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ABSTRACT

Progress on the blologlcal studies of scyphozoan jelly-
fishes is herein reported.

Morphological studies as an aid to identification of -
Auelia aurnita, Cyanea capillata, Chrysaora quinquecittha, and
Rhopilema VertilEL are now completed. Further morphological evidence
of "northern" and "southern" strains of Awrefia awrita based on life
history studies is presented.

With respect to the strobilation process, nucleic acid
and protein ratios are compared before, during, and after this form
of asexual reproduction occurs. - An ultrastructural analysis of polyps
reveals that neurosecretory substances are associated with the very
early stages (pre-strobilation) of strobilation.

Inhibitor studies carried out indicate that the free-
swvimming ephyrae are more sensitive to external agents than are the
sessile polyps. This is not surprising because the polyps may survive
a wide spectrum of environmental conditions in nature whereas the
ephyrae are considerably more lgbile.

The seasonal distribution of Chiysaora polyps is reported
for selected sites which are monitored each year. In spite of the
low abundance of medusae in the summer of 1971, numerous polyps and
cysts persist on natural shell substrate which may give rise to
nuisance populations of medusae during 1972.

Uptake of glycine and serine, selected dissolved organic
compounds of the natural waters, indicate that the dissolved organic
fraction is not a prime nutrition source for Chiysaora ephyrae and
polyps. Gastric cavity analysis of Cyanea medusae indicate that
these organisms are omnivorous and primarily night feeders. The com-
ponent fatty acids indicate significant differences between species,
some differences associated with sex in the medusae, and significant
differences between medusae and polyps of the same species.

, Speculations on low Chtysaona end Aurelia populations during

the summer of 1971 relate to possible lack of planktonic food sources
of the ephyrae and young medusae and to the extreme hydrographic con-
ditions during the spring of 1971.
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CONTROL MEASURES FOR CHESAPEAKE BAY JELLYFISHES

INTRODUCTION

| With the- enactment of Public Law 89-720, The Jellyfish
Act, recognizing that certain coelenterates are a hazard to human
activity and a deterrent to the recreational development of the
Chesapeake Bay, several research teams were formed. These teams
have as their objective the development of a degree of understanding
of the biology of the jellyfish'so that control of jellyfish popula-
tions may be accompiished without incurring unacceptable ecological
costs. The research endeavors at VIMS are designed around specific
objectives which will contribute to the wltimate attainment of the
stated objective of jellyfish populatiqn control.

Since 1968, studies at VIMS have included both laboratory

and -field investigations under the coordination of Dr. Edwin B.

iJoseph, Assistant Director of Fisheries and Biological Oceanography.

The coordination of the VIMS Jellyfish Project has continued since
October 19714under Dr. Paul L. Zubkoff, Head, Department of Environ-
mental Physiology. , '
Field observations on sbundance and location have permitted
a general comparison of scyphozoan populations dominating the Lower
Bay. Wide fluctuations of jellyfish populations (Chtysaora quinque-
covtha, Auelia auwnita, and Cyanea capillata) have been observed
during this period. The summer of 1969 was a year of great abundance
for the sea nettle, Chiysaora quinquecinrha, whereas the summer of

1970 was a period of high populations which disappeared approximately

4-6 weeks earlier than the previous year. 1In contrast, the summer of’



1971 was a year of very low abundance of both Chiysaora quinquecintha
and Aurelia awrita. In addition, during April of 1971, the greatest
abundance of Cyanea capiffata was observed since the program was
initiated. | ‘

Although in 1971, polyps of Chaysaora quinquecitha were
observed undergoing strobilation at the same sites monitored in the
previous years of large jellyfish populations, the Lower Bay'waters”'
were free of Chaysaona quinquecintha for most of the summer. Thus,
the summer of 1971 may be looked upon as a year in which these
obnoxious organisms wefe under natural control. Unfortunately, that
goal of jellyfish population control for ﬁhich this project is
striving was'seeq momentarily, but is still out of reach because we
do not fully understand that observed phenomenon.

In light of the concerted efforts of developing an under-
,staﬁding of these organisms through biochemical, physiological,
morphological, developmental and ecological studies over the past 4
years, a more thorough base of fundamental knowledge now exists for
continued investigations.

The progress under the Cooperative Agreement for 1 April
1971 - 31 March 1972, Control Measures For Chesapeake Bay Jellyfishes,

Project JF-3-9, Contract 14-17-0003-598, follows.
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PUBLICATIONS, ABSTRACTS, AND THESIS
These studies were condu;ted as part of the Cooperative
Virginia-Maryland Jellyfish Research Program, unless otherwise
noted .by .the ésterisk. Funding of the Virginia subprogram is under
Public Law 89-720, Jellyfish Act, Contract No. 14-17-0003-598 (Dr.
Edwin B.‘Jbseph, 1 April 1963 = 1 October 1972, or Dr. Paul L.
Zubkoff, 1 October 1972 - 31 March 1972, Project Coordinator) from
National Marine Fisheries Service of the Nétional Oceanic and
Atmospheric Administration, U. S. Department of Commerce and Virginia
Institute“of Marine Science, Commonwealth of Virginia. | B
Coordination meetings with the M;ryland Jellyfish Research
Team were held in September at VIMS, Gloucester Point, Virginia, and

in February at Chesapeake Biological Laboratory, Solomons, Maryland.

In addition, members of both groups held informal discussions at the

Atlantic Estuarine Research Society Meeting in November.(Plainview,.
New York). Minutes of these meetings have been forwarded to NMFS.
A report of the previously completed work does not appear

in the 1971 Federal Aid Program Activities, National Marine Fisheries

Service, USDC-NOAA. Studies completed since the start of the VIMS-

NMFS Program are listed below:

v

PUBLICATIONS
CALDER, D. R. 19T71.
| Nematocysts of polyps of Auwrelia, Chiysaokra and Cyanea, and
their utility'in identification.

Trans. Amer. Micros. Soc. 90: 269-2Th.



CALDER, D. R. 1972. |
Development of the sea nettle, Chiysaora quinquecittha (Scypho-
zoa, Semaeostomeae).
Chesapeake Séi. 13: ho-Lk.

CALDER, D. R. 1972.
Nematocysts of the medusa stage of Rhopilema vernilli (Scyphozoa,
Rhizostomeae).
Trans. Amer. Mieros. Soc. 91: 213-216.

'CALDER, D. R., H. N. CONES, and E. B. JOSEPH. 19T71.
Bibliography on the Scyphozoa, with sélected references on
Hydrozoa and Arthozoa.
Va. Inst. Mar. Sci. Spec. Sci. Rep. 59. 1k2 p.

CONES, H. N. JR. 1969%.
Strobilation of Chiysaora quinquecivitha polyps in the laboratory.
Va. J. Sci. 20: 16-18.

CONES, H. N. JR., and D. S. HAVEN. 1969%.
Distribution of Chrysaora quinquecittha in the York River.
Chesapeake Sci. 10: 75-8k. |

JOSEPH, J. D., R. W. SCHMIDT, and P. L. ZUBKOFF. 1971.
Comparative bioc@emistry of jellyfish: Neutral lipids of
Awtelia, Chiysaona and Cyanea polyps.
Amer. Chem. Soc., 6th Mid. Atlantic Reg. Meeting, Feb. 3-5,.1971,
Baltimore, Md. Abstr. @10.

OAKES, M. J. and D. S. HAVEN. 19T71.
Some predators of polyps of Chiysaora quinquecintha (Scyphozoa,
Semaeostomeae ).

Va. J. Sci. 22:°L45-46.



OLMON, J. and K. L. WEBB. 1970.
The effects of salinity and decreasing temperature on polyp
stages of the jellyfish, Aurelia aurita and Chrysaora quingue-
cintha, ' -
Va. J. Sci. 21: 115. (Abstr.)
OLMON, J. and K. L. WEBB. 19TL.
Salinity and temperature effects on setting planulae of Chesa-
peake Bay jellyfish.
Va. J. Sci. 22: 100. (Abstr.)
PERKINS, F. O., R. W. RAMSEY, and S. §. RAMSEY*. 1970.
The ulﬁrastructure of muscle contracfion in the jellyfish
(Chrysaona quinqueciniha) fishing tentacle.
7 ieme Cong. Int. Micros. Electron. T77-778. (Abstr.)
PERKINS, F. 0., R. W. RAMSEY, and S. S. RAMSEY. 19T71%,

The ultrastructure of fishing tentacle muscle in the Jjellyfish

Chrysaona quinquecintha: A comparison of contracted and relaxed

states.

J. Ultrastruct. Res. 35: L431-L450.

4

THESIS
DIETZ, M. A. 19T1.
An ultrastructure study of strobilation in Chaysaora quinque-
ciutha with special reference to neurosecretion.

M.S. College of William and Mary, Williamsburg, Va.
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MANUSCRIPTS SUBMITTED FOR PUBLICATION
Black, R. E. Nucleic acid and protein levels in strobilating polyps

of Chiysaora quinquecirvtha and Aurnelia awrita.

Abstract

Ievels of DNA, RNA, and protein were measured in scyphis-
tomae of the scyphozoans, Awrelia awrita and Chrysaora quinqueci/utha
during strobilation. In synchronously developing populations of
Aurelia, the amount of DNA per‘polyp increases about 3-fold during
strobilation, vhereas RNA and protein remain relatively constant.
The RNA/DNA ratio drops by 50% during strobilation in Chaysaora and
28%;to 50% in Aurelia. Specific RNA reserves are probably not accum-
ulated in advance of strobilation, however, since strobilation is '
blocked immediately in both speciés by 1 to 3 ug/ml a@tinomvcin D.
Polyp size and DNA content are usually increased by prolonged incuba-
tion at temperatures of 12° to 15°C, which facilitates strobilation;
however, the RNA/DNA and protein/DNA ratios of sueh polyps are not

significantly increased by the cold conditioning.

r

Submitted to Marine Biology

13



1k

'Dietz, M. A. and K. L. Webb. An ultrastructural study of strobila-
tion in Chrysaora quinquecitha with special reference to

neurosecretion.

Abstract

Scyphistomae and strobilae of the seyphozoan Chiysaora
quinquecitha were fixed and sectioned for electron microscopy. The .
polyps were divided into four classes on the basis of their stage of
development: non—strobilatingI(scyphistomae), neck-formation, seg-
mentation, and metaﬁorphosis. Ultrastructural preparations revealed
neurosecretory cells containing numerous membrane-bounded granules-
in scyphistbmae and necked polyps. Between neck-formation and seg-
mentation the neurosecretory gragules moved from the cell body to
the axons of the neurites. By metamorphoéis most of the neurosecre-’
fory product had disappeared from the axons. Other changes which

appear to accompany strdbilation included both a decrease in glycogen

. and contraction of muscles along the inner edge of the epidermis.

Submitted to J. Exper. Biol.
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Olmon, J., K. L. Webb, and M. Bolus. Environmental factors influencing
setting of planulae of Aurelia, Chrysaora and Cyanea. I.

Planula density and chemical simulation of crowding.

Abstract

Awelia aunita, Chrysaora quinquecitha and Cyanea capillata
planulae were subjected to various conditions of crowding and held
under controlled conditions until the planulae set and metamorphosed
into polyps. Maximum numbers 6f polyps were formed at planula densi-
ties of 2-10 planulée per ml of sea water, of 5-12 planulae per cm®
of substrate area. The effects of various concentrations of glyecine,
serine, glutamic acid, a~-ketoglutaric acid, phosphate buffer and di-
methylsulfoxide on larvel cyst formation in Cyanea were tested. Di-‘
methylsulfoxide partially inhibited larval cyst formation at a concen-
tration of 1072 M but the other chemicals tested had no significant

effect.
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Morales—Alamo, R. and D. S. Haven. Mouth shape of the scyphistoma
of Awrelia auwrita from Chesapeake Bay'and.its taxonomic
significance. |

Abstract
Scyphistomae (polyps) of Auneﬂié auniia,nhhnyéaona quin-
quecitha and Cyanea capillata were reared in the laboratory from
known parent medusae collected in the Yofk River, Virginia. It was
observed that the fully develoﬁed (16-tentacle stage) polyp of

Aurelia possessed a circular mouth. This feature distinguishes

Aurelia from Chiysaona and Cyanea in the same region and from polyps

of Auwrelia obtained from Woods Hole, Massachusetts, all of which

have cruciform mouths. A circular mouth in Chesapeake Bay Aurelia
also contrasts with previous descriptions'of a cruciform mouth for

Awrelia from Plymouth, England. This difference in mouth shape may

not only be useful for identification of Awtelia in field collections

in Chesapeske Bay but also raises the possible existence of sub-

species of Awtelia from different geographic regions.

Submitted to Biol. Bull.
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Webb, K. L., A. L. Schimpf, and J. Olmon. Freé amino acid composi-
tion of scyphozoan polyps of Awtelia aurita, Chrysaonra

quinquecitha, and Cyanea capillata at various salinities.

Summary

1. Free amino acid (FAA) composition of scyphozoan polyps of
Aunelia auwrita and Chrysaora quinquecivtha was found to be
linearly related to salinity.

2. Glycine; the most concentréted amino acid in polyps of Aﬁ&eﬂiaA
and Chiysaora, was as much as 80% of the total free amino acid
pool. The concentrations of FAA of Cyanea were more evenly
distributed among a number of amino acids.

3. The polyps of Awrelia aurifa from Chesapeake Bay seem to make
up a population distinct from those of the Woods Hole, Massachusetts

-region. P-alanine constitutes a major fraction of the FAA of
the Chesapeaké Bay'Auneﬂia polyps and is lacking in the Woods
Hole population. The Chesapeske Bay Aurellia polyps also possess
circulaﬁ mouths rather than the typical cfuciform mouth.

4. The FAA composition of Chrysaora polyps from the field was’quite
varidble upon collection but became similar to laboratory raised
polyps after 48 hours of starvation. It was conéluded that quality
and quantity of food and elapsed time since feeding greatly

alter the FAA pools.

In Press Comp. Biochem. Physiol.
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COMPLETED MANUSCRIPTS

Calder, D. R. Laboratory observations on the life history of

Rhopilema vewrilli (Scyphozoa, Rhizostomeae).

Summagx

The life history of the rare scyphozoan Rhopifema verwrtilli
is described from the planula to the youngAmedusa stages. Planulae
are retained within the gonadal tissue of the medusa until fully
developed. On liﬁepation, most planulae set and metamorphosed into
tiny scyphistomae within T-10 days. The scyphistoma differs from
other described species in having an unusﬁally large, clavate manubrium.
The only means of asexual reproduction observed in the scyphistoma
cultures involved the formation of podocysts. Strobilation was
usually>of the monodisec variety, although polydisc strobilation was
not.infrequent. The process of strobilation was completed within
seven days at 20 C. Newly liberated ephyrae.typically,had eight
pairs of lappets aﬁd eight rhopalia. Ephyral development resembled
that of the closely related rhizostome Rhizostoma pufmo. The cnidome
of the planula and scyphiétoma consisted of atrichous isorhizas
("a" atrichs) and microbasic heterotrichous euryteles, while that of
the strobila and ephyra consisted of "a" atrichs, euryteles, and

holotrichous haplonemes.
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UNPUBLISHED INFORMAL PRESENTATIONS

DIETZ, M. A. and K. L. WEBB. 19T1.

An ultrastructural study of strobilation in Chiysaora quinque-
covha with special reference to neurosecretion.
Estuarine Research Federation, Plainview, Long Island, New York.

MORALES-ALAMO, R., and D. S. HAVEN. 19T71.

Circular mouth shape as a character peculiar to the scyphistoma

of Aurelia aurita from Chesapeake Bay.

Estuarine Reseérch Federation, Plainviéw, Long Island, New York.
ZUBKOFF, P. L. and J. D. JOSEPH. 19T71.

Compa#ative biochemistry of jellyfish: Component fatty acids

of the total lipids of Awrelia, Chrysaonra, and Cyanea.

Estuarine Research Federation, Plainview, Long Island, New York.
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III. STATEMENT OF PROGRESS

JOB. NO. 1 - PROBIEMS OF IDENTITY

OBJECTIVE: To further clarify the problems of identity of the
several life stages of the abundant jellyfishes of

the Chesapeake Bay.

D. R. Calder
The newly liberated éphyra is the least differentiated
and, thus, the most difficult stage to identify in the development
of a medusa. Detailed comparative studies on ephyrae of the four
species of jellyfish (Au&éﬂia, Chaysaona, Cyanea, and Rhopilema)
have now been completed in order to identify morphological differences
useful in identification. The use of nematocysts and life cycle

studies have been employed.

Studies on Cyanea

Polyps of Cyanea began to strobilate in the laboratory
during autuﬁn 1971, and observations were made on the ephyra and its
development into the medusa (Figs. 1-6). Russell (1970) outlined
differences useful in distinguishing Cyanéa.from Aurelia, Chaysaoha,
and Rh@ZOAiDma, but his studies were.based on European specimens.
Present observations, based on C. capillata fulva from Chesapéake
Bay confirm that the differences characterizing Cyanea from Europe
also épply to our local variety. |

In previous reports, the nematocysts in ephyrae of Auwrelia
and Chrysaona were described, and the cnidome of the Rhopilema ephyra
will be discussed elsewhere (manuscript in preparation). To complete
the comparison, details on nematocysts in ephyrae of Cyanea are given

in Teble 1. The cnidome is similar to that described previously for
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Ia
FIGS. 1-6. Stages in the. development of Cyanea capillata fulva;
l from lsboratory cultures. |

1. Ephyra at liberation, 3 mm diameter.

! 2. Five-day-old ephyra, 5 mm.

