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A BUMPY RIDE FOR HUMPBACK WHALES

Cool wildlife photography
in warm waters

M

ore than a tool, photography is also a
passion for Brazilian scientists
searching for the best shot of a
dolphin or a whale. Altogether, they have
dedicated thousands of hours diving or
searching for cetaceans in small boats or
dedicated cruises along the Brazilian coastline.
The intention was to produce a catalogue of
photoidentified animals. From the paradisical
island of Fernando de Noronha, near the
Equator, to the temperate waters of Rio
Grande do Sul, close to the border of Uruguay,
they use their equipment for preparing a large
catalogue of individuals. Natural marks can
provide identification for each individual, and
they have plenty of scars. Scarring is the
natural result of a wide variety of interactions,
when dolphins and whales compete for a
mature female, search for prey or protect
themselves against predators. It also could be
the result of past interactions with a fishing net,
a buoy or other man-made structure.
Since the early 70’s, scientists all over the
world have found that marine mammals could
be individually identified and catalogued
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through their natural markings. They could also
be monitored in different water masses, from
their cold feeding grounds to their warm
breeding and calving grounds. The use of
photography has provided evidence that
southern right whales from Brazil, Uruguay and
Argentina are part of a single widespread
population in the Southwestern Atlantic ocean,
feeding from around Tristan da Cunha and
other places in the southern ocean. Genetic
studies have recently confirmed this
hypothesis. Photography has also been used
as a principal tool in studies of the marine
tucuxi. The southernmost population of this
species inhabits the Baía Norte along the
central Santa Catarina State coast off Brazil.
For more than twelve years a catalogue of over
75 individuals was prepared. This has provided
evidence that this is comprised of a small,
maximum 100 dolphins, an isolated population,
confined to this particular bay. The same
technique is also in use at Fernando de
Noronha, where about 350 spinner dolphins
congregate on a daily basis. The opportunity of
daily dives with these beautiful coloured

dolphins has led to more than 15,000 pictures,
some of them are the state-of-the-art in marine
photography. Tropical dolphins were also the
sensation during a series of five cruises for
estimating the abundance of minke whales off
the north-eastern coast of Brazil. The poorly
known Clymene dolphin was the second most
frequently sighted small cetacean in all cruises,
and their external appearance is now known
from several pictures taken aboard the
research vessels. Photographs can also reveal
the diversity of cetaceans in a certain area.
Collecting pictures from experienced divers and
boat owners can illustrate a wide variety of
species. Dolphin species presented in the rich
upwelling waters of Rio de Janeiro coast are
being monitored using this strategy.
The long term effort for collecting
photographs by scientists show their
determination for the best shot, the need to
record every aspect of wild dolphins and
whales lives. But more than that, show how
marvellous can be the world that we share.
Salvatore Siciliano
Email: sal@ensp.fiocruz.br
Co-author: José Martins
Email: rotador@golfinhorotador.org.br
www.golfinhorotador.org.br
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BRAZILIAN CETACEANS

A whole new
world to discover
FIGURE 2

SOUTH WESTERN ATLANTIC OCEAN
What happens when the warm oligotrophic
Brazilian Current meets the colder and nutrient
rich waters of the Malvinas/Falklands Current
along the Western South Atlantic Ocean? This
is what young Brazilian cetologists are trying to
elucidate when they go aboard research
vessels. First we need to understand the
current regime found off the coast of Brazil.
The Southwestern Atlantic Ocean (SWA)
comprises the waters south of the equator and
west of 20°W. The SWA is under the influence
of three different water masses/currents. The
South Equatorial Current runs west in the
equatorial Atlantic towards the northern coast
of South America, where it splits in two
currents. The Northern Brazil Current runs
northwest parallel to the northern coast of
South America towards the Amazon basin and
the Caribbean, and the Brazilian Current flows
southward along the eastern coast of South
America. A third water mass, the Malvinas
Current, flows northward from the southern tip
of the South American continent along the
coast of Argentina, Uruguay and
southern/southeastern Brazil.
The SWA is under the influence of the
Brazilian Current up to about 30–40ºS. This
oligotrophic current is characterized by a
relatively high sea-surface temperature
(25–30°C) and salinity (34–36‰). The coasts
of Argentina, Uruguay and Southern Brazil are
influenced by the Malvinas Current with lower
temperature (14–24°C) and salinity (33‰).
The Brazil and Malvinas Currents converge
between approximately 32° and 40°S and are
forced offshore originating the Subtropical
Convergence.

