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ABSTRACT

Investigations were conducted in the York River from September
1966 to November 1967 to determine the distribution, quantitative
abundance, and period of maximum set of the polyp stage of the sea
nettle Chrysaora quinquecirrha. In the laboratory, the effects of
varying salinity and temperature on the polyp stage were investigated.
The distribution and abundance of the medusoid stage were also
determined. '

Dredged and planted substrate showed the polyp stage to occur
generally in a 12-mile area between Y-13.0 and Y-25.0, the greatest
abundance occurring at Y-22.0. -

Medusae appeared in the creeks 15 to 30 days before their
appearance in the river and were more - abundant in the creeks in all
cases. Medusae appeared in the river between 12 June and 2 October,
reaching their peak during the week of 17-21 July.

Polyps had a lower salinity tolerance of approximately 5 to
10 o/oo and an upper limit in excess of 40 o/oo. A gradual
temperature rise (1°C/day) between 1 and 29°C caused no mortality
of polyps. Strobilation occurred at 20 to 22°C and several methods
for inducing the process were determined.

‘Two new ephyra predators were’ found.

VIII
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INTRODUCTION

Chrysaora gquinquecirrha, the common sea nettle, is a coastal

species with a pan-tropical distribution. Various authors have
commeénted on its unusual abundance in the Chesapeake Bay; however,
quantitative studies dealing with its aistribution and life cycle are
lacking. With the increasing use of the Chesapeake Bay and its
tributaries for recreation, a greater demand has developed for an
understanding of the ecology and possible control of this animal.

Early taxonomic studies of the sea nettle in the Chesapeake
Bay were confused by the presence of two apparently different forms
of the same species. Agassiz and Mayer noted this phenomenon in
1898 and Mayer (1910) reported finding the "red ones and the white
ones" together in Hampton Roads. The red variety, defined as

Dactylometra quinguecirrha, was thought by various authors to develop

in the high-salinity waters of the ocean and float into the Bay.
The white variety, having a lesser number of tentacles, was

described as an early maturing, stunted, brackish water form in
which the'tertiary tentacles did not develop. The white variety

was defined as the Chrysaora stage of Dactylometra development.

Stiasney (1919, after Littleford, 1939), believing the two to be

the same species, reported Chrysaora quinguecirrha cannot be

separated‘from Dactylometra quinquecirrha. Hyman (1942) attempted

to describe the two varieties as separate species, the distinction
being the number of ephyrae produced during strobilation,
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Dactylometra having six and Chrysaora sixteen. The most recent

taxonomic study redescribes the genus Chrysaora and broadens the

taxonomic base to include both varieties of C. guinquecirrha

(Kramp, 1961). This paper will follow the classification of Kramp
(1961).

. Early life history studies of this organism were fragmentary
(Agassiz, 1862; Agassiz and Mayer, 1898; Hadzi, 1907; Mayer, 1910).
Papenfus (1934) was the first to publish the main aspects of the

animal's life history. This author established that (a) there is

metagenesis in the species; (b) the polyp form buds profusely;

(c) Chrysaora overwinters in the polyp stage. Work by Truitt (l9é4),
Papenfus (1935), Littleford and Truitt (1937) and Truitt (1939)
preceded the most complete publication on the sea nettle's life
history by Littleford (1939), who was the first to raise C.

quinquecirrha from egg to adult. Various aspects of the sea

nettle's life history have been subsequently reviewed by Hyman
(1942), Mansueti (1955), and Bailey (1956, 1960).

Cargo énd Schultz (1966) were the first to publish on the
ecology and distribution of the Chrysaora polyp stage in the
Chesapeake Bay. These authors found that oyster shells are the
principal substrate on which polyps occur, but they only noted
presencé‘or absence of polyps on the substrate and gave no
‘quantitative data.

The purpose of the present investigation conducted in the
York River and in the laboratory was to determine (1) the distribu-
tion, quantitative abundance and period of maximum set of the polyp

(scyphistoma) stage of Chrysaora quinquecirrha; (2) the distribution




and abundance of the medusoid stage; (3) the effects of varying

salinity and temperature on the polyp stage in the laboratory.



