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Laboratory Culture of the Lobate Ctenophore Mnemiopsis mecradyi with Notes
on Feeding and Fecundity*

'ron

L.D. Baker and M.R. Reeve

Rosenstiel School of Marine and Atmospheric Science, University of Miami; Miami, Florida, USA

Abstract {particularly copepods) has been observed, and

has led a number of authors (Cronin ez al., 1962:
Collection and culture of the large lobate cten- Fraser, }962;_Hopkin3, 1966) to specuiaFe as to
ophore Mremiopsis mecradys Mayer is described, the possible lmportance of ctenophores in the
including the requirements for successful devel- population dynaglgs and productivity of marine
opment of larvae. Particular attention must be planktcg communities, ) ) .
given to the collection of these delicate animals, Despite these observations, little duantitative
the handling and provision of live microzooplank- data on the seasonal abungance, Bcology and life
ton of suitable size for the larvae, and the pro- history of ctenophores eX1lsts, partly because very
vision of food densities for the adults which few workers have cultured or even maintained them
neither stimulate "rasteful" feeding nor limit in the laboratory. Greve (1970) and Hircta (19?2)
their growth. Although these ctenophores will reported the ?ulturelof species of Pleurobrachia
ingest detritus and algal cells ig high concen- {order CydlpPlda, which retain their tentacles
tration, they lost weight at the same rate as throughout llf?), bgt although several workers
starved individuals unless provided with living have made physlologlcal measurements on lobate
zooplankton. Under optimum conditions, specimens ctenaphore? (i.e., th°§e belonging to the OrdeF
would lay eggs within 13 days of their own birth. Lobata, which lose the%r tentacles as adults) in
By the 17th day they laid eggs daily, and had the labgratory (e.g.‘Mlller, 1970),'the¥ have not
produced an average of 8,000 eggs within 23 days been raised over a 1ife eycle. Mnem;pms mecrady?
after birth. The maximum nunber of eggs laid by Mayer occurs off the Gulf apd Atlantic coasts of
a single wild individual within 9% N, mEray being the United States, northwgrds to Soth Carollga.
brought into the laboratory was 10,000. Their ﬁake? (1973) repurFedlon its population dynamgcs
high fecundity, rapid generation time, and abili- in Biscayne Bay, Miami, and Reeve and Baker (in

press) estimated the Production of thig population

Ly to self-fertilize help to e lain their sudden -
2 oo SElEdentily ; o from laboratory growth~rate studies,

Aappearance in bloom proportions at periods of
bigh food concentration in the environment, often
referred to in the literature,

Collection, Handling and Rearing

Introduction Mremiopeis meeradyr reaches a much larger size than
species previously cultured, i.e., approximately

The phylum Ctenophora is exclusively marine and, 70 mm long and 300 Mg ash-free dry weight com- |

with the exception of the order Platyctenea, pared with I'5 mm 1n_d1apeter and 20 mg for

entirely planktonic. Ctenophores have been re- P?eurobraehza ?achez (Birota, 1973). This, com-

Ported from all oceans, and their occurrence in bined with their less compact shape and greater

Ereat swatms at certain times of the year in fragility (unlike P,baches they rapidly disinte- |

coastal and estuarine waters has been well docu- grate in standard preservatives) makes them I

mented (Bigelow, 1915; Nelson, 1925; Bigelow and extremely Susceptible to damage and fragmen-

Sears, 1939; Cronin et gi., 1962; Fraser, 1962), tation during collection procedures. ] i

Concomitant with the appearance of ctenophores, g Specimens were collected by slow towing (1 to

reduction in the numbers of other zooplankton 2 knots) at the surface for 2 to 3 min or less, i
With a 1 m mouth diameter net of 705 Am mesh

fitted with a flexible vinyl 14 1 cod end. The i
large capacity of the collection bag, as well as I
its flexibility, minimized physical damage, As a I
further precaution against injury, the ctenophores

ngontribution from the Rosenstiel School of were picked out of the top of the collection bag
Marine and Atmospheric Science, University of using a small glass beaker, ang transferred to
Miami, Miami, Florida 33149, plastic buckets containing seawater, The col-
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lections were usually returned to the laboratory
within 15 min, when the ctenophores were trans-—
ferred by glass beakers to aquaria containing

30 1 of seawater, The aquaria were aerated very
gently with air diffusers, since excessive bgb—
bling results in injury to these delicatg animals.