‘ | 3. Seven-day-old ephyré,, T mm.

| L. Eleven-day-old ephyra, 10 mm
5. Fourteén—day‘—old ephyra, 13 mm.
6. ‘I‘wenty—-da:ﬁold medusa, 17 mm.






TABLE 1. Nematocysts of the ephyra stage of Cyanesa capillata.

No. examined
Length

Width

Mean length

Mean width
Greatest L:W ratio
Smallest L:W ratio

Mean I:W ratio

n.n

"A"

"n.,n

a o
Atrichs Atrichs Atrichs
25 1 25
5.3-6.9 12.h 5.6-7.1
3.8-k4.9 7.9 2.1-3.4
6.0 12.4 6.7
4.0 7.9 2.7
1.66:1 1.57:1 3.18:1
1.36:1 1.57:1 2.00:1
1.50:1 1.57:1 '2.52:1

23

Holotrichs Buryteles
25 25
9.9-12.9 10.2-12.8
8.7-11.0 T.1- 9.2
11.6 11.2
10.0 8.2
122:1 1.58:1
1.10:1 1.26:1
1.16:1 1.36:1
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the medusa stage of Cyanea. However, "A" atrichs, which were rela-
tively common in the medusa werevusually.undeveloped.in the newly-
liberated ephyra. Only two "A" atrichs were observed in the 15
ephyrae examined and only one of these nematoéysts could be accurately
measured. There were also marked differences in the relative abundance
of "a" atrichs from one ephyra to another. These nematocysts were
common to abundant in some of the newly-liberated ephyrae and rare

or even sbsent in others. The "a" atrichs are concentrated in the
oral region of the polyp (Calder, 1971) and do not become equally
distributed among the ephyrae produced by a given strobila. Those
formed distally on the strobila bear moderate or large numbers of
these nematocysts, while those produced on the proximal end have
relatively few or no "a" atrichs. Euryteles, "a" atrichs and holo-

trichs were asbundent in all the ephyrae examined.

Differences in Allopatric Populations of Autelia

Differences in allopatric populations of Awrelia awrita
have already been described. Morales-Alamo and Haven (1972) found
differences in the mouth shape which distinguished the polyp of
Chesapeake Bay Awrelia from Woods Hole, Massachusetts specimens.
Webb, Schimpf and Olmon (1972) reported differences in the free amino
acid composition of polyps from the same two locations. Earlier,
Mayer (191&) had demonstrated physiologic?l differences between
medusae of A. awrtita from Halifax, N. S., and'Tor%ugas, Fla. |

| Present studies provide additional evidence that northern
and southern populations of A. awiifa along this coast differ from

each other. Comparisons were made of the development of specimens
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from Texas, Virginia, Delaware and Massachusetts. Those from Texas,
Virginia end Delaware showed one.pattern of development (Fig. T),
those from Massachusetts another (Fig. 8). Polyp nematocyst studies
corroborate these‘findings. Awrelia from Massaphusetts differed
from the Delaware, Virginia and Texas specimens in lacking the poly-‘
spira nematocyst type. Thus, caution should be exercised in extra-
polation of information obtained on Autelia from New England and

other northern locations to populations elsewhere along this coast.

"Red" and "White" Phases of Chiysaoira

Preliminary observations lend support to the hypothesis
that the color phases of Chaysaora quinquecitha are genetic, at
least in part. Polyps were reared from planulae produced by both
red and white medusa phases. Medusae reared in the laboratory from -
"white" polyps did not develop any pigmentation (Calder, 1972).
" However, specimens reared from "red" polyps developed faint reddish
pigmentation after attaining a diameter of U~5 cm in the laboratory.
As the meduéae continued to grow, the pigment became more and more con-
spicuous. Unfortunately, the specimens diea 51 days after liberation,

having attained a diameter of T cm.

Record ' of Pelagia

A fifth species of scyphozoan medusa has been found in
Virginia waters for the first time. Specimens of Pefagia noctiluca,
a species lacking a polyp stage, were found in Wachapreague Inlet on
the eastern shore during October 1971. The medusa is a close relative
of and resembles Chrysaora quingquecirtha, but possesses only eight

tentacles and 16 lappets in the adult. The species is reported as



FIG. T. Developmental pattern displayed by "southern" Aurelia

aurnita (from Texas, Virginia, Delaware).

k.

| S

| 6.
~

Newly;-libera.ted ephyra, 2.3 mm diamefer‘.
Six-day-old ephyra, 4.5 mm.
Eight-day-old ephyra, 6.0 mm.
Twelve~day-old ephyra, 7.5 mm.
Twepty-—da&-old medusa, 12.0 mm.

Thirty~dey-old medusé,, 17.0 mm.
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FIG. 8. Developmental pattern displayed by "northern" Auwrelia

awvita (from Woods Hole).

1.

. 2 .

Newly-liberated ephyra, 3.0 mm diameter.
Three-day-old ephyra, 4.1 mm.
Seven-day-old ephyra, 5.9 mm.

Ten~day-old medusa, T.5 mm.

~ Fourteen-day-old medusa, 10.0 mm.

Thirty-day-old medusa, 20.0 mm.
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venomous by Halstead (1965). P. noctiluca is a pelagic scyphozoan,
commonly found in the Gulf Stream, and its occurrence in local waters

is undoubtedly attributable to offshore wind and current patterns.

Additions to Polyp Collections

A 1ist of the polyps in culture at VIMS was given in an
earlier confract report. In addition to these we have obtained
Cassiopea sp. from Bermuda, Aurelia sp. from Washington (state), and
scyphistomae (probably Aurelia awrita) from New Brunswick and Prince

Edward Island, Canada. The identity of these polyps will be estab-

lished through life history studies as soon as the cultures strobilate.

Nomarski Interference Microscopy

Polyps and early strobilae were examined using Nomarski
differential interference microscopy to determine whether this optical
technique would reveal color differences whereby early stfobilae
could be distinguished. Preliminary results froh_this‘study were -
negative; the only differences noted were morphological and just as

easily distinguished under brightfield optics.

Bibliography

+ A jellyfish bibliography (Calder, Cones and Joseph, 19T1)
was published since the last contract report. Work has continued on

this project to keep the reference list up to date.

Summary
This phase of the VIMS Jellyfish Program was added initially

to resolve difficulties in the identification of scyphistomae in

Chesapeake Bay. Reliéble means have been described whereby the polyps
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of the four species of jellyfish occurring in the bay can 5e identified.
Life histories of the four specieé have been followed from the ephyra
to the medusa, thereby making identification of any stage in jelly-
fish development élso poséible. Differences in allopatric populations
of Awelia aurita have been explored. A bibliography of jellyfish
literature has been assembled, pubhlished, and distributed. With this
report the jellyfish taxonomy phase is completed and emphasis will be
shifted to a Creek Plankton-Nutrition Integrated Study. Under this
study taxonomic work will be directed at establishing zooplankton °
composition and dominance and the physical envirommental conditions
prior to and during strobilation and maturation of Chiysaora in

Sarah's Creek, Virginia.
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JOB NO. 2 - THE STROBILATION PROCESS ) :

OBJECTIVE - To investigate further the process of strobilation as a

possible weak link in the jellyfish life cycle.

1 - Nucleic Acid and Protein Levels in Strobilating Polyps of‘
Chrysaona quinguecitha and Awrelia awvita

R. E. Black

The scyphistoma (polyp) of the scyphozoan undergoes exten-
sive cell division during strobilation, utilizing food reserves ac-
cumulated prior to stiobilation, according to histological studies
by Chuin (1930). Quantitative biochemical changes during this pro-
cess have not been studied. As an initiai.study, it is desirable
to obtain quantitative information about changes in DNA, RNA, and
protein during strobilation, since these pfovide a basis for inter-
preping other biochemical events. Ievels of these macromolecules in
laboratory cultures of strobilating and nonsﬁrobilating polyps of
Chrysaora quinquecinnha and Awrelia auwrita are reported.

Awrelia polyps were held at 12° to 15°C for one to several

months in order to condition them for strobilation (Spangenberg, 1967)..

’

The polyps were then returned to 25°C and potassium iodide was added
to a concentration of 1.25 uM. In cultures which had been cold con-
ditionéd for as long as 3 months, nearly synchronous strobilation
was initiated in all polyps within 2 to 3 days after this treatment.
Strobilation in Chrysaora was induced by returning the polyps to 25°C
after a period of at least 2 months in the cold (Loeb, 1970). The

initiation of strobilation usually required 3 to 21 days, and no

synchrony was observed.
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For nucleic acid and protein determination, 20-50 Chiysaora
polyps, 50-100 Aurelia polyps, or 300-500 ephyrae of either species
were homogenized and extracted thrice in cold 5% (W:V) trichloroacetic
acid (TcA), twice.in boiling ethanol-ether (3:1 V:V), and once in 5%
TCA at 90°C for 20 mihutes, according to the fractionation pfdcedure
of Schmidt and Thannhauser (1945). The Dische diphenylamine method
was used for the estimation of DNA; the orcinol method of Mejbaum
was used for RNA (cf. Schneide?, 1957). Protein was determined by
the method of Lowry et al. (1951) or by the biuret method as described
by Layne (1957).

The RNA/DNA and protein/DNA ratios obtained for several
batches of étrobi’lating Chrysaona are shown in Table 1. The animals
used in this study were collected from shells in March and held in
the labératory at 18°C for periods of 2 to 8 weeks prior to analysis.
The& were fed AMitemia during this time. The RNA/DNA ratio decreases
about 50% during strobilation. Although thé protein/DNA ratio tends
to decrease during strobilation, it is so variable that no conclusion
can be drawn about its relation fo development.

In order to interpret the changes in ratio noted above, it
is necessary to compare the actual levels of macromolecules in polyps
of comparable size at different stages of strobilation. Since each
assay required 20-50 polyps, such a comparison required large numbers
of polyps of uniform size, which could be induced to strobilate fairly
synchronously. This requirement could not be met in Chrysaoia, since
synchrony is so poor, and it was necessary to use s&nchronously
developing polyps of Aurelia for sﬁch measurements. The results of

duplicate experiments on Awtelia polyps, preconditioned at 15°C for
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3 months, are shown in Fig. 9. A 3-fold increase in DNA occurs in
strobilating polyps but not in thé nonstrobilating ones over the same
period of time. Tpe levels of RNA and protein vary considersbly in
different samples of polyps, but do not show major net changes over
the 10-day experimental period in either strobilating or control
polyps. Although the polyps were not fed during the experimental
period, starvation did not result in a decrease in RNA or protein in
the control polyps; it therefore seems reasonable to conclude that
starvation cannot account for the drop in RNA/DNA ratio in strobiléting
polyps (Fig. 10). The increase in DNA during strobilation is not un-
expected, since extensive cell division hés been reported during this
process (Chuin, 1930). |

Budding occurred in both experimental and control Awrelia
polyps‘during the above experiments. The buds were included with the
polyps in the assays. Because of the short Quration of ﬁhe experi-
mental period, no attempt was made to determine differences in budding
rates. Approximately 30-50 buds were produced in each group of 50
polyps during the period. |

Prolonged indub;tion at low temperature usually resulted
in a considerable increase in the average size of polyps of both
specieé. The large size and high RNA/DNA and protein/DNA ratios
obtained in cold-treated, unstrobilated polyps of both species sug-
gested that RNA and possibly protein are accumulated during the pro-
longed period of cold treatment prior to strobilation. This was
investigated by comparing these ratios in conditioned and noncondi-

tioned polyps of Chiysaora and Awrelia. The polyps used had been

cultured from eggs or planulae. The cold conditioned Chrysaora had
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FIG. 9. Nucleic acids and protein in cold-conditioned, strobilating
e ®) and nonstrobilating (0----0) polyps of Awrelia. KI
(1.2 uM) was added to experimental polyps to induce strobilation, -
but was omitted from controls. ES: early strobila. LS: late strobila.
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FIG. 10.

Changes in RNA/DNA ratio in strobilating (

nonstrobilating ( ---- ) polyps of Awrelia.

starved during the experiment.

Polyps were

) and

38



39

been maintained at 12° to 14°C for 6 months, while the Awteliq had
been held at 15°C for 9 months. Controls were held‘at 25°C during
the same period. The'conditioned polyps selected for the assays
were of considerably larger size than the nonconditioned controls.
The ratios of RNA/DNA and protein/DNA were not greatly increased by
the prolonged cold treatment (Table 3). The larger size of the con-
ditioned polyps is reflected in their higher DNA content. These
_polyps probably possess larger cell numbers than do the controls. It
will be noted that the ratios in these polyps are much higher than
those presented in Table 2. .

The high initial RNA/DNA and thé ebsence of a major net
increase in RNA suggested that sufficient RNA reserves might be
gvailable at the beginning of strobilation to permit this process to
occur to some extent independently of concomitant RNA synthesis. If
this were the case, blockage of the RNA traqscription process by use
of the inhibitor, actinomyein D, would not immediately block strobi-
lation. Accordingly, thé effects of acyinomycin D wege;tggted on
polyps in differenf stages of strobilatibn.m Strobiigiﬁoafwas.blocked
immediately at any stage %y 1.0 yg/ml of this inhibitor in Auwrelia
or by 3.0 ug/ml in Chirysaora. Both initiation and completion of
constrictions, as well as development of ephyral organs were prevented.
It is.concluded that continuous RNA synthesis is essential for all
events of strobilation. Specifié RNA reserves are probably not ac-
cunulated prior to strobilation.

The simplest explanatioﬁ for the apparent decrease in the
RNA/DNA ratio is that DNA synthesis and cell division occur more

rapidly than RNA synthesis during this phase of development. If this



TABLE 2. Macromolecule ratios in strobilating polyps of Chiysaoira.
Values are ug per Ug DNA * standard deviation. Numbers
of repligate batches of polyps (20 to 50 per batch) are

in parenthesis.

STAGE .+ RNA/DNA PROTEIN/DNA

Unstrobilated Polyp 10.1 + 1.9 (8) 30.5 *+ 11.7.(8)
Early Strobila 11.0 £ 1.1 (h) 33.8 + 11.6 (L)
Mid-Strobila , ' 7.3 + 1.7 (5) 18.1 + 9.0 (5)
Late Strobila 7.8 + 1.1 (L) 21.1 # 8.2 (3)
Ephyra 5.5 = 1.5 (5) 22.7 + 10.0 (5)

Polyp After Strobilation 5.4 1.3 (2) - 18.0 * 10.5 (2)



TABLE 3. Nucleic acid and protein in conditioned and nonconditioned
polyps. DNA values are in ug per polyp. Fifty polyps

were assayed per batch, and n = number of relicate batches.

CONDITIONED NONCONDITIONED
Chrysaona (n = 6)
DNA | 1.3+ 0.2 0.6 + 0.1
RNA/DNA 18.9 + 3.7 ' 15.3 + 3.3
Protein/DNA 79 + 18 104 + 25
Auwelia (n = L)
© DNA 0.6 + 0.2 0.4 + 0.2
RNA/DNA 8.5+ 5.8 - 6.7 3.7
Protein/DNA 27T = 20 25 % 25



b2~

is correct, some of the new DNA produced during strobilation is'not
transcribed until later, during the growth and development of the
released ephyrae. The major proportion of cellular RNA is ribosomal,
and one may suspeét that the synthesié of at 1egst this RNA lags be-
hind cell diviéion during strobilation. This situation would be
analogous to that found in cleaving eggs of sea urchins and some
amphibians (Balinsky, 1970).

Summary ,

In Auwrelia, the amount of DNA per polyp increases about 3-
fold during strobilatibn, whereas RNA and protein remain relatively
constant.

The RNA/DNA ratio drops by 50% during strobilation in
Chrysaora and 28% to 50% in Aurelia.

Actinomyecin D (1.0-3.0 pg/ml) blocks strobilation immediately
.in #oth species.

‘The size and DNA content of polyps are increased by pro-
longed treatment at 12° to 15°C prior to strobilation; however, the
RNA/DNA and protein/DNA ratios are not significantly increased by

’

cold conditioning.
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2 - An Ultrastructural Study of Strobilation in Chiysaoha quinque-
cinvtha With Special Reference .to Neurosecretion

M. A. Dietz and K. L. Webb

The coelenterate nervous system controls a number of morphb—
genetic processes. Burnett, Diehl, and Diehl (196L4) found growth and
regeneration in Hydﬂa to be controlled by neurosecretory cells. The
initiation of sexuality in Hydra is also related to neurosecretory
activity (Burnett and Diehl, 1964). Lesh and Burnett (1966) extracted
an inducer from the hypostomal‘fegion of Hydna. This inducer appears
to control the direction of cell differentiation of interstitial cells
along the body. Destruction of nerve cells reduces inducer activity.'
This fact and the previous work with Hydra suggest that the inducer
is a product of neurosecretory activity.

Strobilation is a unique metamorphic process by which jelly-
fish scyphistomae produce ephyrae that later develop into medusae. It
is by this process that a change from the asexual to the sexual generé?
tion is accomplished. The changes in gross morphology which occur
during strobilation have been described by a number of investigators,
including Thiel (1938), Hyman (19%0), Spangenberg (1968), and Loeb
(1970).