DESCRIPTION OF THE STUDY AREA

The York River basin extends 140 miles from the divide on the

. Blue Ridge mountains to the Chesapeake Bay east of Yorktown. Its
watershed of approximately 2,660 square miles discharges a mean of\7
2,200 c.f.s. of freshwater annually into Chesapeake Bay.

The York River extends 28.5 miles from Tue Marsh light to West

Point where it is formed by the confluence of the Pamunkey and -
Mattaponi rivers. The upper portion of the river is characterized

" by broad shallow flats, and a relatively narrow channel averages

ff25 to 30 feet in depth. In the lower river, the channel broadens
and reaches a maximum depth of 60 to 75 feet.

The area studied was between Bells Rock and Gaines Point
" (Sarah Creek) (Figure 1). Twenty-eigﬁt creeks and one river enter
_ the -York in this area: 16 creeks énd one river on the southeast
;,shore and 12 creeks on the oppasite side. The York River is typical

of a horizontal boundary estuary, type B, as classified by Williams
¢ (1962), with higher salinities on.the right. side of the river
looking upstream.

S&linity fluctuations during a season are common (Pritchard,
'11952), During the present investigation (1966-1967), salinity at
“Aﬁells ﬁogk_(Y-QS.O), the upper boundary of the study area, varied
- from 8.6 o/oo~in early April to 16.8 o/e0o in mid-August, with a

mean»of‘li.slo/oo. At Y-5.5, the lower bogndary of{the stﬁdy area,

I
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\7
mean salinity was 19.9 o/oo, with a range of 16.5 o/oo to 22.9 o/oo
during theisame period.

Curreép velocities were not measured. However, Haight,‘Pinnegan,
and Andersdn (1930) have reported maximum surface currents in the
York range from 0.5 to 1.9 knots, depending on location and tide
stage.

-Total suspended solids in the York River may vary widely
throughout the year with a gradual inérease in the upriver direction
(Patten, Young, and Roberts, 1963). Mean surface values for nine
cruises during 1966 were 17.42 mg 171 at Y-6.0 and 23.34 mg 171 at
Y-25.0 (Eayrs, unpublished data).

Oxygen content of the York River approaches saturation under:
normal conditions (Patten and Warinner, 1961). The water is well
mixed and at no time during the present investigation were anaerobic

conditions observed at the sampling stations.



MATERTALS AND METHODS

I. Field Studies

A. Setting and polyp distribution on natural substrate

From November 1966 to April 1967 (Winter 1966-67) and
again during November 1967 (Winter 1967-68), samples of oysters and
shells were dredged from numerous locations in the York River.
Rreas sampled were generally where large numbers of oysters grew:
naturally on public rocks or on private gfounds where oysters had
been planted. Locations were chosen on the basis of quantity of
undisturbed shell. Regular winter stations (Figure 2) were Green
Rock (Y-8.0), Pages Rock (Y-12.0), Queens Creek mouth (¥-12.5),
Aberdeen Creek mouth (Y-13.0), Roane Point (Y-22.0), Pig Rock
(Y-24.0), and Bells Rock (Y-25.0). Occasional samples were taken
at Ferry Point (Y-16.0) and Mt. Folly (Y-22.5).

Substrate samples were collected by towing an oyster dredge
for about five minutes at each station. One-quarter to % bushel
of the dredged material was placed in buckets of river water and
transported to the laboratory. Each oyster, oyster shell, or
other solid object over 2 cm in length was examined for polyps with
an illuminated 4X hand lens and a binocular microscope. - Buried
shell, identified by its black color, was discarded. Shells or
sttershwith attached polyps were held in fingerbowls in flowing

river water. Data for each sample were recorded as follows:



@BELLS ROCK STATION-Y-28.0

O PlI6 ROCK STATION -Y-240:

s [ .
@MOUNT FOLLY STATION -Y-22.8 -
O ROANE POINT STATION: Y-zz 0

Jro.

