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Ecological investigations of Pleurobrachia pileus

2. Laboratory experiments

W. Grevg

Helgoland Marine Biological Station, Germany
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! ABSTRACT: Ecological investigations on Plexrobrachia pilews. 2. Laboratory investigations.
" The téntaculate ctenophore: Plexrobrachia pilens Fasr. is one of the most abundant holoplank- .
; tonic invertebrates of the German Bight (North Sea). It has been successfully cultivited under '!
i laboratory conditions at Helgoland. Additional information was obrained on reproduction-and
+ relationships to abiotic and biotic environmental factors. P. pilexs tolerated temperatures from

~ 12 t0 26° C, and salinities from 12 %o to 45 %o S; in both cases the lower and upper limits
* ‘may not represent the ultimate tolerance maximum, Temperature effects on rates of embryonic
. development, feeding, and growth were studied, as well as the interaction of turbulence and
i high seston content of sea water and their effects upon the behaviour of the ctenophore.
i P. pilens selects certain swimming organisms from a variety of possible food sources; it is well

adapted to a life in detritus-rich habitats. Planktonic, nectonic and benthonic organisms have

been used for testing interrelations to P. pilews. The patterns of these interrelationships are

- discussed. ) :

b o e 2

The ctenophore Pleurobrachia pileus FABR. is one of the most common

carnivorous imIOplankters in the Heligoland Bight and other sea areas (BIGE-
LOW 1928, FRASER 1970, GREVE 1971, HARTLAUB 1893, KUNNE 1952). This spe-‘
cies is suspected of being a great enem}; of net-vly hatched pelagic fishes
(FRASER 1970, LEBOUR 1922, 1923). This opinion is based on the report by

LEBOUR who found several Clupea larvae in the pharynx of Pleurobrachia pi-

leus and even observed the latter feeding on this type of prey. However,
so far, FRASER's analyses of pharynx contents failed to éupport this point

of view. As for the rate of food intake by Pleurobrachia pileus, only pre- ,KY N
! ' o TRANTHAT\GN
liminary results have been reported by BISHOP (1968, 1969). .UNED\T[D NN
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. After the development of new culture methods (GREVE 1968, 1970),
it became possible to conduct long-term iﬁvestigations under controlled

conditions, aimed at the ecology of Pleurobrachia pileus, and performed in

addition to the field investigations (GREVE 1971)., The multitude of biotic

and abiotic environmental factors that might exert an influence upon the

‘population dynamics of Pleurobrachia pileus became apparent from our field
invesﬁigations. Not only the organisms of the pelagic zone aré in contact
with thié ctenophore but,, on account of the aggregation of individuals

close t;~the sediment observed in the region under investigation, the ben- p. 141
thos had also to be included in our studies. Hence, a great manf factors

\ whose ecological importance to 2leurobrachia pileus was still little known

ne: ded clarification. Therefore, the experiments led primarily to quali-
‘. _ tative results; as far as possible, these were complemented by quantitative

_____ studies.

Material -and methods

The Pleurobrachia pileus specimens used in our experiments were
collected from plankton hauls near Helgoland. Prior to their use in the

various tests, the ctenophores were kept for some time (1-4 weeks) either

in a planktonkreisel®* (GREVE 1968), phytoplankton-kreisel, or twin-cuvette

. i

*) Translator's note: “Kreisel" could’ air . .
have been translated in this case as "ro- ' \\

tator" or "turbine'; however, since the
term "planktonkreisel" has already been - " i

AL AL

communicating tube

o ot

introduced into the English literature - : , gnpm""muunumm4T§§“"“
(see Fig.1l from GREVE 1968, reproduced | sy
here) it has been retained throughout NN\ NSNIAN X i

this translation. ) ~ Center column: 2\

Fig. 1. Planktonkreisel, side view. Inset indicates directions of the jet outlet and ~
the emerging water stream (a:top view, b:side view). The water stream keeps
' the culture medium in continuous rotation

Sand filter
Syt fine sand
YoM=K L coarse sand
A" ' gravel
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(GREVE 1970), until it could safely be assumed that possible artifacts in-
flicted during the hauling process had been eliminated, so that all indi=-
viduals used in our experiments had long tentacles. The ctenophores were

so well fed before experiments began that continuous growth of the Pleuro-

‘brachia pileus could be fegistered.

The normal temperature during upkeep was 15°C, the salinity was

32%. * 1%.. TFor comparative tests with various temperatures, the experi=-

mental animals were given about a week to adjust to the test temperature
selected, The light conditions were not under special control since pre-
liminary tests had shown that even strongly fluctuating light intensities

fail to affect the behavior of Pleurobrachia pileus. The even distribution

of prey was nevertheless achieved since the methodically produced turbu-

lence in the vessels took care of this. In one experiment designed to test
the effect of ocean currents on ctenophofes, turbuleﬁce was further enhan-
ced with the helﬁ of a special device working from above the surface of

the water. A simple automatic "oceén~current simulator" (Fig,1l) poured

every 40 seconds 350 ml of water from a height of 30 cm into the test tank

which, in this type of experiment, was always. a phytoplankton-kreisel. Fur-

ther details will be discussed as they come up in connection with each of

the factors investigated.

__wa;er_supply;__

. Fig.1l: Ocean-current simulator.

| .. - " The outermost contours indicate-the shape

’ of-the protective spill box surrounding the
water container which tips for unloading.
The catch prevents the water container from
overturning completely in that it stops the
latter when it reaches the position marked
by the broken lines. ’

-——

. -8xle~

lead bottom=—|—
eatch-

from
p.1l4
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The larvae of diverse invertebrates,needed for feeding especially
the young ctenophores,were procured either by collecting the naturally occur-.
riqg forms'from the plankton, or by artificial breeding of larvae. Althoggh
the latter mode of procuring food has been menéioned repeatedly iﬁ the 1li-
Eerature (e.g., HAGMEIER 1930), the methods used have never been described.
More recent reviews (é.g., HAUENSCHILD 1968) are practically limited to the

brine shrimp Artemia salina,as far as animal food is concerned. However,

with the, cooperation of several experienced associates of the Biol, Station
“Helgoland, larvae of the following species could be bred in greater numbers:

Pomatoceros ftriqueter, Balanus balanoides, Crangon crangon, Archidoris spe-

cies, Lacuna divaricata, Ascidiella scabra, Eupagurus bernhardus, and other

marine forms, |
The investiggtioﬁ of interactions between populations was greatly

iﬂfluenced by their availability ana thé feasibility of upkeep, so that in
- some cases not the suspecteé ecolégical importaﬁce of a species, but the

. possibility of using its members in an experiment had to be the criterion
.bf selection. One individuél\of each.mm{species to be investigated weré
placed with Pleurobrachla pileus in g Small container: so as to intensify the -
reciprocal actions of these representatives from both p0pu1at10ns by such p. 143
an enforcement of abnormally frequent contact. In the case of forms detri-

mental to adult Pleurobrachia pileus, planktonkreisels with a capacity of

5 liters could be used because these were usually larger animals which

-

could thus be observed. Forms eaten by adult Pleurobrachia pileus could

be watched in a twin-cuvette. This vessel combines the advantages of the
planktonkreisel with the facilities for photographic control and makes it
possible, furthermore, to distinguish between the natural mortality among

the copepodan plankton offered as food, and the mortality rate caused by




the jars were aerated by geﬁt1§ iﬂtrodﬁhing large air bubbles.