. Spangenberg, working with Adneﬁia awita, ﬁses the term
'strobilation' to refer to two separate processes: segmentation and
metamorphosis. Loeb (1970), working with Chiysaora quinquecintha, rec-
anizes an additional process which she refers to as neck formation.
Previous ultrastructural studies involving Chaysaora quinquecintha
have been concerned primarily with the nematocysts (Burnett and Sutton,

1969; Sutton and Burnett, 1969) and the tentacle muscles of the medusa
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(Perkins, et al., 1971). The ﬁltrastructure of scyphistomaevand stro-
bilae of Chaysaora quinquecitiha representing each of these stages of
strobilation is examined in this study. On the basis of the findings
in Hydra mentionea previously, attention is focused on the nerve ele-
ments, particularly the neurosecretory cells.

Strobilating polyps were randomly picked from the cultures
and were divided into three classes on the basis of their stage of
development: ,

1. Neck Formation: Polyps with a distinct con-

strictioﬁ beneath the base of the tentacles
(Fig. 3).

2. Segmentation: Polyps with a series of con-
strictions which divide the body into a number
of segments. The number of segments is vari-
able, and may range from one to 16. The
tentacles are still present at this stage, and
ephyrae are not yet being released (Fig. u4).

3. Metamorphosis: Polyps with mature ephyrae.
The tentaciés, septal muscles, and atrichous
polyspigas nematocysts have been destroyed,
and a number of new structures, including
lappets, rhopalia, manubria, etc., have
developed (Fig. 5).

Scyphistomae and strobilae were fixed in 3% glutaraldehyde
and post-fixed in 1% osmium tetroxide according to the rapid method
of Hayat and Giaquinta (1970). The osmolality of the fixatives were

corrected to that of ‘the culture medium with sodium chloride.



The polyps were cut through thé hypostomal region, slightly
below the bases of the tentacles (Fig. 1-b). A1l of the sectioning
was done with a Porter-Blum Mt-2B ultramicrotome. The sections were
stained with uranyl acetate and Reynold's lead citrate and were exam-
ined with a Zeiss EM 9S5-2 electron microscope. A Zeiss Photoscope II
was used for macro-photography. Sample sizes of 5-10 polyps were |
examined at each stage; results are based on the examination of 15-25
sections per polyp. '

Examination of thin sections of Chiysaora scyphistomae re-
veals the typical coelenterate body plan with a loosely arranged epider-
mis and a dense, glandular gastrodermis‘séparéted by a collagenous
mesoglea (Chapman, 1966). ILarge intracellular spaces are common in
the epidermal layer. The epidefmis is composed of epitheliomuscular
cells, cnidoblasts, interstitial cells, and nerve cells. The nerve
cells may be classified as neurosensory, ganglionic, or neurosecretory.
Neurosensory cells are easily distinguished by the presence of an
apical sensory hair. They are generally found between the epithelio-'
muscular cells with the apical flagellum projecting frém the surféce.
Both ganglionic and neuro;ecretory cells occur at the bases of epithe-
liomuscular cells. They are similar in structure and are character-
ized b& an irregular nucleus with several nucleoli, free ribosomes
with little or no endoplasmic reticulum, glycogen granulesvin the
perikaryon, microtubules, and complex Golgi. However, neurosecretory
cells may be distinguished by the presence of electron-dense, membrane-
bounded granules. These granuies vary in éize from 100-160 nm and may

be seen in association with the Golgi or scattered throughout the

perikaryon.
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Neurites of neurosecretory and ganglionic cells in the scy-
phistoma often occur in groups and may be seen lying adjacent to the
mesoglea (Fig. 9). Microtubules are-fréquently seeﬁ in the neurites,
but neurosecretor& granules are seldoﬁ present at this stage.

‘In the scyphistoma, glyCogén granules are gbundantly scatter-
ed through many of the cells of the epidermis (Fig. 6). Although some
glycogen is always present, there appears to be a distinct decrease
in the number of granules during strobilation (Fig. T).

In addition to the decreases in glycogen, several other
changes appear to accompan& strobilation. The gross morphology of the
polyp changes drastically. After the bod& becomes constricted into a
series of segments, the tentacles are resorbed and feeding ceases until
all of the segments have matured into ephyrae and are released. During
this time there is frequently an increase in pigmentation, with the
ppl&ps rahging from light pink to red.

During neck-formation,'segmentati&n, and metamorphosis, large
bundles of muscle fibers appear along the inner edge of the epidermis
(Figs. 10, 11). Although thin bands of muscle may be seen in this
area in scyphistomae, théy never occur in large bundles. It may be
that the initial constrictions which occur during strobilation are the
result of muscle contraction.

Several changes occur with respect to the neurosecretory
material. In scyphistomae and during neck-formation, neurosecretory
cells are easily recognized by the presence of neurosecretory granules
(Fig. 8). Occasionally some neurosecretory granules may be seen in
the neurites, but this is very infrequent. During segmentation and

metamorphosis, very few cells are clearly identifiasble as neurosecre-



tory. Without the presence of the dense, membrane-bounded granﬁles,
‘ganglionic and neurosecretory cells are practically indistinguishable.
In segmented polyps the disappearance of the dense, membrane-bounded
granules from the.neurosecretory cellgbody is accomplished by a dra-
matic increase in the occurrence of dense, membrane~bounded granules
in the neurites (Figs. 10, 11). These granules range in size from
90-150 nm and are similar in appearance to the neurosecretory granules
seen in earlier stages. During metamorphosis, most of the neurites
are again devoid of, granules or contain granules that appear less
full. Neurosecretory cells are again difficult to distinguish (Fig.
12, 13). |

The figures are reproduced in the Master of Science Thesis
of Marsha Dietz, School of Marine Science, Collegé of William and

Mary.
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JOB NO. 3 - NATURAL CONTROL AGENTS

OBJECTIVE: To explore the utility of natural toxins and diseases

as control agents.

Attempts to Culture Microbes From Jellyfish Tentacles

F. 0. Perkins, D. S. Haven, and R. Morales

During August of 1971, Chiysdord quinqueciitha jellyfishes
with degenerated tentacles wére obtained'from the Elizabeth River.

The specimen, that had been frézen in seawater, was used for innocu-
lating several platés“of the various media tabulated. These microbial
analyses were performed by the VIMS Department of Microbiology and
Pathology, Dr. Frank O. Perkins, Chairman.

The only growth which was observed was that of Aspengiffus
and Penicillium molds. There wefe no growthé identifiable as other
fungi or protozoa.

In view of the lack of evidence of prbtozoans, microbes
and other organisms, an identifiable parasitic organism for the jelly-
fish has nof been found.

It should be emphasized at this time that these studies
were necessarily of a superficial nature and have not been conducted
in a concerted effort. It is quite ﬁossible that organisms could
have been lost in transfer or preparation of the samples or that the
media used were not appropriate. The availability of a.parasitic

organism still remains hypothetical at this time.



" Trypticase

- MEDIA FOR MICROBE CULTURING
) .

Fluid Thioglycollate Medium (Difco) |
10% Beef Serum (Difco)
Fullers Medium .,
™ Soy Broth (BBL)~'
MV (gelatin, liver extract, yeast;extract, peptone, glucose)
Cerophyl Seawater (Cerophyl'Laboratofies)

Nutrient Agar Medium (Difco)

Yeast - Peptone - Dextrose

Medium # 1 (modified MV containing cholesterol)

Goldstein's Medium



JOB NO. L4 - IDENTIFICATION OF INHIBITORS

OBJECTIVE - To identify substances that are capable of inhibiting

strobilation, inducing it out of season, or causing direct mortality

to any stage of the life cyecle.

1l - Mortality Studies

D. S. Haven and R. Morales-Alamo
The last series of toxicity tests conducted on Chhybaoda
during this contract period was concluded on 1 July 19T71. By that

date the available supply of polyps had been depleted. Most of our

efforts between July and September were spent collecting medusae and '

tending to the polyps being raised from them in the laboratory. The

scarcity of medusae throughout the lower Chesapeake Bay in the summer

of 1971, added to a lower than usual set of planulae in the laboratory,

required that a greater length of time than usual be spent on field
collections.

A total of 76 toxicity tests were conducted during the
period 18 April to 1 July 1971, including 48 tests on polyps and 28
on ephyrae. Results of the test with Tetraphenylarsonium bromide
had to be discarded because of mortalities in the controls. Polyps
used in all but one test (that of 18 April with Malachite Green
oxalate) were collected from natural oyster shell substrate collected
at West Point on the Corrotoman River on 12 May. Ephyrae used were
released in the laboratory by these polyps. With one exception
(Malachite Green oxalate), chemicals tested on polyps had not been
tested previously while those tested on ephyrae were selected from
those most effective in previous tests on polyps of Chrysaora or

ephyrae of Awtelia.
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Results obtained in the April to'June series of tests
appear on Table L. Table 5 combines the results obtained with
Chrhysaona ephyrae with those obtained iﬁ previous tests with other
life stages of ChngAaOKa and Aurelia. Tsbulated summaries of results
obtained with the chemicals having the greatest effect to date on
polyps and ephyrae of Chnyéaona appear on Tables 6 and T. An appendix
to these tables gives complete names of chemicals.

Tubercidin and triphényltin chloride are the two chemicals
found to be most toxic amoqg those tested so far. They have caused
100 percent mortality on all life stages tested at all concéntrations.
Tubercidin was completely effective on epﬁyrae of Chiysaoha down to
a concentration of 0.05. It has not been tested on polyps at concen-
trations lower than 1 ppm. Triphenyltin chloride had caused total
mortality on polyps of Chiysaora and Au&eﬂéd and ephyrae of Chiysacha
at 0.1 ppm and ephyrae of Aurelia at 1 ppm (the highest concentration
tested). | |

The other two chemicals causing high mortalities were 2,
3-Dichloro-l,4-naphthoquinone and Bromsalans. 2, 3-Dichloro-1,k-
ngphthoquinone was much mére effective on ephyrae of Chrhysaora than
on its polyps or the polyps of Awrelia. It caused 100 percent mortality
on the ephyrae of Chaysaora at 0.1 ppm but none on the polyps of
Chayéaona at 0.1 ppm, 1 ppm, or lower, nor on the polyps of Awrelia
at 0.5 and 0.1 ppm. Bromsalans caused 100 percent mortality on ephyrae
of Chngéaona at 0.1 ppm apd on the polyps at the lowest concentration
tested (i ppm). It was not as effective on polyps of Awtelia as on
ephyrae and polyps of Chnyéaona, having caused a relatively low 20-25

percent mortality at 1 ppm and more at 0.5 and 0.1 ppm on the former.
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RESULTS OF TOXICITY TESTS ON EPHYRAE AND POLYPS OF CHRYSAORA, APRIL TO JUNE, 1971

24=HR

JELLYFISH MCRTALITY STLCIES

EXPCSURE

CHENICAL CCNCENTRATICA

PERCENT MCRTALITY AFTYER
CCCE FCR SFECIES C=CHRYSAQORA E=EPHYRAE
A=AURELIA P=PCLYPS
M=NECLSAE

CREMICAL CATE 1C 5 1
3'-CHLCRO=-3- NITROSALICYLANIL. 052771  #&xka anxkdkx 80,0

CATECHCL 052671 xukax mxkikx 100,
$-CHLORO-2-NITROPHENOL 052871 #dkix dkiun 0.0
40 -BRCMO-3-NITROSALICYLANIL. 052771 - ks %wkakx, 0.0
3'-BRCMO-3~NITROSALICYLANIL. 052771 »x&%k &x¥xakx 70,0
SYNERG. MIXTELA'-CL=4,3,NITRSAL 052771 ku&k dxiud 45,4
4'~3RCMO-5-NITROSALCYLANITL. 052771 axdd xk&2%x 100,0
5 41 ,S5-DIBRC¥M-3-NITROSALICYLANIL 052571 #&ax%#&& %&x&%x 100,0
P-ICCOANILINE 060371 kodkda ki 0.0
ISCMe MIXTL4'-CL-4,3,NITRSAL. 052871 forfss& dxkdd 0.0
4V -100C~-S-NITRCSALICYLANIL, 052571 A%&%x “okex& 100.0
2'-CHLORG-3-NITROSALICYLANIL. 052871 kil sxkink 0.0
3'-1CO0-3-NITRCSALICYLANILIDE 052871 . #x%=%x - 0.0 0.0
TETRAPHENYLARSCNIUM BROMIDE "052671  *%xukx Rkukax 29,9
SCRIUM TETRATHICNATE 060371  dedesidl gk 0.0
TRIPHORNYLTIN CHLORIDE 052671 adak mxwxtd 100.0
PENTACHLORCPERENCL 052671 x&xk& shkwk 87,5
2+3-CICHLORO-1,4-NAPHTHOQUIN. 052671 ##%x%% xx%x&kx 100,0
| MALACHITE GREEN OXALATE ° 052571  #xkx& daxxk 100.0
ERCPSALAkb 052571 ®¥kke xkk%kx 100.0
-9491 052771 #¥x#ax sokxkk 100.0
C-9491 OXYGEN ANALOG 052671 - hasmk kxdik 14,2
5~I0CCURICINE " CE0ITL. wodkak ik 0.0
5-CHLORCURIDINE 060371  wmxk& Xxxakk 100.0
PSEUCQURILINE 060371 ekdkd &hymk 0.0
TUBFKCIDIN 052571 hukds agk¥k 100.0
P-AM[NCPhENOL 052571 &xsx #bkex 100.0

CHRYSAORA o

CECXYCYTICINE 061471 #ak&x 0,0 0.0
H- PRLPLCEOXYURID!NE 061471 ok 0.0 0.0
CFCXYGUANCSINE 061471 Atk 0.0 0.0
ALENCSINE MCNOPHOSPHORIC AC. 061571 0.0 0.0 0.0
5-BRCMCDECXYCYTIDINE 061471 xukxxx - .0 0.0
5-AZACYTICINE C615T71 ko C.0 0.0
GUANLUSINF 2HZ20 061571 stk c.0 0.0
6-NFRCAPTQPURINE RIBOSXDE 061771 #%x%% ° 0.0 0.0
ADENINE 061771 %ak%k 0.0 0.0
22U8~UIHYCROCXYALENINE 06171l 0.0 0.0 0.0
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. TABIE L (continued)

JELLYFISH NCRTALITY STULCIES-

PERCENT VMORTALITY AFTER. 24-KHR 'EXPCSURE
CCCE FCR SPECIES C=CHRYSAORA E=EPHYRAE
AsAURELIA P=PCLYPS
M=NEDLSAE .
CHENMICAL CCNCENTRATICN (PPM)
CrEPlCAL CATE ic S5 1 0.5 c.1 0.05 0.01
HYPCXANTHINE 062271  hikdxk 0.0 0.0 sk sxddokd dfdohk fhadkk
6-METHOXYPURINE 061771 ek 0.0 0.0 ®¥&x% fokkad Rpkdok xdaxk
XANTHINE 062271 wxwak 0.0 0.0 ®&ddd dtksdhh fohddd X¥hkk
' 6-THIOXANTHINE 062271 ks 0.0 0.0 ek ksl fdxfor AkAgsk
6-CHLCRCPURINE : 062271 A#%%%%k 0.0 0.0 %dxtor vk fexxdf fokdrox
2-EYLRCXY-6-METHYL PURINE 062271 k¥kix%k c.0 0.0 sedsir Hrdddk hdddk AKfdhw
PURINE RIBCSICE 062271 Aok Rewink 0.0 srfoddde gokgtedod gobsohd kdokda
PURINE RIBCSIDE 063071 wdkdkn 0.0 0.0 0.0 dkih aokds Rkpik
2'-DEOXYINCSINE 062371 #%x&kH 0.0 Co0 s dojrodar dedardox ks
XANTHOS INE. 062371  HAk#kx 0.0 0.0 dkdodkde dedokmd Rk hdkdk
PURINE ) 062371 kst 0.0 0.0 %t dlddd bl Rdddk
ACENCSINE-N1-OXICE 062371 *#%x% 100.0 36,3 ¥ksd Fakddk adukg fkrddx
ACENCSINE-N1-UXIDE 062871 #&x%2 100.0 100.0 0.0 0.0 HdxAs kg
6~15CPRUPCXYPURINE 062371  ##kmx C.0 0.0 *&wok dokdior dokddd dlkak
6-1CLGPURINE C62371  Axkukxk 0.0 0,0 Fddkd fbdmp Saddok hxdokd
6-BFNZYL M AMINCPURINE 06247)  Hkskx c.0 0.0 X#sdk dodkdd Rxdgg ks
2'-CEOXYADENCSINE 062471 wx%ex 0.0 0.0 %Fdak mrhdd Rakwk Rk
KINETIN{6—-FURFURYLAMIN PURINE 062871 *&&¥x% 0.0 0.0 040 kAt dokkidg hdohak
6-HYCRAZINCPURINE C62871  wkktx 0.0 0.0 0.0 %xdkfd Rhid& Ktk
ACENINE-N1-OXICE C62871 #oxaxx 0.0 0.0 0.0 HR&p Aokt Amkak
CCRUYCEPIN 062871 #¥&kx 0.0 0.0 0.0 ®xdxs okt Fhumdk
T-VFTHYL XANTHCSINE 062871 kkickx 0.0 0.0 0.0 #a®aan fodkk Kiokdx
6=HYURCXYLAMINPURIN RIBOSIDE 062871  xmakxk 0.0 0.0 0.0 #&dokk Hag¥k GRREE
1-METHYL ACENOSINE 062371  emx%x 0.0 0.0 0.0 #xmas AFdx Kt
5 6-CHLORCPURINE RIBCSIDE 062971 #k&aRx 0.0 0.0 ° 0.0 #mssk dokdoks kakak
KINFTINRIBCSIDE 062971 hwktsk c.0 0.0 0.0 ®d%&% wpdk hhnis
PURCHMYCIN AMINCNUCLEOSICE 062971  sxanx 0.0 0.0 0.0 #askw dmkdd fokkii
. 6=STLENC-PURINE 062971 ##x&%x , C.0 0.0 - 0.0 #wuokax Sk dokddk
b=AY1N0~2,8-CICHLOROPURINE 062971 #x*xx 0.0 0.0 0.0 kg Kk Fnds
BLUE TETRAZOLIUM 063071 ®&%xa 0.0 0.0 0.0 #efkd fdddk Rohkd
P=TERT.-BUTYLPFENOL 063071 xx%x&x . 0.0 0.0 0.0 #2¥xs Hdkdm xEdds
4-CHILCRC-2-NITROANILINE 063071  #&dXk 0.0 0.0 0.0 %%tk mbhpkn H2dex
CHLCRAL HYCRATE 063071 xdnax 0.0 0.0 0.0 ks ddokak Mdxhx
BISPARCK BRCwN 063071 *#*x2%x 100.0 0.0 0+0 ®Akxx wiokak Hxdrk
CETYL PYRICINIUM BROMICE Q70171 =2k 28,5 0.C 0.0 #dwnk ddoktd Kakds
BLNZCTRIAZCLE . 070171 #k&kek 0.0 c.0 0.0 mtondi ddadas Sokddx
CAFTEINE 070171  swik 0.0 0.0 000 ks darex Anvvs
CETYL PYRICINIUM CHLORIDE 070171 =¥*#% 100.0 100.0 83.3 Ahady RAbkh HEhdh
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‘ . RESULTS OF TOXICITY TESTS ON DIFFERENT LIFE STAGES OF CHRYSACRA AND AUBELIA. -
INCLUDES ONLY CHEMICALS TESTED ON CHRYSAORA EPHYRAE IN APRIL-JUNE 1071

