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INTRODUCTION ’

These notes were prepared while acting as a student assistant at the Marine
Laboratory, Aberdeen.
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Aurelia is an abundant jellyfish on the Scottish fishing grounds, and else-
where, and in order to help assess the importance of its influence on the
fisheries it is desirable that the published data, or references to data, should
be collected together. The object of these notes, then, is to review the
literature on Aurelia aurita, emphasis being laid on feeding, breeding and
distribution. I am indebted to Dr. J. H. Fraser of the Marine Laboratory for
suggesting the work to me.

Aurelia aurita LAMARCK (1816) is a Scyphoaoan Coelenterata belonging to the
family Ulmaridae of the order Semaeostomeae. EERON and LESUEUR (I809) named it
"Aurellia" but only a few authors (i.e. MATER, VAN DER MADEN, VERVET, HOARIDGE)
have used this form in past years and Lamarck's version mil be used in this work«

Some of the physiological papers mentioned deal with Aurelia flavidula, the
New England variation of Aurelia which KRAMP (1942) proposes to call Aurelia
aurita var. flavidula. According to him the European forra should be called
Aurelia aurita forma typica and this is the form also found in certain parts of
the Indo-Pacific region.' STIASNT (1919, 1922) discusses the forms Aurelia
aurita vars. colpota, maldivensis, labiata, and flavidula. BROWNE (1909), in
the results of the Scottish National Antarctic Expedition gives a short account
of Aurelia solida. H/ECKEL (I880) gives an account of Aurelia aurita, colpota,
flavidula, marginalis, hyalina, labiata, clausa, limbata and includes an
extensive bibliography on each form. Bigelow (1938)~also deals with this aspecta

The distribution data of Aurelia in Faroes, Shetlands, and round the coasts
of Britain have been mostly extracted from the cruise reports of the research
vessels of the Scottish Home Department, Marine Laboratoxy, Aberdeen. An
extensive list of distribution literature is included in the list of references
at the end. Also included in the literature are the papers of GILCHRIST (1937)
and BUHK (1939) which deal with the rearing of Aurelia aurita in an aquarium.

Aurelia aurita shows a high degree of variation but variants are easily
recognised as Aurelia aurita. Starved specimens, however, are often unrecog-
nisable superficially and have often been placed in a new species (DE BEER and
HUXLEI 1924)« It has been suggested that Aurelia would be a source of easily
obtained material suitable for variation studies.

There is a quantity of suggestion but a lack of concrete facts in the
literature concerning the relations betv/een Aurelia and fish. In the Faroes
region and off the south coast of Finland there are reports that shoals of
Aurelia clog the nets, often damaging them to such an extent that fishing in
these regions becomes unprofitable. Most of this literature has been derived
from trawlermen's reports, accounts of scientific experiments and observation
being scarce.

LIFE HISTQRT

The fertilised egg develops into the free-swimming planktonic planula larva
which, after a short period, settles on a hard substrate and develops into the
scyphistoma. This scyphistoma becomes transformed into a number of free-svémming
ephyrae stages by stabilization. From these ephyrae develop the sexually
mature medusae which are then distributed by the ocean currents.

a) Egg, Blastula, Gastrula and Planula
The gonads, which are of endodermal origin, are located in the floor of the

gastric cavity. The eggs in the ovary are separated by a single layer of cells
from the enteric cavity from which they obtain the necessary food for growth.



Once growth is initiated, the egg cells increase rapidly in size and food is stored
in their cytoplasm for future use. HARG-IT! (1920) discusses the size relationship
between the growth of the egg cells and their nuclei. JORGENSEN (19I0) in
Sponges, SCHAXEL (1910a, 1911b) in Coelenterates, (1910b) in Ascidians, and (1911b)
in Echinoderms, discuss the effect of chromatin liberation into the cytoplasm of
the eggs and its relation to their growth. TS8UKAGUCHI (1914) questioning SCHAXEL
(1911a) postulates all cytoplasmic granules to be, not of two kinds, but one -
namely mitochondria.

The eggs are liberated from the ovaries into the interradial grooves whence
they are taken to the genital pouches situated near the edges of the free margins
of the oral arms. MINCH3N (1889) gives an account of the attachment of the eggs
to the oral arms. Here fertilisation takes place, the sperm, liberated into the
sea by the male medusae being drawn into the mouth with the food particles.
Segmentation of the egg is very irregular and may be equal or unequal. The
blastula formed is ciliated (HOLLO7/BAY, 1951 ) and may escape from the parent medusa
at this stage of its life history or may continue development to the planula stage
:Inside the genital pouches before starting its independent existence.

Gastrulation is achieved by various methods. These are discussed by SMITH
(I891) and HYDE (1894); CONKLIN (1908) shows a relationship between the various
types of gastrulation. BERRILL (1949) discussing gastrulation in coelenterates

in general, shows that in those species with small eggs (below about (.13 mm. in
maximum diameter) gastrulation takes place by ingression of cells at one pole;

in those with large eggs (over about 0.23 mm. in diameter) by invagination without
regression; in those of intermediate size by varying combinations of these two.
The gastrula is also ciliated and HOLLOWDAY (1951) suggests that this serves to
prevent these young stages from sinking to the bottom before the planula stage is
developed. Before the planula is fully developed, i.e. before the blastocoele
becomes filled by invaginating or ingressing cells, the nematoeysts may develop
in the cnidoblastic cells of the ectoderm.