5.

predation in identical bodies of water. Within 24 hours, the mortality
rate of freshly caught and immediately offered copepods reached a mean
value of 30%; this was used as basis for determining the destruction

rate of copepods in experiments in which food shortage or mechanical

‘failure made uninterrupted observations impossible. The rate of destruc-

tion of copepods by Pleurobrachia pileus thus determined corresponds

.closely to the rate of Copepoda consumption established in other experi-

ments and calculated on the basis of pharyngeal content analyses (GREVE 1970).

Experiments with newly hatched Pleurobrachia pileus were conducted

in jars (250-1,000 ml) without special installations because, then, the off-
spring measures only 150 pm, which makes observation difficult., If necessary,
Results

The culture experiments with Pleurobrachia pileus made in prepara-

tion for the ecological investigatiohs permitted a number of observations
which are also of interest in regard to the ecology of this species. These
include behavioral.particularities (GREVE 1969), registration of growth p. 14

rates, length s of generation === (GREVE 1970), and observations on ,

the reproductive rate of Pleurobrachia pileus. Fig.2 Ep.?] shows thg rate
at which two individuals dropped their eggs. Each of the two cténophores
had ‘a1 body diamefer of 15.5 mm; both.were artificially provoked into dropf
ping their eggs by isolétion in a Boveri dish (capacity 400 ml) (see GREVE
1970). Within two weeks they had dropped close to 4,000 and 7,000 eggs . o
respectively, The sexual stimulation due to increased self-concentratiocn
enfofced by the isolation in small céntainers served aléo as an indicator

in determining the onset of sexual activity in well-fed individuals. Under



6.

the conditions just described, the ctenophores reached maturity when they
had attained a body diameter of approximately 5.5 mm. An earlier onset
of sexual activity, e.g., the dissogeny described also in reference to

Pleurobrachia pileus by REMANE (1956), could not be observed under our ex-

‘perimental conditions, nor during previous culture experiments.

Pleurobrachia pileus reacts euryplastic to all abiotic factors in-

.vestigated, The temperature tolerance is already reflected in its natural

distribution over annual isotherms ranging from 4°C to 21°C; occasionally,

Pleurobrachia pileus has been observed also in waters of lower énd higher
temperatures. One method of establishing the range of tolerance of a po-
pulation fo; each environmental factorhconsists of the LM 50/24 hrs, de-
terminations, that is, the level at which 24.hours of exposure cause 50%

mortality among the experimental animals, The tolerance of Pleurobrachia

pileus for warm temperatures was determined in this manner in-a plankton-

kreisel, Two experiments were pérformed, each with eight experimental ani-

" mals which had been kept for several days at 23°C; the temperature was then

raised daily by 1°C up to 26°C. At this level, four of the eight experi-
mental animals succumbed within 24 hours in each experiment. At 24°C the
ctenophores started already to swim frequently to the bottom. Under nor~

mal conditions, this reaction would bring Pleurobrachia pileus into lower

and cooler strata, but under our experimental conditions they hit the bot-
tom and ate grains of sand. Since body fifmness was also diminished on ac~
count of the increased temperature, this- behavior led to injuries of the
animals in that they tumbled across the sand bottom due to the water cur-
rent in the planktonkreisel; this additionaf hazard also contributed to the

@

death of the ctenophores,

p. 145
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that_ﬁhe experimental animals sink to the bottom.

body diameter (mm)

The lower limit of temperature tolerance lies at the freezing p. 146
point, PAGENSTECHER (in KRUMBACH 1926) reportesd the revival of frozen in-

dividuals after thawing out; however, confirmation of this statement has

not been possible, All attempts of freezing Pleurobrachia pileus fast

* (within minutes) or slowly,with or without glycerin supplement, ended in

the death of the experimental animals., However, temperatures down to the

freezing point were tolerated for 24 hours without apparent damage, al-

| though beating of the combs decreases sharply at temperatures near 0°C so

e - oroﬂyfﬂwgﬁ. Fig.4: Growth rate of Pleurobra-
o : /J/°/ .. chia pileus -at various temperatures.
10+ . . /,,° _//,ét.; The individual values were rounded

i . . ' i . *
o - Pl 4 off to the nearest decimal. The
, /;/' gt o growth values belong to the corre-
P — TS sponding curves of the feeding
] i 77 4T rates plotted in Fig.5 (same sym-
. 5 /”,///(’,oz“""?if:*—“—““‘/' : P Y ™
V] “;ﬁ,zzﬁ:::i,l/A 1. bols have been used).
i E:ﬁ%’ !
. §
6 T T T ¥ T > T Y T T T T T T T " .:
L NS [ I - days

" Temperature not only determines the range of a species or popula- .
tion, but exerts also a decisive influence upon the speed of functional pro-
cesses. It has been possible to investigate on several hundred eggs of

-

Pleurobrachia pileus how much time émbryoﬁal development takes (Fig.3, p.7).

In the two experiments conducted on this aspect, the eggs were dropped at
a temperature of 12°C, while the experimental temperatures for embryonal
development were 6°, 13°, and 18°C respectively. Transfer of the eggs in-

to water with these experimental temperatures took place immediately after

they had been dropped. Occasional cheCké were made to determine the pro-
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portion of eggs in their various stages of development (one cell, two cells,

to unhatched young individual), and of free swimming young fleurobrachia
éileus. After six days the eggs became fungoid; in the experiments at 690,
young animals had hatéhed from only 207 of the.eggs at that time. The per-
'centage of young individuals that hatched in the other .experiments could

be determined only for 48 hours after which time young ctenophores had

‘hatched from 507 of the eggs in the 13°C, and 75% in the 18°C medium.

In addition to the influence of temperature upon the embryonic de-.

velopment of Pleurobrachia pileus we were able to observe also its effect

upon the growth and feeding rates of adult individuals over a prolonged

period of time (Fig.4, p.7; Fig.5, p.10). As experimental animals served

Pleurobrachia pileus with a body diameter of approximately 3 mm, all caught

on the same day in the Helgoland Roads and kept in one tank prior to ex-

perimentation, at which time they were transferred in groups of 2-10 indi-

'
! .

~ viduals into ﬁwin—cuvettes with four different experimental temperatures

- (6°, 10°, 15° and 20°C). Control tests for all temperatures could not be

made since the temperature of 6°C in one cuvette resulted in too high a

mortality rate. The.experimental animals were fed on Copepoda (about 907 .

Acartia longiremis and Temora longicornis; in one case, nauplii of the brine

shrimp Artemia salina were offered as substitute food), which had been iso-

lated from the daily plankton catches by filtration and short-term upkeep.
Special care was taken that live prey was available in the cuvettes at ail
times, but not iﬂ too large numbers.

