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Population Maintenance of the Scyphozoan Cyanea sp. Settled

Planulae and the Distribution of Medusae in the Niantic River,

Connecticut, USA
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ABSTRACT: Scyphozoan jellyfish are seasonally conspicuous in coastal waters, but relatively little is known about the
factors that control their distribution and population dynamics. Cyanea sp. is a seasonally abundant medusa in the Niantic
River, Connecticut, U.S. and appears to maintain a population entirely within the estuary. To better understand the
factors controlling their occurrence, we examined the temporal and spatial distribution of settled scyphistomae in relation
to that of the medusae. Planula settlement patterns mirrored the presence of mature female medusae. The planulae
settled primarily near the bottom. After settlement, planulacysts and polyps on the settlement plates were out competed
by large barnacle and ascidian larvae, resulting in a sharp decline in cyst and polyp abundance. This stage-specific
mortality may represent a population bottleneck in the life cycle of scyphozoans.

Introduction

Scyphozoan jellyfish can be a dominant pelagic
carnivore in coastal marine systems (Huntley and
Hobson 1978; Moller 1979; Feigenbaum and Kelly
1984; Purcell 1992; Cowen and Houde 1993; Beh-
rends and Schneider 1995) and may be able to
restructure the food webs they periodically domi-
nate (Verity and Smetacek 1996). Efficient prey
capturing abilities and high abundances contribute
to their trophic success. While prey selection (Fan-
cett 1988; Bamstedt et al. 1994; Sullivan et al. 1994;
Purcell 1997; Purcell and Sturdevant 2001) and
feeding mechanisms (Costello and Colin 1994,
1995; Ford et al. 1997) of scyphomedusae have
been well studied, the factors influencing their sea-
sonal abundance are not understood well. As the
scyphozoan life cycle involves both a conspicuous
pelagic stage and a less conspicuous benthic stage,
an understanding of the seasonal abundance of
medusae requires an understanding of the benthic
stage as well.

Jellyfish recruitment is determined by the suc-
cess of each part of their life cycle. This includes
the ability of the planulae to settle and metamor-
phose, the scyphistomae to survive and strobilate,
and the ephyrae to survive and grow into adults.
Scyphozoan life history is further complicated be-
cause the polyps or planulae may form cysts when
conditions are unfavorable and then later excyst to
form polyps (Cargo and Schultz 1966, 1967; Cargo
and Rabenold 1980; Brewer and Feingold 1991).
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The attached benthic polyp stage determines the
seed stocks of larval medusae produced by asexual
reproduction. The distribution, abundance, and
survival of the scyphistomae is key to understand-
ing the distribution and abundance of the medu-
sae.

A few studies have focused on factors that influ-
ence settlement of planulae (Brewer 1978, 1984;
Keen 1987; Grondahl 1988a,b, 1989; Dolmer and
Svane 1993; Svane and Dolmer 1995) and stimu-
late strobilation (Cargo and Shultz 1966; Loeb
1972; Grondahl and Hernroth 1987; Brewer and
Feingold 1991; Purcell et al. 1999). However, there
has been little effort to examine the influence of
the medusae on the abundance and distribution of
the scyphistomae. If we expect to be able to deter-
mine where blooms of jellyfish will occur and how
large they will be, we need to identify indicators
that will provide predictive information about the
distribution of the scyphistomae that seed the stock
of medusae.

The only other studies that have related the pe-
lagic and benthic life stages of scyphozoan jellyfish
were done in the site of the present study, Niantic
River, Connecticut (Brewer 1991; Brewer and Fein-
gold 1991). These studies found that the appear-
ance of newly settled planulae coincided in time
with the appearance of gravid females. In this study
we extend this work to include both the distribu- -
tion and quantitative abundance of medusae and
newly settled planulae.

The goal of the present study was to examine,
in situ, some of the factors that influence the abun-
dance and distribution of the benthic stage of the
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Fig. 2. Abundance of Cyanea sp. medusae (line) in the water
column and total number of newly settled planulacysts (bars)
on settlement plates (total plate area = 100 cm?) at four stations
in the Niantic River. At Stations 1 and 3, settled planulae were
sampled at two depths from the bottom (20 cm, hatched; 70
cm, black). At Station 2 cysts were sampled at three depths from
the bottom (20 cm, hatched; 70 cm gray, 120 cm black). These
were the only stations where either medusae or cysts were
found. Error bars represent standard errors for tows taken after
June 6. Asterisk (*) shows the date that plates were sampled but
there were no cysts present at Stations 1 and 2.

at 0.5 m interval depths with the lowest plates 20
cm from the bottom. The number of depths sam-
pled at each site varied depending on the water
depth at each of the sites. Three depths (20, 70,
and 120 cm from the bottom) were sampled at Sta-
tions 2 and 6, two depths (20 and 70 cm from the
bottom) at Stations 1, 3, and 5, and one depth (20
cm from the bottom) at Stations 4 and 7. At each
depth, duplicate plates were deployed except for
Station 1 where quadruplicate plates were de-
ployed. Plates were first set out on May 15, 1998
and examined each subsequent week. Each time
these plates were examined, new plates were de-
ployed at the sample sites. Great care was taken to
ensure that the plates remained as undisturbed as
possible throughout the analysis. Special transfer

containers were made that secured the plates in
ambient seawater within coolers for transport and
examination. Throughout the process, the plates
were immersed in seawater with the exception of