4 . ' JELLYFISH MCRTALITY STUCIES
: PERCENT NMORTALITY AFTER 24-HR EXPCSURE
s € ¢ COCE FCR SPECIES C=CHRYSADRA E=EPHYRAE c
P C H A=AURELIA P=POLYPS ! A ’
E N E ’ M=MEDUSAE . o R CARRIER CONTROL WATER
C 0N CHEMICAL CCNCENTRATICN (PPM) R .(ECUIVALENT PPM) CONTROL
I T N =mcccecccccccccrnnncnccvcnrun ceeren  cerccccecccsmecrccercesecrccc e e cccecnree | cccocccccccccccnee ceeeeee
E C & . ’ . . : E
S N R CHEMICAL . CATE 10 5 1 0.5 0.1 0.05 0.01 R 10 5 1 WwC
CE N 3 3*'-CHLORO-3-NITROSALICYLANILe 052771  #ukk %&ik% 80,0 0.0 0.0 #*ddork xedddi ] Kgohdd dgkex - 0,0 0.0
CP N 3 3'-CHLCRO-3-NITROSALICYLANIL. 0821770 Theh 29,6 #:awok 0,0 wdkdod dodkid xodddk ] 0.0, 0.0 #*dsdxk 0.0
CP N 3 3*-CHLORQ-3-NITROSALICYLANIL. 111870 100.0 12.5 0.0 #&kak hwddk dorkak dokgdk ] 0.0 ®atdk &hnon 0.0
AE N 3 3'-CHLORO-3-NITROSALICYLANIL.. 010571 100.0 10040 81,2 ##add fobdokk ki fbdokkx 0 ko foxodk dgonik " 0.0
CE N 4 CATECHCL : 052671  #%xksk %xu%xx (100,00 100.0 S0.0 #wddk fbkdd Q #ohddedk ddkkdk dihmk 0.0
CM N 4 CATECHOL 090370 100.0 100.0 100.0 1CO0.0 H&axakk dkdgh dohkgsr ( dfhxk Ffkhx £hxus 0.0
CP N 4 CATECHUL 100170 59.9 . 44.4 0.0 0e0 Hkdrid Rlddk dxkek O Xokkkk fbdpn ddhbd 0.0
CP N 4 CATECHCL 09C470 '50.0 50.0 0.0 0,0 #&xdh Zbdxdk Xadkdg (O ®53xd condd kédak 0.0
AE N 4 CATECHCL : 01CS571 87.5 85.7 0.0 ik hgddd sfdhdk REksk  SREHE Sxdx® Skghn 0.0
CE N 10 5-CHLOR0O-2-NITROPHENOL 052871  when dpkds 0.0 0.0 0.0 #emax dkadk ] Skxhdk Sdgks 0.0 0.0
CP N 10 5-CHLORO=-2-NITROPHENOL 101370 0.0 0.0 0.0 ®adkk &dokds Boddfhk Hxkkk ( sk RAkAx kamkh 0.0
AE N 10 5-CHLORG-2-NITROPHENCL 010571 37.5 0.0 0.0 i kdrdak kbdkdk dxikd  (Q dkgrk fhkpx hxnke .0.0
CE N 13 4'-BRCMC-3-NITROSALICYLANIL. 052771  kksk &xkdx 0,0 0.0 0.0 #*¥dmk dordgs ] kdohks Aadkkkx 0.0 0.0
CP N 13 4'-BROMO-3-NITROSALICYLANIL. 111970 87.5 100.0 0,0 Sxads daadx Sdaeh daxxs ) 0.0 %#¥aus svxen 0.0
AE N 13 4'-BRCMC-3-NITROSALICYLANIL. 010671 100.0 B8C.0 77.7 %otk sidiok d¥dkk sddax ] 0.0 0.0 0.0 0.0
AP N 13 4*-BRCMO-3-NITROSALICYLANIL. 111970 0.0 0.0 - 0,0 %okkmdk dagds fdtnk Agkdsk ] 0eQ k&tedks wxodx 0.0
CE N 17 3'-BROMO-3-NITROSALICYUANIL. 052771 wxkwk mkksd 70,0 0.0 0.0 shmiord daddd ]| ddkdk Kfdks 0.0 0.0
CP N 17 3'-BRCMC-3-NITRCSALICYLANIL. 112470 ~ 72.7 83.3 0.0 ®ivkks sokdddk gtk haxxk 17 0,0 FhEak kdxks Q.0
CP N 17 3'-RRONMC-3-NITROSALICYLANIL. 010871 etk #xdxn 0.0 0.0 0.0 ek Rdiuix. ] 0.0 ¥k Xddws 0.0
AP N 17 3°'-fRUMD-3-NITROSALICYLANIL. 112470 0.0 0.0 Q.0 Hokrsdx dokxdk sdkgd skl ] 0.0 #ams Xniss 0.0
CE N 18 SYNFRG. MIXTE4*-CL~-4,3,NITRSAL 052771 ®amxk fk&&x¥ 45,4 0.0 0.0 xadaxs Adedak ] Rkokkk Axakk 0.0 0.0
CP N 18 SYNERG. MIXTEL4'-CL-4,+3,RITRSAL 112570 66.6 100.0 00 s deddfk idgn fkagx ] 0.0 #rasd fiask 0.0
CE N 21 4'-BROMO-S-NITROSALCYLANIL. 052771 ekakd soxkkx 100.0 0.0 040 ik dokadkr ] dokabsk ksl 0.0 0.0
CP N 21 4'-RROMC~5-NITROSALCYLANIL. 112770 70.0 71.4 0.0 ks Sokdpd Rokwgk Kdkgsx ] 0.0 #xdn hhnes 0.0
AE N 21 4'-RRCOMC-5-NITROSALCYLANIL. C10671 100.0 100.0 10040 #*¥#kd wkmds £ddnx dxdin 1 0.0 0.0 0.0 0.0
AP N 21 4'-BROMO-5~-MITRCSALCYLANIL.. 112770 10040 #kkdedr hksmexs Rammk fbhdh wdodrh xdsaw 0.0 #kAnk hkhbx 0.0
CE N 25 44,5-DIBRCM=-3-NITROSALICYLANIL 052571 #*#x*& xo%x%% 100.0 100.0 0.0 #xdak w&dxddx ] fmxdh fhpxd 0.0 Cc.0
CP N 25 4',5-DIBRCVM~-3=-NITROSALICYLANIL 120170 100.0 10C.0 100.0 #&x®k Xbkddh aveddk fhxxx ] 0.0 #%Add ddanh 0.0
CP N 25 4°',5-CIBRCVM=-3-NITROSALICYLANIL 010871 #xxx%k xx&%& 58,3 50.0 0.0 %xetex skeux ] 0.0 #odnk kk&ixh 0.0
AE N 25 4',5-DICRCP=~3-NITROSALICYLANIL O01057L 100.0 1C0.0 100.0 100.0 37.5 #¥#ss sadotd = wkddd skt shrsd 0.0
AP N 295 4'45-DIBRCM=3-NITROSALICYLANIL 120170 100.0 83,3 #okdid wrdrs doaddor fohddk dgddkx  Q &gk dddds s3oew 0.0
AP N-25 4',5-DIBRCF-3-NITROSALICYLANIL Q10871 wadks dxaxx 0.0 0.0 0.0 #®adaok hkdkak ] 0.0 2tk hxoxa 0.0
CE N 26 P-ICUOANILINF 060371 &~ ks dkwkn 0.0 0.0 0.0 =xaors fgpkd 2 F¥nkk wuksk 0.0 0.0
CP N 26 P-I1CLOANILINE - ) 1202170 0.0 0.0 0.0 #ddkib- kttak didde a1 0,0 Hednk sonsk 0.0
AP N 0 0.0

26 P-10CUANILINE 120270 0.0 . 0.0 Shdks Sdasd SAser ¥24x& fxakk BRARE RAGKE GENER
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A | TABiE 5 (coﬁtinﬁed) : .

. JELLYFISH MORTALTTY STLCIES
PERCENT NMCRTALITY AFTER 24-HR _EXPCSURE

CCCE FCR SPECIES CoCHRYSAORA ' E=EPHYRAE : : C
A=AURELIA P=PCLYPS : ' A .
M=NEDUSAE , R CARRIER CONTROL  WATER
CHENMICAL .CCNCENTRATICN (PPM) R (EQUIVALENT PPM) CONTROL
-----‘---7----- - - = i = - - - - - e W o - o> .- ! -------------------------
. . £
CHEMICAL  CATE 10 5 1 0.5 0.1 0.05 0.01 R 10 5 1 WC

-
ewecerocsanae - - - " =D 0 S G D = - - - - - . > = om0 e v on o - - -

ISCMs MIXT . 4'=CL-4,3,NITRSAL. 052871 ‘#axdxk Easan 0.0 0.0 6.0 Byl Rk

1 Sl defokdok 0.0 0.0

ISCM, MIXT.4'-CL-4,3,NITRSAL. 120870 55.5 66.6 0,0 o femdord Bhddg dkksk ] 0.0 Hkdwk Hbkks 0.0
1SCM. MIXT.4'-CL-4,3,NITRSAL. 120870 0.0 0.0 *mdddk dopokddk hdddn dhdgx forkddk dgdd ddmny AEwEs 0.0
4°*-1000-5-NITRCSALICYLANIL. 052571 #%&ux nx%%s 100.0 100.0 0.0 #»mxdx Raxkddk ] &dhgk fopdik 0.0 0.0
4'-TCDU-5-NITRCSALICYLANIL. = 120870 100.0 100.0 100.,0 ckwdxs fkkgk dkdhg Rhkad ] 0.0 *Xtkdx ffdkik 0.0
4'-1C0O-5-NITRCSALICYLANIL. 010871 #%x%*%x 10C.0 100.0 42.8 0.0 #evad Hakdh ]| 0,0 Hahtok gmud 0.0
4'-1CD0-5-NTTRCSALICYLANIL. 120870 . 80.0 0o 0 s ddddk shdkokd kdwmn Xokdsk () dfedfd Rgkgk kakhk .0
2'~CHLCRC-3-NITROSALICYLANIL. 052871 #%x%kg ddxkk 0.0 0.0 0.0 ®¥dix ki ] dokddd fxkxk 0.0 0.0
2'-CHLCRC=-3-NITRCSALICYLANIL. 120970 0.0 - 0.0 0.0 #dfnsk Sfdke ddddk dokgeksk ] 0.0 *dgtdk Hhdkw 0.0
2*'-CHLCRO-3-NITROSALICYLANIL. 010671 87.5 0.0 0.0 #aaoknk wdkkk fobkdgd dkkuex ) 0.0 0.0 0.0 0.0
2'-CHLGRG-3I-NITROSALICYLANIL. 120970 0.0 0.0 ®dkgk edohdde sk dhdokd dkdoxdx  Q sokwdok kAR xkkkk 0.0
3'~1COGC~3-NIIRCSALICYLANILIDE 052871 #xx&a 0.0 0.0 0.0 0.0 sk ddxag ] &kwokd kekdk 0.0 0.0
3'-ICHC-3-N1TRCSALICYLANILIDE 1209170 33.3 .0 0.0 %ddadk Afohdok dok@ky fdokdx ] 0.0 #whatk ®Akys 0.0
3¢~-1CDO~3-NITRCSALICYLANILIDE 120970 0.0 0.0 doxseor Xodmai fokdohd dokdkdok ok O dkdddok Rxdgox gRARK 0.0
TETRAPHENYLARSCNIUM HROMIDE 05267] #x&dh &ukak 29,9 33,3 0.0, *dokkdk dkibk 2 Skddd wx%xs 20,0 37.5
TETRAPHENYLARSCNIUM DROMIDE 121670 0.0 0.0 0.0 wmavmwsr dmdkid mddxx Xakik 2 0.0 0.0 0.0 0.0
TETRAPHENYLARSCNIUM BROMIDE 121670 100.0 57,1 *¥sa& dddhx fxxds fbhps dasdy 2 0.0 0.0 0.0 0.0
SCRIUM TETRATHIGNATE 060371 ok kukik 0.0 0.0 0,0 *wddn skdaf 2 &knpdk Xbkxk 0.0 0.0
SCCIUM® TETRATHICNATEF 121670 0.0 0.0 00 #&dsa fokkdd kgddh Rkksk 2 0.0 0.0 0.0 0.0
SCLIUM TETRATHICNATE 121670 0.0 0.0 #wdasn Sgddd Rbdds ook ddkdkx 2 0,0 0.0 0.0 0.0
TRIPHENYLTIN CRLORIDE : 052671  w&xexn Apkkx 100.0 100.0 100,0 *#dsiok ®ipsdd ] Akmke dodkkdn 0.0 0.0
TRIPHENYLTIN CHLORIDE : 011471 100.0 10C.0 100,0 *dxdak sobkasd aaddd ddmdk 2 siopsxk 0.0 #mam% 0.0
TRIPHENYLTIN CHLORIDE . o 012771 %xwadk wksX® 100,0 100,0 100,00 *%asdk hbxdkdx 2 sokdkdk dxkx 0.0 0.0
TRIPHENYLTIN CHLORIDE V11471 #%%%% 100.0 100.0 100.0 #%xas soddk shkdn 2 »euad 100,00 #dxan 100.0
TRIPHENYLTIN CFLORICE 011471 100.0 10C.0 100.0 #*&%k ddkkd &sddh wdtfk 2 sdnss 0.0 =x¥2xe 0.0
TRIPHENYLTIN CHLURIDE : 012771  wxmksd skakkk 100,00 100.0 100.0 #addk fdddkk 2 &akddk skdnk 0.0 0.0
- PENTACHLCRCPHENCL ‘ | 052671  wkkmu. k&k¥k 87, 0.0 0.0 #dokmsk Xpkkk 2 wkkdd BEwLR 0.0 0.0
PENTACHLCRCPHENCL T 011471 ddkaw c.0 0. 0.0 ek dododk dgpgkk 2 Afokdt 0.0 m&xks 0.0
PENTACHLORCPHENGL 012871 63.6 - 0.0 0.0 sokdomdr dxekokoh dadsg xhkxg D 0.0 Hdkdhx hakpn 0.0
PENTACHLORCPEFENCL oo OL147L  #¥%a% 100.0 100.0 100,00 &%xkx wddx #xddn 2 kwinx 100,00 *ekxd 100.0
0. 2 0.0 ik Hpdxk 0.0

PENTACHLORCPHENOL 012871 100.0 a.0

* o RAERE 0.0 0.0
0 tovmkx shung 0.0
O #makd dAdpxk 0.0
0 #¥ksh Xk 0.0

100.0 100,0 #asds ssnin

293~LICHLURO=-1,4~-NAPHTHOQUIN, 052671 | x&x% &&kxkx 10 2
ARdkd ks KAk Bekkk )
1
1

0.

2+43-CICHLUCRO~-]144-NAPHTHOQUIN. 012071 100.0 100.0 0.
0. 0.0 o0 #%2dd Sakhdk
0.

2v3-UlCHLCRU-T,Q-NAPHTHOCUKN.' 012771 otk hausdx
Aol Aol AEER R

5

0

0

0

0 &bk dekdkok RRXLE UgEkd

0

0

0
2,3-CI1CHLCRO~1,4~NAPHTHOQUIN. 012071 100.0 100.0 100.0
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TABIE 6. Percent mortality of C. quinqueci{wtha polyps after 2L-

hour immersion in different concentrations of the

chemicals found to be the most effective to date.