Photographs, taken in each case before and after feeding time,endbled
us later to draw our conclusions as to the feeding rate éf the ctenophores

(see GREVE 1970), With this method it wa§ also possible to measure the

L]

p. 14



Number of copepods eaten by P.

ileus

10,

size of the experimental animals without disturbing them or injuring their

Unfortunately, in several control photos, the Pleurobrachia

tentacles.
pileus conceal oﬁe another; this, the accumulation of copepods near the
bottom, and failure of the photographic equipménﬁ rendered the data col=-
lected during the experimental period incomplete, However, £he photographs

taken sufficed to observe the activity of each individual so that it can

The slow rate of growth of Pleurobrachia pileus at 6°C contradicted

the observation that, in the region under investigation, the largest indivi-
@uals of this species are found during the cold season. Hence, the experi-

ment was continued without daily photographic control (Fig.6, p.11). Within

be safely said that the d/l-values, that is, the destruction rate per pre~  p.148
daLor (GREVE 1970), are free of errors which ;sh have been introduced other-
wise on account of succumbing individuals. The growth rates have also
been corrected accordingly.
. . L e _ .
2004 Fig. 5: Feeding rate of Pleurobra- from4
] chia pileus at various temperatures, Pe 147
" The individual values were rounded
. off to the nearest decimal.  (Food
] ;' intake = fate:of copepods destroyed.)
150- 4 Each curve corresponds to the growth
. .{ curves shown in the same order in
1 4 Fig.&._
: R .
,
- 1Bc
100+ Lo _
E }
; i
- ,‘—/ ; ) '.
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Growth and emaciation of Pleurobrachia pileus at 6°C.

Points plotted represent the mean diameter of three experimental animals
with standard deviations; the vertical broken line marks the start _ of thé
hunger period. '

three months, the experimental animals reached a body diameter (mean) of

13.5 mm (four of the seven individuals in this group succumbed at the end

of the first month). The experimental animals whose history was, thus, a

matter of record were subjected to a starvation test during which the tem-

perature was constantly kept at 6°C. The smallest individuum died after

marked ‘emacication at the end of three months of starvation; The ‘two lar-

ger ctenophores survived even a hunger period of four months.
A parallel test, conducted also in a planktonkreisel at 6°C, brbught

‘'similar results. The three last survivors in a group of five Pleurobrachia

pileus succumbed after a hunger period of three months. In other experi-

ments we established that Pleurobrachia pileus is capable of resuming food

intake and growth even after marked emacication.

Pleurobrachia pileus is euryhalihé. In thenBaltic Sea, adult indi-

-

viduals were found at a salinity of 7%, and juveniles at 10 7. (MIELCK & KUNNE
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1935, KRUMBACH 1926, ACKEFORS 1969). Pleurobrachia -pileus :exists mear

Scotland in sea water with a salinity of 35%. (FRASER 1970). ‘However, this p.149 .
wide a range of salinities cannot be tolerated without adaptation. Tf Pleu-

robrachia pileus is transferred from one medium into another :in which sali-

nity differs only by as:little as 2-3%., beating of the combs immediately

éhanges in frequency, body gelatins become cloudy and, in some cases, mu-

cus secretion occurs. The experimental animals either sink to the bottom

or float on the surface of the water, and it takes often several hours be-
fore normal behavior is resumed,
Still other experiments were designed to determine the tolerance

level of Pleurobrachia pileus to high salinities by gradually -increasing

"the latter. For this purpose, the experimental animals were placed in plank-

tonkreisels in which the water that evaporafed on account of the constant

. aeration was not replaced by H,0-supplementation (as is otherwise standard

procedure). In this manner, the salinity increased to 45%. within 3-4

~ weeks, This concentration was tolerated by Pleurobrachia pileus, although

~ the experimental animals remained considerably smaller than the controls.

The tolerance limit was not reached because feeding with live prey became

increasingly difficult at such a high salinity.

5:=Lower salinities of the water in the planktonkreisel were attained

_by the addition of rain water; in this manner, the experimental animals

adjusted within one month to a salinity of 127.without showing any sign of
damage. However, the observation reported by MIELCK & KUNNE (1935) that

the firmness of ctenophore bodies decreases considerably at such a low sa-

linity could be confirmed in this experiment, which had also to be termina-

ted before the lower tolerance limit was reached becausé none of the food

organisms available could adjust fast emough to the'.low salinity to serve

as actively swimming prey for the experimental animals.
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HARDER (1952, 1968) reported that the population density of Pleu-

robrachia pileus and other plankton organisms increases at the interfaces
of water layers, Hislfindings could only bartly be confirmed., Upon ex-
perimental production’ of salinity;(ZZZoIBZZo S) or temperature-interfaces
(14°/18°C), aggregation was temporarily observed in all transition zones
(water surface, halo- and/or thermocline, sediment surface); hpwevef, as
soon as the experimental animals resumed their ﬁormal behavior, which had
been ﬁpset by the manipulations during transfer, they were found to be
fairiy e?enly distributed throughout the test vessel,

The existence of photosensory organs iﬁ ctenophores has, so far,
not been esgablished with certainty (HORRIDGE 1964). Even rapid changes

in light intensity from almost complete darkness up to 60, 000 lux* did not

cause any photlc reaction in Pleurobrachla pileus, However, the rising
‘temperatures of the water in the~test tanks due to the intensive illumina-
fion prompted the erimals to swim to the bottom.

- Natural ocean currents were imitated by attaching the ocean-current

2

- simulator (Fig.1l, p.3) to a phytoplankton-k?eisel. Not included in our ex-

periments was the investigation of each’ component of the effect that ocean

currents have on Pleurobrachia pileus (e;g., orbital course of water particles,
tearing %ater.masses, air bubbles‘that are torn into the water, fluctuations
in pressure). The experiments conducted in a phytoplankton-kreisel over se-
veral days showed that the simulated ocean current has an influence on' the

depth selected by Pleurobrachia pileus which otherwise show a normal beha-

vior (fishing with outstretched tentacles). 1In undisturbed water, the cteno-

phores aggregate near thé surface; when the ocean-current simulator is in p. 150

action they prefer lower water levels. About 150 specimens of Pleurobrachia

. . %) Translator's note: 1 lux = 1 lumen/m2.




Percentage of population per
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pileus were,during this experiment, subjected to the influence of the simu-

lator after having been kept in the phytoplanktonkreisel for several days

under normal water rotation.

The vertical distribution of the ctenophores

was registered with the help of photographs? while their behavior was di-

rectly observed.

duals surprised by a "breaker," a decrease in the length of the tentacles

during the pursuit of prey has also been observed,

In addition to the immediate flight reaction of indivi-

When evaluating the _ |

photographs,‘all individuals visible in the first, second, third and fourth

quarter of the total helght of the phytoplankton-kreisel were counted The

percentage of distribution calculated from these counts served as the ba-

sis for the schematic presentation (Fig.7).

The latter clearly shows the

temporary changes in the vertical distribution of Pleurobrachia pileus af-

ter the onset of turbulence.

In addition to this temporary reaction, a

lasting concentration of the cteﬁophores at sites less affected by the

"ocean current" became apparent.

The phys1010g1ca1 principles of a pro-

-longed effect of this nature on the part of ocean currents is still an un-

-explained ecological factor.

emphasized also by the fact_that it.takes_at least half a day after ocean-~.

However, the importance of this aspect is .

current simulation is terminated .before normal vertical distribution with

.distinct surface preference is restored (see also SCHONE 1970).