Usually within 12 h of being brought into the
laboratory, these hermaphroditic animals woulg
produce eggs, which were visible in the aquaria
2s a fine haze of tiny particles. The eggs are
spherical, 0.12 to 0.22 mm in diameter, and are
encased in a thin membranous capsule 0.38 to
0.52 mm in diameter. Egg development was rapid
and, within 12 to 20 h at either 219, 269 gor 319g;
larvae hatched from the capsules. The larvae are
0.28 to 0.32 mm in diameter and resemble members
of the order Cydippida.

The eggs and larvae are very sensitive, and
highest survival wag obtained if they were handled
minimally over the first few days. Greve (1970)
reported less than 17 survival of Pleurobrachiq
pileus larvae transferred to larger tanks after
hatching. Likewise, attempts at transferring
larvae of Mremiopeis meeradyt to fresh tanks
either by gentle siphoning with 15 mm diameter
tubing or direct transfer in 2 1 beakers resulted
in very low or no survival. However, when adult
ctenophores were removed and larvae held in the
tanks in which they had hatched, 30% survival
was recorded on the fifth day.

Larvae were raised in batch cultures which were
maintained and fed in the manner described by
Reeve and Walter (1972) for the chaetognath
Sagitta hispida, since in terms of initial size,
sensitivity to mechanical damage, and require-
ments for food consisting of natural living zoo-
plankton of size progressively increasing from
that which would Pass through a 100 pm mesh, they
were closely similar,

Larvae fed by seining food organisms from the
water with theiy outspread tentacles (see Rowe,
1971). The oral lobes took over the feeding func-
tion as the tentacles were lost (15 mm and larger)
by creating ciliary water currents, from which
food organisms were entangled in mucous strands
and transferred into the stomodeum, At high fgod
concentrations, the lobate adultg tended to
accumulate a mucous food bolus very rapidly and
either not ingest part of ir or, if ingested, to
sometimes reject it, This behavior resulteq in
high mortality of the zooplankton without uril-
ization by the ctenophore. The undigested fpod
accumulated on the bottom of the tanks and, at
times, resulted in fouling of the tanks and death
of the ctencphore Population. In order to avoid
this, the number of ctenophores maintained ip

Reeve and Baker {in press). Three generations of
ctenophores were raised in the Iaboratory from an
initial «ild parent,
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Food Preferences

Ctenophores are generally considered to be carni-
vores which feed on g variety of other zooplank-
ton such as copepeds, molluge veligers, barnacle
nauplii, ete,, and Ctenophores reared on natural
zooplankton grew rapidly, However, the possi-
bility that ctenophores utilize other sources of
food, such as detritus, nannoplankton, or phyto-
plankton, has been Suggested by Nelson (1925)
and Miller (1970). In order to investigate

whether Mnemiopsis mecradyt was able to ingest

ried out.
The particulate detritus used ip these exper-

animal material whicp was collected in plankton
nets. In the laboratory, the plankton collectiong
were passed through a 500 pm mesh to remove
larger zooplankton (medusae, decapod larvae) and
allowed to settle for about |5 min, during which
time the majority of the live zooplankton con-
gregated on the surface, The water containing
the zooplankters was then decanted, and the
remaining debris was dried in an oven at g0o c

scope to determine its composition and the size
range of the particles. The detritus consisted
Primarily of plant material (pieces of algae,
Seagrasses, mangrove Peat) but some animal
material (copepods, veligers, chaetognaths, ete.)
was also pPresent, and the particles ranged in

size from 0.05 to 2.0 mm, in their longest dimen-
sion.