WHALES, DOLPHINS AND PORPOISES
This diversity of water masses makes the
Brazilian coast a place with a high cetacean
biodiversity. Up to the present, 44 species of
cetaceans - whales, dolphins and porpoises –
are present in Brazilian waters. The abundance
and distribution patterns varies from species to
species. Some species are known based on a
few specimens collected or stranded and may
represent extralimital records (e.g.
Commerson’s dolphin Cephalorhynchus
commersonii – Peale’s dolphin
Lagenorhynchus australis and the Southern
right whale dolphin Lissodelphis peronii - and
some species of beaked whales, like the
recently published record of Arnoux’s beaked
whale Berardius arnuxii see JMBA 83,
887–888*). But at least 31 cetacean species
use the Brazilian waters on a regular basis.
This group comprises the whales (e.g.
Southern right, humpback, Antarctic and dwarf
minke whales) that migrate seasonally with the
purpose of mating and reproduction. But in
fact, the main group of Brazilian cetaceans is
comprised of tropical species living under the

TOP LEFT CLYMENE DOLPHIN (Stenella clymene) off NE Brazil (Ignacio B. Moreno/Projecto Baleia Minke)
TOP RIGHT HUMPBACK WHALE (Megaptera novaeangliae), Antartic Peninsula (Ignacio B. Morento/Projecto Baleias/PROANTAR)
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influence of the Brazilian Current. Some
species are restricted to coastal waters like the
tucuxi or estuarine dolphin (Sotalia fluviatilis)
that occupies shallow coastal bays surrounded
by mangroves but also is found in open coastal
waters. Surprisingly, also within this group is
the rough-toothed dolphin (Steno bredanensis)
that is distributed in marine waters of the lower
continental shelf. Local upwelling conditions
also attracts the Bryde’s whale (Balaenoptera
edeni) to feed on abundant Brazilian sardines
and small crustaceans.
DOLPHINS
Three species of dolphins of the genus
Stenella that live almost exclusively in warm
waters of northeastern Brazil are
representatives of this tropical fauna. Each of
these species has a preferred habitat that
depends on prey species, competitors and
predators. The spinner dolphin Stenella
longirostris (Figure 1), has the most widely
varying habitat of the genus, being found along
the lower continental shelf and beyond the
slope in waters from 180 m to 2500 m. There
is a resident population around the Fernando
de Noronha Archipelago, where the dolphins
congregate for resting and mating as they do in
Hawaii. The Clymene dolphin Stenella clymene
(Figure 2) is distributed in the SWA beyond the
continental shelf, mainly over the slope or in
deeper waters (mainly from 2500 m to 4600
m). It may feed primarily on deep-scatteringlayer organisms like cephalopods and
mesopelagic fish as occur in the Gulf of
Mexico. The pantropical spotted dolphin
Stenella attenuata (Figure 3) is usually
restricted to tropical waters in the SWA. The
latter species has not been recently recorded
south of 22ºS. This indicates that the area
between approximately 25º and 28ºS should be
considered the regular southern limit of this

FIGURE 1

species’ range, which is consistent with a
tropical distribution and suggests that the
species seldom venture into colder waters off
the coast of Uruguay and Argentina. This
species has a preference for deep waters,
usually beyond the continental shelf break.
Sightings were made over depths ranging from
850 to 4900 m.
The field of cetology is quite young but
promising in Brazil. The cetacean diversity is
higher than suspected before, and revealing
the distribution patterns and ecological
requirements of Brazilian cetaceans is an
exciting task.
*Siciliano, S. and M. C. O. Santos. 2003. On the occurrence of the
Arnoux’s beaked whale (Berardius arnuxii) in Brazil. Jounal of the
Marine Biological Association of the United Kingdom 83; 887–888.
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A BUMPY RIDE FOR HUMPBACK WHALES

T

he humpback whale (Megaptera
novaeangliae) is the most acrobatic of the
baleen whales. With great agility, the
humpback whale can launch it’s 30 tonnes
completely out of the water. Underwater
manoeuvres are effected by movements of the
whale's elongate pectoral flippers, which are
roughly 1/3 the body length.
The flippers act like wings to generate lift forces
that are used to induce a turn. Unlike commercial
aircraft wings with a straight leading edge, the
humpback flipper has prominent knobs, called
tubercles, along the leading edge. The presence of
these tubercles runs counter to generally accepted
notions of aero- and hydro-dynamics for the design
of wings and other lifting surfaces.
Wind tunnel studies of model humpback whale
flippers, with and without tubercles, demonstrated
enhanced capabilities due to the presence of
tubercles. Without the tubercles, the flipper will stall
and lose lift at 11° angle of attack, which is the
angle between the wing and the on-coming airflow.
The stall angle is delayed by approximately 40%
6 JMBA Global Marine Environment

when the tubercles are present. In addition, lift
increases on the flipper while drag decreases.
Thus, the delay in stall effectively increases the
operating envelope of the flipper.
From an ecological standpoint, the enhanced
performance of the humpback flippers permits
greater turning ability when foraging on elusive
prey. As opposed to the other related rorquals,
which swim straight ahead to engulf schools of
prey, the humpback uses elaborate manoeuvring
behaviours to catch it’s prey, including sharp
U-turns and bubble-net feeding.
Frank Fish Email: ffish@wcupa,edu
Department of Biology, West Chester University,
West Chester, PA 19383 USA