- Fig.7: Changes in the verti-

cal distribution of Pleuro-
brachia pileus in the phyoto-
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Not only the ocean currents caused by surface turbulence but also

the motions of the water caused by currents near the bottom exert a special

. ) influence on Pleurobrachia pileus (GREVE 1971). For example, experiments

in a planktonkreisel showed that the duration of each bottom contact is
‘determined by the speed at which the water rotates.
Passive individuals are reactivated by water motion. Furthermore,

.Pleurobrachia pileus drifting in the water are also carried by the ocean p. 151

. currents ;lose to the benthos dwgllers,some of which will eagerly consu-
- me the ctenophores. Such coﬁtacts become more frequent with increasing

speed of the current, but the chance fér successful catches diminishes be-
cause such short contacts rarely sufficé to hold on to the ctenophores.

To find out whether bottom contact as such has a detrimental effect on

Pleurobrachia pileus with certain types of sediment, comparative studies

were made of the effect elicited on the ctenophoreé by fine sand, coarse
sana, gravel, and shell fragmenté. The uppermost layer of sand in the plank-
tonk?gisels was topped with one of these four types of_sediment, and 10 cte=-
.nophores:eqch were used in this 10-day.experiment; frequent bottom contact

'

was enforced by low levels and fast rotation of the water. However, the

reaction of Pleurobrachia pileus to the various sediment types showed no

important differences.

Pleurobrachia pileus is a neritic form, frequently found in seston-

‘rich sea regions, We studied the influence of high seston contents on Eleu-

robrachia pileus in the phytoplankton-kreisel with the result that neither
? organic detritus nor diatoms in high concentration can notably disturb the
ctenophores in their feeding activities. Keeping its tentacles only slight-

ly shorter, Pleurobrachia pileus ate even- the few copepods which, in addi-

tion to the inactively floating seston,‘had been placed into the vessel.
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Upon subsequent autopsy, pharynx contents were found to be étrictly of ani-
mal origin. If, instead of the organic seston, drift sand was introduced

into the phytoplankton-kreisel, part of it adhered to the threadlike pro-

cesses of Pleurobrachia pileus while sinking to the bottom. The cteno-
‘phores ate the sand, thereby increasiﬁg their weight so that they too sank;
being thus exposed to the heavy sand drift near the bottom, some of the
.experimental animals were injured.

Even inorganic seston particles barely disturb the swimming and

feeding activities of adult Pleurobrachia pileus. In experiments with

Feo(0H) 3, a.by-product'of the treatment éf sewage from a titanium plant
near Helgoland (see also KAYSER 1969), and the "red sludge" whicﬁ is a
'waste material resulting from aluminum production, we tested the ofiginalA
waste substances in solutions of up to 1 :25,0d0 (ml or g of substance pef
liter of sea water). This test showed that the ctenophores in vessels
without such artificial seston céugh£ the éOpgpods'offered as food only
sligﬁtly faster than those in fesf vessels in which these Qaste materials

were kept in suspension.

The adaptability of Pleurobrachia_piléus to life in seston-rich

biotopes has been further supported by the results of another experiment
which showed that the ctenophores concentrate on actively swimming prey
while passive drifters of equal size are only rarely eaten. This experi-

ment was conducted in a twin-cuvette, and the following organisms were of-

fered consecutively in the order listed:. 100 flatfish eggs.(Solea vulgaris),

100 flatfish larvae (just hatched, 2.5-3.0 mm long), and 100 metanauplia.

of the brine shrimp Artemia salina (about 3 mm long). The behavior of

the ctenophores (boay diameter 12 mm) was under photographic as well as
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direct optical observation. Fig.8 shows the changes in the concentration

of food organisms during the experiment. The very actively swimming larger

organisms were caught faster than the less active smaller ones. The selec-

tivity with.which Pleurobrachia pileus singles out the actively swimming

forms as its food qualifies it particularly well for an existence amidst

many seston particles.

100 0 0mv Artemia = o
g T o-. . flatfish eggs = m
.“ . i lst experiment = &
iy ) - flatfish larvae ¢ 2nd experiment = u
1\ \ ' 3rd experiment = e
504 | N b e e - S -
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‘Fig.8: Feeding rate of Pleurobrachia pileus as influenced by
activeness and size of prey. Offered were eggs and larvae of the flat~
fish Solea vulgaris of fairly equal size, and young brine shrimps (Arte-

_ mia salina, about 2.5 mm long). The more active and larger Artemia salina

were eaten much faster by Pleurobrachia pileus than the less active fish
larvae and fish eggs.

J

The ctenophores as holoplanktonic forms have, among the organisms

of their biotope, naturally a most intensive relationship with other holo-

plankters.

The food of Pleurobrachia pileus consists according to BISHOP

(1968, 1969), FRASER (1966, 1967, 1970), and LEBOUR {1922, 1923) of Copepoda

and Cladocera. However, attempts of feeding newly hatched Pleurobrachia

pileus with various pelagic copepods always failed since the representatives

of the species involved (Calanus helgolandicus, Temora longicornis, Acartia

This observation was made during

an experiment in which groups of 10 newly hatched Pleurobrachia pileué

were placed for 48 hours together with 5 or with 20 copepods of the afore-

mentioned species into small dishes with a capacity of 100 and 300 ml re-

' p. 152

,
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spectively; The results listed in Table 1 show that the ctenophores were

in all cases harmed by the copepods.

Table 1: Harmful effect of three Copepoda species on newly hatched

e Pleurobrachia pileus. The values entered represent the number
of survivors among the young ctenophores after 48 hrs. under
these experlmental conditions.

No.of Capacity of Copepoda species ,
copepods| test vessel | Calanus hel-{ Temora Acartia Control
(ml) golandicus longicornis { longiremis groups
. 20 100 0 0 0 10
20 - . 300 0 0 3 10
5 100 1 0 9% 10
5 300 0 2 3 10

*) Three of the five experlmental copepods in this vessel
succumbed. .

These results were complemented by observations on adult cteno-
phores. Not all organisms seized by their tentacles are eaten, and not

évery,morsel of food entering the pharynx is being digested. If food sup-

~ ply is abundant, or if the ctenophores suffer indigestion,Athe entire pha-~-

rynx content is often expelled. Frequently, an organism caught by the ten-
>tacle will tear off the prehensile processes, thus injuring ‘the ctenophore.

In experiments with an extremely high abundance of cobepods; we observed

that, in extreme cases, Pleurobrachia pileus emacicated and'starved amidst

this abundance of food since it cannot feed itself without tentacles, but

" these never had a chance to grow longer than 1.5 to 2 cm before they were

again torn off,

Pleurobrachia pileus continuously regenerates lost tentacles (KRUM-

BACH 1926). It is not yet known how much time this process takes. In some
instances, copepods were drawn by the tentacle contraction into the tenta-

cular pouch and damaged the surroundlng mesogloeal tissue from the 1nsmde,
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thus injuring the Pleurobrachia pileus so severely that they perished;

BISHOP (1968, 1969), and GREVE (1970) reported on the amounts of copepods

eaten by Pleurobrachia pileus, Another group of crustaceans among the
plankton which might be of ecological importance to the neritic ctenophore

are the Mysidacea., Of these, Mesopodopsis slabberi, Mysis mixta, and Prau-

nus flexuosus have been investigated in some aspects of their relation to

Pleurobrachia pileus, All three species are suitable as food for Pleuro-

brachia pileus; however, while Mesopodopsis slabberi of any age group

can be captured by the ctenophore, are adult Praunus flexuosis and Mysis .

mixta nearly always able to tear away from its tentacles. Since the Mysi=

dacea are longer than the pharynx of Pleurobrachia pileus, they are either
kinked while being eaten, or they hang in part still out of the ctenopho-

re's mouth while the first-ingested part of the body is aiready being di-

- gested; bit by bit, the entire worm is gradually fibrillated into the

. pharynx in this manner.

