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 Resting  eggs of the rotifers Brachionus plicatilis and B. rotundiformis are generally found in the bottom sedi-

ments in the nature. Here, environmental conditions tend to inhibit the hatching of resting eggs because oxygen 

concentrations and light levels are low. However, several workers have also reported the appearance of floating 

resting eggs in these species. These are characterized by a black ring inside of the extra-embryonic space. If this 

floating behavior can be utilized to avoid the inhibitory environmental effects which reduce the hatching rate of 

these eggs, then this mechanism clearly has important ecological significance. 

 In this study, the factors which induce flotation in resting eggs were investigated in the laboratory. Changes in 

temperature, salinity, photoperiod, dissolved oxygen and ammonium sulfate concentration did not increase the 

frequency of floating eggs in either species, irrespective of the developmental stage of the egg. Floating eggs 

appeared only when resting eggs were exposed to air. These results suggested that flotation of resting eggs may 

not be due to a biological process in the normal life cycle of the rotifer. It seems more likely that it occurs as an 

artifact derived from the methods used in handling mud samples or managing of rotifer cultures.

Rotifera, Brachinonus plicatilis, Brachinonus  rotundiformis, resting egg, flotation
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Experiment　1．　lnternal　factors

B．　Plicatilis　Newly　released　resting　eggs　of　B．　Plicatilis　were

collected　daily　between　April，　1981　to　October，　1984　from

500　or　1000　ml　cultures　which　had　been　fed　on　Chlamydo－

monas　sp．　The　eggs　were　observed　under　a　compound

microscope　from　just　after　the　release　by　the　fertilized　mictic

female　until　they　had　hatchedi5）．　The　eggs　were　incubated

under　various　external　conditions　which　might　induce　gas

production　from　inside　the　embryo．　Temperatures　were　set

at　5，　10，　15，　20，　25，　30　and　350C，　salinity　was　adjusted　to

7．2，　14．4　and　28．9　ppt　and　photoperiod　of　OL：　24D，　12L：　12D

and　24L：　OD　were　used．　Salinity　was　regulated　by　the　dilution

of　natural　seawater　with　distilled　water．　Light　intensity　was

set　at　2，000　lux　by　using　white　fluorescence　bulbs．

B．70伽π4加㎜ゑsResting　eggs　of　B．名。’観4加7吻客s　were　col－

lected　from　an　outdoor　pond　at　the　Fisheries　Laboratory，

University　of　Tokyo　in　October，　1980．　The　eggs　were　stored

at　，50C　in　total　darkness　for　3　months　before　the　experiments

began．　A　range　of　temperatures，　salinities　and　photoperiods

were　used　for　the　experiment，　as　described　for　B．　Plicatilis．

In　addition，　concentrations　of　dissolved　oxygen　（DO）　and

ammonium　sulfate　（O，　1，　10，　100　and　1，000ppm）　were　also

controlled　in　these　experiments　as　these　factors　also　vary　in

the　sediments　in　the　natural　environment．　The　dissolved

oxygen　concentration　of　the　experimental　sea　water　was

regulated　at　three　levels　by　supplying　oxygen　and　nitrogen

gas．　The　sea　water　was　then　transferred　to　50ml　glass　DO

bottles　together　with　100　resting　eggs．　The　bottles　were　then

capped　tightly　by　lids　which　had　been　coated　with　silicon

grease．　The　bottles　were　opened　after　five　days　and　percen－

tage　of　floating　eggs　and　of　hatched　eggs　were　determined

under　a　stereomicroscope．　Dissolved　oxygen　concentration

was　determined　at　the　beginning　and　end　of　the　incubation

period　using　the　Winkler　method．　For　the　experiments　in

which　dissolved　oxygen　and　ammonium　sulfate　concentra－

tions　were　varied．　other　external　conditions　were　held　con一
　　　　　　　　　　　　　　　’