Concentration (PPM)

Chemical ' ' 1.0 0.5 0.1
4t ,5-Dibromo-3-nitrosalicylanilide 58.3 50.0 0.0
L'-Todo-5-nitrosalicylanilide 100.0 ¥2.8 0.0
Triphenyltin chloride . ’ . 100.0 100.0 106.0 '
Malachite Green Oxalate 100.0 33.0 0.0
Bromsalans 100.0 - -
Tubercidin : 100.0 - | -
Cetyl pyridiﬁium chloride 100.0 83.3 -

Adenosine-Nl—oxide 100.0 0.0 0.0



TABLE T. Percent mortality of C. quinquecisrtha ephyrae after 2h-hour immer-
sion in different concentrations of the chemicals found to be the

most effective to date.

CONCENTRATION (PPM)

1 0.5 0.1 0.05
3'-Chloro-3-nitrosalicylanilide 80.0 0.0 0.0 —
Catechol 100.0 100.0 50.0 -
3'-Bromo-3-nitrosalicylanilide 7C.0 0.0 0.0 -
4'-Bromo-5-nitrosalicylanilide 100.0 0.0 0.0 -
4t 5-Dibromo-3-nitrosalicylanilide 100.0 100.0 0.0 -
4'-Todo-5-nitrosalicylanilide 100.0 ke 100.0 0.0 -
Triphenyltin chloride 100.0 100.0 100.0 -
Pentachlorophenocl 87.5 0.0 0.0 -
Malachite Green oxalate 100.0 100.0 90.0 -
Bromsalans ' 100.0 100.0 100.0 -
Cc-9Lo1 100.0 100.0 0.0 -
Tubercidin 100.0 100.0 100.0 100.

p-Anminophenol _ 100.0 100.0 0.0 -
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APPENDIX A

CODE NUMBJRS AND COMPLETE NAMES OoF CHEVICALS USED IN JELLYFISH TOXICITY STUDIES .

3-TRIFLUORCMETHYL=~4-NITROPEENOL .
3-FLUCRC-4-NITRCPFENCL !
3¢-CHLCRC-3~ AITRCSALICYLANILIDE

CATECHCL

3- TRIFLUCRCMETHYL—Z-NITROPEENOL
245-CICHLCRC-4~NITROPFENOL
34496-TRICFLCRC-2-NITROPHENOL
2-CHLCRC-4-NITRCPFENOL
2-BRCNMC-4=-NITROPHENCL
5-CHLCRC-2~NITRCPHENOL
3-CHLCRC-4-NITRCPFENOL
3-TRIFLUCRCMETHYL-4-NITROPFENOL (NA SALT)
4 -BRC¥C-3-NITRCSALICYLANILIDE
3'-FLULCRC-3-NTTRCSALICYLANILIDE

.3=-NITRCSALICYLIC ACID

3=-NITRCSALICCYL CL
31-BRCMC-3-NITRCSALICYLANILIDE
SYNERGISTIC MIXTURE 3'—CFLORO-S-NITRUSALICYLANILIDE

4°*~CFLORO-5-NITROSALICYLANILIDE.

4'=CHLORO-3-NITROSALICYLANILIDE
3¢-CFLORO-3-NITROSALICYLANILIDE

2+4,6-TRICFLCROANILINE

PRCPICANILINE

4'-BRCNC-5-NITROSALICYLANILIDE

S—ETHYL-6-PHENYL-META~TFIAZANE-2,4~DI10NE

4 -FLUCRC-3-NITRCSALICYLANILIDE

4V -1CCC-3-NITRGSALICYLANILICE

41 ,5-CTRRCNC-3-NITRCSALICYLANILIDE

P-ICCCANILINE

5-ETHYL-6-NITRC-PFENYL-META-THIAZANE= 2,4-010NE ’

2'-CHLCRC-5-NITRCSALICYLANILICE

P-BRCMCANILINE )

ISCVERIC MIXTLRE  4'-CHLCRO-4-NITROSALICYLANILIDE
4'~CFLCRO-3-NITROSALICYLANILIDE

4V~1CCC-5-NITRCSALICYLANILICE

2'-CHLCRC-3-NITRCSALICYLANILIDE

3,5-CINITRCSALICYLIC ACIC

30-1CCC-3-NITRCSALICYLANILIDE

3-ERCMC-4~NITROPFENCL

TETRAPFENYLARSCNIULM CHLCRICE

 TETRAETKYAMMCAIUM CHLORICE

PYRCCATECHCL
TETRAPHENYLARSONIUM BROMICE
SCCIUV TETRATHICNATE
1-ACETYL-2~-PFENYLFYCRAZINE

214,5~TRICFLCRCPHENCXYPROPIONIC ACID

2-CRLCRCCUINCLINE

- P=AMINCACETUPEENCNE

2+5-PIPERAZINECICNE
TRIPFENYLTIN CRLCRICE -
PENTACHLCRCPFENCL
2¢3-CICHLCRG=-1,4-NAPHTHCQUINONE

©192939445,6-FEXACFLORCCYLCHEXANE

MAUACHITE GREEN CXALATE

2-(2'44%,5'=TRICKLCROPHENGXY) PROPIONIC ACID

ABATE )

BRCMSALANS -

AMICITHICN

C-9491

AMETRYNE

C-9491 CXYGEN ANALGG _ ;

ATRATCNE

TERT-BUTYL CRLORICE

TETRANETHYLUREA

PRCPYL CHLCRICE

PYRICAZINE

ISCVERIC MIXTURE 31~CHLORO-5-NITROSALICYLANILIDE
< 3'-CHLCRO=3=-NITROSALICYLANILIDE

4'-CHLGRC-5~-NITROSALICYLANILIDE

31 -CHLCRO-5-NITROSALICYLANILIDE

142,5,6-TETRAFYCRCPYRICINE

N-BUTYL PRCPICNATE

1+24344-TETRAFYCRCQUINOL INE

PYRICINE

BRCNMCPHCS-ETRYL

CARBCPHENCTHICN

DoVe .

CUINCLINE

BUTCNATE

3-AVINCCUINOLINE .- - .

9



76

T7
78
79
80
81
82
€3
g4
85
86
87
88
g9
90
91

93

94 -

96

97.

g8

99
1co
101
102
103
104
105
106
107
108
109

110 -

111

112

N-BUTYL CHLORIDE

" 5-1CCCURIDINE
. DIFYCRCURACIL

5-ERCMCURICINE
5-ChLCRCURICINE
6-AZAURICINE

PSELCCURICINE o
URICINE o
ACENCSINE ,
CECXYBACENCSINE

TURERCICIN

ACETCNITRILE

ACETANILICE

ACETALCCXINE .
2-A¥INCANTHRACUINCNE
P-AMINCAZCEENZENE
P-ANINCPRENCL

ACETCPHENCNE :
ALIZARINE YELLGH R
M-2VINCACETCPHENONE
ABLETIC ACIC

ACETAL

ACETANMICE

DECXYCYTICINE i

5-ERCMCCECXYURIDINE i

DECXYGUANCS IAE i
ACENCSINE MCNPHCSPRORIC ‘ACID®
5-8RCMCCECXYCYTIDINE
S-AZACYTICINE

GUANCSINE 2K2C . o
6-VERCAPTCPURINE RIBOSICE
ACENTNE

2,8-CIHYCRCXYACENINE

HYPCXANTHINE

6-METFCXYPURINE
XANTFINE
6-THICXANTHINE

113

114
115

116
117

118

119

120
121
122
123
124

o125

126
127
128
129
130
131
132
133
134
135
136

-137.
-138
© 139

140
141
142
143
144
145
146
147
148
149
150

6~CHLCRCPURINE

2-FYCRCAXY=6=NEThYL PURINE
PURINE RIBCSICE
2*-CECXYINCSINE
XANTHCSINE

PURINE
ADENCSINE-N1-CXIDE
6-1SCPRCPCXYPLRINE
6-1CCCPURINE
6-BENZYL. M ANMINCPURINE
2'-CECXYACENCSINE
6-BENZYLMERCAPTC M PURINE
6-AVINC-3- CINETFYLALLYLPURINE
XANTHINE=-3-N-CXICE
6-FISTANINC PLRINE

‘KINETIN (6-FURFLRYLAMINO PURINE)

6-FYCRAZINCPURINE
ACENINE-N1-CXICE
CCROYCEPIN

-T-NETEYL XANTFCSINE

6-FYCRCXYLAMINCPURINE RIBOSIDE
1-VETRYL ACENCSINE
6-CHLCRCPURINE RIBCSICE

~ KINETINRIBCSICE

PURCMYCIN AMINCNUCLEOSICE
6~SELENC-PURINE
6~AMINC-2,8-CICHLCROPURINE
BLUE TETRAZCLIUV
P-TERT-EUTYLPFENOL
4-CHLCRC-2-NITRCANILINE
CHLCRAL KYCRATE

BISVMARCK BRCWA

CETYL PYRICINIUM BROMIDE
BENZCTRIAZCLE
ANTHFRAQUINCNE

CALCILM GLUTAMATE
CAFFEINE

CETYL PYRICINIUM CHLORICE

<9



The only other two chemicals tested which produced significant
mortalities at 0.1 ppm on the'ephyrae of Chrysaora were Malachite Green
oxalate and Catechol. At 0.1 ppm Malacﬁite Green o#alate caused a |
mortality Qf 90 pércent on the ephyrae. 1In ?revious tests it caused
only 20 percent on the polyps of Awtelia and none o the polyps of
Chnyéaona.v Catechol caused 50 percent mortality on ephyrae of Chiy-
sdaona at 0.1 ppm and 100 percent at 0.5 and 1 ppﬁ. In previous tests
it also caused 100 percent mortality on medusae of Chiysaora at the
lowest concentration tested (0.5 ppm). However, it had been previously
shown to be much less effeétive on polyps of Chiysaora and ephyrae of
Aurelia; it caused no mortality on these at 1 ppm and less than 100
percent at 5 and 10 ppm.

Four other chemicals caused 100 percent mortality on ephyrag
of Chrysaona at 0.5 ppm but none at 0.1 ppm. These were 4,5-Dibromo-3
nitfosalicylanilide, 4'-Todo-5~-nitrosalicylanilide, C-9491 and p-Amino-
phenol. All were also much more effective 65 ephyrae than on polyps.

Fifteen of the chemicals tested at 1 ppm iﬁ this series
caused mortalities greater than 70 percent on the ephyrae of Chnysaoaa
and another one caused a mortality of 45 percent. One other chemical,
C-9491 oxygen analog, caused a lower mortality of 14 percent at 1 ppm.

Results of the tests conducted on polyps of ChnyAaona during
this period showed that only two chemicals caused mortality in this
series of tests (Bismarck Brown and Cetyl pyridinium bromide), which -
caused 100 and 28 percent mort;lity, respectively, at 5 ppm.

Most of £he chemicals tested on polyps in this series were
analogues of the purine and pyrimidine bases of the nucleic acids.

Only one of these, Adenosine—Nl-oxide, had any effect on the polyps.
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The results obtained so far reinforce the suggestion that

ephyrae are more sensitive than polyps to the effect of chemicals.
)

2 - Metabolic Inhibitors of Chiysaonra Strobilation

P. L. Zubkoff

Inhibitors are used to provide insight into metabolic pro-
cesses of jellyfish. The selection of inhibitors is made with the
objectives that analogues of coenzymes, naturally occurring substrates
for macromolecular synthesis, and other "small" molecules will inter-
fere with known enzjmatic pathways.

The inhibitors which have been selected can be roughly
grouped into (1) a spectrum of components which may interfere with
metabolism in general and (2) more specific components whose most
likely éction will interfere with either RNA, protein, lipid or carbo-
hydrate synthesis. In some cases, molecules which will most likely
interfere with electron transfer mechanisms are also employed.

The initial selection of the nucleic acid pfecursor ana-
logues inclﬁdes components which contain the halogen substitutions
and other modifications of the purine and pyrimidine rings.

Two components show a remarkable degree of inhibition in
the 24-hour polyp assay: tubercidin and adenosine-Nl-oxide. Both
of these éomponents are adenine analogues. Tubercidin is distinguished
by having a carbon atom in the seven position of the purine ring;

1 position.

adenosine-Nl—oxide has an oxidized nitrogen atom at the N
It is assumed that these components compete directly with adenine con-

taining coenzymes which are present in very small quantities.
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Since adgnine or adenosine is a component of the ubiquitous
energy compouﬁds bf the cell, ATP, it is most difficult at this time
to pinpoint a direct site for which theéé two compounds may have
their effects. SSme potential sités of interference include:- (1)
ATP formation, (2) NADH formation and metabolism, (3) coenzyme A
biosynthesis and functioning, and (4) cyclic AMP mediated hormonal

actions.

Two Initial Hypotheses

In view of the sensitivity of the polyps to both tubercidin
and adenosine-Nl—oxide, we are proposing as an initial hypothesis
that the ATP pool of the polyp is small. A likely site of action of
these two inhibitors is by non-competitive inhibition of enzymes
intimatély involved with either ﬁhe ATP formation or regeneration from
AMP .and ADP.

A second hypothesis is that enzymes associated with forma-
tion of NADH are non-competitively inhibited.

Exberiments will be conductéd during another contract

period to define the presumed metabolic processes.
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JOB NO. 5 - ECOLOGIGAL ROLE OF JELLYFISHES

OBJECTIVE: To clarify further the ecological role of jellyfishés
L ]
with special reference to their position in the food

chain.

1 -~ Seasonal Distribution and Abundance of Medusae

R. Morales-Alamo and D. S. Haven

We continued to monitor thevabundance of medusée at Gloucester
Point by making daily counts aloﬁg the length of the main pier at VIMS.
Counts for the peribd were started on 29 March.

The average daily number of medusae counted is summarized
for a 5-day period in Table 1. Medusae of Cyanea continued to bé as
abundant through the first week of May as they had been since mid-
Februar&. An especially large concentratiqn of medusae was obsérved
on April 8 when the number in the area usually counted along the pier
was estimated at 11,000. Thousands more were present in a wide band
along the VIMS waterfront. Numbers decreased gradually from May oﬁ
and no meduéae were seen after mid-June. Throughout winter and spring
the diameter of the medusae of Cyanea was around 60 mm.

No medusae of Awrelia were seen from the pier in the summer
of 1971 during the regular monitoring schedule. Onl& one Auwrelia was
reported 5y VIMS personnel from the immediate Gloucester Point area;

a male medusa was collected by J. Olmon on 9 August. Several small
medusae of Awrelia, T5 to 125 mm in diameter, were seen in thé Ware
and Rappahannock rivers eariy in the summer. However, no other fully
grown Auwtelia were seen at any of the locations monitored by us during

the summer in lowef Chesapeake Bey.



Medusae of Chiwysaora were very scarce in the Gloucester
Point area dur%ng £he summer of 19T71. Ohly 10 medusge were seén
from the VIMS pier between 14 June and 23 July at the times counts
were mgde. The first medusa was seen on July 6 and the last one
on July 21. Medusae were seen at other times and locations in the
Gloucester Point area but they were few and were pr;sent for only a
‘short period of time. Two technicians collecting medusae from our
piers were not able to catch any more than 25 medusae in any Y-hour
period, and this number was reached on only a few occasions.

Our observations, and reports obtained from residents in
localities throughout the Virginia tributa?ies of Chesapeake Bay, con-
firmed an extreme scarcity of medusae of Chiysaora in the summér of
1971. The gréatest concentration seen by us this summer was observed
at Dixie on the Piankataﬁk River early in July. The number of
medusae was estimated at T5 per square meter as far as could bé séén
from the pier where observation was made. Most of the medusaé were
around four inches in diameter and immature but looked healthy. - When
we returned to this same location six weeks later the medusae were
seen only in small number;, less than one per square meter and were
small (50-T5 mn). At this time, many appeared to be dying; the
tentacles were degenerating, pulsations were weak, and the tissue had
an opague appearance.

Mature medusae of Chhyédona were collected at Gloucester
Point, Sarah's Creek, Piankatank River and Hampton River from the
first week in August to the first week in September. Although medusae
were small (50-75 mm) and looked sick, we were able to rear in the

laboratory thousands of polyps from these medusae. No medusae were



found at these locations after the first week in September (they were
gone from SaraP's Creek by mid-August). The last medusae seen by us

in the summer of 1971 were found in the Elizabeth River on September 12.
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TABLE 8. Average daily number of medusae counted on weekly 5-day periods from VIMS pier, Gloucester Point,

Virginia, 29 March - 3 September 1971.

Cyanea Chrysaonra
Range of Range of
Average No. Size Range Daily Size Average No. Size Range Daily Size

Period of Medusae (in.) Modes (in.) of Medusae (in.) Modes (in.)
29 Mar. - 2 Apr. 63 1-5 2-3

5 Apr. - 9 Apr. 3680 1-5 2-3
12 Apr. - 16 Apr. 1844 1-5 2
19 Apr. - 23 Apr. 539 1-5 2
26 Apr. - 30 Apr. 134 o013 2

3 May - T May 1249 1-5 2-3
10 May - 14 May 159 1-4 2
17 May - 21 May T1 1-4 2

24 May - 28 May 18 1-h 2

31 May - L4 June 12 1-3 2-3

T June - 11 June T 2-3 2-3
14 June - 18 June 0 0

21 June - 25 June 0 0

28 June -~ 2 July 0 -0

5 July - 9 July 0 (3)* 2-5
12 July - 16 July (1)* 2

19 July - 23 July (6)* 2-4

26 July - 30 July 0 -

2 Aug. - 6 Aug. 0

9 Aug. - 13 Aug. 0]
16 Aug. - 20 Aug. 0

23 Aug. - 27 Aug. 0

30 Aug. - 3 Sept. 0

¥ = Actual number of medusae counted during period.
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2 - Polyps and Podocysts on Bottom Substrate

. ﬁ. Moralgs—Alamo and D. S. Haven

Samples of bottom substrate (oyster shells) were collected
in the fall of 19%1 at several stations in the major western shore
tributaries of the Chesapeske Bay to investigate the abundance and
condition 6f polyps following the unusual scarcityhof medusae during
the summer. Twenty stations were sampled in September and Octobef
in the Great Wicomico, Rappahannock, Piankatank, York and James
riversf Eight stations were sampled in Sarah's Creek (York Rivgr)
and 4 in Back Creek in December.