" Feeding experiments with Mesopodopsis slabberi showed clearly that,
due to their habit of remaining — in defiance of the curremt-— optica}ly

orientated in one place, they come easily into contact with the tentacles

of adult Pleurobrachia pileus. Furthermore, it is highly probable that

this Mysidacea species also feeds on young Etenophores, or will at least

harm them.

REMANE (1956) found in the pharynx of a young Pleurobrachia pileus

a specimen of Sagitta setosa, the most frequent chaetognath in the Heligo-

land Bight. Despite the fact that, in this case, we might be dealing with
an artifact created during the hauling prpcess, it can be “assumed that the

Chaetognatha serve és'food for juvenile as weli“as adult Eleurdbréchia;pi-
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leus. Experiments with young Sagitta setosa, which are difficult to ob-

serve, and young Pleurobrachia pileus did not result in unequivocal fin-

dings. In the planktonkreisel showed the young individuals the same limi-

ted swimming activity as the aduIt'Sagitta setosa. It was therefore possib-

le to keep-them together with adult Pleurobrachia pileus without great los-

ses, Of special ecological importance to Pleurobrachia pileus are the

other three ctenophore species found in the Heligoland Bight, as discussed

elsewhere (GREVE 1970). Among these is Beroe gracilis the most important

form because it has the greatest influence on the population dynamics of

Pleurobrachia pileus since it feeds exclusively on tﬁe‘latter. This dieta-
Ty specialization posed quite a problem in our investigations of the Beroida

species 81nce their experimental observatlon requires a constant supply of

Pleurobrachla pileus in sufficient amounts to feed them Long-term experi-

ments could, therefore, be performed with only a few'speciméns. The 1life

- history of one of these experimental animals ‘recorded for the time of its

upkeep elucidates some of the aspectS’Qbservabie under these conditions,
namely that of growth rate, feeding habits, and reproduction of Beroe gra-
cills. This particular specimen was caught in February 1968 in the Helgo-
land Roads; it was fed randémly at irreguiar intervals at 10.to 12% until

April 5, 1968, when registration commenced of the size of the individual,

the number and mean size of Pleurobrachia pileus fed to it, the number of °

eggs dropped by Boroe gracilis, and the temperature of the medium. As far:

as conditions in the planktonkreisel permitted were the eggs removed with

a pipette, and the counts made were entered as the_nearest round figure,

Only intact Pleurobrachia pileus were offered as food, .

Boroe gracilis grows never larger than about 30 mm even with inten-

sive feeding. The rate of food intake of this Beroida differed greatly

'

p. 15
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du?ing the time of observation, ranging from a minimum of 0.46 P.pileus
daily (between April 5 and May 2, whereby the animal was still gfowing),
and 8,4 P,pileus/day, the méximal intake between May 21 and June 6, The
eggs were most often dropped 24 hrs, after food intake.. During the phasé

of maximal food intake, Beroe gracilis dropped a total of 2,200 eggs, 600

of these on one day alone, The temperatures at which Beroe gracilis shed

its eggs ranged from 5° to 20°C. The embryonic development could be obser-

ved at the same experimental temperatures.

Tomopteris helgolandicus is a holoplankter which is quite frequent

along the coast of Helgoland. 1Its upkeep together with Pleurobrachia pi-

leus established the actively swimming polychaete as a natural enemy of
the cfenophore, devouring not only its tentacles but also chunks of tissue
of injured individuals. Among the other holoplankters, found around Helgo-

land, are the Tintinnidae and Appendicularia.possibly-an important food

source particularly for young Pleurobrachia pileus. Howevar, due to tech-
‘nical difficulties, experimental clarification of this problem was not

feasiﬁlé.

Some species of the meroplanktonic Hydromedusae occur often in great

>
1]

numbers in the region under investigation. According to LEBOUR (1923) feed

Cosmetira pilosella and Phialidium hemisphericum on Pleurobrachia pileus.
To obtain préof of such interspecific relations, individuals of the species

Bougainvillia britannica, Eutonina indicans, Nemopsis bachei, Obelia sp.,

Phialidium hemisphericum, Rathkez octopunctata, and Sarsia tubulosa were

kept in a planktonkreisel together with Pleurobrachia pileus. The observa-

tions (in each case at least for one week) showed that only Eutonia indicans

succeeded in catching and eating Pleurobrachia pileus. Phialidium hemisphe-

ricum apd Rathkea octopunctata, while ofpen.holding on to Pleurobrachia pi-
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leus during their plankton catches, have never been seen to eat them during
this experiment,
Acqording to the observations made so” far (CARGO & SCHULZ 1967,

HAGMEIER 1930) are several Scyphomedusae species of greater importance to

the Pleurobrachia pileus population than the Hydromedusae., Experiments

with Aurelia'aurita, Rhizostoma octopus, Cyanea lamarckii, and Chrysaora

hysoscella could be carried on for more than one week only in the case of
the two first-mentioned species. The other two species, having longer ten-

tacles, were upset in their feeding habits even in the large phytoplankton-

|
|
|
kreisel, Adult ctenophores were not eaten by adult Rhizostoma octopus and ‘l

Aurelia aurita. Cyanea lamarckii was seen to eat Pleurobrachia pileus in

some of the experiments, but disabled more of the latter by its sting.

Pleurobrachia pileus is not killed by the nematocystic poison, but shrivels p.15
up while discharging a cloud of mucus, and is temporarily paralyzed. Chry-

- saora hysoscella (diameter of umbrella = 40 mm) ate 4-10 Pleurobrachia pi-

-leus daily, each of these individuals having a body diameter of 10 mm. The

aforementioned mucous discharge by Pleurobréchia pileus decreased the num-
berhof successful catches for the Scyphomeduéae because their tentac1es ad-
hered to the surface of the ﬁucus cloud énd-became easily detached. Thé
interrelatioqs between young iﬁdividuals of. all the species mentioﬁed haé
not been investigated.

The neritic plankton ;s characterized by its high EOntents of 1érvae
of the benthic invertebrates (THORSON 1946, GIERE 1968). Investigation of
the reactions of individual species among these planktonic larvae was pos-

sible only to a limited extent. Feeding experiments with-adult Pleurobra-

chia pileus showed that actively swimming larvae ranging in size from about

400 pm up to the largest forms in existence (e.g., the larvae of Homarus




23,

gammarus) are caught and eaten by the ctenophores. Adult Pleurobrachia

pileus rarely bother to catch inactive larvae, particularly not the small
ones (see also FRASER 1966, 1967, énd BISHOP 1969); these seem to have

greater importance for the juvenile stages of Pleurobrachia pileus. Cul-

‘ture experiments were successful only if the newly hatched Pleurobrachia

- pileus were fed on the larvae of tunicates and polychaetes (we used main-

1y the trochophores of Pomatoceros triqueter). -However, veligers* and

plutei* were as inadequate for raising Pleurobrachia pileus as the nauplii

of Balanus balanoides.