FERRY POINT STATION *Y-16.0
OABERDEEN CREEK STATION:-Y-|3.0

©PAGES ROCK STATION-Y-12:0
O® QUEEN CREEK STATION.Y-|2.8

W

® SREEN ROCK STATION

V\’é-/ ¥-8.0

Figure 2. York River winter sampling stations.

-
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A--total number of oysters and shells
B--number of shells.
C--number of oysters
D--total number of polyps
E--number of oysters and shells with polyps
F--number of shells with polyps
G--number of oysters with polyps
H--number of polyps on shells
I--number of polyps on oysters.
Data were analyzed as follows:
Mean number of polyps in relation to total units of
substrate (D/A)
Percent of units of substrate with polyég in relation
to total substrate (E/A) E
Mean number of polyps on shells in relatépn to total
shell substrate (H/B) ¢
Percent of shells having polyps (F/B)
Mean density of polyps on a .single shell having polyps (H/Fg
Mean number of polyps on oysters in relation to total |
oyster substrate (I/C)
Percent of oysters having polyps (G/C)
Mean density of polyps on a single oyster having
polyps (I/G).
Polyp density per unit of bottom area was also measured in
fhe winter of 1966-67 at certain stations. Substrate in unit areas
of approximately one square meter was removed with oyster tongs from

a boat anchored fore and aft to prevent drifting.



During winter and summer studies the dominant macroscopic
fouling organisms and percent area covered by each species were

recorded for all samples. Microscopic fouling was not recorded.

" B. Seasonal setting of polyps on substrate in wire bags

The set of Chrysaora polyps between March and November 1967°

was determined by placing wire bags (shellbags) containing 1/8 to
1/4 bushel of cleaned oyster shells at various locations in the York
River and its tributaries. Stations were selected in most instances

to be near the winter survey stations. Areas regularly sampled in

the summer study (Figure 3) included Gloucester Point (Y-6.0), Pages--

Rock (Y-12.0),4Queens Creek mouth (Y-12.5), Aberdeen Creek mouth
(Y-13.0), Ferry Point (Y-16.0), Purtan Bay (Y-19.0), Roane Point
(Y-22.0), Mt. Folly (Y-22.5), and Bells Rock (Y-25.0), Additional
stations were later established at Sarah Creek (Y-5.5), Timberneck

Creek (Y-9.0) and Hockley Creek (Y-25.05).

The wire bags were suspended 0.25 m off the bottom on duck
blinds or from stakes delimiting private oyster grounds. - Water
depth varied from 1.5 to 3.0 m. To minimize fouling, bags were
exposed -for only 15 days and fresh bags substituted at the end of
this period. The exposed bags were labeled and returned to the
laboragory in river water where the substrate was examined with
the hand lens and binocular microscope.

éeveral bags (survival bags) remained in the water from March
through November to indicate accumulated set over the season.

Résults for the summer survey were tabulated and analyzed in
the same manner .as those for the winter .survey. In addition,
biweekly data were summed to show total theoretical accumulated

set for the season.

11
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Figure'3. York River summer ‘sampling stations.
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C. Abundance of medusae

Four types of surveys were made to determine distribution
gnd abundance of the medusae and time of strobilation of the polyps.

(1) All York River tributaries navigable by an outboard
motor boat with a 2%-foot draft were examined on 1 June, 15 June,
and 30 June 1967.

(2) More detailed studies were made in certain creeks on
the same dates. A floating frame one meter square was used to
estimate medusae abundance at specific stations; all visible medusae
within the boundaries of the frame were counted. Results were
expressed as medusae visible beneath a square meter.

(3) Counts of medusae were made from the pier of the
Virginia Institute of Marine Science (VIMS) at Gloucester Point
between 12 June and 15 October 1967. These counts were made every
Monday through Friday at sometime between 1200 and 1300 hours. All
medusae visible within an area 50 feet on either side of the pier
were counted. Results were summarized as the number of medusae
during five-day periods.

