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Abstract

The study of the natural history of gelatinous zooplankton (‘gelata’) reached a high point at the end of the
19th century, when scientists first began to understand the phylogenetic and ecological links between
cnidarians and ctenophores. Siphonophores, carefully figured in their entirety, and gauze-like lobate
ctenophores too fragile to touch, were described by the dozens. In the ensuing years, focus on zooplankton
shifted toward more ‘industrial’ goals such as quantitative sampling using plankton nets. While plankton
scientists were busy summing tattered parts, they lost sight of the whole jellies themselves, and a crus-
taceocentric view of the ocean came to dominate. During this period, the most dramatic breakthroughs in
cnidarian research came from laboratory studies of neurobiology, physiology, and development, particu-
larly of certain model organisms. Now, at the turn of this century, we have the opportunity to bring gelata
back into primacy. Submersibles and remotely operated vehicles allow us to study entire life histories of
organisms that we did not even know existed. The tools of molecular biology allow us to answer questions
about development, evolution, and phylogeny that had reached a stalemate. Even in the surface waters,
where it might be thought that there is little left to learn, in situ observations have revealed unexpected
interactions and hidden diversity. The critical roles that these organisms play in the health of the oceans,
their position at the crux of many evolutionary debates, and the tools for biotechnology that they provide,
have led to resurgent public appreciation and awareness. Although advanced tools do not necessitate good
science, we have few excuses for failing to bring about another golden age of gelata.

Introduction

The name ‘coelenterata’ has long been employed as
a convenient way to describe organisms from the
two phyla Ctenophora and Cnidaria. Because it
implies a degree of relatedness which is now con-
sidered inaccurate, this word is typically avoided in
a rigorous taxonomic or phylogenetic context. An
alternative term – more encompassing but with less
implication of shared common ancestry – is the
phrase ‘gelatinous zooplankton’. This term has the

advantage of emphasizing the convergent features
of transparency, fragility, and planktonic existence
that unite these disparate creatures, without the
taxonomic baggage associated with other terms.
On the other hand, it is a polysyllabic mouthful.
Here the term gelata is offered as a collective noun
to describe the polyphyletic assemblage of medu-
sae, siphonophores, ctenophores, radiolarians,
urochordates, molluscs, and worms that eke out a
planktonic existence (Fig. 1). It is meant to have no
taxonomic implication, but rather to evoke these
diverse groups of non-crustacean macroplankton
that are too fragile to sample with conventional
oceanographic methods.
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The first golden age

Two of the most prominent yet under-appreciated
members of the gelata are siphonophores (Cnida-
ria, Hydrozoa) and comb jellies (Ctenophora). At
the end of the 19th century, these taxa occupied
more conspicuous positions in both public and
scientific consciousness (Winsor, 1972). Comb jel-
lies had several champions in the early 1900s; be-
tween 1900 and 1909, twice as many ctenophore

species were described than in any other ten-year
period before or since (Fig. 2). The observations
conducted by Chun (1880) are so unique that only
in the last 20 years have some of his species been
‘re-discovered.’

Because of their apparently intermediate posi-
tion between benthic hydroids and planktonic
medusae, siphonophores elicited a special fasci-
nation from those grappling with the implications
and mechanisms of Darwinian evolution. The

Figure 1. Representative members of gelatinous zooplankton. Organisms from at least eight phyla are included among the gelata.

(a) Nemertean. (b) Phaeodarian radiolarian. (c) Salp with parasitic copepod. (d) Lobate ctenophore. (e). Narcomedusan hydrozoan.

(f) Nudibranch mollusc. (g). Chaetognath. (h) Physonect siphonophore. (i) Coronate scyphozoan. (j) Polychaete.
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great biologists of the time, including Huxley,
Haeckel, Vogt, Leuckart, Agassiz, and Darwin
himself, enthusiastically enlisted siphonophores in

their debates. Deservedly, all these pioneers have
had multiple species of gelata named after them.

