggs were first recovered from 

the sieved samples of bottom sediment in the central part of the Inland Sea of Japan (ONBE, 

1972, 1973). Among these eggs, those of only two species, i.e., Penilia avirostris DANA and 

Evadne tergestina CLAUS, have so far been identified and described in detail. These species 

are two of the three most abundant cladocerans occurring in this area. However, the resting 

egg of another abundant species, Podon polyhernoides (LEUCKART), has not yet been de

scribed. 

Podon polyhemoides appears regularly in the local planktonic community of this area from 

April to August when water temperature is rising from 12° to 27°C, and disappears from 

the plankton during other seasons of the year (ONBE, 1974). The population increases abruptly 

by the parthenogenesis to a maximum when sexual individuals, the males and the females 

carrying resting eggs, appear, followed by a drastic population decrease thereafter. A small 

number of this species, however, were found in the plankton from late November to the 

middle of December, 1974, when water temperature was falling down from 16° to 11°C. 

This population also contained many sexual individuals just as in the case of the usual sum-
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mer population. It was the :first time for this species to have been confirmed to occur in 

such later season of the year since 1965 when the investigation on the marine cladocerans of 

this area was started. 

In order to define the morphological characteristics of the resting eggs of this species as. 

well as to find out temperature-salinity conditions optimal for hatching, observations and ex

periments have been carried out on the eggs obtained both from laboratory-kept females and 

sea-bottom sediment. 

Materials and Methods 

Zooplankton was collected by a plankton net of 80 cm in mouth diameter with nettings 

of ca. 300 µm in mesh size at a station near Torno Marine Biological Station, Fisheries La

boratory, Hiroshima University, located at Sensui-jima, Fukuyama. Live specimens of Padon 

polyphemoides, including sexual individuals, were kept in a beaker of 1,000 ml in capacity 

with seawater of ca. 800 ml. After two to three days, the debris precipitated onto the bottom of 

the beaker was collected by siphoning, from which the resting eggs were recovered under 

the dissecting microscope. Samples of sea-bottom sediment consisting of soft, silty mud 

were collected both with Ekman-Birge grab and a small core-sampler with a core-sheath of 

40 mm in diameter. After sieving each of the mud samples through a bolting silk of lOOµm 

in mesh, the resting eggs were collected and compared with those obtained in the laboratory 

for identification. Hatching of the resting eggs was attempted under different temperatures 

and salinities. The young hatched from these eggs were examined under the microscope 

and figured with camera lucida. 

Results 

1. The resting egg of Padon polyphemoides 

The resting egg of Padon jJolyphemoides differs from the parthenogenetic one in its large· 

size with rich yolk substances, possession of thick outer membrane and small number (usually 

only one). It is spherical in shape (Figures lB and 2A), just as in the case of other poly

phemoidean species: Podon intermedius (CHENG, 1947), P. leuckarti (GIESKES, 1970), Evadne 

nordmanni (JORGENSEN, 1933; CHENG, 1947), E. tergestina (ONBE, 1973) and many Caspian 

species (MORDUKHAI-BOL TOVSKOI, 1967; MORDUKHAI-BOLTOVSKOI and RIVIER, 1971), meas

uring 0.15-0. 21 mm in diameter with a mean of 0.18 mm (Figure 3). 

The outer membrane is very thick and stout, with polygonal cell-like structures covering. 

its whole surface (Figure 2C). The egg is rich in yolk substances and looks dark in trans

mitted light, but greenish light-brown in reilex light. The egg of this species can be easily 

distinguished from the resting egg of Evadne tergestina by the differences in size (Figure 3),. 

color and ornamentations of egg surface. The outer egg membrane of E. tergestina is trans

parent having no such surface structures. 

2. Hatching of the resting egg 

I-latching was tested under different temperatures and salinities, using two groups of eggs 
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collected respectively on November 23, 1974 (Sample A) and December 9, 1974 (Sample B) 

from sea-bottom sediments. The experiments were run 10 days for the former and 1 day 

for the latter after the collection of the sediment, which had been sealed in polyethylene bags 

and kept at ambient temperatures in the laboratory. 