The planula shows small variations in shape and appearance (HOLLOY®AY, 1951)«
At this stage the independent existence of these young forms usually commences,
and they leave the genital pouches, having attained a size of about 0.26 mm.
After a number of hours of planktonic existence (HOLLO'YDAY notes about 48 hours)
they settle on some solid object on the bottom in fairly shallow water, e.g.
1-2 in. in Mariage Fjord (USSING, 1927), 4-5 m. in the Finnish coast (WIKSTROM,
1932), possibly always less than 20 m. (BIGELOW, 1928).

b) Scyphistoma

The planula become attached by their anterior end, and develop into scyphi-
stomas. In all scyphopolyps the nature of the substratum is probably of survival
importance; KRAMP found scyphistomas of Cyanea capillata on stones, shells and
algae; MOORE (1937), USSING (1927) and WTZSIESM (1932) "found Aurelia scyphistomas
on living Mytilus and pecten shells.

Aurelia, however, may not show a scyphistoma stage at all but may develop
into an ephyra by direct development from the gastrula (HAECKEL, 1881 ). This
takes place only in the case of the largest eggs where the blastocoele cavity is
not completely filled with endodermal cells, after gastrulation is complete, with
the result that the cells are crowded at one end and, on growth of the cells
taking place, enlargement of the gastrula takes place in the transverse plane as
opposed to the polar axis which is the normal plane when the cavity is filled;
thus instead of the body becoming longer, it widens at one end and eight ectodermal
lobes appear which slowly develop into the arms of the ephyra. AGASSIZ (1862),
GOETTE (1893) and DELAP (1905) have studied a similar phenomenon in Pelagia.

Through the work of CLAUS (1877) and TEISSIER (1925) it has been shown that
EA Chrysaora, Haliclystus and possibly in Aurelia the blastula and planula are
able to increase in size without the usual progressive morphogenesis. The
gastrodemis of Coelenterates has ingesting properties and it is postulated
(BERRILL 1949) that these young stages have retained or regained these properties.

7/hen the pear-shaped planula settles, a depression appears at the distal end

which causes pressure on the underlying endoderm and thus brings about the
formation of the first pair of gastxlc pouches. The endoderma], derivation of
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these pouches was much discussed by GCETTE (1837)> CLA.US (1892),, HYDE (1894)>
BIGELOW - see MAYER (1910), and HADZI (1907) but appears now to be accepted.

After the partial formation of the second pair of pouches the mouth bréales through
on a proboscis and the oral tentacles form» The formation of the tentacles takes
place in a fixed manner; they develop either in the sequence 2, 45 8, 16, or more
rarely 3» 6, 12, etc., the secondaries appearing midway between the primaries
which are equidistant from one another, the tertiaries midway between the
secondaries and primaries, and so on. As BERRILL (1949) points out, this may

bo the general method of development of tentacles throughout the whole group as
similar phenomena in Haliclystus (WIETRZYKOWSKI, 1912), Cyanea (PEREZ, 1922) and
Mastigias (UCHIDA, 1926) were found.

According to HOLLO1DAY (1951) about 30 hours after settlement of the planula
the typical form of the scyphistoma can be recognised and it can be seen that,
contrary to the opinion of some previous workers, some cilia still remain between
the bases of the tentacles and on the oral surface and are still actively beating
five days after the planula lias become attached.

When the scyphistoma, also known as a polyp or hydratuba, has attained 16
tentacles, it grows in size without much morphogenesis though in some fully
developed scyphistomas as many as 30 tentacles may be found. In the fully grown
polyp, which at this stage attains a height of about 5 mm., just below the
hydranth, or head of tentacles, four septa are found each perforated by an ostium;
these ostia form the gastral-ring sinus. On further.increase in body length,
new ostia form under these and when the constrictions in the polyp take place to
form ephyra rudiments they do so between these, the ostia later aiding in the
formation of the gastral cavities of the ephyrae (PERCITAL, 1923)»

When a scyphistoma is ready to strobilato, i.e. to produce one or more
ephyrae, succeeding constrictions form in rings down the body, beginning below
the hydranth and continuing well down the stalk but never as far as the pedal
stolon. Often as many as I4 rings form but numbers up to 30 have been recorded
(LAMBERT, 1935)« The number of ephyrae formed seems to be proportional to the
feeding and growth of the scyphistoma which shows itself phenotypically in the
shape and depth of its column (BERRILL, 1949)%*

EERCIVAL (1923) gives embryological accounts of the formation and morphology
of the longitudinal muscles of the polyp, discussing the formation of the
manubrium from the strand connecting the two ephyrae rudiments, and the development
of the peristomial pits and gastral filaments.

Prom each segment, or area between two ring-constrictions, there soon appear

eight protrusions, each containing a diverticulum of the enteron. Prom the end
of each protrusion a further lobe develops and this contains a diverticulum of
the enteron which develops into a tentaculocyst or marginal sense organ. When

the ephyrae rudiments have fully developed (see.EERCIVAL, 1923; BERSHL, 1949)
separation from the scyphistoma takes place. This comes about most probably by
strong muscular action of the circular mid radial muscle bands, causing the
connecting strands between the ephyra end the one below it to sever close to the
exumbrellar surface (HERIG, 1909)» The columella (EERCIVAL,1923) breaks almost
simultaneously, thus releasing the ephyra.

The following times of strobilation have been put forward; November

(HEROUARD, 1920); February or March (AGASSIZ, 1862; DELAP, 1905); April
(HARGITT, 1910); autumn (HOLLO7ZEAY, 1951); winter (HALISCH, 1933); and
December to March (LAMBERT, 1935)» LAMBERT puts forward the following factors
as conditions of strobilation; 1. a copious supply of the right food; 2. a
critical temperature, and 3* a continuance of the food and oxygen supply during
the critical period. HAGMEIER (1930 states that strobilation takes place below
9-10°C; in north-west Europe the strobilization temperature is stated to be
between 4° and 11°C (VEHWEY, 1942). In Norwegian and Danish waters, and possibly
off Holland, ephyrae are found not only in spring but also in autumn, which would
suggest that there is a second period of strobilization when the temperature falls
to the critical range.

