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First record of Craspedacusta sowerbyi Lankester, 1880
(Cnidaria: Limnomedusae: Olindiidae) in the Proser-
pina Reservoir (Extremadura, SW Spain) with notes on
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ABSTRACT. The first record of the invasive freshwater jellyfish Craspedacusta sowerbyi Lankester in the Proser-
pina Reservoir, a shallow reservoir in the Extremadura region of SW Spain is reported in this paper. C. sowerbyi
was recorded in open water away from the immediate littoral zones. All individuals captured were females with bell
diameters ranging from 7-21 mm. Tentacle numbers ranged from 218 to 398. The stomach contents included most
of the taxa abundant in the zooplankton, with Daphnia longispina being the most abundant.
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INTRODUCTION

The freshwater jellyfish Craspedacusta sowerbyi
Lankester, 1880 is an invasive species native of China.
Apart from China, C. sowerbyi has colonized most conti-
nents (DUMONT, 1994) but only at the end of the 19th and
into the 20th century. The first records from non natural
open waters correspond to the end of 19th century. It has
been recorded in Italy, France, Sweden, Central Europe,
Portugal (FERREIRA, 1985), U.S.A. (DEVRIES, 1992), Can-
ada (MCALPINE et al., 2002), Hawaii, South Australia
(THOMAS, 1950), New Zealand, Philippine Islands, China,
Japan, Central Asia, South America (ACKER, 1976) and
Africa (RAYNER, 1988), as well as in Spain (in Cordoba
and Madrid provinces, M. Villena, pers. comm., Fig. 1).

The life cycle of C. sowerbyi includes both a polyp and
a medusa stage. It belongs to the Order Hydroidea; Sub-
order Limnomedusae, which have only a tiny and solitary
polyp. Craspedacusta sowerbyi produce free-swimming
medusae, which bud off from the side of the polyp
(BARNES, 1980; PEARSE et al., 1987). The active medusa
stage of cnidarians is the sexually reproducing stage. The
polyp is rarely encountered, despite its ability to with-
stand long periods of food shortage and tolerate extreme
variations in temperature and light conditions by encyst-
ing as resting bodies consisting of a ball of cells sur-
rounded by a membrane (ACKER, 1976; ACKER & Mus-
CAT, 1976).

Although freshwater medusae have been known for
more than 100 years (LANKESTER, 1880) (in China for
centuries) and much literature is available, our knowledge
(systematic, ecological) of these animals is unsatisfactory
(DuMoNT, 1994). This paper presents the results of a
study of the spatial distribution, population size structure,
and diet of the medusae in the Proserpina Reservoir, in
the south-western Iberian Peninsula.

Iberian Peninsula

Proserpina Reservoir

Temperature: 22.3°C
pH:7.92

Dissolved oxygen: 8.2 mg L
Conductivity: 521 uS cm?
Turbidity: 93 ¢cm

Fig. 1. — Location of the study site with water characteristics
on the sampling day, and location of the two sampling
transects (solid line). Abundance of C. sowerbyi is expressed
in number of specimens per square meter. Asterisks indicates
other localizations of C. sowerbyi in Spain.

MATERIAL AND METHODS

The Proserpina Reservoir is located in the centre of
Extremadura (SW Spain, Fig. 1), and covers an area of
42.15 ha at an altitude of 290 m a.s.l. Its maximum length
is 1177 m, maximum width 726 m, and maximum water
depth about 8 m. However the reservoir is not thermally
stratified. The aquatic vegetation includes Chara spp.,
Ranunculus spp., and Potamogeton pectinatus, with
Phragmites spp. and Typha angustifolia along the shores.
The site is surrounded by Quercus rotundifolia woodland,
which has been cleared in the region of the dam wall, and
some limited areas of non-irrigated agriculture have been
developed. No data on water quality of the reservoir exist.
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Collections of C. sowerbyi were performed during day-
light hours on 7 October 2004. Climatic conditions during
the summer in the Extremadura region are generally hot
(mean September air temperature at the study site is 30.1°
C), with a September mean rainfall of 23 mm (mean
annual rainfall is 624 mm). No further temporal sampling
was undertaken to measure population growth and devel-
opment. Densities of C. sowerbyi in the surface waters
were estimated at 20 m intervals along two bisecting
transect of the lake (Fig. 1). Counts were made within a
60 s period of the numbers of medusae visible in 1 m? of
surface water (n = 76) on both sides of each transect.
Samples for measurement and gut analysis were collected
by lowering a 50 um mesh net to the lake bottom and
rowing approximately 5 m, hauling the net diagonally to
the surface. Samples were preserved with 70% ethanol.
Zooplankton samples were also collected. Temperature,
pH, dissolved oxygen, conductivity, and Secchi depth
were measured at 11 :00 h from surface water (n = 1).