(4) Weekly plankton samples were taken at Gloucester Point
from 1 May to 30 October 1967. A 1/8 m plankton net with 1/32" mesh
was suspended for 30 minutes from the end of the pier at VIMS during
the peﬁiod of maximum current. Results were expressed as number of
ephyraé_per thirty-minute period. One- to three-minute plankton
tows were made with the same net from boats in other areas of the

river at irregular intervals.

LIBRARY
of the
VIRGINIA INSTITUTE
of
MARINE SCIENCE

N
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,'II.. Laboratory Studies

A. Salinity and temperature tolerance of the polyps

Freshly dredged polyps on their original substrate were
placed in fingerbowls containing river water at 20 o/oo and 20°C
.. for several days. At the end of this acclimation period, polyps
' were transferred to fingerbowls where salinities were adjusted with
distilled water to 2.5, 5.0, 10.0, 15.0, 20.0, 25.0, 30.0, and N
35.0 o/oo. Ocean water of 36 o/oo brought to a dissolved solids
' content of 40 o/oo with NaCl was also used. "All dilutions were
‘mixed in large quantities to insure constancy during the experiment.
Temperatures were maintained at 20°C with a constant temperature
~water bath. Feeding and survival at various salinities were
jmonitored. Water was changed every 12 hours and polyps were fed
newly hatched Artemia and enchytraeids at 24-hour intervals. Polyp
'height was measured every 24 hours with the aid of a calibrated
- ocular grid and evaluated as percent change from initial size.
Temperature tolerance was detérmined,by placing freshly
- dredged polyp colonies in a constant temperature bath éontaining
~river water of 20 o/oo salinity. After acclimation, the colonies
f‘were‘subjected to fluctuations in temperature. Initiélly, temperatupé'
| changes were great to determine approximate max imum and ‘minimum -
temper%ture tolerance. Later changes were of small increments to
‘show mére precision. The effect of varying rate of temperature
change was also studied. The ocular grid was:psedvas previously
,;utlined fb measure change from initialfsize.: Eércent of chqnge

Waéfthgn.calbulated.

H



B. Strobilation of the polyp

Several methods were discovered for inducing strobilation of
the polyp during the study. The discovery of these methods, which
wiil;be discussed later, made it possible to deter@ine some of the
factors inducing strobilation, as well as therbsqgvation and
description of tﬁe strobilation process. ;

Attempts were made to accelerate the rate of strobilation in
polyps that were observed to be strobilating. They were placed in
river water several degrees warmer than that in which the process
began. Ephyrae were removed and held in aerated tanks of river

water kept at 20 to 25°C; they were fed newly hatched Artemia at

daily intervals.

‘15



\\ RESULTS

I. Polyp Distribution During the Winter of 1966-67 as Shown
by Dredge Samples
Polyps occurred on bottom substrate, chiefly oyster shell,

between Y-13.0 and Y-25.0, a range of 12 miles (Figures 4 and 5,
Table 1). Although living oysters were abundant at most stations,
polyps occurred on this substrate only over a 3-mile range above
Y-22.0. Samples were not obtained upriver from Y-25.0 due to
absence of suitable substrate. Repeated sampling downriver from
Y-12.0, where suitable substrate was abundant, yielded no polyps.

Peak values for seven out of eight parameters investigated
occurred at Y-22.0. These seven parameters were (Table 1):
(I) Mean number of polyps in relation to total units of substrate--
0.67 polyp/unit substrate; (IT) Percent of substrate with polyps in
relation to total units of substrate--7.66%; (III) Mean number of
polyps on shells in relation to total shell substrate--0.62 polyp/
shell; (IV) Percent of shells having polyps--7.95%; (VI) Mean number
of polyps on oysters in relation to total oyster substrate--0.91
polyp/o&ster; (VII) Percent of oysters having polyps--6.06%; and
(VIII) Mean density of polyps on oysters having polyps--15.0 polyps/
oyster.

Meén density of polyps on a single shell having polyps (V) was

greatest at Y-25.0 (8.33 polyps/shell).