BERRILL (1949) discusses the physical factors involved more fully and VEHWEY
(1942), who bases his discussion on VAN DER MAADEN'S (1942) results, discusses
these phenomena with reference to the Baltic.



The whole process of strobilisation is metamorphic in that according to
CHUIN (1930) it involves histogenesis, histolysis, and phagocytosis. There are,
however, irregqularities in the budding off of the ephyrae. Some of the lower
ephyrae rudiments may develop tentacles and after liberation move about for a
short time before settling on the bottom, where they develop a stalk and pedal
disk. Scyphistomas may also be formed by the oral disk which, when budded off,
may settle down and form a stalk. Other irregular methods of scyphistoma forma-
tion and strobilisation are discussed by HEROUARD (1920a, 1920b) and EERCIVAL
(1923).

When the ephyrae are all budded off the strobila then the temperature may
have risen above the critical strobilating range and, according to HAGMEIER (1930)
the scyphistoma will be able to produce buds and stolons. These develop from the
lower part of the polyp stalk and may be of four types (GILCHRIST, 1937)»
BERRILL (1949) describes five forms of buds and stolons, three of which are
applicable to Aurelia and a fourth possibly so. One of these, the fig-type bud,
grows out from the polyp stalk, a hydranth developing on the side proximal to the
parent hydranth and a stolon, by which it attaches itself to the substratum, from
the other. By contraction of the stolon the budded polyp is drawn from the parent*

Another, the pedal stolon, grows straight out from the upper stalk and becomes
attached by its distal end, reinforcing the attachment of the parent polyp's base.
HEROUARD (1911) and GILCHRIST (1937) discuss this base and the production of the
cementing substance. BERRILL (1949) describes the origin and development of
stolons and their reconstitution on damage. HEROUARD (19II), PEREZ (1922), and
HALTISCH (1933) using Chrysaora and GILCHRIST (1937) using Aurelia describe their
functions of attachment and locomotion.

The stolonic bud differs in that the development of the hydranth is often
delayed until after attachment.

The hydra-type bud grows out forming a hydranth at its distal end and
remains attached to the parent for a considerable time before the development of
a pedal stolon at its base and consequent separation from the parent takes place.

Studies on regeneration and reconstitution of polyps, buds, and stolons have
been made by HEROUARD (1921), HALISCH (1933), GILCHRIST (1937), BERRILL (1949),
and CHILD (1951)-e The main conclusion from the studies would appear to be that
there is a pronounced apico-basal gradient of growth potential in the polyp.

Studies on the nervous system have been made by KOMAI (1942) who could find
no evidence of a nervous element in the scyphula of Aurelia.

According to EERCIVAL (1923) the ectoderm of the scyphistoma is ciliated
between and on the tentacles and also on the proboscis. Pood, in mucous chains,
can be observed moving up to the mouth and along to the ends of the tentacles
which bend over to the mouth transferring the food to the proboscis. It is then
carried down to the enteron by the ciliated lining of the proboscis. Exhalent
and inhalent functions of these cilia tracts in the proboscis can be carried cn
simultaneously, the inhalent channels being on the interradial ridges and the
exhalent on the perradial angle. There is a strong current running from the
base of the strobila to the uppermost ephyra; this is brought about by the aboral
surfaces of the developing ephyrae which are ciliated and on which the currents
move to the ends of the Lappets,

The scyphistomae also feed by using the nematocysts on the tentacles.
Infusoria (GEMMILL, 1921), copepods, decapod larvae, larval molluscs, more rarely,
young fish and other small plankton organisms (LEBOUR, 1923) are impaled by the
nematocysts and the tentacles flick quickly towards the mouth immediately the prey
touches them. CHUIN (1929) has made a study of the digestive vacuoles of the
scyphistoma,

Arl interesting paper on cannibalism among the scyphistomae by KHALAF-EL-
DUWEINI (1945) recounts how the attacker, with wide-open mouth, envelops its
fellow scyphistoma, finally taking it wholly into its enteron.



c) Ephyra

Most ephyrae, when liberated from the stobila, have eight lappets and eight
marginal sense organs. The sense organs are each situated at the end of an arm
between the two arm lappets. The manubrium at first is a simple, four-cornered
tube; the stomach gives rise to protrusions forming 16 unbranched, radiating
canals going to the bell periphery, tentacles, and marginal sense organs or
rhopalia. The tentacles grow in the eight adradial spaces. The manubrium then
develops the mouth arms by extension of the four perradial comers of the lips and
the peripheral ring canal develops by the radial canals forming T-shaped branches
and the lateral branches of the Ts joining to form one continuous canal. Canals
grow in from this ring canal, fusing with the eight perradial and interradial
canals, making them branched in appearance.

Variation in the morphology have béen studied by BROY/NE (1894- and 1895a)
who finds that the irregular ephyrae have no survival value over the normal but
that the ratio of normal to abnormal forms remains constant over many years.
LOW (1921) studied the production of abnormal ephyrae and their abnormalities
quantitative3y,

The ephyrae arras are provided vdth numerous stinging cells which, when prey
comes against them, release their poison-carrying cnidotrichs.. GEMiviIILl, (1921)
has made a detailed study of the feeding of ephyrae and finds that infusoria
striking any part of the exumbrellar and subumbrellar surfaces of the arms and
the periphery of the bell tend to be carried to the lappets where the greatest
concentration of stinging cells is to be found. After release of the cnidotrichs
and consequent impalement of the prey, mucous or other colloidal matter, produced
most probably by cell3 of the lappets, impedes any attempt of escape. The
ephyra arms then generally all stop beating and the prey-bearing ama and the
manubrium bend towards each other, the prey being transferred to the manubrium.
GEMMILL thinks the prey is carried down into the stomach by a "Central-manubrial
current which is compensatory to the exhalent currents produced by ciliary action
in the floor of the mouth angle grooves”, but, according to him, this may not be
the whole explanation.