Most fish larvae are also meroplankters, Experiments with eggs

and larvae of the flatfish Solea vulgaris (Fig.8, p.17) had already shown
‘that limited activeness inherent to certain forms or developmental stages
can protect them from being eaten by the ctenophore. This could be con-

firmed in experiments with larvae of the rockfish Agonus cataphractus which

* are much more active swimmers. For this purpose, 30 newly hatched Agonus

" cataphractus larvae were placed into a planktonkreisel which already con-

. tained 4 Pleurobrachia pileus (body diameters = 8, 10, 10,-and 12 mm). dn-
ly five minutes later 10 of the larvae had élready 1énded in-the pharynx
emew of the ctenophéres (0; 35 3, 4). After 24 hrs..were 15 fish larvae
missing, 20 after 48 hrs., 22 after 72 hrs., and 23 after 96 hrs. Two lar-
vae died of injurieé inflicted by the ctenophores, and five speciﬁehs of

. Agonus cataphractus survived this experiment, In a_parallel test, two Pleu-

robrachia pileus (body diameters = 14 and 16 mm) ate within 24 hrs. 9, and

in 48 hrs. all of the 11 Agonus cataphractus larvae placed with them in

the same vessel. The temperature was kept at 10°C in both experiments.

*) Translator's note: Veligers = larvae of mollusks; plutei = larvae
of sea urchins, brittle stars, basket stars. )
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Feeding experiments with larvae of the sand eel Ammodytes sp.

showed that herringlike larvae are also consumed by Pleurobrachia pileus.

Unfortunately, larvae of Clupea harengus were not available.
- Studies on adult fishes are often more difficult to conduct than
experiments with larvae and invertebrates and had, therefore, to be limi-

ted to a few small-scale experiments and observations. The feeding ha-

-b1ts of Cyclopterus lumpus as related to the ctenophores could be observed

at the Aquarlum of the Helgoland Biological Station. About 200 Pleuro- .

brachia pileus, 30 Beroe individuals, and 30 Bolinopsis infundibulum were

3

placed (from the top) in a tank with a capac1ty of approy1mate1y 1.5 m

occupied by a male specimen of chlopterus lumpus (about 40 cm long) which

was fully adjusted to its surroundings and had been fed before on several

occasions on ctenophores.- As soon as the first of the above-mentioned

ctenophores had come as close as 30 to 50 cm, the fish started up, taking

" direct aim at the prey Recognition at this distance could be confimred

in several observatlons. Apparently, the fish can distinguish between the

ctenophore .species from a dlstance of 2-5 cm, chlopterUS‘lumpus consis-

tent!y rejected Bolinopsis infundibulum. If the lobate ctenophore had

nevertheless been swallowed accidentally along with a Pleurobrachia pileus

individuum, both ctenophores were immediately ejected from the mouth, A
special reaction to Beroe was not observed. The rate of food intake imme-

diately upon feeding was 18 P.pileus/min,; several minutes later,.we could

register only 6-10 Pleurobrachia pileus as having been eaten by the fish

within an equal period of time.

Additional experiments proved Centronotus gunnelfus to be a cteno-

phore-eater, while Pleuronectis platessa, - Gobius species, and Ctenolabrus

-

species paid no attention to the Pleurobrachia pileus offered to them.

p. 156
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The vertical distribution of Pleurobrachia pileus revealed a marked

preference for water layers near the bottom (GREVE 1971). This would in~
dicate that the interactions between benthos and pelagic zone deserve in-

creased attention in this connection. The vagile macrofauna of the benw<

thos of the North Sea consists largely of decapod crustaceans. Underwater

photography, dredgings, and diving expeditions in the investigated area

showed Eupagurus bernhardus to be a particularly frequent benthos dweller.

‘The ecological importance of this hermit crab has been studied along with

that of Galathea squamifera, Carcinus maenas, Portunus holsatus, and Cran-

gon_crangon. One specimen of each of these species was placed in a sepa-

rate planktonkreisel (capacity = 5 liters) together with 10 Pleurobrachia
pileus. Once daily we checked how many of the ctenophores had been eaten
and subsequently replenished the losses. "If the rate of food intake of

an experimental animal was particularly high, several checkups were made

+ per day. In this manner, we arrived at the rates of food intake compiled

in Table 2 [p.26].

\

The behavior of Eupagurus bernhardus during these experiments

showed that this species has a particular talent for catching Pleurobra-

stretched its antennae straight across the current. The tentacles of the

ctenophores drifting by, come at least temporarily into contact with the

antennae and are, thus, noted by Eupagurus bernhardus. On the other hand,
stimulation of the tentacles evokes their contraction and, consequently,
the ctenophore draws closer to the hermit crab which, at the same time,

jumps in the direction of the contact with Pleurobrachia- pileus, thereby

spreading its legs far apart; after several such jumps thehcrab usually

takes successfully hold of the ctenophore and, clutching it firmly to

?

~¢hia pileus. The crab mounted the higher pebbles in the planktonkreisel and
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its belly, the crab then starts eating its victim, Excitation and sear~

ching motions can be triggered by only a few drops of juice extracted from

dead Pleurobrachia pileus.

Table 2: Pleurobrachia pileus eaten by benthic enemies. The average
daily feeding rate has been calculated on the basis of counts
taken over the days indicated. Only intact individuals of
Pleurobrachia pileus with a maximal diameter of 7-8 mm were
offered as food to the hostile species listed here according
to the amounts of daily food consumption,

from

No., of

cteno-

. ' e R . Duration | phores
Species | Size of individual/|.r- expe- | eaten
: ‘ . riment daily

(measurements taken) (mm) (days) | (mean)

Metridium senile ® of oral disk .- 70 11 19.0

Carcinus maenas width of carapace 41 7 13.7°
Eupagurus bernhardus | carapace length x width 14x10 l 9 11.4
' ' © 10x 8 9 6.3

v 4x 3 9 1.0

- Sagartia sp. | radius of tentacles (@) 50 9 9.8
Portunus holsatus ‘'width.of carapace 32 .5 7.8
Galathea squamifera carapace, length x width 22x15 | . 5 5.8
Alcyoniuﬁ digitatum 2 colonies = each 40x40x20 9 2.9
Centronotus gunnellus | length - : 120 - 2 1 2.0
Crangon crangon iength . ' 36 8 0.6
Gobius flavescens length A ' 40 - 3 0.3
Urticina felina ® of oral disk 55 8 0.3
Pleuronectes platessa | length ‘ 60 A‘ 9 0

Carcinus maenus also feeds eagerly on Pleurobrachia pileus. However,

the process of capturing its prey is not as effective as in the case of Eu-

pagurus bernhardus because of its short antennae., Of a more complex nature

" are the interactions of Crangon crangon and Pleurobrachia pileus: Small in-
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dividuals of Pleurobrachia pileus are destroyed by adult Crangon crangon,

but larger Pleurobrachia pileus (in one case observed, the ctenophore had

a body diameter of 15 mm) eat Crangon crangon up to 20 mm long.