Polyps and/or podocysts of Ch&y&aoaa were found at all
stations but one (Table 9). The latter was Tue Marsh light at the
mouth of the York River where, instead, we found 1020 larval cysts
of Cyanea. The numbers of polyps and podocysts found at all other
.sta@ions.were similar to those found in previous sampling periods
and were large enough to suggest that the sessile stage populations .
of Chysaonra were not affected adversely by whatever factor inhibited
the development of medusae populations. They also indicate that a
sufficient stock is in existence at present for production of medusae
populations in 1972 in the large numbers usually found in the lower
Chesapeake Bay tributaries.

Sub-samples of the polyps collected on 8 and 10 December
at Sarah's Creek and Back Creek were examined for nematocyst types.

Out of 142 examined 15 were Cyanea. The rest were Chiysaona.

A single sample of oyster shells was collected at West Point

on the Corrotoman River on 12 May 1971 to obtain polyps for toxicity

tests. Although not recorded, the number of polyps on the shells was
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TABLE 9. Number of polyps and podocysts on natural oyster shell substrate collected at different stations, Fall 1971.

‘ . Mean No. Mean No.
No. Shells With Polyps and Polyps and
No. Shells Polyps and/or Cysts Per Cysts Per Shell
Station Date Exeamined Podocysts No. Polyps No. Cysts Shell Having Either
Great Wicomico River
Haynie Point 24 Sept. 10 10 33 87 12.0 . 1l2.0
Off Crane Creek 24 Sept. 10 8 2L : 43 6.7 8.4
Whaley Flats 24 Sept. 10 10 37 88 12.5 12.5
Fleet Point 24 Sept. 15 13 e 2L 13.2 - 15.2
Rappahannock River N
Corrotoman River
Corrotoman Point 15 Oct. 10 3 22 ol 4.6 15.3
West Point 15 Oct. 15 11 375 313 . 45.9 62.5
Piankatank River : :
Burton Point - 27 Sept. 20 10 % Lo k.1 8.1
Palace Bar (old) 27 Sept. 20 12 10k , 127 11.5 19.2
Palace Bar (new) 27 Sept. 10 . 10 - 58 102 16.0 16.0
3 Branches 27 Sept. 20 9 54 10 3.2 7.1
Island Bar 27 Sept. 20 5 9 0 0.k 1.8
Ginney Point 27 Sept. 19 11 30 153 9.6 16.6
Cape’ 27 Sept. 20 L 18 0 0.9 4.5
York River .
Aberdeen Creek 23 Sept. 10 6 115 112 12.7 21.2
Aberdeen Rock 23 Sept. 20 11 Lo 22 3.1 5.6
Pages Rock 23 Sept. 20 L 33 16 2.1 12.2
Timberneck Creek 23 Sept. 20 2 29 10 1.9 9.7
* 0 0 - -

Tue Marsh Light 23 Sept. 12

TL
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TABIE 9. (Continued)

Mean No. " Mean No.

No. Shells With Polyps and Polyps and
No. Shells Polyps and/or Cysts Per Cysts Per Shell

Stgtion Date Examined Podocysts . No. Polyps No. Cysts Shell ' Having Either
Sarah's Creek

1 8 Dec. 20 8 119(2/20)** 165 .2 . 35.5

2 8 Dec. L0 3 20(0/ 7T) 83 2.6 34.3

3 8 Dec. 20 15 202(3/20) 470 33.6 - 44,8

N 8 Dec. 20 9 k49 (2/20) . 1h43 9.6 21.3

5 8 Dec. 4o 6 2k(o/ 9) 23 1.2 7.8

6 23 Sept. 20 11 96 126 - -

6 8 Dec. 20 - 9 126(3/20) 466 29.6 65.8

T 8 Dec. 20 9 168(2/20) 322 24,5 5L Y

8 8 Dec. Lo 8 30(3/20) 122 3.8 19.0
Back Creek

1 10 Dec. 10 3 1(0/ 1) 51 5.2 17.3

2 10 Dec. 20 2 o . . 8 0.4 k.0

3 10 Dec. 20 3 0 b1 2.0 13.7

L 10 Dec. 20 3 5(0/ 5) L2 2.3 15.6
James River ' -

Wreck Shoal 6 Oct. 10 6 36 ' 98 13.h4 22.3

®
i}

1020 Cyanea larval cysts also found on these shells.

*¥

1

Number of polyps identified as Cyanea
Number of polyps examined for nematocyst types

cl



TABLE 10. Numbers of polyps and cysté on oyster shells. Sarsh's Creek, 8 December 1971.

No. Polyps
No. Shells A and Cysts
With Polyps No. Polyps Per Shell
- No. Shells and/or No. Polyps No. Cysts and Cysts Having
Station Examined Cysts No. Polyps No. Cysts Per Shell Per Shell Per Shell Either
1 . 20 8 119 165 5.9 - 8.2 ‘1h.2 35.5
2 ho 3 .20 83 0.5 2.1 2.6 3k4.3
3 20 15 202 470 10.1 . 23.5 33.6 L4.8
L 20 9 49 , 1k3 2.4 7.1 - 9.6 A 21.3
5 40 6 . 24 23 0.6 1.2 1.2 7.8
6 20 .9 126 466 6.3 23.3 29.6 65.8
7 20 9 168 "322 8.k 16.1 24.5 5L, L
8 Lo 8 30 122 0.7 3.0 3.8 19.0

€L



as asbundant as has usually been thevcase for that_station. Examina-
tion in the laborétory.showed that most of the polyps were strobila-
1 .

ting. Within a period of one week thesé polyps produced.hundreds of
ephyrae. This waé as expected for thét time of the year and sug-
gested that medusa poﬁulations would be as abundant as usual in the
summer. Failure of the expected medusa populatioﬁs to materialize
must have been the result of adverse environmental conditions affect-
ing further development and growth of the ephyrae and not due to

reduced polyp populations or to failure of the latter to strobilate.

Th



TABLE 11. Number of polyps and cysts on each shell having either, Sarah's Creek,

8 December 1971.

]

STATIONS

1 2 3 4 -5 6 T 8
P C P C P C P C P C P C P C P C
22 15 13 28 6 T 1 0 1 0 19 31 38 T3 1 2k
3 10 5 50 25 25 1k 20 b o} 8 10 2 0o T 1b
2 16 2 5 2 8 7 b L 5 57 187 0 3 0 3
36 32 17 30 1 13 10 5 T 27 34 0 6
6 0 38 37 2 3 12 10 0 100 69 110 6 5bh
39 67 . 8 18 2 67 2 k 0 6 16 20 2 5
0 5 | 18 33 i 25 T 5 0 10 10 5.
11 20 ' 28 3l 7 2 30 100 2 3® b 11
| 3 17 1 9 | S0 20 1 W
.9 22
2 b
6 11
15 58
21 715
L 19

119 165 20 83 202 470 k9 143 24 23 126 k466 168 322 30 122

d
]

Polyps

Q
0

Podocysts



TABLE 12. Number ,of polyps and cysts on oyster shelis, Back Creek, 10 December 1971.

No. Polyps

No. Shells . A and Cysts
With Polyps , No. Polyps Per Shell
No. Shells and/or No. Polyps No. Cysts and ‘Cysts Having
Station Examined Cysts No. Polyps No. Cysts Per Shell Per Shell Per Shell. Either
1 10 3 1 51 0.1 5. 5.2 17.3
2 20 2 0 8 0 0.4 0.4 k.0
3 20 3 0 b1 0 ~ 2.0 2.0 ' 13.7

N 20 3 5 i) 0.2 2.1 2.3 15.6

9L



TABLE 13. Number of polyps and cys;bs on individual shells,

Back Creek, 10 December 19T1.

STATION

1
P C C P C C
0 8 3 0 11 5
0 5 0 6 17
0 k3 0 2k 20
1 51 8 0 h1 Lo
P = polyps
C = Podocysts



3 - Amino Acid Uptake By Jellyfish

K. L. Webb

The'possible biological significance of net uptake of small
organic compounds by marine invértebrates may involve several factors.
The obvious factor of contribution by such compbunds to the energy
supply of the organism has been discussed at great length by Stephens
(e.g. 1968). An additional possibility is the influence of these
compounds on morphogenetic processes, for example, sexual differenti-
ation in Hydra (Loomis, 196k). ﬁissolved free amino acids (DFAA)
may also contribute.to the free amino acid (FAA) pools of marine
invertebrates. It has been demonstrated that marine invertebrates
have more concentrated FAA pools than fresh water invertebrates
(Simpson et al. 1959) and that the total concentration of these pools
is linearly related to salinity (ILynch and Wood 1966). Thié latter
observation has recently been extended to jellyfish polyps (Webb et al.
1972). These pools must be maintained from some source either
external or internal. A consideration of the above observations
indicated tﬂat it might be informative to dgtermine if there is a net
uptake of FAA from the enviromment by jellyfish polyps or ephyrée of
a magnitude to materially affect these pools.

Transfer of dissolved materials from the environment to the
organism of necessity involves transfer via membrane transport
mechanisms. A linear relationship between uptake rate and substrate
concentration is sometimes considered indicative of diffusion uptake
while a hyperbolic relationship is considered indicative of an active
or metabolically dependent uptake. It_must be noted, however, that
at low substrate conqentrations the hyperbola appears linear. Bio-
logists usually consider uptake of dissolved materials by organisms

an active process, especially when it occurs against a concentration
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gradient; in which case the diffusive movement would be outward.

Biological membranes have long beén known to be permeable in both
] . .

directions (e.g. Christensen 1962) and we will thus consider it a

"net" uptake only if more material is being transferred from the

outside in (uptake) than from the inside out (loss).

A. Uptake of Glycine-Clh By Ephyrae of Chhysaora quinquecirrha

To get a preliminary idea of upteke of glycine from the
environment by ephyrae of Chiysaora quinqueciniha, ephyrae were incu-
bated for sbout 1.5 hours in solutions of artificial seawater of
20 o/oo (10 ml) containing various concentrations of added C-1L
glycine (see Table 1l and Fig. 12). Four concentrations were used in
duplicate and 55 ephyrae were used for incubation. Uptake from media
was detérminéd by measuring loss from media as well as activity in
an ethanol extract of the ephyrae by liquid scintillation counting.
The data were in good agreement.

Uptake rates from concentrations approximating environmental
concentratioﬁ (90 nM/1) to an order of magnitude more concentrated
were linear and thus kinetic parameters are not calculated; however,
uptake but not loss at environmental levels of glycine is directly
measured. Since this is not a measure of net uptake‘no calculations
can be madé of the energetic significance of these numbers even if
we had guesses of ephyra respiration rates. It is possible, however,
to make a first cut estimate of the turnover time of the glycine pool
of ephyrae utilizing dissolved FAA of the environment. This estimate
is 8.3 days based on the following calculations and data: One ephyra

is estimated to contain 1.5 nM of glycine (and 0.72 nM taurine, 0.23



fz“f TABLE 1L. G-:Lyc:ine—c:Lh removed from 20 o/oo ASW
R
by ephyrae of Chiysaora quinguecintha.
, : Pico moles
nM/1 - Glycine Removed
‘Glycine : per hr per ephyrae
89 ' 7.1
178 L 15.1
| 356 ' - 25.2
356 . 23.1
890 54.5
. 890 60.7
™

Estimated environmental concentration 87.6 nM/1
glycine (* 25.2 std. deviation, Webb & Wood 1967).



p moles Glyc.i‘r.ne / Ephyrd / hr.

p moles/polyp/hr.
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FIGURE 12. Glycine uptake by ephyrae of Chiysaona.
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KX moles Serine /liter

FIGURE 13. Serine uptake by polyps of Chaysaonra. -
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glutamic acid, 0.07 nM'serine and 1esser'amounts.of other FAA based
on an analysi% of Awrelia ephyrae (std. deviation estimated to be
30% of mean value) and the input is calculated to be pico moles per
ephyrae per hour from a solution of 90 nM/1 glycine.

It is consequently concluded that uptake of glyciné by

ephyrae is probably not a process of significance and further experi-

mentation was not pursued.

¢l By Polyps of Chrysaora quinqueciitha

B, Uptake of Serine
Chnyéaona'polyps were incubated in C-14 serine containing
20 o/oo artificial seawater in lots of 32.for about 1 hour (sée Table
15 end Fig.1l3). Loss of activity from media was measured and chromato-
~grams of FAA were run on ethanol extrqcts utilizing the flow cell/
liquid écintillétion counter/amino acid analyzer system. |
Polyps analyzed contained a total of 51.7 nM FAA per polyp.
" Of this 39 nM was glycine and 2.8 nM was serine. From the linear
portion of the uptake curve it is calculated that at a concentration
'of 30 nM/1 éerine the polyps would remove serine at a rate of 3.1
pico moles per hour per pplyp. Thus, turnover as a result of this
input would take 903 hours or 38 days and is probably of little
significance at serine concentrations expected in the York River.
Predicted Vmax is 500 pico moles serine nrt polyp™t or
egbout 160 times greater than the estimated rate in the environment.
| Of the C-1L activity recovered, 73.8% was in serine and
20.7% in glycine. The remaining acti#ity was roughly evenly dis-
tributed among glutamic acid, alanine and several unidentified com-

pounds presumed to be organic acids. The metabolic pathway which

R
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TABLE 15. Serine-ct* removed from 20 o/oo ASW by polyps of

Chrys aona. quinguecirrha.

Serine nM Removed

" nM/1 hr=l polyp~1
250 o .0303
, 500 .0593
1000 ' ©.13h
2000 C o .178

Estimated environmental concentration serine- 32 9 nM/1
(12.4 std. deviation, Webb & Wood 1967).



converts serine to glycine thus preéumably has been demonstrated in
Chrysaona polyps. The source of the large glycine pool in this

] .
organism is still questionable but it ié reasonably certain that it
is not primarily fhe result of direct accumulation from the dissolved

glycine of the environment.

Ry

b By Polyps of Chiysaoha quinquecirrha

C. Uptake of Glycine—Cl

An experimental design was followed similar to thai in
item 1 using 20 minute incubations at b concentrations in replicaté.
When the results were obtained indicating tha£ we had not approached
saturation substrate goncentrations, an additional four incubations
were carried out at higher substrate concentrations. These data are
included in Table 16 and Fig. 4. Artificial seawater at 20 o/oo at
25°C was used. Media and polyps.were analyzed for amino acids and
for. C-1k.

Environmental glycine concentration is considered to be
90 né.no moles per liter (*25 std. deviatio}l, Webb and Wood 1967) and
at this conéentration uptake by these polyps would be 23 pico molés
of glycine per polyp per pour. Aésuming.one polyp contains 39 nM
glycine (Webb et al. 1972), it would take 1700 hours or TO days to.
replace the contained glycine at thié uptake rate. These polyps
contained between 42 and 45 nM glycine per polyp.

Of the C-14 recovered from the polyps more than 99% was
stillAin glycine, a small amount was recovered in serine and organic

acids.

D. Loss of Glycine By Polyps of Chiysacha quinquecittha

A first attempt to measure the outward movement of glycine



'

1

TABLE 16. Glyéine-—Clh uptake by polyps of Chrysaora quinquecitha

Uptake

ggggg nM/polyp/ar.
1.79 : 435
1.79 i : 456
2.68. '. : .756
2.68 . 750
' h.hé : 1.7
L.146 1.15
8.02 : o 2.17
8.02 | '2.oh
1k.6 | 2.86
29.8 ‘3.66
58.4 5.414

116.8 : ' 5.18



n moles/polyp/hr.
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0] 20 40 60 80 100 120
M moles Glycine /liter

FIGURE 14. Glycine uptake by polyps of Chiysaonra.
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from Chiysaona polyps was made using the C-1lh technique as our approach
to the questi?n 6f determining the direction of net movement. We
labelled the internal .glycine FAA pool with C-14 glycine by two suc-
cessive 1.5 hour incubations of 18 polyps in a 60 umolar solution of
glycine-Clh in 20 o/oo ASW. Polyps were subsequently rinsed twice in
AswW (0.1 uM glycine), incubated again for 20 minuées in unlabelled

ASW to remove the freely adhering glycine-Clh and then divided into
three groups for separate incubations of 20, 60 and 60 minutes. C-1k
appearing in the media was assayed and assumed to be in glycine al-
though this assumption was not checked. Incubated polyps were extracted
and the FAA and éheir C-14 content determinéd in order to determine

the specific activity of the glycine. This information is necessary
to correct the activity appearing in the media to a quantity of glycine.
Loss rates measured were 0.2 nM/polyp/hr for the 20 minute incubation
ané 0.8 for the hour incubation. These numbers are at least an order
of magnitude greater than the rates of uptake measured at environ-
mental concentrations of glycine and it would thus appear that the net
movement of glycine is outward from jeéllyfish polyps in the environ-
ment. It appears that in laboratory or specialized énvironmental
situations where the glycine concentrations exceed 3 uM (the concen-
tration to provide an uptake of about 0.8 nM/polyp/hr, Table 3), a

net uptake might occur. These considerations assume that thé internal
and not the external concentrations control the rate of exit. An
extensive discussion is presented by Stephens (1968) who consistently

overestimates environmental concentrations of materials.
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Discussion and Conclusions

Upt%ke }ate constants for glycine and serine for Chrysacha
polyps are compared to those from the literature for other marine
invertebrates and'York River bacteria (Table ). The transport
constant (Kt) = the concentration of substrate at which the uptake
is half the meximum value. A small number indicat;s high substrate
affinity. Vmax = the maximum rate of uptake when uptake sites are
saturated. A comparison of Kt values indicates that Chaysaoia polyps
may be effective at competing for glycine with the other marine
invertebrates listed (Tablel7) but not natural bacterial populations.
This interpretation supports our previous.analysis based on turnover
time of FAA pools as a result of uptake, i.e. that direct uptake of
DFAA from the environment cannot materially affect the concentration
of internal FAA pools in ChnyAaona polyps if we consider what rates
at énvironmental concentrations of DFAA actually are. Loss from the
organism would further reduce the significaﬁce.