The arms and manubrium have co-ordinated flexibility, being able to adjust
their movements in relation.Jo each other to handle awkwardly trapped prey.
The diet of Aurelia ephyrae”According to GEMMILL, infusoria chiefly, nauplius
larvae and minute copepods occasionally, and according to DELAP (1905) Obelia,
Phialidium, small copepods, fish eggs, and, as the ephyra increases in size,
small ctenophores, pteropoda and big Calanus, LEBOUR (1922) states that four-day
old ephyrae feed on young fishes .and crab zoeae. She found that when no young
fishes were present amphipods, crab zoeae, and other crustacea, even small
copepods and medusae, were taken.

ADULT MEDUSA

1) Anatomy

The adult medusa has a bell-diameter of I40 am. to 250 mm., a height of
50 mm. to 90 mm., and a gonadal radius of about one third that of the bell-radius
(MIER, 1910). The bell is circular in shape except for eight small, interradial
and radial notches in which the sense organs are situated. These organs are each
composed of an exumbrellar ocellus formed from ectoderm, a subumbrellar pigmented
eye derived from both ectoderm and endoderm, and a crystalline concretion of
ectodermal origin. The four radial mouth arms have their eight free edges much
convoluted with a median groove between them on the ventral side of the arm.
The arm- and bell-edges have many hollow tentacles richly supplied with nemato-
cysts. The four interradial, horseshoe-shaped gonads lie in the floor of the
gastric cavity and according to GOODEI (1909) four interradial grooves on the
floor of the stomach cavity carry the products from the gonads to the convolutions
of the oral arms. The stomach is four-lobed and bounded by the gonads; from it
eight unbranched adradial, four branched radial and four branched interradial
canals arise and run out to the peripheral ring canal at the bell margin.

Variations from the normal form of Aurelia are fairly common. BAIIAWITZ
(1899) gives an account of these and summarises the literature up to that date.
BREME (18%5a., 1901) gives an account of the variation in the number of
tentaculocysts, radial canals, and gonads and trirs to relate the variations to
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each other» McINTOSH (1910) discusses the work of BROWNE (1901 ) and HARGITT
(1905)j estimating the percentage of individuals with various abnormalities»

Other papers on variation in Aurelia are BROSME (1894)5 DUNKER (1894) S HERDMAN
(1894) , SORBY (1894), UNTHNKT "(1894-), AGASSIZ and WOODWORTH (I896), HARGITT (1901)
and McINTOSH (I91II). STEINER (1935) gives an account of degeneration in the
ephyra and medusa.

Scyphozoa in general, and Aurelia in particular, can live in sea -water of a

wide range of pH values. Sea -water usually has a pH around 8.0 to 8.2; pH
above or below these values cause the bell pulsations to increase in speed and
finally stop (THILL 1937). Dilute sea water has no adverse effect (Il Aurelia,

the medusae being found in the Baltic where salinity is 0.6%o (BEADLE, 1943,
3EGERSTRALE, 1951) and in other areas where salinity is over the average value
(about 3*2$). The body fluids of Aurelia are in equilibrium with sea water and
when the medium is dilute, then the body fluids are correspondingly dilute.
Studies on these effects have been made by BENAZZI (1933), HESSE (1940), HYMAN
(1940), and on Aurelia in artificial sea water by WIEDEMANN (1950).

The water content of the medusa is a much discussed subject in the litera-
ture. KRHKENBERG (I880) postulated that the medusa contained 95*34% water and
had a dry weight of only about 4%*66%. BATEMAN (1933) then stated the water
content to be 99.1%. LOWNDES (1943) critisizing GORTNER (1938) and HYMAN (1938)
showed the chemical composition of Aurelia to be "About 96% water, 3% salts, a
trace of fat, /the amount being dependent on the state of the gonads/," only
about 4% is said to be protoplasm. Reasons are given for drawing the above
conclusions, LOWNDES (1942), and the method of distillation under xylol, -which
he used for his determinations, is described by LOWNDES (1940). Other workers
in this field were MACALLUM (1903), MDEBIUS (HYMAN, 1938), THILL (1937), HYMAN
(1938) gives a good summary of all the literature up to that date. ROBERTSON
(1949) gives a general account of osmotic regulation in marine invertebrates and
puts forward the results of his analyses of tissue fluid:

Mg./gm. water mg./1.
Na K Ca Mg Cl sok Protein H20
Mesogloeal tissue
Fluid T 10.45 0.411 0.390 1.235 19.65 1 .4.58 0.4 981
Fluid II 10.4P 0.397 0.383 1.240 19.82 71.043 0.9 981
I after dialysis 10.59 0.380 0.408 1.270 19.00 2.642 0.4 981
II after dialysis 10.52 0.385 0.406 I.25I 19.08 2.656 0.9 981
Sea water 10.55 0.382 0.14)4 1.273 19.02 2.655 - 983
He sums up as follows: '"The mesogloeal fluid of Aurelia showed the following

compositions (expressed as percentage of concentration in the dialysed fluid):
Na, 99%, K 106%, Ca 96%, Mg 97%, cl 104%, SO~ 47%.