Figure 4 shows the daily changes in the number of hatch at five temperatures between 

13° and 24°C. Hatching was successful at each of these temperatures tested in both groups 

Fig. Photomicrographs of the resting eggs of Podon polyphemoides. 
A: sexual females carrying resting eggs; Il: resting eggs recovered 
from sea-bottom sediment; C: resting eggs just before hatching. 
Note a large eye has been formed. 
Scale bar: 100 pm. 
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·of eggs. The higher the temperature, the shorter became the time required for hatch, in

dicating that the time to hatching is essentially temperature-dependent within these tempera

ture ranges. Figure 5 illustrates the total percentage hatching at different temperatures. 

The hatching was most favorable at temperatures of l3°-20°C, with a peak hatching success 

Fig. 2. Resting eggs of Podon polyphemoides. 
A: a resting egg recovered from sea-bottom sediment; B: a resting egg 
just before hatching, viewed from ventral side of the embryo; C: outer 
membranes after hatching, showing polygonal cell-like structures cover-
ing over the surface. . 
Scale bar: 100 µm. 

at 17°C. At 24°C, hatching seems to have been suppressed. Under the temperatures favor

able for hatch, there is an indic'ation that most of the eggs hatch about a week to 10 days 

after incubation as seen in Figure 4. 

At 17°C, hatching was tested at different levels of salinity lower than the normal seawater. 

Hatching occurred under a wide range of salinities between 7.3 and 31.3 %0 S (Figure 5). 



BULL. PLANKTON SOC. JAPAN VOL. 24, NO. 1 (1977) 

>u 
z 

50 

40 

w 30 
:::> 
0 
w 
a::: 20 
lL.. 

10 

150 

• Podon polypht1moidt1s 

D £vadnt1 t11rgt1stina 

200 

DIAMETER (ftm) 

250 

Fig. 3. Size-frequency distributions of the resting eggs of Podon polyphemoides 
and Evadne tergestina, recovered from sea-bottom sediment. 
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Fig. 4. Daily changes in the number of hatch of the resting eggs of 
Podon polyphemoides under different temperatures. 
A: Sample A collected on November 23, 1974; B: Sample B collected 
on December 9, 1974. 
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Some eggs hatched even in freshwater. 

3. Embryonic development and hatching process of the resting egg 

Embryonic development of the resting egg was difficult to trace m detail due to the 

presence of thick, ornamented outer membrane and the possession of dense deutoplasmic 

substances. When the embryo reaches to an advanced stage of development, the head region 

becomes semi-transparent and the formation of the eye and the antenna! and thoracic appen

.dages can be observed. Prior to hatching, the outer membrane covering the head region of 

the embryo ruptures along the definite latitudinal line cutting the egg at about one third of 
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Fig. 5. Percentage hatching of the resting eggs of Padon jJolyjJ/iemoides 

under different temperatures and salinities. 
Solid column: Sample A; open column: Sample B. 

its diameter (Figures lC and 2B). The embryo remains at this stage nf development for 

about 12 hours at 20°C. Then occurs hatching, with the emergence of the inner membrane 

surrounding the embryo, and the young comes out lifting up the smaller half of the outer 

membrane. The hatching process is much alike m the case of the resting egg of Evadne 

tergestina (ONBE, 1974). 

4. Young newly hatched from the resting egg 

The young hatched from the resting eggs are invariably females. A young female just 
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after hatching is shown in Figure 6A. It measures about 0.30 mm in standard length, the distance 

between the anterior edge of head and the tip of the caudal furca, having a large head and 

very low body depth due to the undeveloped brood pouch, in which no eggs are contained. 

Considerable deutoplasmic substances still remain within the body. Then, the brood pouch 

begins to develop, into which parthenogenetic eggs are introduced. Although the exact time 

needed for the egg deposition into the pouch after the birth could not be determined, a female 

Fig. 6. Young females hatched from the resting eggs of Podoll polyphemoides. 
A: young just after hatching; B: young about 12 hours after hatching, 
showing parthenogenetic eggs in the brood pouch. Scale bar: 100 µm. 

about 12 hours after hatching was found to contain several parthenogenetic eggs in her brood 

pouch as shown in Figure 6Il. 