Of the sessile macrofauna of the benthos, only the coelenterates .
have been investigated. Smaller hydropolyps such as Podocoryne species
which eat the eggs of ctenophores, as well as the large solitary polyps

_ such as Metridium senile which eats adult Pleurobrachia pileus, may have

a direqt influence on the popuiation dynamics of the latter. In the la-

boratory, some scyphopolyps show a norﬁal development only if fed on cte-

nophores (CARGO & SCHULZ 1967). The results of our experiments with coelen-
. terates are included in Table 2 [p.26].

Another benthic enemy of Pleurobrachia pileus was discovered on °

account’of a chance observation: A spionid worm,dwelliné in the sana fil-

ter ini one of the planktonkreisels, held.a ctenophoreﬂby its tentacles,-

piércgd_its ﬁrostomium into the victim, and ate it ﬁp within 20 hours,
Discussion

The multitude of experimental results and observations. on. the reac-

tions of ?1eurobrachia pileu; to changes in_abiotic.environmental factors,
and the interrelatibns‘betweén this ctenophore and the populations around

it, reflect the complexity of ecological situations of this nature. Infer-
ential judgement of'conditions in the natural habitat on the basis of la- '
boratory fiﬁdings can therefore be madé only to a very limited degree. At
best, the growth and feeding rates established at various temperatures in

the laboratory (Table 3, p,28) may.allow comparative_ calculations of va}ues

.

for the natural habitat. The mean diameter of the Pleurobrachia pileus

caught near Helgoland increased from 3.5 mm on May 13, 1968, to 7 mm on

June 5, 1968. The mean temperature of the biotope at that time was 9°C.

P. 156
cont'd.

p. 157

p. 158
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The Pleurobrachia pileus in the laboratory, which showed a similar in-

Table 3: Growth rate and average rate of food intake (d/1%*) of Pleuro-
brachia pileus at various temperatures.

No. of Diameter (m)]No. of cope~
Temperature | . test (mean) (maximal) pods eaten
(°C) animals| lst day| 21st day (as1n)
6 7 33 5,7 26,3 I
. 10 4 3,4 7,6 37,2 '
: 10 3 3,6 6,7 449 ,
: 15 4 37. RS 65,4 '
: 15 : 8 - .33 T 94 52,0
: 20 2 3,75 12,5 112,0
20 9 3,6 8,3 51,7

crease in size at comparable temperatures, ate approximately 35 copepods

3

per day.~ At a population density of 10 E, gileus/m the corresponding
daily rate of Copepoda destruction would amount to 350 c0pepods/m3. This

ratio is relatable to the abundance of ctenophores and copepods in June

1967 and 1968 (June 1967 = approximately 600 copepods/m3 and 10 P.pileus/m3

5
June 1968: about 3,700 c0pep§ds/m3 and 2 P.Qileus/méj (GREVE 1971). While
this éomparison cannot prove causality,.itAis indicative of ;lrelationship;
The vast number of factors_not iﬁvestigated does not allow-additional con-
clusigns; "f . .“A . '
. o e

Behavioral studies and field observations are necessary prerequigi-

estes for an evaluation of the composite aspects of :the ecological inter-

relations between a population and its enviromment. This includes the oc-

casional preference for strata close to the bottom shown by Pleurobrachia

pileus in the region underhﬂnvestigation. As experiments with members of
the predatory macrofauna of the benthos have shown, this behavior may be

of fatal consequence to a great number of individua}ls of this population.

*) Translator's note: Rate of destruction (of cdﬁgﬁods) By 1 individual

of P.pileus (see -also text, p.l10),
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To clarify the actually existing interrelations between populations, it
will be necessary to.study,in great detail, the distribution throughout

the strata immediately above the bottom of the sea.

The behavior of Pleurobrachia pileus and particularly its partie
ality for actively swimming forms as its prey permits a prognbsis as to T
the compositioﬁ of its food if Qe coﬁsider the availability of potential
'food organisms at any given time., FRASER (1966, 1967, 1970) examined

the pharynx contents of Pleurobrachia pileus and found them to consist

predominantly of Copepoda and Cladocera, His findings support our point

of view despite the fact that the abundance of the various food organisms p. 159

detected during his investigations was unknown. This makes it especially

clear that the development of a. population is not decided by the avail-

ability of suitable food as such, nor by the number of potential predators.
It is much more important that characteristic behavior and other specific
qualities selectively establish interactions between populations that match

like a biological key would match é lock (as in the extreme case of Pleu-

robrachia pileus and Beroe gracilis).-

To analyze the ecologig situation of a popﬁlation, or méke a pro;
gnosis of its development, the interrelatioﬁs between all developmental
stages o% all'§0pu1ations invélvea will necessarily-have to be taken into
consideration. "It -has -often:been-tried-to illustrate these ecologieal.re-.
}qﬁibps;  any attémpt to present such complex relations calls necessarily
for simplifications. For ex%mple, the model of the relations betweén a
population and its environment used by PIMENTELL (1966) shows mainiy how
bne relation connects to another. Correspondingly, an extremely simplified

4
diagram is provided here to illustrate these relations in the case of Pleu-
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robrachia pileus (Fig, 9). Populations having a direct relation with the

one under investigation are arranged in a circle around it, Arrows point

in the direction from the source of influence to the target. Only a few -
exambles have been given of other pgpulations and abiotic factors which,

in turn, affect the development of the populations that form the circle,

in this case in relation to Calénus.- The inclusion of all secondary and p.161
tertiary relations, which are often of greater consequence ﬁhan the pfi—

mary.ones, would by far exceed the scope of this diagram.

@ ‘ o ' Qﬁé s Inner circle = direct effect;
U“nﬁv / 'oaoﬂ° lightly drawn arrows = indirect
esﬂz7z;: k////,a“ o (secondary) effect on P.pileus’
I

E”pam”us*——*’meufom%chla4~—-Bohnopgs -i (incomplete) = indirect effect

vyl ‘\\\>>. o ' of other factors. Arrows point

w® *Q N7 T Ch " ' in the direction of the target

(,a\a — ¥ . . .
~ /| —\- or, _ of the influence or detrimental
& RN S . effect exerted.
o ‘Qe,/. : . : :
——h—— T S e % b .
=AY L
F—3 > i B
S 3 ' ) .
/ Lo . - i oL -

Fig, 9: Graphic presentation of from

o .
e 4 o
2, 3 & ' some of the populations that have P 15€
o Y 4 & ,3,0‘\ a direct or indirect relation
% b X o2 with Pleurobrachia pileus.

through Calanus; outer circle

A simple méthod for'shOWing all established interactions between
connected‘factors in the proper perspective exists 'in the form of a matrix.
The popuiations and biotic factors'shown in Fig. 9 have been compiled to
such a matrix [Table 4, p.31]; Liséed horizontally, the populations re-
present the source of an influence e#er;ed upon the vertically;Listed tar-
gét populations. 1In whqt way the former éffect the latter is expressed
in a simplified manner by symbols (positive or negativej. Since each of
the populations is listed horizontally as well as vertically, thié model

of the ecosystem makes it possible to spot secondary as well as tertiary
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relations at a glance. The blank spaces in this matrix emphasize how much

more information it can hold than the diagram (Fig.9) on which it is based.