This regulation seems to be brought about by elimination of sulphate and
accumulation of potassium by the epithelium bounding the mesogloea, with resultant
alteration in the remaining ions in conformity with osmotic equilibrium between
the jelly and sea water." HENSCHEL (1936) also did work on the chemistry of
Aurelia.

The respiration rate was worked on by THILL (HEILBRUNN 1944); He found the
medusa to consume 0.0034 to 0.005 c.c/gm./hr. of oxygen at 13° to 17°C. MAYER
(1914) studied the reactions of the medusa to increase of temperature.

HORRIDGE (1953) confirms the work of SCHAFER (I878) showing that there is a
nerve network, visible under phase-contrast or oblique illumination. He made a
study of the properties of this system at each contraction of the bell and showed
that an impulse at any one point of a nerve consists of a single excitation.

The bell pulsations are controlled by the marginal sense organs (ROMMAN33,1885)
which each tend to send out impulses at differing rates from each other, but the
one with the fastest rate controls the rest. ROMMANES and MORSE (19I1) studied
the reactions of the bell when deprived of one or more marginal sense organs.
The rhythmic pulsations of the bell have been studied by EETIIE (1908) and VERESS
(1938) and neuro~musciflar actions and responses to stimulation by BULLOCK (1943)
and by PANTIN and DIAS (1953). DEE and MORSE (1910) put forward an explanation
for the "summation of stimuli" effect which ROMANES found on applying a series
of electrical stimuli to the medusa. WOOLLAED and HAKPMAN (1939) confirmed the
work of SCHAPER (1878) and BOZZLER (1927) by showing the presence of synapses in
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the neI've net. The nerve of the medusa, therefore, has been found to conduct
stimuli at a constant rate 'which has been stated to bo 23 eras. per second
without fatigue or decrement, thus producing the rhythmical pulsations of the
bell which continue for long periods.

Other important studies on the nervous system of medusae have been made by
BOZZLER (1926a, 1926b), HORSTMANN (1934”~, 1934b), STEINER (1934-) and VAN DER
MAADEN (1939); SCHEEEE (1948) gives an excellentgeneral summary.

Aurelia medusae feed by entangling food particles in mucous, the food chains
then being transported by ciliary mechanisms, external and internal, to the gas-
tric cavity. The internal ciliation has been described by WIDMARK (1913) and the
external by ORTON (1922). Pood is collected by the submarginal tracts of cilia
on the oral arms and is carried to the stomach via the mouth and gastro-genital
canals. The ciliated surface of the exumbrella, of the area between the lappets,
and of the subumbrella also collect food, taking it to the circular food groove
and food pouches. When it reaches the gastric pouches, some digestion takes
place before the internal currents carry it into the various canals (iflDI.1ARK,
1913) * There are oral arm basal tracts of ciliabeating in the opposite direc-
tion to the submarginal tracts and these carry excretory matter, which has been
delivered to them by the perradial canals and interradial and gastro-oral arm
canals, to the exterior.

Studies on the gastro-vascular system of Aurelia have been made by WIDMARK
(1911, 1913) and WETOCHIN (1926).

2) Feeding

ORTON (1922) concludes that adult Aurelia feed on coarse and medium plankton,
supplemented by a smaller amount of finer plankton. In the stomach contents of
the specimens he examined he found the following: "Gastropod larvae of Crepidula
and others, Oyster larvae (black spat), Copepods of various species including
Calanus and Harpactids, Epicaridian larvae in fair quantity, larvae of Cirrepedes
and Copepods, Cypris larvae of Balanoids, young Polychaetes especially Polydora,
a good number of Rotifers, algal threads, green and brown, in one case with a
large colony of Vorticellids attached, eggs of Polychaetes or Rotifers, eggs and
tadpoles of Ciona and other ascidians, nematode worms, tintinnoids, a number of
diatoms of several species, and some sand grains."

LEBOUR (1923) examined specimens between 20 mm. and 25 mm. in diameter sind
found their food to consist of chiefly crab zoeae and some other coarse and medium
plankton, including one young flatfish. She states that no fish have ever been
recorded in the stomachs of Aurelia over 30 mm. diameter and that when she kept
Aurelia of 60 mm. diameter in a tank with young fish, none of the fish were
attacked. Aurelia below 30 mm. diameter, if kept in a tank in company with
young fish, consume them all, SOUTHWARD (1949) states that the communications
between the mouth and gastric pouches arc wide in the very young Aurelia but
become very narrow grooves as the medusa grows in size. This may partly explain
the change from macrophagous feeding of the young stages to the strictly plankton
feeding of the older stages. Southward is continuing his work on the feeding of
Aurelia. An interesting paper by FOX and PANTIN (1944) discusses the pigments
in Coelenterates in general; the chemical and physical properties are elaborated
and mention of Aurelia aurita is made.

GEOGRAPHICAL AND SEASONAL DISTRIBUTION

Aurelia aurita is a cosmopolitan species, and it is found in almost all
European seas. It can become acclimatised to live very near to its lethal
temperature in the surface of the tropics or to withstand being frozen solidly
into ice, but in either ce.se loses its resistance to temperatures at the other
end of the scale (MAYER, 1917)» 4t has not been recorded from the east coast of
Greenland so far, but has been found from Iceland and west Greenland (KRAMP, 1942),
Faroes, Shetland and the sea area between Faroes, Shetland and the north coast of
Scotland. Specimens have been collected in the Atlantic from around the position
60°45'N 9°30'W in July. In the latitude of Faroe they are further to the west
of this position, individuals having been caught as far as 11°W in the month of
September. It has been found around Rockall in July but has not so far been
recorded from the surrounding areas.