ly in plastic jars containing 200 nl of either an
algal (Chlorellq Sp. at 600,000 cells/ml,
Rhodomonas baltieq at 100,000 cells/ml) or
detrital suspensiocn for a period of 2 h, The
ctencphores were thep transferred to glass crys-
tallizing dishes, examined under a dissecting
microscope, and the Presence or absence of
detritus and algae noted. Each feeding group con~
sisted of 26 specimens, ranging in length from
4.6 to 20.0 mm. At the end of the 2 h feeding
interval some observable "food" was present in
the stomadeum of 427 of the "Chlovella" group,
63% of the "Rhodomongs" group, and 737 of the
"detritug" group. However, in all three groups,
the "food" did not appear tg be appreciably

Nevertheless, in view of the fact that thege
food-stuffs were observed in the stomadeum of
the Ctenophores, the Possibility that they were
utilized by them could not be ruleq out, and
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i
tigate whether algal or detrital suspensions copepods; (2) particulate detritus as previously §:
could sustain or promote growth of the cteno- described; (3) no food. This experiment was ter-— 3
phores. minated on the 7th day. Food was added daily, i
In the first experiment, 48 larval ctenophores and half of the volume of water was removed and F
(2.0 to 2.4 mm in length) were divided into 8 renewed on the 3rd and 5th days. |
groups of 6 ctenophores each and placed in 2 1 The third experiment was similar to the second t
beakers containing 1,600 ml of membrane—filtered except that, instead of the detrital group, | J
seawater. Four feeding regimes, each consisting group of ctenophores was fed a mixture of algae ;
of 2 groups of 6 individuals were employed. The (Phaeodactylum tricormutum, Dunaliella vartans, ?
feeding regimes were: (1) Phaeodactylum tricor- and Monochrysis spp.) maintained at a concen- ‘
nutum, 100,000 cells/ml; (2) Chlamydomonas tration of approximately 100,000 cells/ml. |
coccoides, 100,000 cells/ml; (3) natural zoo- The size of the ctenophores at the beginning
plankeon (50 to 100 pm fraction), consisting and end of each experiment is presented in Table A
primarily of copepod nauplii; (4) no food. The I. In all three experiments, the ctencphores fed |
ctenophores were transferred daily to new food natural zooplankton showed a substantial increase t
supply and water. The experiments were terminated in size, whereas the ctenophores fed on either 1
on the 5th day, and the length of the ctenophores detrital or algal suspensions decreased in size {
was measured, to an extend similar to that recorded for unfed i
The second experiment consisted of 3 groups individuals. The lack of any growth response and :
of 12 ctenophores (15.4 to 17.5 mm in length) the actual decrease in size of the ctenophores I
held in aquaria containing 40 1 of filtered sea— fed selected algal species or detritus suggests :
water. Added to the aquaria were either: (1) that the ctenophores are unable to utilize either :
natural zooplankton (200 to 300 pm fraction), of these food sources to promote growth or even |
consisting primarily of adult Acartia tonsa meet their energy requirements. b
|
{
|
i
Table 1. Mnemiopsis mecradyi.Effect of various foods on maintenance and growth |
Exper- Food type Mean length (mm) Change Duration  Number
iment in length of exper— of
no. At start At end (%) iment speci~
(days) mens
1 Phaeodactylum tricornutum 2.10 1.47 =30 4 6
Phaeodactylum tricornutun 2.30 1,84 -20 4 6
Chilamydomonas coccoides 2.29 1.80 =21 4 &
Chiamydomonas coccoides 2.28 1.69 -26 4 6
Natural zooplankton 2.09 5.78 +177 4 6
Natural zooplankton 2.4] 359 +132 4 6
No food 2.20 1.70 ~23 4 6
No food 2.15 1.62 -25 4 6
2 Particulate detritus 15.4 10.4 =32 7 12
Natural zooplankton 17.5 32.9 +88 7 12 |
|
No food 652 10.1 -38 7 12 i
il
!
3 Mixed algae® 21.9 15.9 -27 8 7
Natural zooplankton 19.4 37.8 +95 8 7
No food 21 .5 13.0 ~40 8 7
i
|
il