Table 4: Interrelations between the populations shown in Fig.9, presented P.16C

in the form of a matrix. Here, the symbols (+, -, 0) take the
place of the arrows, their direction and emphasis (see text).

source ) .
. . S
. ] R B . .E
-8 = E “ b ] o
. § § § S g 3 § 3 2 g § L 8 EE‘. "g.
r I - S .3 3 3 3 3 s & & 5 ¥ ¢
. .2 o © g 2 = B ~~ b S N %0 8 © R S ] = g
S g g = S o S 2 ] £ 3 £ E R~ S 5 5 S =
target E & & & 8 & %2 & € & 6 4 & 0 ¢ a < & A
" Pleurobrachia 0 ——— ——= - =~ ee +_+ +'_'_' + +_+ +'_'_'+ _+_ + +_+ _— e 0 o |
Beroe gracilis  +++4- ) 0 B
Beroe cucumis ++ 0
Bolinopsis 0 +++
Chrysaora + 44
Sagartia + ++
Metridium + ++
Polydora .- g _ - i ii
- Acartia - S
Temora -- 0 . ~— +++
Calanus --- 0 0 —~== —-== —_— - 0 0 0 o - - - = - 0 ~= +++
. Eupagurus :tf + . _i.
- Pleuroncctes -_*_. + -
Clupea _:t ' ++
Cyclopterus ++ + |
Scomber +__+ ] ++ |
Acanthias + 0 + |
" Phialidium 0 ++ +
«Phytoplankton® 0 ——— mmm e e -
S = — - - — =
The disadvantage of this form of presentation is mainly that unspe-  p,16
) . ) A . Conﬁz

cific symbols are used which cannot transmit detailed information; To de-

monstrate this point, let us look at the particularly evident example of

the interrelations between Pleurobrachia pileus and Temora longicornis:

As our experiments have shown, T. longicornis has a decidedly damaging ef-

fect on young P. pileus, but these very same copepods are the main source
of_food'for adult P. pileus. Hence, we must add to the triple symbol '“++n
v

a single minus ("-") which applies, however, only to a certain age group

of the ctenophore. On the other hand, we have learned that an extreme
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abundance of Temora may be detrimental even to adult individuals of P.pileus,

Therefore, the age factor as well as the abundance of the populations in- p. 162
volved should be incorporated in the symbols representing the interrela-

tions between them in a matrix.

Fig,10: Tridimensionzl model of the inter- from
relations between Pleurobrachia pileus and "pP.l6l

adult copepods of one population. With
increasing abundance of the copepod popu-~

. lation its damaging effect upon young
2 ctenophores increases as well (see also
o Table 1, p.18), and so does its positive
o influence upon the adult ctenophores for
0. which it is a source of food. If abun-
uo dance is very high, the effect lies
u L .again below the level of indifference.
g .
+
[ I
@
b0
o
= .
q . WY
T
v ‘Q,}
few many

abundance
of copepods

If the three aforementioned variables (degree of damage or benefit, g'igi
. < )

abundance of the species identified as source of influence exerted, age

group, etc., and the age groups of the target pOpulatlon) ;re linked  with
the three coordlnates, a dlagram can be de31gned as shown 'in F1g 10, from
which the blolpglcal effect of the influence-exerting species can be read
off direétly. ‘For example (front ieff to right): The greater fhe numbers

of adulp copepods, the higher the losses among young Pleurobrachia pileus;

(back left to right): Initiéliy, the ecological conditions for adult Pleu-

robrachia pileus improve with increasing abundance of copepods up to a cer-

tain maximum beyond which even adult ctenophores will suffer losses; (right,

-

frout to back); The older the individuéls of Pleurograchiagpileus, the less

harmful is even a massive abundance of adult c0pepods:

A T S R e s b e N - o S
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In connection with the matrix allows this schematic drawing a fair-

- *1y -extensive symbolization of biologic relations and can, thus, serve-.as

preliminary step towards an analysis of the ecosystem which, in contrast - -

tovthe model of food chains and similar diagrams, concentrates on the neé-

‘work of interrelatiéns among p0pu1ations.' In what way additional depen-

dencies (e.g., upon temperature) may-be included has been described else-

.where (GREVE 1969). The degrees of damage or beﬁefit'indicated in this - i
cube-shaped_diagram reprqgent a multitude of varying biological relations.
However, this simplification seemed justified since it is the only way in

which the sum of all factors that have an influence upon population dyna-

mics can be included in a functional model. It is the result of one of

"the attempts called for by WATT (1966) who would like to see the descrip~
tive presentation of ecological intefrelations being replaced by the model
which potentially lends itself for electronic data processing.

-Summary

1. The tentaculate.ctenophore Pleurobrachia pileus FABR., has been

cultivated in the laboratory and subjected to ecological experiments. As
culture and test vessels served the  planktonkreisel, the phytoplankton-
kreisel, and the twin-cuvette,

2. Mature Pleurobrachia pileus (body diameter 15 mm) deposited up

to 7,000 éggs within two weeks; the smallest of the sexual active indivi-
duals measured 5.5. mm.

3. Temperature threshold experiments showed that Pleurobrachia

pileus tolerates temperatures from -1° to 26°C; the most extreme salinities

tolerated were 12%. and 45%S, respectively; neither of these values re-
v

presents the absolute tolerance limit.
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4. The influence of environmental temperatures upon the rate of

embryonal development of ctenophore eggs, as well as the rate of food in-

the
take anddgrowth rate have been studied at temperatures ranging from 6° to

20°C., Within this range, Pleurobrachia pileus — while developing normal~
ly — showed distinctly gradéd reactions to the varying temperatures.

5. Simulated ocean currents causes Pleurobrachia pileus to change

its vertical distribution; the ctenophore avoids the surface turbulence,

6. Even a high concentration of seston in the medium has very
little effect on the behavior of ctenophores hunting for food. They pre~

dominantly catch actively swimming organisms. Drift sand can have a dama-

ging effect on Pleurobrachia pileus. Ferric hydroxide particles and other

industrial waste matter did not-disturb food intake of the ctenophore. -

7. The interrelations between Pleurobrachia pileus and other holo-
élanktgrs are, in part, of a very complex nature. For example, adult co-
pepods are first enemies and later the'food of the ctenophore, depending

upon the age group of P.pileus.

8. Of the meroplanktonic forms are particularly some Scyphomedusae

important enemies of Pleurobrachia pileus. The .larvae of many benthic in- ',

- verbrates serve as food especially for young individuals of P.éileus. Fish

larvae are .mainly eaten by Pleurobrachia pileus if they are active swimmers.

9. Fishes that are bottom dwellers and the vagile macrofauna of

the benthos are, in part, enemies of Pleurobrachia pileus. Cyclopterus

lumpus eagerly feeds on thelctenophore; Eupagurus bernhardus proved by its

behavior that it is especially suited to catch Pleurobrachia pileus.

10. The schematic presentation illustrating the -interrelations
. S .

between Pleurobrachia pileus and its neighboring populations is suggested

as a basic model for the analysis of the ecosystem.
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