Specimens havo been collected from the Hebrides and Clyde sea area. In the
Clyde, the ephyrae appear in late February (MARSHALL, 1925) and- the mature adult
medusae are found in August and September; Aurelia occurs off the north-west
coast of Ireland and in the Irish Sea. According to MOOES (1937) ephyrae were
found in the hatching ponds at Port Erin, Isle of Man, in January and February
1908, and in the laboratory aquarium in March, I90I. BROWNE (1895b), records
that Scyphistomas were found on a pecten shell in Bay Fine in,August 1892.
Scyphistomas occur in Port Erin aquarium tanks throughout the year (MOORE, 1937b).

At Plymouth, scyphistomas have been recorded from June to March, strobilating
from January to March. The ephyrae are common from March to April, the young
medusae then appearing in greatest quantity in June. The medusae, being carried
by the currents, make their appearance in the English Channel towards the end of
summer. On the Dutch coast, the medusae are numerous from mid-May to mid-June,
as the ephyrae make their appearance in February (VERWEY, 1942; VAN DER MAADEN,

191(2).

Aurelia is found on the east coast of Britain, ephyrae being recorded off
the Northumbrian coast in April (SANDERSON, 1930) but more likely making their

first appearance earlier. The adults are found from March to November in the
Firth of Forth, off the Tay mouth, up the Aberdeenshire coast, in the Moray Firth,
extending up the northern coast to John 0'Groats and Orkneys. Towards the end of

the summer they are carried further out into the North Sea, occurring midway
between England and Denmark in September and October, and have been collected from
2°E between latitudes 56°N and 61°N in October. The medusae occurring midway
between the Shetlands and Norwegian coasts have probably originated from the
shoals around Shetland.

Aurelia is found towards the north of the Norwegian coast but does not extend
into true Arctic regions (VERWEY, 1942), and there appears to be an absence of
time data on the appearance of the various stages of Aurelia in this area. It
would appear, however, that they occur earlier in the year in the southern limits
of their North Sea distribution than in the northern areas, and this also applies

to times of disappearance in the autumn. This autumnal disappearance has been a
disputed topic in the literature; some authors hold that after liberation of
their sexual products the medusae disintegrate. The Aberdeen laboratory,

however, has records of Aurelia medusae in late November and December in the
Faroe-Shetland region. Fishermen assured EVANS and ASHWORTH (I909) that Aurelia
were sometimes found in the trawls during winter and in the 12th Report of the
Fishery Board of Scotland (part iii p.49) it is mentioned that near the Isle of
May on 18th January, 1893» & few Aurelia were caught in "Garland's" Trawl. Most
recent authors seem to be agreed that some Aurelia pass the winter in deeper
water in the northern limits of their distribution but no medusae have yet been
recorded in winter in their more southern habitats.

The bulk of the medusae, however, are budded off as ephyrae in the spring
and, having liberated their sexual cells, die during the period August to November
when thejr may drift seawards or on to the shores, a process of disintegration
taking place in both cases.

Am interesting paper by DAVIDSON and HUNTSMAN (1926) puts forward evidence
postulating that the disintegration of masses of these medusae in Passamaquoddy
Bay is possibly the direct cause of an autumn increase in the Phytoplankton in
that area due to the fertilising action of their decay.

The temperature of the water controls the time of appearance of the ephyrae
in the spring in the various localities. The temperature also controls their
time of appearance at the surface and some authors are of the opinion that young
medusae, if the surface of the water is still below a certain temperature, attach
themselves to the bottom for a period (VERWEY, 1942).

According to the observations of MAYER (VERWEY, 1942), CALHOUN (1945) and
HYMAN (1940) the medusae are active at the surface from the late afternoon on into
the first half of the night. They then sink deeper and remain down in the morning
hours. If, however, the sky darkens during the morning and stormy weather is
prevalent then the medusae do not rise even though the light conditions are
favourable. Other reports state that Aurelia is found at the surface in bright
sunlight and I have observed them thus in the Firth of Clyde in August. For
further information VERWEY (1942) should be consulted,

8.



An extensive literature exists on the distribution of Aurelia in the Baltic»
In recent decades there has been an increase in the salinity of the Baltic which
lias made it a favourable habitat for the medusae, Aurelia has consequently spread
up as far as and into the Gulf of Finland and lias been reported reproducing near
Tvarminine at the mouth of the Gulf. A similar spread eastwards has taken place
in the case of the American form of Aurelia aurita which has, in the last few
decades (it is thought since I910) colonised the west coast of Greenland.

The following, especially Verwey and Heia, are good reference papers for the
Baltic area: BOGUCKI (1933), WIE3TROM (1936), VERWEY (1942), K&NBLER (1950),
HELA (1951) and SEGERSTRALEI (1951 ).

KRl'/P (1924) notes that CARUS (1884) found Aurelia in the following localities
in the Mediterranean: Nice, Naples, Sicily, Trieste, west coast of Asia Minor,
and Alexandria. GRAEFFI (I884) found examples in the Adriatic sea during Feb-
ruary, March, and April, and occasionally as late as June. Aurelia is also
recorded from the Bosphorus and Black Sea.

Thus Aurelia is found around all the European coasts except the most northern
part3 of the Norwegian coast and possibly the most northern part of the Baltic;
late in the simmer it is carried by the currents out from the coasts and in vanter
a few specimens may still be obtained in deep water, in the more northern limits
at least of its distribution.