Although the uptake process may not be of energetic signif-
icance to the jellyfish polyp in the environment, the labelling
technique will still proéé useful in elucidating metabolic pathways

within the organism.



TABLE 17. Kinetic parameters of uptake for amino acids by various.
. L}

marine invertebrates.

Organism
Chrysaora polyp

Chrysaora polyp
Nereis limnicola1
Golfingial

Nereis succineil

Clymenella1

York River baéteriag

York River bacteria2

1. Data from Stephens 1967.

Substrate

Serine

Glycine
Glycine
Glycine
Glycine
Glycine
Glycine

Serine

Vmax
0.5%

6.25%

C0.13%%

0.10%%
106 **

10.0%%

2. Data from Hobbie, Crawford and Webb 1968.

%  nM polyp~ihr~1

#* M g lnrt

X
3.6 uM
19.0 uM

37.0 ﬂM

100.0 uM

110.0 M
200.0 UM
0.13uM

0.7TuM

89



REFERENCES

CHRISTENSEN, H! N. (1962) Biological Transport. Benjamin, New
York.

HOBBIE, J. E., C. C. CRAWFORD and K. L. WEBB (1968) Amino acid
flux in an estuary. Science 159: 1463-146)4.

LOOMIS, W. F. (1964) Microenvironmental control of sexual dif-
ferentiation in Hydra. J. Exp. Zool. 156: 289-306.

LYNCH, M. and L. WOOD (1966) Effects of environmental salinity on
free amino acids of Crassostrea vinginica Gmelin. Comp. Biochem.
Physiol. 19: T783-T790.

SIMPSON, J. W., K. ALLEN and J. AWAPARA (1959) Free émino acids in
some dquatic invertebrates. Biol; Bull., Woods Hole 11T7: 3T71-.
381.

STEPHENS, G. C. (1967) Dissolved organic material as a nutritional
source for marine and estuarine invertebrates. In Estuaries
(Edited by Lauff G. H.), pp. 367-373. A.A.‘A.S., Washington.

STEPHENS, G.'C. (1968) Dissolved organic matter as a potential
- source of nutrition for marine animals. Am. Zool. 8: 95-106.

WEBB, K. L., A. SCHIMPF and J. OLMON (1972) Frée amino acid compo-
sition of scyphozoan polyps of Awrelia awrita, Chrysaora quin;
quecirtha and Cyanea capillata at various salinities. Comp.
Biochem. Physiol. (in press).

WEBB, K. L. and L. WOOD (1967) Improved techniques for analyéis of
free amino acids in seawater. In Automation in Analytical
Chemistry, Technicon Symposia, 1966, Vol. 1, pp. 4hO-Lhh. Mediad,

White Plains, New York.



e

91

4 - Gastric Cavity Contents of Cyanea capillata

' J. D. Joseph and E. B. Joseph

Beginning on March 16, 1971, and continuing throﬁgh May 19th
medusae of Cyanea capillata were collected twice daily from the VIMS
pier, when weather and water conditions permitted. Collections were
made at approximately 8:30 a.m. and 2:00 p.m. In ﬁost cases the
medusae ranged from 20 to 50 mm in diameter.

Medusae were placed on the dorsal surface of fﬁe exumbrella
and a cruciform incision made through the ventral surface to expose
the contents of the gastrovascular cavity. All extraneous material
was removed and preserved in 90% methanol.for later identification.

Visible animal remains were observed in Cyanea capillata
during most of this period. A listing of the results is tabulated.

As can easily be seen, it appears that in late March the amphipods
were ingested to a large extent by the Cyanga. Further analyses which
are not completed indicates that the Cyanea are quite omnivorous.

We believe that Cyanea may be ingesting planktonic forms as well as
the la;ger forms.

It is most unusﬁal that such organisms as eel el&ers, which
are particularly hardy species have been found on seﬁeral occasions
in gastrovascular cavity of the Cyanea. This preliminary'analysis of
food ingested by the Cyanea medusae reflect organisms which are generally
available to the medusae during fhis period of the year.

Cyanea showed a diurnal response in relation to the amount
of food in its gastrovascular cavity; there was a higher percentage
of identifible components in the morning samples. In general, the

percentage of organisms having identifible components was markedly
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reduced in the organisms captured in the afternoon. We interpret
these findings thét the Cyanea capillata are primarily night-time
feeders. However, the feeding analysis has not been interpreted
with reference toteither the tidal cycle or to available organisms
in thé habitap.

Later in the year, similar analyses on Chrysaonra quinque-
ciutha were carried out. Unfortunately, Chiysaoia medusae were not
amenable to this analysis. Undoubtedly, the Chiysaoia are ingesting
planktonic forms and not the large forms that Cyanea locates. The

. types of organisms which serve as nutrition sources for Chrhysaora

are still largely unknown.
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Gastric cavity contents of Cyanea capillata medusae.

‘PABLE 18.
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Relative percentages of Cyanea capillata having partially

digested organisms in the gastric cavity.
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5 - Neurophysiological Studies on Cyanea capillata

Drs. M.'A. Patton and L. M. Passano came to VIMS in
January 1972 for apprgximately 12 weeks in order to conduct neuro-
physical studies on Cyanea capitlata.

This study was sponsored primarily by the National Science
Foundation and the University of Wisconsin. The VIMS-NMFS Jelly~-
fish Investigation provided space for their studies and occasionally
personnel for aiding with collections.

The investigation will contribute to the general under-
standing of the nervoué system of coelenterates and may possibly aid
in developing an approach to control of jéllyfishes, if specific
inhibitors of neurotransmitters may be discovered.

M. A. Patton and L. M. Passano
Department of Zoology
University of Wisconsin
Madison, Wisconsin

The coelenterates are the simplest animals to havé a
nervous system. It seems probeable, therefore, that their nervous
systems shﬁuld be the simplest and most easily studied in the animal
kingdom. The work of A. J. Romanes (1874-85) and G. A. Horridge
(1953-57) seems to bear this out, at least for the system controlling
swimming in the scyphdzoa. The swimming muscles are located on the
subumbrellar surface of the animal. All muscles contract during a
swim pulse, acting against the elastic bell mesoglea; there are no
antagonistic muscles, the elastic recoil of the mesogleea produces
the recovery stroke. The power stroke seems to be controlled by only

two nerve nets, the "giant fiber nerve net" and the "diffuse nerve net"

(Horridge's terms).



Romanes demonstrated that the pulses of the giant fiber
nerve net emaﬂatea from one of the eight marginal sense clubs, or
rhopalia, and passed through the rest of the net, exciting the muscles
as it went. Becaﬁse these pulses could follow tortuous artificial
pa£hways cut from the subumbrellar surface, he concluded that they
were conducted through an unpolarized two-dimensio;al network of
nerve fibers, demonstrated anatomically by his colleague, Schaffer.

Romanes also demonstrated the existence of the diffuse nerve
net which modifies both the generation of giant fiber pulses by the
rhopalia and the-muscles' response to these giant fiber pulses. He
further showed that the two nets were indépendent, since their signals
could cross without interference. Horridge confirmed Romanes' ideas,
morphologically and behaviorally, demonstrating the existence of two
nerve nets in the ephyra of Auwrelia.

| Since it has been impossible to record systematically from
the single cells of thesevmedusae, further study has been of a limited
nature. Both Horridge and Passano (1965) have been sble to record
electrical correlates of activity in the two nerve nets, but these
appear to be multicellula; recordings and cannot be used to determine
how the individual cell functions in the nerve net. It is the hope
of this study to impale siﬁgle cells with microelectrodes. If we can
do this, we may learn how the individual cell contributes to the
function of the nerve net. Specifically, we may learn whether every
cell in the nerve net responds when the pulses are conducted and
whether the cell is bidirectional. Furthermore, we may learp'how to

measure the resting and action potentials and, by changing the ionic

compositions of the bathing solution, the ionic basis of these poten-
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tials. Also, synaptic potentials and integration might be studied,
especially‘ij‘jt is possible to record from two synaptically-con-

nected nerve cells.
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6 - Jellyfish Biochemistry: Component Fatty Acids of Medusae Lipids

. ‘P. L. Zubkoff and J. D. Joseph

The near—shore waters of the Lower Chesapeake Bay are a
particularly suitaile habitat for supporting extensive populations
of jellyfishes. During the summer months the "sea nettle", Chiysaora
quinqueci/tha DESOR predominates while the "moon-jélly", Auwrelia
awnita occurs to a somewhat lesser extent (HAVEN and MORALES-ALAMO).
During the winter months the "lions mane", Cyanea capillata is
particularly abundant; a pronounced peak in population numbers occurred
during April of 1971. A rare species, Rhopilema venrilli has been
observed in these waters in late autumn and early winter (CALDER 1972).

Two varieties of Chiysaoia medusae are commonly observed
in the Lower Chesapezgke Bay: a red pigmented form and a white, trans-
lucent form. These forms possess similar nematocyst complements
.(CAI;DER, 1970) and similar free amino acid compositions (WEBB, 1976).
Both forms produce a sting when contact with the human is made. '

Since the fatty acids are constituents of both structural
and energy reserve lipids, we believe that a detailed investigation
of these fatty acids will’provide essential dates on which hypotheses
on the mechanisms of morphogenesis and growth may be tested. Fatty
acid esters have been identified with the phospholipid, mono-, di-,
and triglycerides, sterol and wax fractions of the jellyfish lipids.
In addition, component "X" of the Chiysaocia polyp, postulated as an
alkenyl diglyceride (JOSEPH, SCHMIDT and ZUBKOFF, 1971) has a fatty
acid complement which is identical to that of the triglycerides.

There are two generallclasses of lipids: the phospholipids

and the neutral lipids. The phospholipids are usually associated
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with structural components of cellular material, whereas the neutral
lipids are usu?ll& associated with metabolically active components
and energy reserves. The neutral 1lipids may be classified into ap-
proximately T groubs, as can be seen with thin-layer chromatography
using silica gel and hexane: ether: acetic acid: 1) hydrocarbons,
2) waxes and simple esters, 3) alkyl diglycerides,xh) triglycerides,
5) sterols, 6) fatty acids, T) mono- and diglycerides.

One can extract the lipids from the cellular material with
nonfpolar solvents such as chloroform and ether to obtain the neutral
lipids, or one can use a mixture of polar and non-polar solvents,
such as chloroform-methanol (BLIGH and DYER, 1959) for the extraction
of the total lipids which includes the neutral and phospholipids.

We employed this latter process for this study in order to extract

all the lipids from the source material. After extraction, all fatty

. acids, both free and esterified, were converted to their respective

methyl esters by the esterification procedure employing BF3/methanol
(METCALFE and SCHMITZ, 1961). Benzene (4.3 ml) and methanol (5.0 ml)
were added to the BF3 reagent (5.0 m1) just prior to use. To ensure
the esterification of ref}actory lipids, methylation was carried out
after saponification in alcoholic KOH.

The esters were analyzed on a 6 ft. 2 mm I.D. glass column
packed with 5% DEGS on Chromosorb WAW-DMCS, 80-100 mesh, in a Hewlett-
Packard 7620 gas chromatograph, using helium as a carrier gas with a
flow of 30 ml/min, oven temperature at 180°C. The flame ionization
detector was operated at 230°C, with a hydrogen flow of 25 ml/min and

an air flow of 500 ml/min. The injection port was maintained at 230°C.



Under these conditions, chromatography of the esters was‘completed,
through the 2%:6wé ester, in less than 50 minutes. .The'samples were
also analyzed on a 3% SE-30 column (Chromosorb WAW-DMCS, 80-100 mesh)
under the same conditions or with 3% EGSS-X at 150°C.

The retention times of the chromatographic pegks were
measured from the front of the solvent peak to the-peak tops of the
unknowns and the retention times (RRT) relative to that of stearic
acid (18:0) were calculated. The unknown peaks were identified by
comparison of the RRT with‘those of known methyl esters (Applied
Science Labs), with those of a cod liver oil secondary standard
(courtesy of Dr. R. G. Ackman, Halifax, N; S.), and through the use
of the log retention time plot and separation factor techniques.

The chromatograms were quantitated by the method of Carroll.

Fatty Acid Desaturation

Most organisms, with the exception of bacteria, may intro-
duce double bonds into the carbon chain of unsaturated fatty acids.
In animals, ihis introduction of double bonds, separated by methylene
groups, occurs between the first double bonds and the carboxyl group;
in plants, it occurs between the first double bond and the methyl
terminal. Distinct families of polyﬁnsaturated fatty acids develop,
of which the most important are w9 (oleic), wé (linoleic) and w3
(a~linolenic).

Because linoleic (18:2w6) and other w6 fatty acids derived
from it are necessary for higher animals to remain healfhy, the 18:1uwb
and 18:2w6 and other derived fatty acids are known as essential fatty

acids. Animals may convert dietary 18:2w6 into other members of the
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w6 family‘by a series of alternate desaturations and elongations.
Interconversiqu,(however, between member fatty acids of different
families do not occur in animals (GURR and JAMES, 1971).

The predominant polyunsaturated fatty acid in mammals is
20: w6 while fish have large amounts of 22:5w3 and 22:6w3. It is of
considerable interest that a relatively large quan£ity of 20:4uwb6 ac-
cumulates in Chiysaona polyps maintained on eithér brine shrimp
nauplii (Artemia salina) or copepods (Nitocra spinipes).

Of the 24-30 component fatty acids identified and quanti-
tated, the major differences between groups are noted as follows:
1. Cyanea |

The fatty acids of Cyanea medusae from Virginia and
Canadian waters are remarkably similar with the exception of the
18:1w9, 20:L4w6 and 22:6w3. Considering the‘wide geographic distri-
bution of these two species (one from the North Atlantic and the
other from the Chesapeake) the similarities are rather remarkable.
In addition, the North Atlantic Cyanea is quite toxic to the human
whereas the Chesapeake Cyaned is not. We wish also to point out that
the Cyanea in Virginia isla wintering form, often yellow in appearance,
whereas Cyanea exists in the Canadian coastal waters during the summer
and has a subtle violet pigment.
2. Awrelia

Upon examination of Autelia medusae of both male and female
it is noted that the male has half the amount of‘ZO:hw6 and 2% times
as much 22:6w3 as the female. With the exception of these two fatty
acids, the fatty acid content of both male and female Aurelia are

quite similar.



3. Chrwysaora

In the éhesé.peake the white and red forms of Chiwsaora
are quite common. In North Carolina a brown form of Chiysaocha also
exists. In June 1971, male and female medusae of both the red and
the white form of Chiysaora were collected from a tributary creek of-
the Chesapeake within 10 minutes. These animals w;re undoubtedly
exposed to the same environmental conditions. As can be seen from
TaBle 19, the component fatty acids of the red and white forms are
almost identical. Differences associated with sex are prominent
with respect to 20:L4w6/22:1w9 and 22:6w3.

Chrysaora poiyps cultured in thé laboratory show high 18:1w9
and low 20:4w6, 20:5w3 and 22:6w3 when compared to medusae. Although
these areilaboratory cultured polyps and the medusae are isolated
from nature, we do interpret this difference as indicating a shift
in 1lipid metabolism associated with morphogepesis from polyp to
medusae. The polyp, with its adult life ahead, probably. has greater
energy reserves than the medusae which possess large amounts of fatty
acids associated with structural components (020 and greater fétty |
acids). However, furtherlwork is necessary to substantiate this
interpretation.

The component fatty acids of the total lipids vary among
the 3 species. Within the species, variations are associated with
sex in Awrelia. Similarity of fatty acid distribution is noted in
Cyanea from two geographical regions, in the red and white forms of
Chesapeske Chrysaora, and in male and femalé Chiysaora (Table 20).

Fatty acids of jellyfish tissues (Table 22) ‘and polyps

(Table 23 have been completed and are being evaluated.
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TABLE 19.

12:0
13:0

s
o

iso 15

15:0
15:1
iso 16

16:0
16:1
16: hw3

17:0
iso 18

18:0
18: 1w9
18:2w6
18:3wb
20:0

18:3w3
20:1w9

18:nw3
20:2u9
20: 2wb
20: 3wb
22:0

20: kb
20:3w3
22:1w9

20: k43
20:5w3
22: 206

22:3wb
22: huwb |
2k4: 19
22:hw3
22:5w3
22:6w3

Fatty acids of red and white Chiysaora medusae.