Illustrations from this time were inspired as
much by the beauty of the organisms as by func-
tional scientific interpretation. Haeckel, fresh from
his monumental and still unsurpassed treatise on
Radiolaria (1887), created detailed illustrations
showing entire siphonophore colonies (1888, 1904)
with the apparent intent of demonstrating how
such diverse specialized parts could serve a united
function (Fig. 3b). His representations from this
era compare favorably with living specimens cap-
tured by a submersible (Fig. 3a). Another cham-
pion of siphonophores, Huxley (1856), asserted
that ‘living nature is not a mechanism but a poem.’
Although some artwork of this time has been said
to be distorted by ideological predispositions (e.g.
Mechnikov, 1874, as cited in Winsor, 1972), these
criticisms cannot detract from their many impor-
tant positive effects: The predominant attitude was
a concern with the whole animal, not merely its
parts. This is linked to the desire to understand the
origins of life, and the perceptions that cnidarians
and ctenophores played key roles in answering
basic questions of evolution.
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Figure 2. Ctenophores described by decade. The majority of

known ctenophore species were described around 1900, with the

maximum occurring from 1900 to 1909. Presently there many

known deep-sea species, 70% of which are cydippids, which

await description. Numbers adapted from Mills (1998), with

unpublished data from Harbison, Mills, Haddock, Matsumoto,

Lindsay.

Figure 3. Two views of the siphonophore Physophora. (a) Photo of a live specimen collected by submersible. (b) Illustration of whole

colony by Haeckel (1904). (c) Detail of isolated nectophore.
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Public awareness and fascination with cnida-
rians followed suit. Haeckel and others presented
siphonophores in popular lectures to general
audiences. Best-selling books of the time were
natural history treatises of Wood (1890), whose
encounter with a scyphomedusa inspired a Sher-
lock Holmes mystery, and Gosse (1853), who de-
scribed a species of bioluminescent hydromedusa
and coined the term ‘aquarium’ while helping fuel
the Victorian aquarium craze with his how-to
guides. Siphonophores, medusae, and even radi-
olarians were depicted in popular glass sculptures
by the Blaschkas, who strived for a tromp l’oeil
degree of realism. Intact living specimens could be
obtained because the pace of the sampling, at
times using buckets over the side of sailing ships,
or dipping from the sea at Mediterranean labora-
tories, allowed it.

The ‘industrial’ age

Two shifts occurred in the mid-1900s that con-
tributed to the stagnation of research on gelati-
nous zooplankton. Ships became larger and faster,
and scientists’ interest turned to important global
questions such as carbon flux. These oceano-
graphic-scale cruises led scientists to ask of the
jellies ‘how many?’ and ‘how much?’ before having
answered ‘who?’ and ‘how?’

In contrast to the drawings of the late 1800s, the
depictions of isolated siphonophore bits by mid-
20th-century taxonomists show only dissociated
parts (Fig. 1c). This was by necessity, as research-
ers, forced to use nets and other conventional
sampling devices, could not obtain intact speci-
mens (cf. Alldredge, 1984; Pugh, 1989; Harbison,
1992; Dennis, 2003). Although this piece-by-piece
research is an integral part of our present knowl-
edge (e.g. Totton, 1965), it sheds little light on how
the intact organism actually functions.

The situation was worse in lobate ctenophores,
where there were not even pieces available for
examination. During this period, it seems that if an
organism could not be fixed in formalin, it was not
studied. Figures in textbooks have been copied
generation after generation without reference to
living animals, like a visual game of ‘Telephone.’ A
result of this piecemeal approach to examining
gelata is that even invertebrate zoologists had very

little understanding of the organisms themselves.
For example, the best-known ctenophore genus,
Pleurobrachia, is depicted upside-down in a
majority of scientific and educational illustrations.
Although the early taxonomists began this unfor-
tunate convention, there has been little effort to
correct it in the intervening 100 years. This seems
like a harmless and arbitrary choice, but depicting
comb jellies as though they encounter the world
with their aboral end perpetuates false affinities
with medusae, and impairs our understanding of
their distinct non-jellyfish-like modes of feeding
(Greve, 1970; Harbison et al., 1978; Moss &
Tamm, 1986).