RELATIONS BETWEEN AURELIA AND FISH
a) Commcnsalism

There are frequent references in the literature to the commensal association
of young fish with jellyfish, referring either mostly or exclusively to Cyanea;
e.g. DAMAS (1909), IGUMBACH (1928, 1930), LUNEL (1883). Aurelia seems to be
much less attractive, possibly because it3 lesser size or great transparency
makes it a less adequate shade, or possibly because its vertical movements make
such a commensali am unsuitable. Although DAMAS (1909) suggests that the
comaensalism with Cyanea may form on importent part of the life history of various
gadoids it does not seem likely to be essential (HJORT and DAHL, I900). Young
fish may find food there in the amphipods such as Hyperia which are often
commensal with jellyfish, living on food in the mucous stringsand this has thus
been suggested as beneficial to both parties as the young fishwill help to
control the numbers of amphipods feeding at the expense of themedusae.

HJORT and DAHL (I900) do refer to Aurelia, particularly in connexion with a
"jellyfish stage" of whiting (p.118), but are convinced that the jellyfish are
not essential to the development of whiting or other gadoids. The literature
refers chiefly to cod, saithe, whiting and Caranx, but Scottish investigations
show that Onos up to about Ifi mm. is one of the most abundant fish associated in
this way, Aurelia not so often being the host as Cyanea.

b) Effect on fisheries

On the fishing grounds around Faroes, shoals of Aurelia appear in late
summer and become so numerous that the fishermen are forced to move to other
grounds. The following account han been synthesised from skippers' reports.

The first appearance of medusae - Cyanea at first - in sufficient numbers to
present difficulties to trawling in 1952 was reported in the second week of May
on Faroe Bank; there the nuisance was described as '"great slithers, brownish in
colour and over four feet in diameter". At this time the summer fishing had not
commenced at Faroes but the large brown jellyfishes seemed to disappear and were
absent when the Faroces daylight fishing reached its intensity at the beginning of
June. Fishing continued until about the third week of July when catches were
falling in amount and skippers were reporting new slithers, this tine Aurelia,

on these grounds, but the numbers of Aurelia were not then sufficient to affect
the actual fishing.

By the first week of August fishing was found to be best at night and
reports of these slithers were still being made; in the first week of September
they were stated to be present in large quantities. At this time, however, they
were still in the surface waters and, therefore, not having much effect on /
trawling. A week later large numbers of jellyfish, presumably still Aurelia,
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were reported on the Myggenaes grounds and about 25th September it was said that
the best grounds were off Sumbo, but at this time bad weather and medusae were
impeding fishing. By the end of September fishing Tias becoming slack all around
Faroes and in mid-October all craft found fishing improfitable in this area and
were forced to leave. By the end of October the North Faroese grounds were badly
affected but the southern grounds had improved. In mid-November reports of the
disappearance of the "slithers" from the Faroese grounds came from the skippers and
by 20th November the catches had greatly improved on those of the previous weeks.

On almost exactly the same date in 1953> that is, the third week of July,
the first reports of "slithers" (Aurelia) were made. A week later they had
commenced to gather in quantity and the trawler skippers on the grounds reported
a decline in the amount of fish obtainable. By the end of the first week of
August, Aurelia were present in shoals and fishing craft were taking longer to
fill their holds before returning to port. On the west Faroese grounds, but not
on the east, skippers stated that in their opinion the Aurelia were now found at
all depths, including the bottom, with the result that the shoals of fish "scattered".
On 20th August they were reported "on the sea bed and 'scaring' off shoals on all
but the south-east grounds off Fuglo and south of Sumbo Holm"; the end of August
saw the end of the summer fishing in this area with shoals of fish very scarce.
The catches did not impirove until the medusae disappeared.

In these two years Aurelia appeared on the Faroese grounds about the third
week of July but in 1952 did not seriously hamper fishing operations until mid-
September. The first grounds reported as affected were those on the west side,
followed by a spread to all others. From the evidence the southern grounds are
free from the medusae first, the northern grounds last.

These jellyfish can be present in immense quantities and some skippers state
that almost immediately the trawl goes down it becomes filled; when hauled to
the surface the cod-end is usually burst open due to the Y/eight of jellies. Not
only is the cod-end filled but A“pod part of the bag as well, and the square is
often also burst open. Very fey are found in the net even if it is fadrly intact
but whether the fish are still on the grounds or not cannot be stated with certainty.
If the net is very soon clogged with Aurelia it would form a solid mass dragged
along the bottom and no fish are likely to enter even if they are present on the
bottom. The fish may still be present in the area but dispersed above the bottom,
as even if Aurelia is spread through the various water layers there will still
probably be an aggregation at the bottom with less dense areas above, ¢ to which
the fish might move. A pelagic trawl for fish off the bottom would not be likely
to be successful as the jellyfish distributed throughout the layers would still
clog the not, and the fish would not be congregated at any particular depth.

There is a variability of the time when the slithers become a serious menace;
sometimes it is as early as August, sometimes as late as October. Always, however,
they increase in numbers in the surface waters for a period, then more deeply
possibly as the upper layers become heavily populated less plankton food is
available. When they sink the trawling is affected and catches diminish. The
plankton also becomes temporarily reduced but this would not cause any immediate
ill effect on the bottom living organisms which are the food of the commercial
white fish.

If the fish do move elsewhere, alchough this seems unlikely, and food short-
age is not the prime factor, do these masses of Aurelia emit some substance which
affects the fish, or affects the fish through affecting the bottom fauna? Or is
it that the Aurelia are so numerous as to be competitive for living space? If
the fish do move off the ground where do they move to and do they always proceed
to the same area? These are questions which still require an answer.