¥, R

.086

.038

1.13
.192

1.67

12.90
3.61
. 864

5.27

6.0k
. Th9
1.55

.825

576
-159
.348

1h.22

11.12

8.32 .

k.59
9.27

0 W
%

.156

.okl
1.20
.218

.892
-873

13.94
3.59
2.60

9.78
6.67

.879
1.53

1.39

-T73

.567

13.35

6.42
5069
12.55

0 R
%

.082

.065

1.36
214

1.55

10.7h
3.01

3.1

8.02

5.23
.635

2.12

1.35

66

305
.222

19.53

1.01
.143

.T15
.692

13.19
2.49 .

1.73
2.59

8.92

5.7T0
LTS

1.85

1.3k
.512

.5k42
433

18.15

8.11

k.01

5.17
5.70
. 1k.95



TABLE 20. Component fatty acids of total 1ipid of jellyfish.

Cyanea Aurnelia " Chrysaona

VIMS  PEL d @ poyyp _d -9
16:0 7.53  8.50 12.49  12.53 11.%2  9.56  11.95 .
18:0 1.72 - bL.67 12.25 13.15 4.03 9.98 9.83
18: 19 6.7  1.04 1.68  0.50 32.71  3.23  3.22
20: hub 4,90  7.19 12.34  25.50 5.51 33.14 37.25
20:5w3 22.43 2L.06 16.84 15.41 1.24 5.27 2.90
22:6W3 25,47 20.65 22.21 9.85. 1.73 §.72 6.42

Values are expressed as percent of total fatty acids. Major differences

within species are italicized.
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TABLE 21.

Fatty acids of jellyfish medusae.
Chaysaona  Chaysaona  Aurelia  Awrelia  Rhopilema  Cyanea
1k:0 1.39 1.05 .68 1.23 1.46 1.89
1k:1 .15 11 + + 27 -
iso 15 T
15:0 1.95 2.34 1.1k .T1 .78 .59
15:1 - - - 1.11 - -
iso 16
16:0 9.56 11.95 12.k9 12.53 7.36 7.53
16:1 1.75 2.09 1.30 3.39 1.59 4.58
16:2 - - - 1.97 - -
16: hw3 51 - - -
17:0 2.37 k.06 1.91 1.46 1.l 2.3k
17:1 - - - - - -
18:0 9.98 9.83 12.25 13.15 13.87 o 1.72
18:1w9 3.23 3.22 k.07 3.52 3.1 4,52
18:2wb 52 .60 1.70 .53 .21 1.2h
18: 3w6 89 .90 L1k .38 - .70
20:0 '
== 18: 303 .70 .81 2.11 .57 78 5.37
, 20:1w9
18:L4w3 .8k .98 1.68 .51 58 6.78
20: 209
20: 2w6 .38 - + ¥ - 2.25
20:3w6$
22:0 .31 .30 .26 + - .30
20: hwb )
20: 3w3 33.1L4 37.25 12.3k 25.50 10.05 k.60
22:1u9
20: w3 1.36 - .95 - 1.21 1.45
20:5w3 5.27 2.90 16.8L4 15.h1 36.95 22.43
22:2wh
22:3uwh - - - - - -
22: hwb 8.86 8.96 2.23 3.63 1.81 1.29
2h:1w9
22: hw3 L.o7 4.06 1.8 2.09 .3 1.08
22:5w3 3.97 2.14 3.86 2.43 6.81 3.80
22:6w3 8.72 6.42 22.21 9.85 11.10 25.47

Cyanea
Gulf of

St. L.

2.12

2.05

4.67
6.01
.6k

ST

.72
24 .06

.68

20.65
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TABLE 22.

1k:0
1h:1
iso 15

15:0
15:1 '
iso l6g

16:0
16:1
16:2
16:4

1T7:0
17:1 |
iso 18

18:0

18: 109
18:2wb
18: 3wb
20:0

18:3w3
20: 1w9
18: 4w3

20:2w9
20:2wb
20: 3wb
22:0

20: hwb
20:3w3
22:lw9j

20: 3
20:5w3
22: 206

22: 3wb
22: hwb
24: 109
22: hw3
22:5w3
22:6w3

Fatty acids of white Chiysaora tissues.

Medusa Gonad
1.01 1.0k
143 -
.715 1.19
.692 -
13.19 13.86
2.49 1.50
1.73 2.81

2.59 -
8.92 8.50
5.70 5.39
STTS .792
1.85 1.49
1.3k 1.09
.512 .116
.Sh2 b3
433 .150
18.15 9.50
“1.1k 1.01
8.11 16.1k
uT01 2.15
5.17 3.19
5.70 T7.60
14.95 21.99

Oral Arms

‘& Tent.
g

.726

9.19

3.60
.524

2.18
.T12
.093

.511
119

26.26

.635
9.48

L.67

6.53
5.5T
13.28

Medusa " Gonad
1.20 1.%0
.218 -
.892 1.6k
.873 -
13.94 12.h2
3.95 1.61
- 1.90
2.60 -
9.78 9.43
6.67 7.53
.879 1.02
1.53 1.07
1.39 1.6L
773 .324
+ .355
.567 LT
13.35 18.34
1.50 .825
T.7h 9.93
7.28 3.85
6.h2 5.90
5.69 4.56
12.55

15.84

Oral Arms
& ‘Tent.

10.08
3. 57

.304
.T709
.205
.2h3

.526
.313

29.31

1.61
8.63

5.64

6.58
- 2.07
9.78
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TABLE 23. Fatty acids of jellyfish polyps.

12:

13:

1k

1k4:1 }
iso 15

15:
15:1 }
iso 16

16:
16:
16:

17:
17:

18:
18:
18:
18:

20:
18:
20:
18:

20:
22:
20:
22:
20:
20:

22:
2

22:
22:

22:
22:
22:

0

0

:0

0

0
1
2

0]
1

0

lw9
2wb
3wb

3w3}
1w9
hw3

2w6

hw6}
1w9
hw3
5w3

3w6}
sl
hw3

5w3
6w3

Cyanea

l1.21
1.15
.38

.82

14.97
8.12

3.15
26.66
3.63

.43
7.85

5’9!"'
.T3

2.17

2.11
9.05

8.h1

Aurelia

.26
.63
.65
.21

.2k

10.22
T.27

1.31

7.36
28.46
5.39
1.73

.12
12.92

1.80
3.09
4.76

.90

.66
1.23

1.30

5.02

Cassiopea

.62
b9
.62
A1

.35

15.23
9.79
.15
2.88
5.68

45.67
903h

1.02
17.96
3.47
2.72
1.55
6.6k

.61

1.55

.89

1.47

C@ggbaona

.39
.ho

.15
59

.33
.81

11.k2
9.ko0
1.07

k.03
32.71
6.05

.23
1k.T70

.31
T
.51

I

-39

1.73
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SPECULATIONS ON 1971 JELLYFISH POPULATIONS

]
1 - Copepod Abundance

P. L. Zubkoff

A speculation on the lack of jellyfish centers on the pos-
sible availability of copepods as a planktonic food source for the
developing medusae. It is speculated that Acartia fonsa, the pre-
dominant copepod of the York River, might be a suitable source of
food.

Copepods %ere sampled at weekly intervals between February
and May of 1971 and daily in June of 1971 by J. Weaver, a graduate
student at VIMS. A plankton net was towed along tﬁe length of the
Path{inder pier at VIMS. A semi-quantitative approximation of the
copepod abundance is presented in Figure 16. As can be seen, the
relatively low sbundance existed between February and mid-April.
More organisms were available in mid-April and Mey. It is hypothe-
sized that by the end of April greater copepod abundance would be
expected (dotted line). However, environmental effects could have
drastically reduced the population or prevented the normal seasonal
gbundance. The higher numbers in June are assumed to be a delayed
abundance of the copepod populations. It is believed that such high
numbers should be encountered in the beginning of May, the time that
ephyrae would be liberated.

However, in retrospect, it turns out that sampling between
February and the end of May was carried out during the day, whereas
that during June was in the evening. Copepod distribution is known
to have a diurnal response. The appearance of copepods during the

night can be considerably greater than that during the day. However,
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disregarding the samples obtained in June, we still look on the semi-
qualitative nugpbers as a potentially important aspect. for the ephyra
and medusa development. This interpretation has let us to ah investi-

gation of the stream flow data.
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FIG. 16. Day/night.
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2 - Stream Flow Data

‘P. L. Zubkoff and J. E. Warinner, III‘

In view.of the unusually small jellyfish populations that
occurred in the summer of 1971, we analyzed the stream flow data of
the York River vhich may be representative of the integrated fresh
water input of the lower Chesapeake Bay. The dail& range of water
temperatures was taken at VIMS pier. Since the Chtysaora strobile-
tion process usually occurs in mid-spring in the lower Chesapeake,
only the mid-winter.to early summer data were studied. The data
for 1969, a year of particularly large jellyfish populations, and
1971 are compared. |

The temperature ranges for the years 1969 and 1971 have
been plotted in Figure 17. As can be seen immediately for 1969 and
1971 the greatest differences in temperature for 1969.and 1971 oc-
curred during the month of March. For the first 20 days of March,
1969, the range of temperature was approximately 3 to 5°C while that
for 1971 was T to 9°C. For the rest of the time between mid-March
to mid-July the temperétures were approximately the sane.

Since Chhgbaohd polyps and cysts exist during March, it
is most unlikely that the temperature differences there would have
any major adverse effects on the jellyfish population of 1971. It
can be seen that for the active period of strobilation, probably
late April to mid-May, that the temperatures for 1969 and 1971 were
virtually identical. Any anomolous temperature effect in the environ-
ment during April to June of 1971 is clearly ruled out as being a

major cause of the small 1971 jellyfish populations.
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The . York River fresh water discharge data, collected by
the Geologica;;Suivey, U. S. Department of the Interior at the mostl
seaward -gauging stations of the Mattaponi River and the Pamunkey
River*, which forﬁ the York River, are'presented in Figure 18. Again,
the year of 1969 (upper curves) is contrasted with the year of 1971
(lower curves). 1In 1969 the discharge ranged betwéen 1000 and 4000
cubic feet pef second (cfs) during February and April; during May the
discharge was of the order of 1000 to 2000 cubic feet per second.
- The average discharge was approximately 1500 cubic feet per second
from February to July. The salinity during this period of time ranged
between 19 and 22.5 o/oo, eventually getting as high as 22.5 o/oo for
June and‘july. The low salinity at 19 o/oco occurred for a brief
period at the beginning of April. From February to June, there were
5 periods of major fresh water input.

| In contrast to 1969, the year of 1971 was a year of particularly

heavy fresh water input during February, mid;April, mideMay and early
June. The river discharge ranged from 1000 to TOOO cubic feet per |
'second for extensive periods with a maximum of 12,000 cfs at the be-
éinning of June. The extént of fresh water input appears to be so
heavy that the salinity dropped from the beginning of February to 20
o/oo down to a minimum of 15 o/oo in mid-March. Average values in
salinity have been approximately 17 o/co during March and April. A
minimum of 14.5 o/oo was reached at the first of June, the period of
maximum rainfall.

These discharge data indicate that the year 1969 with

salinities of the order of 19-22 o/oco and average river discharges of

# Mattaponi River near Beulaville and Pamunkey River near Hanover.



approximately 1500 cubic feet per second are favorable environmental
parameters conuéive to.supportiné large jellyfish populations. In
contrast, the year of 1971 has extensive periods of'approximately

17 o/oo salinity, considerably lower than that of 1969 and discharge
at least twice that of 1969.

We interpret these 1971 discharge data as being a major
consideration for the environmental parameters which adversely affect
the jellyfish populations. If one assumes that the period of strobila-
tion is going to be. from mid-April to mid-May, the salinity at 18-i9
o/co is certainly within the tolerance range for survival of the newly

liberated ephyrae. Indeed, consistent with this interpretation,

strobilating polyps were. collected in the Corrotoman River on the 12th -

of May 1971. Unfortunately, no physical data were collected at that
time. An observation in the Upper Bay (Cargo, personal communication)
also.indicated strobilating polyps occurring in early spring at their
normal period of strobilation.

If one assumes that ephyrae were liberated in their normal
populations between mid-April and mid-May, then there would be a
large ephyrae population &n the waters. These ephyrae (free floating
embryonic forms of medusae) would rapidly undergo development and
maturation into medusae between mid-May and.the beginning of ngy or
approximately 6-8 weeks--an increase in size from 2-3 mm in diameter
to 30-50 mm in diameter, or a minimum of 10-fold increase iﬁ diameter.
This increase ih diameter corresponds to a 200-400 fold increase in
area, and by conservative assumptions to 1000-fold increase in volume.
If one assumes that this increase in mass occurs over an 8-week period,

this represents an average doubling in volume or mass every T days.
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Without considering specific cellular components or rates
of synthesis, in order to increase in mass, ephyrae would have to in-
gest an enormghs quantity of nutritive material. We speculate at this
time that the heavy rainfalls exhibited in the early part of May and
the early part of June disrupted the normal processes of Jellyfish
development by interrupting the planktonic food chains which would
normally sérve as nutrition sources for the developing ephyrae. We
further speculate that since the period of mid-May to mid-June would
be the most active period of ephyrae development, the very rapid drop

in salinity from 19 o/oo to 15 o/oo from 10 May to 1 June subjected

the polyps and ephyrae to a perturbed condition. In addition, the

polyps were placed under severe stress and the newly liberated ephyrae

could'not undergo their normal pattern of development because of a
concerted lack of nutritive plankton. In effect, the heavy rain waters

perturbed the planktonic jellyfish forms and dispersed populations of

planktonic organisms to such extent that exiéting ephyrae were incapable

of survival. Under the severly stressed condition we speculate that
the ephyrae simply disintegrated at the early but sensitive stage of
their development, thus leading to a reduced population of medusae
later in the sumer.

Other data wﬁich are consistent with the change in normal
development of the médusae have been depicted in the lipid analysis.
In general, fatty acids of carbon chain less than 18 are associated
with energy reserves while those of carbon chain greater than 20 are
associated with structural lipids. Consistent with this observation,
polyps have total fatty acids of. carbon lengths predominantly Cyg and

less while medusaeAarg shown to have carbon lengths of Cpy and greater.
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if one examines medusae collected in July of 1971 with those
of frozen specimens obtained‘from the 1969 samples, one observes that
the quantities‘of fatty acids of the 1971 medusae are intermediate
between those of the polyps and tﬁpse of the medusae of 1969. We
interpret this finding to mean that those medusae which survived and
developed during the late'spring of 1971 were subjécted to severe
metabolic or nutritive stresses and that development occurred some-
what impaired.

These analyses of (1) copepod distribution, (2) fatty
acid analysis, and (3) York River discharge data led to the filing of

the amendment and the design of the nutrition-plankton study.

U.S.D.I. Geological Survey 1970

Water Resources Data for Virginia, Part 1. Surface Water Records
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York River fresh water discharge and sal

FIG. 18.
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DESIGN OF PLANKTON NUTRITION STUDY

D. R. Ca.J‘der', D. S. Haven, R. Moralés, and P. L. Zubkoff

Two creeks were examined for suitabilit& as study areas

for a plankton-nutrition program: Back Creek, located 1.5 miles
south of the York River, and Sarah's Creek, located on the north
shore of the York River six miles from the mouth. hBack Creek is
relatively broad andbhas depths of seven feet for two miles. Sarah's
Creek has two branches (northwest and northeast), with depths of
seven feet for about 0.8 miles up both branches~(U. S. Coast Pilot,-
1971). Saﬁples indicated a greater concentration of polyps in
Sarah's Creek, particularly in the northeést branch, where large ac-
cumulations of shell were found. A regular sampling proéram was
therefore undertaken in Sarah's Creek beginping 22 February 1972.

‘ Stations were occupied at four locations: Station 1, just
outside the creek (37° 15' 08" N, 76° 29! 00"W); Station 2, just in-
side the creek (37° 15' 24" N, 76° 28' 42" W); Station 3, adjacent
to éeveral oyster houses in the northeast branch.(37° 15' 50" N,
76° 28' 00" W); Station 4, in the northwest branch (37° 15' 43" N,
76° 29' 02" W). On stati;n, physical data, including air and water
temperature, salinity, turbidity, dissolved oxygen, wave height, tide
stage and current velocity were collected. Using a Clarke-Bumpus
sampler, two five minute planktbn tows were taken, the first preserved
for zooplankton identification and counts, the second for biochemical
anéljsis. A five minute tow was also made using a quarter meter net
for Chiysaoha ephyrae and young medusae.

Records were taken Monday through Friday on air temperature,
water température, salinity, turbidity and wave height at a pier near

Station 3 (37° 15' 37" N, 76° 28' 02" W). Records of minimum and
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maximum air temperature, wind velocity and direction, solar radiatioﬁ
and precipitat}onlwere kept at Gloucester Point (37° 14 s2" N, T76° 30
03" W).

Oyster sﬁells were collected using hand tongs at Station 3,
and polyps én these shells were examined for morphological and cyto-
logical indications of strobilation. Because holoirichous haploneme
nematocysts develop before morphological‘signs of strobilation,
squashes were made to determine presence or absénce of this nemato-
cyst category. Data from this study should facilitaté precise deter-
mination of the onset of strobilation and delinéation of the environ-
mental conditions extant at that time. Sﬁch.information is nécessary

if an effective control program on polyps.is to be undertaken.