16
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II. Polyp Distribution During the Winter of 1966-67 as Shown
by Tonged Samples
Analysis of data from tonged bottom samples is shown in
Figu;e 6 and Table 2. No polyp-bearing oysters were taken when
samples were collected with tongs. This method showed polyps on
shells over a lé—mile range between Y-12.0 and Y-25.0.

Peak values were found at Y-16.0 for three of the five parameters
investigated. The three were: (I) Mean number of polyps in relation
to total shell substrate--0.43 polyp/shell; (III) Mean density of
polyps on a Single shell having polyps--21.4 polyps/shell; and (IV)
Number of polyps per square meter bottom area--53.50 polyps/mQ. R

Y-22.0 was found to have peak values for (II) Percent of shells
having polyps in relation to total shell substrate--2.48%, and
(V) Number of polyp-bearing shells per unit area (mz)--4.5 polyp-

bearing shells/m2.

III. Polyp Distribution During November 1967 (Winter 1967-68) as
Shown by Dredge Samples
. This survey was made over the identical range as that of
winter 1966-67. Polyps were found on shell substrate over a range
of 9 miles between Y-16.0 and Y-25.0 (Figure 7 and Table 3). Polyp=<
bearing oysters were not found during this period of the study.
Y}22.0 was again the region where most polyps were found on

shell. In this location, three out of five parameters had peak
-values here. These three parameters were: (I) Mean number of
polyps in relation to total units of substrate--1.02 polyps/unit
substrate; (III) Mean number of polyps on shells in relation to

total shell substrate--1.30 polyps/shell; and (V) Mean density of

polyps on a single shell having polyps--16.42 polyps/shell.
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IV. Relation of Polyp Set to Winter Fouling
The majority of the polyps collected on bottom substrate

‘auring the winters of 1966-67 and 1967-68 were found within the
pfstscted'umbo of oyster shell in association with a diatom film
and organic dirt. Other habitats favored by the polyps were niches,
cracks, and éther depressions on the shell. Observations suggested
that the unexposed surface of the substrate was preferred; polyps
were never found on heavily fouled surfaces.

The dominént macroscopic organisms on the shell and oysters
were sponges, gydroids, anemones, barnacles, and tunicates
(Table 4). -

The boring sponge, Cliona sp., was the most common winter
fouling organism at Y-13.0 and below, often covering 20 to 25% of
the shell surface. Chrysaora polyps were not observed on shells

having boring sponge. Another common sponge at the downriver

stations was the red finger sponge Microciona prolifera, often
_covering 5 to 10% of the sample.

The most abundant macroscopic winter hydroid was Sertularia
argentea. In most cases, fouling due to this organism was light
and it did not seem to inhibit attachment of polyps.

Fouling by tunicates was moderate at all stations sampled.

In the upper river during early winter, it was common to find 5 to

.10% of the substrate covered with Molgula manhattensis. Polyps

‘were rarely present on substrate covered by this tunicate.

V. Polyp Distribution During the Summer of 1967 as Shown by
Shellbags
The summer polyp distribution as determined by exposing shell-

bags is shown in Figures 8 and 9 and Tables 5-8.
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TABLE 4
PERCENT COVERAGE OF SUBSTRATE BY FOULING ORGANISMS AT
YORK RIVER STATIONS IN 1967

Month * 'Y-6.0 % Coverage Y-12.0 % Coverage

January Molgula 5 Cliona 20
Microciona 10

February Molgula 5 Cliona 20
‘ Microciona 5

March Molgula 5 Cliona 5
‘Microciona 5

April Balanus 80 Balanus 80
May Molgula 90 Molgula 90
) Balanus 50 Balanus 40
June Molgula 80 Molgula 70
July Molgula 80 Molgula 80.
August Molgula 80 Diadumene 30
' Calyptospadix 5
September Molgula 70 Molgula 20
October Molgula 40 Molgula 20
Cliona 10

November Molgula 5 Molgula 10
‘ Cliona 10
December Molgula 5 Cliona 15

/