The available evidence seems to indicate that the Aurelia population at

Faroe is self-contained. Aurelia is not reported from the east coast of Green-
land, and I have found no records of its occurrence midway between Iceland and
Faroe, so that origin from the west seems unlikely. The current systems

involved preclude colonisation from the North Sea, or Norwegian coasts, and
although there might be occasional opportunities for colonisation from the west
Irish or Scottish areas the timing of the appearance of Aurelia at Faroe would
appear to be too regular - only records from two years are given here, but the
fishermen's evidence over many years suggests such a regularity.
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The rooky topography of the Faroese coast is ideal for the development of Aurelia
scyphistomas and, as conditions there would he relatively uniform, all the scypho-
stomas would tend to strobilate about the sarae time. The circulating current
system round Faroe would then distribute the ephyrae to the fishing grounds where
they first become noticed because of the size they have then attained.

The only reference in the literature to this problem that I can find is a
mere mention of it in Rae (1947)»

Almost the same problem is present in the Giilf of Finland each year.
Hula (1951) in summing up his list of reports in the changing population density
°” Aurelia in the different areas says:

"These reports, although disagreeing in some details, plainly show that
(1) since about 1940 the eastern border of the regular occurrence of Aurelia has
shifted considerably further eastwards (Kaunissaari, Tessjo), that (2) apparently
at the same time the abundance of Aurelia has generally increased also in other
areas (possibly excepting the southern part of the southwestern archipelago),
and that (3) particularly in autumn 1949, Aurelia has been found in some
localities in the east (Klamila, Tarando) where it has never been seen before as
far as is known. The Aurelials found in the eastern part of the Gulf of Finland,
on the other hand, may have their origin in the southern part of the Gulf, where
they most likely occur in greater abundance, and further to the east, owing to
the greater salinity, than on the northern coast. Also it is worth noting the
reports that during warra summers Aurelia is possibly more than usually numerous."

Among the above summarised reports are the following .... "Tammisaari:
Tof0, since 1921; not found for a long time previously: occurs now yearly.
A peak appeared between 1943-47, causing harm to the regular fishing. In
1945-4-9 the number was reduced; Sloedd, increasing occurrence since 1939» It
has become a menace to fishermen because during windy weather it enters the net
fish-traps set for pike, causing the death of the pike; ...."

He goes on to give the following reports which are also worth quoting as they
show the similarity between this area and the Faroes region.

"EK. Fyhtad: Kaunissaari; Aurelia was first seen in summer 1940 after
strong south winds in the first half of August. This slimy animal sometimes got
entangled in the fishing nets in such large quantities that the latter often
looked as if they had been taken out of a fruitcooking pot. Thereafter it has
appeared usually in August after hard south and southwest winds, though it is
not certain whether it occurs every summer. Even last summer it appeared about
the same time. 'When the weather becomes cold, it disappears. We fishermen
have noticed that where it is very numerous the herring and sprat do not thrive.

U. Tammisaari: SkedB; they are small about midsummer, but grow bigger
towards the end of November when the autumn storms wash a great number of them
on to the shores, and the rest disappear to an unknown fate, only to reappear
about midsummer of the following year still more numerous, as a great annoyance
to the fishermen because the net fish-traps become so packed with them that the
hoops break when the traps are examined.

U. Tammisaari: Kalstd; as the wind drove it towards the fishing places,
whitefish catching was still hampered about December 1, 1949»

V. Hiittinen; I remember well that Aurelias have appeared since my child-
hood, first small ones in the spring, but already during the summer they grew
bigger. They occur in large amounts at first near to the surface but later in
the autumn they sink deeper. Last autumn (1949) I found Aurelia still very
numerous in my large fish-traps at the end of November,

A, Hammarland: Tillholm; Aurelia has occurred here for many years and
increases year after year. It is inpossible to fish with herring nets in
August; they become packed with Aurelia.”

Here again they first are found in the surface waters but later are found
deeper. Whether they arc found throughout the depths or when they "sink deeper"
they disappear from the surface is not stated. Trawling is not directly
mentioned in the above reports, not fish-traps and surface herring nets being
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disoussodo In the third report, from Tammisaari, "Whitefiah catcling'5 is
mentioned and this must involve a demersal net, possibly a trawl but moro
likely the Danish seine netc

One point is clearly expressed in the reports in this paper, namely, that
the greatest numbers of medusae are found in the warmest summers with plenty of
sunlight. The successful survival of Aurelia vrould depend first on the presence
of a suitable substratum for the settlement of the planulae larvae, and on the
presence of the necessary nourishment, and later on the water reaching the
critical temperature, to enable the sti'obilisation of the scyphistomas to take
place successfully and yield a maximum number of ephyrae per strobila. Thus if
the water temperature should rise earlier one year than another, the medusae
would be expected to appear earlier. In Faroese waters the inshore water
temperatures were higher in May, June and July 1953 than in the corresponding months
in 1952. In 1953 the medusae were plentifiil enough to affect the fishing in the
first week of August, in 1952 with colder temperatures the medusae did not hamper
fishing until mid-September.

In HELA (1951) there are two reports referring to herring and sprat, and
LUCAS and HENDERSON (1937) also suggest that where Aurelia is numerous the herring
are scarce.

There appears to be a lack of direct scientific observations as opposed to
reports from trawlermen which, though veiy helpful, are sometimes insufficiently

detailed, or vary quite considerably. In Faroe, data on water temperatures,
sunlight, times of appearance and disappearance of Aurelia would be required over
a period of a few years before any general conclusions could be drawn. Some

scientifically constructed experiments should also be made to find out if and why
herring or other fish avoid masses of Aurelia; this survey of the literature has
yielded few definite conclusions on this topic.
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