The umbrellar diameter, gonad length, and number of
tentacles were determined from medusae randomly
selected from the net samples (n = 172). Sex of C. sower-
byi was determined by examining the gonadal tissue
under a microscope. Mature females have eggs clearly
visible as relatively large round cells embedded in the
gonad surface (visible already under intermediate magni-
fication of the dissecting microscope), usually in clusters.
Juvenile females still usually have small immature eggs,
distinguishable as cells significantly larger than most of
the tissue, whereas males have much more uniform sized
gonadal cells which are all fairly small. Sperm cells are
usually present in mature male gonads. However, they are
very small, distinguishable only under high magnification
in the microscope (A. Petrusek, pers. comm.). Measure-
ments were made using a stereomicroscope fitted with a
calibrated ocular micrometer one day after the captures.

A random sub-sample of 41 medusae was used to iden-
tify and count prey items within the gastrovascular cavity.
Items were identified under a compound microscope, and
the diet was expressed as the percent frequency of occur-
rence (%FO) of each prey, and the percent of total stom-
ach content number (%N) of each prey according to Hys-
LoP (1980).

Prey selection of the more commonly eaten prey was
examined by PEARRE’S (1982) prey selection index (V) :

V= (apb,-aby (abde)!?

The significance of V was tested with a y? evaluation
x=( beab d)2 n / abde), where a, and a, are the num-
bers of a given prey taxon in the diet and in the environ-
ment, respectively; b, and b, are the numbers of all other
prey taxa in the diet and environment respectively; and a
=a;ta,b=b;+b,d=a;+b,e=a +b,andn=a;+
a, + by + b,. Values of V can range from -1 to +1, repre-
senting complete avoidance and high selection, respec-
tively, whereas 0 implies no selection.

RESULTS

A total of 374 individual medusae were counted in the
two transects across the reservoir (density = 2.52 ind./
m?). Patches of C. sowerbyi were recorded in open water
away from the immediate littoral zones. The number of

TABLE 1

Diet of C. sowerbyi expressed as frequency of
occurrence (%FO) and percentage of prey (%N).

PREY CATEGORY (%) F (%) N
COPEPODA
Megacyclops viridis 30.77 11.43
Acanthocyclops robustus 23.08 8.57
Tropocyclops sp. 15.38 5.71
Cyclops sp. 11.54 4.29
CLADOCERA
Daphnia longispina 61.54 22.86
Daphnia magna 26.92 10.00
Bosmina longirostris 19.23 7.14
ROTIFERA
Brachionus sp. 23.08 8.57
Keratella cochlearis 19.23 7.14
Lecane lunaris 15.38 5.71
Asplachna sp. 7.69 2.86
Trichocerca sp. 15.38 5.71
TABLE 2

Prey-selection indices as calculated from the number
of prey in the gut of C. sowerbyi in relation to numbers
of prey found in Proserpina Reservoir on 7 October
2004, *** P < 0.001; *, P < 0.05 for y>-test.