Another result of the difficulty of sampling
ctenophores is that their diversity has been
underestimated. Three genera (Pleurobrachia, Be-
roe, Mnemiopsis) have received the vast majority
of attention because they are common in shallow
coastal waters or because they are robust enough
to come up in plankton tows. The lobate genus
Bathocyroe is extremely abundant throughout the
deep ocean – arguably more common than any of
the better known genera – yet it was only described
25 years ago (Madin & Harbison, 1978a). The
diversity of ctenophores and planktonic cnidarians
seems to reside in the higher taxonomic levels.
Rather than a few speciose genera, these phyla
have many monotypic genera, and families or even
orders with only a handful of members. Within the
comb jellies, the diversity is demonstrated in the
variety of body shapes, sizes, and feeding special-
izations. Nearly every permutation possible (with
or without lobes, auricles, tentacles, tentilla) oc-
curs within the phylum (Fig. 4).

At least in the ctenophores there has been some
representation of their many body plans; si-
phonophores are much more poorly depicted. The
aberrant cystonect Physalia is generally used to
represent the group, although it possesses few traits
in common with any other siphonophore genus.
(This is similar to the use ofObelia as the ‘textbook’
example of hydromedusan life-cycles, when it is
one of the least representative members of the
group.) Although it should be rectified, this bias is
understandable given that the truly abundant si-
phonophores are fragile, transparent, and difficult
to collect, whereas in certain regions the Portu-
guese Man o’War, like the ctenophore Pleurobra-
chia, can be washed conspicuously onto beaches.
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A new golden age

Are we indeed poised for a resurgence in interest
and understanding of gelata? There are several
reasons why this is an opportune time for signifi-
cant advances in our understanding of these
creatures.

Collection techniques

With the exception of pioneers like Bieri (1966)
and Ceccaldi (1972), few people attempted to ob-
serve plankton in their natural environment before
Hamner and students pioneered the technique of
blue-water SCUBASCUBA diving (Hamner, 1975; Hamner
et al., 1975). This is a system of tethers and pro-
cedures for making in situ observations on water-
column organisms and processes. Although it can
not be said to be commonplace, this method has
found broad applicability in examinations of
marine snow (Silver et al., 1978; Alldredge & Sil-
ver, 1988), microbes (Delong et al., 1993), diatoms

and cyanobacteria, in addition to gelata (Harbison
et al., 1978; Haddock & Case, 1999). This intimate
view of the shallow open water has been extended
to the deep-sea by the use of submersibles and
ROVs (e.g. Pugh & Harbison, 1987; Widder et al.,
1989; Hamner & Robison, 1992; Lindsay et al.,
2000). In addition to improved video capabilities,
the major development in understanding deep-sea
midwater biology has been to equip submersibles
with specialized samplers that collect fragile
organisms and the water surrounding them
undisturbed (Youngbluth, 1984).

These collection methods paint a dramatically
different picture of planktonic diversity from typ-
ical net tows. Fragile lobate ctenophores, long
physonects, large medusae, and species that live
just above the bottom are among the groups which
are exclusively available to submersibles. Sub-
mersible- or hand-collected specimens can be de-
scribed in their natural state, not just based on a
few fragments. A mini-resurgence of ctenophore
descriptions began in the late 1970s with the first
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553



reports of submersible-caught specimens (Madin
& Harbison, 1978a, b), and this has continued to
date (Harbison et al., 2001). (Interestingly, the first
ctenophore described during this time appears to
have been originally depicted as a juvenile lobate
by Chun in 1880.) Presently, there are known to be
at least two dozen new species of ctenophores,
mostly in new genera, which are awaiting official
description (Fig. 2; Harbison, Mills, Haddock,
Matsumoto, Lindsay, personal communication;
Mills, 1998). Similar situations occur in the si-
phonophores, although the recent efforts of Phil
Pugh have gone a long way toward clarifying this
group. There is one widely known species of
Apolemia, yet at least a dozen other species are
being worked up. These descriptions will have an
impact on diversity similar to what occurred a
hundred years ago.

Another advantage of in situ observations by
both SCUBASCUBA and submersible is the ability to see
the natural interactions between organisms in their
environment. As Richard Harbison is fond of
stating, sampling with plankton nets is akin to
flying over London with a grappling hook. You
might pick up hats and umbrellas and a few tree
branches, but you can only speculate as to where
hats belong, and what umbrellas are good for.
Many types of predator-prey (notably gelativorous
jellies) and symbiont-host relationships (notably
parasitic hyperiid amphipods) have been revealed
by direct observations, and by collection of speci-
mens with their associated hosts (Harbison et al.,
1977; Purcell, 1991; Lindsay et al., 2001; Raskoff,
2002; Gasca & Haddock, 2004).