stant，　as　follows：　temperature，　250C，　salinity　28．9ppt；

photoperiod　24L：　OD．

Exp．皿．External　factors

　It　was　assumed　that　anY　intrusion　of　air　into　the　extra－

embryonic　space　of　resting　eggs　would　probably　occur　when

the　eggs　were　exposed　to　desiccation，　or　the　rotifer　cultures

were　being　aerated．　So，　the　following　experiments　were

conducted　to　determine　whether　these　factors　influenced　the

production　of　floating　eggs．　Resting　eggs　of　B．　Plicatilis　and

B．　rotundi　ormis　were　used　in　the　experiments．

1）　lnfluence　of　desiccation

　Approximately，　100－200　resting　eggs　were　air　dried　in

incubators　（Fujimoto　Rika　Co．）　at　50C　and　250C，and　at　pho－

toperiods　of　OL：　24D　and　24L：　OD　（see　Table　3　for　details）．

Initially，　the　eggs　were　desiccated　in　either　O．5ml　of　seawater

（28．9　ppt　in　salinity）　or　deionized　water．　After　one　hour　of

desiccation，　all　of　the　eggs　were　transferred　to　28．9　ppt　sea－

water　and　the　percentage　of　floating　eggs　was　monitored

until　the　eggs　hatched．

2）　lnfluence　of　aeration

　Between　1，000　and　8，000　resting　eggs　were　placed　in　glass

beakers　containing　1　liter　of　seawater　（28．9　ppt　salinity）　and

aerated　at　500－1，000　ml　per　a　minute　for　24　hours．　The

beakers　were　incubated　at　temperatures　of　10“C　and　250C，

and　photoperiods　of　OL：　24D　or　24L：　OD　（see　Table　3　for　de－

tails）．　Only　those　eggs　which　remained　beneath　the　surface

of　the’　water　were　included　in　the　results．　Those　which

became　attached　to　the　glass　beaker　above　the　surface　of　the

water　were　removed　from　the　experiment　as　these　may　have

become　desiccated　during　the　course　of　the　experiment．

Results　and　Discussion

　Variations　in　temperature，　salmity　and　photoperiod　did　not

induce　fioating　egg　production　in　either　B．　Plicatilis　or　B．

rotscndiformis．　ln　B．　Plicatilis，　the　production　of　gas　bubble

inside　the　embryo　could　not　be　induced　at　all　in　the　matura－

tion　and　postmaturation　stages　of　egg　development．　Regu－

lation　of　ammonium　．sulfate　and　dissolved　oxygen　concen－

tration　did　not　cause　flotation　in　B．　rotundi　ormis　（Table　1，　2）．

　　Only　desiccation　or　aeration　caused　appearance　of　floating

eggs　in　both　species　（Fig．　1），　Table　3　presents　data　on　the

appearance　of　floating　resting　eggs　of　B．　rotundzformis．　The

proportion　of　floating　eggs　among　eggs　which　had　been

desiccated　in　deionized　water　was　more　than　909060　，　while　the

proportion　of　floating　eggs　among　those　eggs　which　had　been

desiccated　in　seawater　was　only　2－4906e　．　The　reason　for　this

seemed　to　be　that　eggs　which　had　been　dried　in　seawater

were　surrounded　by　salt　crystals　after　desiccation　and　this

decteased　the　likelihood　of　contact　with　air．　Resting　eggs　of

B．　Plicatilis　showed　a　similar　trend　for　all　stages　frorn　for－

mation　to　post－maturation．　Aeration　df　the　culture　medium

cause　10rdO　floating　eggs．

　　Itoi）　reported　that　there　was　no　difference　in　hatching　rate

between　floating　eggs　and　the　ordinary　“sinking”　eggs．　My

results　suggested　that　the　hatching　rate　was　lower　in　floating

eggs，　over　a　range　of　incubation　temperatures　and　salinities

Table　1． Effect　of　dissolved　oxygen　（PO6e）　on　the　flotation　and

hatching　of　B．　rotundi　ormis　resting　eggs．

DO　at　the

beginning
DO　at
the　end

Percent
且otation

Percent
hatching

10．5

27．7

96．2

5．1

4．1

66．7

o

o

o

o

46．1

70．6
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Table　2． Effect　of　ammonium　sulfate　concentration　on　the　flo－

tation　and　hatching　of　B．　rotundi　ormis　resting　eggs．

Ammonium
sulfate　（ppm）

Percent
flotation

Percent
hatching

o

1

10

100

1，000

o

o

o

o

o

79．5

74．0

o

o

o

Table　3． Effect　of　contact　with　air　on　the　appearance　of　floating

resting　eggs　in　B．　rotundzformis．

Treatment TemKtu「e　ph…P・・i・d舞羅畠ating

Desiccation

in　deionized

water

Desiccation

in　sea　water’

Aeration

25

25

5

5

25

5

25

25

10

10

24L：OD

OL：24D

24L：OD

OL：24D

24L：OD

24L：OD

24L：OD

OL：24D

24L：OD

OL：24D

88．0

95．1

95．4

98．7

（73／83）

（173／182）

（104／109）

（157／159）

2．0　（2／100）

4．0　（4／100）

14．2　（209／1470）

1．4　（110／7825）

11．4　（450／3950）

11．8　（158／1337）

（Fig．　2）．　Since　the　eggs　had　already　been　exposed　to　light，　it

was　probably　the　effect　of　desiccation　on　the　resting　eggs

during　their　development　which　had　reduced　their　hatch－

ability．

　　In　my　experiments，　floating　eggs　appeared　only　when　the

eggs　made　contact　with　air．　lt　is　still　possible，　however，　that

the　appearance　of　floating　eggs　is　actually　caused　by　factors

that　were　not　examined　in　this　study．　There　is　some　pub－

lished　information　concerning　the　hatching　of　resting　eggs　in

B．　Plicatilis　and　B．　rotundi　ormis2・　i5－i8）．　This　suggests　that

the　resting　eggs　of　both　species　require　light　for　hatching．

However，　most　resting　eggs　in　their　natural　environment　are

distributed　on　the　sediments　where　they　probably　receive

little　or　no　irradiation．　Both　B．　Plicatlis　and　B．　rotundzformis

naturally　occur　in　an　eutrophic　estuary　whose　bottom　en－

vironment　tend　to　be　reductional　due　to　the　low　oxygen

concentration，　ecially　in　the　summer　when　the　water　is

warmer．　Thus，　the　floating　of　resting　eggs　could　be　an

adaptation　to　enable　these　eggs　to　avoid　an　environment

which　inhibits　hatching．

　　Very　recently，　however，　Hagiwara　et　al．　i9）　reported　that

the　photo－chemical　reaction，　rather　than　the　direct　irradia一
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Fig．　2．　Percent　hatch　of　floating　and　demersal　resting　eggs