PREY CATEGORY v
COPEPODA

Megacyclops viridis 0,1 1%**
Acanthocyclops robustus 0,07%%*
Tropocyclops sp. 0,03*
Cyclops sp. 0,01*
Eucyclops serrulatus -0.01
Diaptomus spp. -0.01
CLADOCERA

Daphnia longispina 0,12%**
Daphnia magna 0,09*
Bosmina longirostris 0,04*
Diaphanosoma spp. -0.02
Ceriodaphnia spp. -0.04
ROTIFERA

Brachionus sp. 0,01*
Keratella cochlearis 0,02%*
Lecane lunaris 0,01*
Asplachna sp. 0,07***
Trichocerca sp. 0,01*
Anuraeopsis fissa -0.05
Filinia spp. -0.03
Polyarthra spp. -0.02

medusae did not differ between transects (chi-square test,
x*> =20.81, P < 0.05). However, there were significantly
more in the south part of transects (chi-square test, 3> =
0.1723, P = 0.6782). Mean umbrellar diameter was 14.75
mm (S.D. = 3.47, n = 172), minimum 7 mm and maxi-
mum 21 mm. Mean tentacle number was 320 (S.D. =
47.03, n=172), minimum 218 and maximum 398. All the
medusae examined were females, and had a typical
number of four gonads. The percentage of medusae con-
taining prey was 63.4%. The number of prey items per
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medusa varied from 1 to 4 (mean S.D.= 2.69 + 0.23).
Most of the animal taxa found in the gut contents were
common components of the zooplankton community of
the lake, with the most frequently (Table 1) occurring
prey items being Daphnia longispina, Megacyclops
viridis, and D. magna. The same prey also dominated in
absolute number. Other zooplankton species found in
Proserpina Reservoir but not found as prey were the cope-
pods Eucyclops serrulatus and Diaptomus spp., the
cladocerans Diaphanosoma spp., and Ceriodapnia spp.,
and the rotifers Anuraeopsis fissa, Filinia spp., and Pol-
yarthra spp. No nauplii were found in gut contents.

PEARRE’S (1982) prey selection indices are presented in
Table 2. M. viridis and D. longispina corresponded to the
highest positive prey selection indices.

DISCUSSION

This study represents the first attempt to characterize
morphometric characteristics and feeding biology of C.
sowerbyi in the Iberian Peninsula. The size ranges of the
medusae found in the Proserpina Reservoir were within
the ranges recorded elsewhere. PENNAK (1956) noted that
the medusae are often not noticed until they are over 10
mm in diameter, although smaller size ranges have been
recorded (BYERS, 1945; BECKETT & TURANCHIK, 1980;
RAYNER, 1988). In a temporal study in Louisiana, ZISER &
BURKE (1984) found that the size range of medusae dur-
ing each month of summer (April-October) was highly
variable (1-17 mm), although they observed a general
trend toward an increasing mean medusa diameter over
their study period. In New Zealand, the umbrellar diame-
ter of C. sowerbyi ranged between 3.2 and 16.8 mm
(BOOTHROYD et al., 2002).

C. sowerbyi medusae were found only in open water in
the Proserpina Reservoir. This is a common feature of C.
sowerbyi medusae, which occur in surface and deeper
waters as reported by BYERS (1945) and ZISER & BURKE
(1984). KiMMEL et al. (1980) found C. sowerbyi mid-lake
in Broken Bow Reservoir with no additional sightings
near shore, while in the Ohio River medusae were
recorded at the surface and as deep as 3 m both day and
night (BECKETT & TURANCHIK, 1980). The abundance of
C. sowerbyi medusae in the Proserpina Reservoir was
lower than the range reported by ANGRADI (1998) and
BOOTHROYD et al., (2002), but higher than reported by
SPADINGER & MAIER (1999) or Davis (1955). However,
the number of medusae per m? was probably underesti-
mated in our study due to the water’s turbidity.

In Proserpina Reservoir, C. sowerbyi did not show any
regular distribution, as has been reported in other studies as
well. BOOTHROYD et al. (2002) found a patchy distribution
of C. sowerbyi in a New Zealand lake. They suggest that
the patchy distribution occurred as a result of feeding,
reproductive, or defensive activities, or possibly a wind-
driven current system in the lake. Likewise, ANGRADI
(1998) found a highly localized distribution of medusae in
a reservoir, and suggests that the distribution of medusae
may result from the pattern of dispersion from a location
determined by the habitat requirement of the polyp. We
have not analysed the factors affecting the distribution of
C. sowerbyi in the Proserpina Reservoir. However, we sus-

pect that the wind direction (from the northwest) may have
been the principal factor affecting that distribution.