* the brief period (< 30 s) during which the plates

were transferred from the settlement rig to the
transport cooler. The plates were taken to the En-
vironmental Laboratory of Millstone Nuclear Pow-
er Plant (~ 1 mile from the Niantic River), where
they were examined with a microscope and all of
the cysts and polyps present were counted and re-
corded on VHS video using a Pulnix camera at-
tached to an Olympus Microscope. After the anal-
ysis, the old plates were immediately returned to
the sample sites and re-deployed along with new
plates.

Results

The study encompassed the period of seasonal
growth and decline of the medusan population in
the Niantic River (Fig. 2). At Station 2 the popu-
lation increase of medusae was measured from the
beginning of April until the beginning of May.
Densities steadily decreased until the disappear-
ance of Cyanea sp. as medusae in the beginning of
July.

Cyanea sp. in the Niantic River are found in the
northwest arm of the estuary (Stations 1 and 2; Fig.
2) with a significantly greater abundance (ANOVA;
p < 0.001). Medusae were rarely observed at other
sites. The distribution of newly settled planulacysts
closely followed that of the medusae, with cyst den-
sities significantly greater at Stations 1 and 2 than
the rest of the river (ANOVA; p < 0.001). During
sampling, no cysts were found at Stations 4, 5, 6,
and 7. At Station 3 cysts were observed only on
June 19.

Once settled, the planulae did not appear to de-
velop immediately. Less than 10% of the observed
planulacysts on the plates excysted to form four-
tentacle polyps. Only one ten-tentacle polyp was
observed during this study.

A comparison between the appearance of newly
settled planulacysts and the size of medusae in the
water column indicates that cysts did not appear
until after the appearance of mature adults in the
water column (Fig. 3). Sexually mature medusae
were present as early as April 14 but they consti-
tuted less than 30% of the population until May
27 when there was-a-sharp decrease in ephyrae.
Adult abundances at Station 2 peaked in early June
with densities of 1.2 medusae m~2 and 0.9 medusae
m~% on June 5 and 15, respectively. This peak in
abundances of sexually mature medusae (diameter
> 70 mm) coincided with the maximum settle-
ment of planulae on the plates (Fig. 3).

Settlement plates from Stations 1 and 2 were in-
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Fig. 3. Abundance of different life stages of Cyanea sp. me-
dusae (ephyrae, open circle; adult, closed circle) in relation to
the abundance of planulacysts (bars) at different depths from
the bottom (20 cm, hatched; 70 cm, gray; 120 cm, black) at
Station 2. Error bars represent standard errors. Asterisk (*)
shows the date that plates were sampled but there were no cysts
present.

undated with newly settled planulacysts throughout
the month of June. Settlement of new planulae was
much greater on the plates nearest the bottom
(ANOVA; p < 0.001; Fig. 2). At all of the stations,
cysts were much less abundant on plates at 70 or
120 cm off the bottom (e.g., Station 2; Fig. 3).

In order to assess population maintenance of the
newly settled planulae, plates deployed on May 15
were replaced immediately after analysis and re-
analyzed each subsequent sampling date. High
densities of planulacysts were observed on these
plates on May 28. Cyst abundances were reduced
to zero on these same plates by June 9 at Station
2 and June 18 at Station 1 (Fig. 4). Plates deployed
on May 28 were also replaced immediately after
analysis and reanalyzed each subsequent sampling
date. Likewise after initial settlement of planulae
was observed on June 9, cyst abundances were re-
duced to zero on these plates the subsequent week
(data not shown). This disappearance of planula-
cysts coincided with heavy recruitment of barnacles
and ascidians on the older plates. As soon as the
plates were covered with other benthic organisms,
newly settled planula densities decreased substan-
tially. Additionally, this disappearance of cysts on
older plates had occurred while high settlement
rates were being observed on newly deployed
plates at the same stations (Fig. 4).

Discussion

The observed appearance and size succession of
Cyanea sp. in the Niantic River was consistent with
previous studies on Cyanea sp. at this site (Brewer
1989, 1991). While, ephyrae were undoubtedly
present in the water column before our sampling
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Fig. 4. Comparison of planulacysts abundance on plates
newly deployed each week (bars) with those that were left in
the water column since their deployment on May 15. Error bars
represent standard errors.