&Phaeodacty Lum tricornutum, Dunaliella varians, Monochrysis sp.
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Fig. 1. Mnemiopsis meervadyi. Egg and/or larvae

production, as function of size, over 24 h fol-
lowing collection of ctenophores from the field

—_—

Fecundity

Information on egg production was obtained for
both field-collected and laboratory-reared
ctenophores. Approximately 60 field-collected
ctenophores were placed individually in 2 1
containers of seawater. On the following morning
the number of larvae and/or eggs were estimated
by counting 6 aliquots of the total volume, and
the length of the adult was measured. Only 6
specimens failed to produce offspring, and the
numbers produced by the rest ranged from 169 to
9990. There was wide variaticn in egg production
for a given size of ctenophore, but the maximum
egg production was proportional to increasing
size (Fig, 1). These observations suggested that
egg production can occur over an extensive
portion of the lifespan of Mremiopsis mecradyt,
as indicated by the size range (38 to 85 mm in
length) of individuals which produced eggs, and
is most probably a continuous Process, dependent
on the state of nutrition of the ctenophores,

In order to obtain an estimate of the minimum
size at which reproduction could occur, as well
as the possible frequency of reproducticn,
laboratory-reared individuals of known age were
examined for egg production. Six ctenophores
originally begun in batch culture were removed
on the 6th day at a size range of 3.6 to 5.4 mm
in length, and placed individually in aquaria
containing 19 1 filtered seawater, Each day they
were removed from the tanks, and the contents of
the tanks concentrated to al l volume by slow
siphoning with an 8.5 cp diameter funnel fitted
with a 50 pm mesh to retain the eggs and/or
larvae, The concentrate was gently paured into

a 2 1 beaker, and the eggs and/or larvae counted.

The ctencphores were transferred into filtered

anders

seawater and food added. This procedure was
repeated until the 23rd day after hatching, when
the experiment was terminated.

The numbers of eggs and/or larvae produced apg |

the increase in length for each of the 6 indi-
viduals are presented in Table 2. All 6 cteng-
phores first produced eggs on the 13th day aftey
hatching. The minimum length at which eggs were
first produced was 29 to 34 mm. The number of
eggs produced at this time was low, ranging frop
7 to 147 eggs/individual. Reproduction was inter-
mittent over the next 3 days, and 4 of the §
individuals did not produce any eggs during thig

period. However, on the 17th day, when the cteng-

phores ranged in size from 42 to 60 mn, egg pro-
duction was resumed by all 6 individuals and
continued thereafter on a daily basis until the
23rd day, when the experiment was terminated, The
total number of eggs produced by the ctenophoreg
over the 17 day period ranged from 5,690 tg
12,423 eggs/individual, with an overall average
of 8,210 eggs/individual. The number of eggs
produced by an individual varied on a day-to-day
basis, but without any apparent pattern. The
average daily egg production of the 6 ctenophores

ranged from 517 to 1,130 eggs/individual/day, with

a mean value of 746 eggs/individual /day. However,

if only the sustained period of egg production

(17 to 23 days after hatching) is considered, the

mean daily production would increase to 1,173
eggs/individual/day.