Craspedacusta sowerbyi tentacles consist of three sets
of variable length (PAYNE, 1924), with shorter tentacles
for food capture, and longer tentacles acting as stabilizers
during swimming and predatory behaviour (PENNAK,
1956). Tentacle numbers increase with age and maturity
(BOOTHROYD et al., 2002), with a clearly greater number
of tentacles in mature medusae (348, PAYNE, 1924; 350,
FERREIRA, 1985; 200-400, JaNkOwskIl, 2001; 497,
BooTHROYD et al., 2002).

Craspedacusta sowerbyi medusae reach sexual matu-
rity after 5—6 weeks, and occur more frequently in late
summer (ACKER & MUSCAT, 1976; ZISER & BURKE,
1984). Estimates of optimum growth temperatures vary in
the literature (25° C, McCLARY, 1959; 19-23° C, ACKER,
1976), but are generally considered to be lower for polyps
than for medusae. ACKER & MUSCAT (1976) found that
the polyps disintegrated at temperatures of 30° C.
Medusae of C. sowerbyi have been reported from waters
>30° C (PENNAK, 1956; ZISER & BURKE, 1984). Medusae
of C. sowerbyi have generally only been recorded during
summer in most temperate countries. Most records of pol-
yps have also been during summer (DEVRIES, 1992), indi-
cating increased growth and reproductive activity during
warm periods. The presence of medusae of C. sowerbyi in
the Proserpina Reservoir in summer is consistent with the
widely-reported observation of C. sowerbyi occurring at
times of high water temperatures, although water level
and food abundance (LYTLE, 1962) have also been sug-
gested as regulating mechanisms.

A common feature of records of C. sowerbyi has been
the lack of encounters of male and female medusae
together. Outside China, a very few observations have
been made of populations with medusae of both sexes
(PAYNE, 1924; RICE, 1958; DEACON & HASKELL, 1967).
Some studies report only female medusae (e.g., PENNAK,
1956; ZisER & BURKE, 1984), although in other areas
populations composed exclusively of males have also
been found (BYERS, 1945; FisH, 1971; BOOTHROYD et al.,
2002 ; LUNDBERG et al., 2005).

The present observation of the diet of C. sowerbyi is
similar to previous reports. It includes a variety of
cladocerans, copepods, and rotifers (e.g., DODSON &
COOPER, 1983; SPADINGER & MAIER, 1999; BOOTHROYD
et al., 2002). Medusae are active predators, and when
moderately abundant can be a key factor influencing the
population dynamics of other zooplankton (MATSAKIS &
CONOVER, 1991; GorPAL SARMA & CHAKRABARTI, 2000).
Thus, predation by C. sowerbyi causes significantly lower
abundances of bosminids and cyclopoid copepods
(JANKOWSKI & RATTE, 2000; JANKOWSKI, 2004).

Similarly to other published data (BOOTHROYD et al.,
2002), nauplii were not recorded in the gut content of C.
sowerbyi in the Proserpina Reservoir. Whether this was
because they were not preyed upon, or because they were
more rapidly digested and thus were missed in the analy-
sis, is uncertain. DODSON & COOPER (1983) found in labo-
ratory experiments that nauplii were consumed at high
rates by C. sowerbyi. In our study, C. sowerbyi fed on five
rotifer taxa, whereas in New Zealand (BOOTHROYD et al.,
2002) only Asplanchna was recorded in jellyfish stom-
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achs. DODSON & CoOOPER (1983) also demonstrated that
C. sowerbyi selected large and predaceous rotifers such as
Asplancha, and avoided small rotifers.

As in other studies (DobsoN & COOPER, 1983;
BOOTHROYD et al., 2002), a positive selection by C. sow-
erbyi towards copepods and cladocerans was observed in
Proserpina Reservoir. However the calculated selectivity
values should be interpreted with caution since C. sower-
byi can follow particular day-night vertical migrations
(SPADINGER & MAIER, 1999), and sampling in the present
study was restricted to daytime only. Thus our results may
underestimate predation if it occurs at other times of the
24-h period.
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