started, we were able to observe the onset of the
appearance of sexually mature medusae in the es-
tuary (Fig. 3). The average bell diameter increased
from 9.5 mm at the beginning of the study to 90.0
mm on June 25. After that, the average diameter
decreased and only a few medusae were collected.
The decline in average size is most likely due to
the deterioration and mortality of the oldest and
largest medusae in the population (Mills 1993)
and is consistent with previously described patterns
in the Niantic River estuary (Brewer 1989).
Temporally and spatially, the distribution ' of
planulacysts on the settlement plates closely mir-
rored the distribution of adult medusae. Both the
medusae and planulacysts were rarely observed
outside of the northwest arm of the Niantic River
estuary (Stations 1 and 2; Fig. 2). Marshall (1962)
observed a similar retention of medusae upriver.
This retention of the medusae in the upper estuary
is most likely due to the hydrography. Drift studies
indicate that there s a non-tidal drift upriver in
deeper layers of the river (Marshall 1962). As a
result, this Cyanea population has maintained itself
in this restricted location for at least 40 yr. Peak
settlement of planulae coincided with the peak
abundance of adult medusae in the water column
(Fig. 3). The closely linked spatial and temporal
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distributions of settled planulae and adult medusae
suggests that released planulae are likely to have
only a short residence time in the water column.
A clear settlement preference by planulae for
near bottom surfaces was observed (Fig. 2), but the
reason for this distribution is not clear. The vertical
salinity gradient was weak, with the salinities at the
top plates varying from 21.5 to 25 psu while the
bottom plates ranged from 23 to 27 psu. Known
predators, including the nudibranch Coryphella sp.
(Hernroth and Grondahl 1985; Grondahl and
Hernroth 1987), also appeared to be absent.
Figure 4 can be used to interpret post-settlement
population maintenance of planulae. Initially,
planulae settled with high abundances on newly
deployed plates. After two to three weeks, planu-
lacysts disappeared from the plates. The disap-
pearance coincided with large abundances of new-
ly settled barnacles and ascidians. The high post-
settlement decline of cysts on the settlement plates
appears to be due to other benthic organisms out
competing the cysts for space. A study examining
the fate of settled Aurelia aurita planulae in Tokyo
Bay, Japan observed similarly high disappearance
rates, which appeared to coincide with the recruit-
ment of other benthic organisms (Watanabe and
Ishii 2001). Such a large decline in the population
density of postsettled planulae might cause a pop-
ulation bottleneck in the life cycle of scyphozoa.
The high-stage specific mortality we observed for
planulacysts raises the question: Under what con-
ditions can newly settled planulae survive? It ap-
pears that the settled planulae must seek a refuge
from the settlement of other benthic organisms for
survival. This refuge could either be spatial or tem-
poral. It is already known that planulae preferen-
tially settle on the underside of objects (Brewer
1978) and that this orientation increases survival
(Hernroth and Gréndahl 1983; Groéndahl and
Hernroth 1987; Grondahl 1988a; Watanabe and
Ishii 2001). Presumably, polyps on the undersides
of surfaces are protected from sedimentation. Set-
tling in places where other organisms do not read-
ily settle might be another strategy for survival, al-
though this was not investigated as part of the pre-
sent study. Scyphistomae are able to survive for
weeks without food and recover quickly once con-
ditions become favorable again (Costello personal
communication). Therefore, areas of low food
availability may provide additional spatial refuge.
The use of flat artificial settlement plates in our
study and the study by Watanabe and Ishii (2001)
may have produced higher than usual mortality by
providing less spatial refuge than natural surfaces.
While the plates used in this study have been
shown to be very good surfaces for the settlement
of other benthic invertebrates (Osman and Whi-

tlatch 1995) and they were sufficient to support the
setttement, metamorphosis, and growth of planu-
lae in the laboratory (Brewer 1984; Colin unpub-
lished data), they may not provide the refuge from
other benthic organisms which are provided by the

- grooves and crevices of natural shells and rocks.

Previous studies on scyphistomae in the Niantic
River have found them inhabiting discarded oyster
shells (Brewer 1991). The shells may provide pro-
tection to the scyphistomae that flat plates can not.

In addition to spatial refuges, survival of settled
planulae may be increased if the planulae can
avoid other settlers temporally. Accordingly, Watan-
abe and Ishii (2001) found much higher survival
rates of scyphistomae which settled late in the sea-
son after the recruitment of other benthic organ-
isms. Unfortunately, the fate of the planulae that
settled late in the recruitment period was not doc-
umented in our Niantic River study.

It is clear that the distribution of the medusae
directly determined the distribution of settled
planulae. In turn, the postsettlement mortality of
planulae was high due to the settlement of other
benthic species. The survival of planulacysts and
development into reproductive scyphistomae may
act as a bottleneck in the life cycle of scyphozoans,
strongly influencing the abundance and distribu-
tion of medusae. Thus, interannual differences in
postsettlement mortality of planulacysts and pol-
yps could have a large impact on the interannual
abundance and distribution of medusae. Currently
we know little about the longevity of the scyphis-
toma stage in nature. If polyp colonies are able to
survive over several years, the interannual variabil-
ity due to post-settlement mortality could be damp-
ened considerably. Our conclusion remains that
successful populations of scyphistomae will most
likely be found in locations where medusae are sea-
sonally abundant and where settled planulae can
seek refuge from the settlement of other benthic
organisms.
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