Finally, these collection techniques provide
access to specimens which can be used in natural
experiments, and not just poorly enumerated.
Specimens typically arrive at the surface alive, with
their bioluminescent ability, gut contents, brooded
young, and behavioral responses intact. This is
essential to any study of their natural history,
physiology, and ecology, and is perhaps the most
significant impact of modern collection techniques.

Molecular (and other) tools

Advances in laboratory methodology have opened
up areas of research that have not been possible
for gelatinous creatures. At their most powerful,
they convey the ability to get good information

even from damaged specimens. One such tech-
nique is to perform enzyme assays to determine
aerobic and anaerobic respiratory potential from
tissue samples (Thuesen & Childress, 1994; Seibel
et al., 1997). Analyses of stable isotope from iso-
lated tissues can also place an organism in an
approximate trophic position, although the resul-
tant picture is sometimes softly focused. Of course
the truly powerful tools are those of molecular
biology; examinations of DNA, RNA, and protein
provide views of the present and past lives of
organisms that have never before been available.

Molecular phylogenies give additional ways to
clarify relationships within phyla, but they can
also allow comparisons between organisms which
have few or no morphological traits in common.
These analyses have revealed severely polyphyletic
taxonomic groups within ctenophores and cnida-
rians, and have provided much of what we now
know about the deep divergences in phylogenetic
trees – origins which have vexed biologists for the
past 150 years (Podar et al., 2001; Collins, 2002).

Molecular tools have also proven to be the keys
to discovering and characterizing new fluorescent
proteins and photoproteins from species which
cannot be collected in large numbers. Presently it is
quite possible to clone a gene from a piece of a
single specimen, rather than the thousands which
were required for protein purification, and this
ability broadens the horizon for discovery of these
and other novel proteins.

Public interest

Research takes place within the larger context of
human society, and as with any research, one must
consider potential benefits that justify support
using public funds. Fortunately, the beauty and
mystery of these organisms has sparked broad
interest, and the importance of gelata is appreci-
ated now perhaps more than ever before. Their
effect on the health of the ocean has been dem-
onstrated by the devastating impact that invasive
species have had on local fisheries (Vinogradov,
1989). There has also been a suggestion that
planktonic cnidarians in particular will move into
the higher trophic levels which are forcibly vacated
through fishing pressure (Mills, 2001). Not only
will medusae thrive on the newly available prey,
but they will suppress recovery of fish populations
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by consuming their larvae. In addition to their
danger, beauty, and effects on fisheries, jellies have
provided fluorescent proteins (GFP) and photo-
proteins (aequorin), which are now standard and
indispensable molecular and biomedical tools.
Few would have anticipated the significant benefits
that have come about through basic research on
cnidarians.

In terrestrial systems, one must travel to remote
lands to find a new species of vertebrate, yet
100 km offshore of New York, Sydney, Tokyo, or
Lisbon is biologically uncharted territory, with
entire families of gelata yet to be discovered. The
diversity gap (the difference between known and
extant species) appears to be greatest in the deep-
sea and microbial realms. Thus any complete
survey of diversity requires appropriate sampling
of fragile deep-sea fauna.

Conclusions

Although we appear to be in an ideal time for
dramatically expanding our understanding of ge-
lata, problems still remain. Foremost among these
is the lack of respect and support for the taxo-
nomic arts. We cannot assess the impacts of
environmental change (natural or anthropogenic)
without narrowing the biodiversity gap through
surveys of deep and formerly unattainable biota.
In addition, without proper taxonomy, we cannot
create robust phylogenies, and ecological studies
have little validity beyond ‘species X eats species
Y’. An additional impediment is that the appro-
priate collection methods (ROVs and submers-
ibles) are not widely available to the scientific
community, and funding to explore the midwater
is minimal. However, those with access to the
vehicles are almost always willing to share speci-
mens of the various phyla with other scientists.
None of these problems are insurmountable; in
fact, there is one overriding reason why another
golden age seems inevitable: the global community
of scientists devoting their immense talents to re-
search on these fascinating organisms.
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