　　　　　　　　under　the　effect　of　temperature　and　salinity．
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esption　may　have　a　significant　role　on　resting　egg　hatching　in

nature．　They　observed　the　highest　hatching　of　resting　eggs

at　350－400nm　wavelength，　whose　high　energy　irradiation

poduces　active　oxygen　in　the　water　environment　through

photolysis　on　organic　matter20）．　Hagiwara　et　al．　i9）　also

showed　that　the　additions　of　hydrogen　peroxide，

prostaglandins，　and　seawater　（stored　in　the　light）　caused

resting　eggs　to　hatch　even　when　incubated　in　the　dark．

Prostaglandins　are　produced　through　oxidation　from　n－3　and

n－6　unsaturated　fatty　acids　that　are　contained　in　resting　eggs

2i）．　The　photolysis　at　the　sea　surface　produces　hydroxyl

radical　as　well　as　its　reactive　daughter　products　that　may

persist　long　to　reach　the　shallow　sea　bottom20）．　From　these，

Hagiwara　et　al．　i9）　assumed　that　the　UV　photolysis　could　be　a

cause　to　produce　prostaglandins’　in　resting　egg　embryo，　fol－

lowed　by　the　induction　of　resting　egg　hatching．　lto2）　rePorts

that　the　eel　ponds　that　he　examined　dry　out　during　the　win－

ter．　He　also　dried　the　sediments　he　collected　before　isolating

the　resting　eggs．　So，　the　floating　eggs　he　observed　probably

resulted　from　exposure　to　air．　ln　mass　cultures　at　aquacul－

ture　centers，　rotifer　resting　eggs　have　a　greater　chance　of

being　exposed　to　the　air　because　these　cultures　are　often

aerated　to　increase　their　oxygen　supply．　ln　contrast，　there

have　been　no　reports　of　floating　eggs　from　researchers　who

have　observed　rotifers　at　an　individual　level　in　laboratory

cultures．　This　seems　to　support　the　hypothesis　that　floating

eggs　are　the　product　of　exposure　to　the　air．

　　Floating　eggs　observed　in　this　study　were　probably

produced　by　the　replacement　of　fluid　in　the　extra－embryonic

space　with　air　from　the　surrounding　environment．　The　sur－

face　tension　would　then　cause　the　formation　of　an　air　bubble．

　　From　their　electron　microscope　observations，　Wurdak　et

al．22）　revealed　that　outer　shell　of　the　resting　egg　of　B

calycz］ICIorus　is　porous．　This　was　also　found　to　be　the　case　in　B．

Plicatilis　and　B．　rotundiformis23）．　Little　is　known　about　the

transport　of　dissolved　substances　across　the　egg　membrane，

but　it　seems　likely　that　research　on　this　topic　could　provide

information　which　would　improve　our　understanding　of　the

factors　which　control　dormancy　in　resting　eggs．　By　using

information　obtained　in　this　research，　resting　eggs　in　the

sediments　could　be　isolated　easily　by　desiccation．　This　would

enable　large　quantities　of　resting　eggs　to　be　obtained　from

the　natural　environmenti5）　or　from　artificial　ponds24）　for　use

as　seeds　for　starting　rotifer　mass　cultures．
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海産ツボワムシ類の浮遊性休眠卵の出現

萩 原 篤 志

海産ツボワムシの休眠卵はふつう沈降性を示し,天 然では汽水域の底泥中に分布するが,艀 化直前の休眠卵の

中には,卵 空室部にガスがたまって浮遊性を示す例が報告されている。休眠卵の艀化には光照射が必要なので,

前述の現象を艀化に阻害的な底質環境を回避する手段と捉えることができるかもしれない。その形成機構を2種

の海産ツボワムシ（Brachionus plicatilis, B. rotundiformis)の休眠卵を材料 として調べた。環境因子(水 温,塩 分,

光条件,溶 存酸素量,硫 化アンモニウム濃度)を 様々に調節して,卵 の保存 とインキュベートを行ったが,浮 遊

卵の出現は全く観察されなかった。一方,乾 燥処理や培養槽の漫気など,休 眠卵と空気の接触の影響をみたとこ

ろ,卵 空室部内にガスが取り込まれ,浮 遊卵が高率で出現した。この現象は2種 のワムシに共通にみられた。 し

たがって,こ の現象を,艀 化に必要な光照射の機会を増大するための手段として考えることは難 しい。過去の浮

遊卵の観察例は,休 眠卵を分離する際に採取 した底泥を乾燥した り,培 養槽に通気を施すなどの人工的な操作に

基づくものと考える。既往の知見と併せると,底 泥に分布する休眠卵は光の直接照射よりも光化学的な作用機構

によって艀化する可能性が高い。