Daily egg-production rates in these cultured
specimens never reached the maximum numbers pro-
duced overnight by field-collected individuals
of comparable size, Whether the trauma of removal
from the natural environment caused release of
more eggs than would have occurred had they been
left undisturbed over that period, whether those
numbers could have been sustained over subsequent
days as in the laboratory-reared specimens, or
whether the ctenophores from the field had been
exposed to higher fpod levels, is not known. In
any case, only about one~third of the field-
collected ctenophores laid more than 2,000 eggs
over 26 h,

Egg production of the cydippid ctenophore
Pleurobrachia bacher reared in, the laboratory
has been followed by Hirota (1972). He also
observed two periods of egg production in this
smaller tentaculate species, an early period
beginning at about 2 mm in diameter during which

are produced, followegd by a period of sustained
(daily) reproductiog in mature adults beginning
at about 8 mm in diameter; the two periods were
often separated by a period of no egg production,
The average number of eges reported by Hirota

(1972) for adult Pleyrobachia bacher was 350 eggs/

individual/day, which is some two to three times
lower than the production of eggs obtained for
laboratory-reared Mrnemiopsis meeradyi in the
Present study. In comparison with other zoo-
plankteon, the number of €ggs produced both by
M.meeradyi and P.bache? are quite high, For the

chaetognath Sagittg hispida, over a 20-day period
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Table 2. Mnemiopsis meccradyi. Daily length increment d i
- reared individuvally in the laboratory ¥ Anfl. %EE PICHUCELSL For § etenophones
nd v
Days Ctenophore number :
after d
r hatch- 1 2 3 4 5 6 : £
ing Length Eggs Length Eggs Length Eggs Length Eggs Length Eggs Length Eggs : ;
. (mm)  (no.) (mm)  (no.) (mm) (mo.) (mm) (no.} (mm) (mo.) (mm) (mo.) 4
&
. 6 4,64 = 5.44 - 3.68 - 4.48 - 3.84 - 4,48 =
- 7 - - - = - ~ j
z 5 _ _ B _ _ _ ;
g 14.4 - 12.0 - 12.5 = 13.4 = 12,0 o 12.3 = i :
* 10 - . 5 = - ; S ?
1 - - - - - - | 5
12 28.0 - 23.0 - 26.0 - 27.0 - 310 ~  31.0 - |
7 13 32.0 57 29.0 77 33.0 58  31.0 14 34.0 7 34.0 147 ;
= 14 39.0 = B4=5 76 39.0 - 38.0 - 40.0 - 38.0 -
ith 15 42.0 = 39.0 44 45.0 - 43,0 - 45.0 a 44,0 -
o 16 46.5 188  40.0 - 53.0 - 47.0 - 46.0 - 46.0 -
e 17 50.0 935 42.0 61 60.0 387 52.0 273 46.0 248 49.% 290
18 535 912 48.0 146 65.5 1792 5615 310 48.0 361 51.0 305
19 55.0 1906 48.0 1016 67.0 1617 60.0 1915 49.0 917 56.0 1528
20 59.0 2514 50.0 1154 74.0 2120 61.0 1885 50.0 1800  58.0 926
1l 2] 61.0 1917 53.0 780 76.0 1927 62.0 1293  51.0 464 58.0 490
' 22 62.0 2064 58.0 1067 78.0 1153  65.0 1068 53.0 1101 55.0 1047
: 23 64.5 1930 58.5 1691 80.0 1186 66.0 1976 54.0 1158 61.0 957
it
Total 12423 6112 10240 8734 6056 5690
Reeve (1970) reported a maximum of 420 eggs/ favorable conditions of focd supply. This must be
individual. A mean of 2,000 eggs was produced especially true of warm-water lobate ctenophores
by the copepod Calanus helgolandicus over a 50-day  such as M.mecradyi, which can attain 300 mg ash-
period (Paffenhdffer, 1970), and Ponomareva (1959) free dry weight within 40 days compared to 20 mg
estimated that Buphausia pacifica produced 1,400 in 100 days for P.bachei (Hirota, 1973).
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gs early as 3.68 mm in length, demonstrated that
1 thgse ctenophores are capable of self-fertiliz- )
ation., Hirota (1972) also reported self-fertiliz- Literature Cited
atlon for individually-reared Plewrobachia bacheti.
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