Discussion 

The female newly hatched from the resting egg 1s significantly larger in size than the 

young female hatched from the parthenogenetic egg, which is about 0.24 mm in standard 

length (ONBE, 1974). Paedogenesis is prevalent in the parthenogenetic embryos of Evadne 
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and Podon. However, this phenomenon has never been observed in the embryos developed 

from, and hence in the young females newly hatched -from, the resting eggs of Podon poly

phemoides. As already noted, no more than 12 hours are needed for the young to have its 

own parthenogenetic eggs .within the brood pouch. 

During hatching, the resting eggs of Padon polyphemoides behave much alike in the case 

of Evadne tergestina (ONBE, 1974). The dehiscent line on the outer membrane is probably 

predetermined,_ because the rupture of the outer membrane occurs invariably along this line. 

Rupture of the outer membrane is a result of the osmotic swelling of the inner membrane 

as in the case of most copepod eggs (DAVIS, 1959) and also of the resting eggs of other 

marine cladocerans, Penilia avirostris and Evadne tergestina (ONBE, 1974). 

BOSCH and TAYLOR (1968, 1973) investigated extensively the distribution and abundance 

of Podon polyphemoides in the Chesapeake Bay, U.S.A., in relation to hydrographic condi

tions. They showed that this species occurs under a wide range of temperatures and salinities 

within the Bay system, supporting the earlier view that P. polyphemoides is an "estuarine 

species" (JEFFRIES, 1967). This is also the case in the same species of the Inland Sea of 

Japan (ONBE, 1974). The fact that the resting eggs of P. polyphemoides hatch under a wide 

temperature-salinity range may reflect the estuarine nature of this species. The hatching of 

the resting eggs of this species may possibly occur throughout the year. If so, the establish

ment and maintenance of its population in the local planktonic community is considered to 

be partly dependent on certain environmental factors other than temperature and salinity, 

including possibly the density of food organisms. An experiment now in progress to know 

the seasonal changes in the percentage hatching of the resting eggs of marine cladocerans 

recovered from the sea-bottom (ONBE and ARIYOSHI, unpublished) shows that the resting 

eggs of P. polyphemoides hatch almost equally well throughout the year in contrast to those 

of Penilia avirostris, which hatch substantially better only in May-August when this species 

appears abundantly in the plankton than in other seasons. 

Seasonal fluctuation in abundance of the resting eggs of marine cladocerans is also being 

investigated now at the same station where the materials of the present work were collected 

(ONBE, in press, and unpublished). Among the eggs of marine cladocerans, most abundant 

are those of Penilia avirostris, followed in order by those of Podon polyphemoides, Evadne 

tergestina and E. nordmanni (the description of the eggs of the last-mentioned species is in 

preparation). The maximum density so far recorded of the eggs of P. polyphemoides is 

about 18,000/m2 of the sea-bottom found in late July, 1976, when the planktonic population 

was going to disappear from the water column. The resting eggs must be playing an im

portant role in the seasonal succession of the population of this species in the planktonic 

community. More experimental studies are needed for understanding the factors controlling 

the production and hatching of the resting eggs of P. polyphemoides in relation to the seasonal 

cycles of abundance of its planktonic population·. 
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Note added in Proof 

After this manuscript had been submitted for publication, Professor K. J. PURJ\SJOKf, Uni
versity of Helsinki, Finland, kindly sent to one of us (T. 0.) his earlier p<iper (PURJ\SJOKT, K. 
J., 1945: Ouantit<itive Untersuchungen Uber die Mikrofauna des Meercsbodens in der Umgehung 
der Zoologischen St<ition Tvarminne an der Siidkiiste Finlands. Soc. Scient. Fenn., Comm. Rio!., 
9(14), 1-24), in which he described briefly the distribution and abundance of the resting 
eggs of Evadne and Padon (species names not shown, but probably of E. nordmanni <in<l P. 
polyjJhemoidcs), together with those of Bosmina coregoni maritima (endemic species in the 
brackish Baltic Proper) and Daplmia. This is perhaps the first record for the resting eggs of 
Evad11c and Podon to be confirmed to exist in the bottom sediment of the sea, although the 

Baltic Proper cannot be regarded as truly marine w<iters. 
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