This research was recently published in Miklosovic, D. S., Murray, M.
M., Howle, L. E., and Fish, F. E. 2004. Leading edge tubercles delay
stall on humpback whale (Megaptera novaeangliae) flippers. Physics
of Fluids, 16, 39-42.
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WHALE

(Ignacio B. Morento/Projecto Baleias/PRONTAR)

Minke Whales

Balaenoptera acutorostrata

and whaling in the NE Atlantic
G.J. Pierce & M.B. Santos
Department of Zoology, School of Biological Sciences, University of Aberdeen, Tillydrone Avenue, Aberdeen, AB24 2TZ, UK

The minke whale Balaenoptera acutorostrata is the
smallest and most abundant of the rorquals. It is hunted
commercially off Norway. The Norwegian Ministry of
Fisheries set a total quota for minke whale catches in
2004 of 670 animals. Iceland began ‘research whaling’
for minke whales in 2003. The rationale was that
Icelandic fish catches have declined, whereas numbers
of minke whales have increased – and there might be a
causal link. Studies of minke whale diet suggest that
sandeels and krill are amongst the most important prey.
However, the diet also includes herring, mackerel,
whiting and haddock, among other species of
commercial fishery interest (Pierce et al., JMBA 84,
1241–1244). Minke whales in the Barents Sea
apparently fed mainly on capelin prior to the collapse of
that stock in 1993 (Haug et al., 2002). Since minke
whales are both large and relatively abundant, they
consume large amounts of fish, e.g. an estimated one
million tons annually in Icelandic waters (Sigurjónsson &
Vikingsson, 1998).
However, an overlap between diet of a marine
mammal and fishery catches does not mean that
competition exists – this depends on the nature and
strength of both direct and indirect trophic links.
Modelling studies reveal the possibility of opposite
consequences if a single indirect link is changed (Punt &
Butterworth, 1995). In reality, the depletion of larger
predatory fish by fishing may be the single most
important factor in shaping many marine food webs
worldwide (Furness, 2002). Whales (like seals) may just
be a convenient scapegoat.
Graham Pierce
Email: g.j.pierce@abdn.ac.uk
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global climate change

ANTARCTICA FIELD RESEARCH
AS PART OF THE NEW ZEALAND LATITUDINAL GRADIENT PROJECT (15 YEAR),
I WAS INVITED TO SPEND FIVE WEEKS IN A DEEP FIELD CAMP AT THE
NORTHERN END OF THE ROSS SEA (CAPE HALLETT). THE RESEARCH WAS
FOCUSED ON UNDERSTANDING THE IMPACT OF LIGHT, SALINITY AND
TEMPERATURE ON THE PHOTOSYNTHETIC PROCESSES OF MICROALGAE
GROWING ON THE BOTTOM OF THE ICE. SEA ICE MICROALGAE SUPPORT THE
ANTARCTIC FOOD CHAIN.
8 JMBA Global Marine Environment

SEA ICE PHOTOSYNTHESIS:
We used a range of fluorometers to monitor
photochemical processes as we simulated the
process of melting and freezing these algae into
the ice matrix. When surface waters freeze, the
algae are incorporated into the ice, similarly when
the ice melts, the algae are released back into the
water. These changes result in dramatic changes in
salinity, from 2 x seawater to almost freshwater. We
were looking at the impact of environmental
changes on sea ice algae, such as might occur
under a global climate change scenario. Other
research associated with this field campaign
included an assessment of bacterial associations
with sea ice, distribution of larval zooplankton and
Antarctic fishes.
During the month we were on the ice
(November–December 2003), the climate changes
dramatically from typical Antarctic frozen dry
icescape to an almost warm sunny wet coastal
habitat. Working in Antarctica is both awe-inspiring
and challenging. The beauty and majesty of the
continent is around every glacier, pressure ridge
and ice floe; however you must balance this with a
healthy respect for the extreme climatic conditions.
Within 30 minutes the weather can change from 5°C, sunny and endless visibility to a fully blown
blizzard where you can’t see 3 m in front of you,
temperature plummets to -20°C and the wind is
howling at over 50 knots.
This plays havoc with your experiments.
Imagine that you need just one more sample, but it
could be five days before you can get out of your
tent; or the temperature drops overnight so low that
you have to put your laptop on top of the kerosene
heater to warm the battery up before the computer
will boot up.
You also had to keep your wits about you while
on the ice. As the summer approached the ice floe
began to get warmer, thinner and cracks started to
form. Avalanches were common.

This is one of the most remote places on
Earth; we flew seven hours south of Christchurch
to the NZ Scott Base in a US air force Hercules,
then one and a half hours in a twin-engine otter (10
seater) to the Italian base Terra Nova, then another
one and a half hours to Cape Hallett. Planning and
improvisation is critical for remote Antarctic
research. We were 600 km from the New Zealand
base, so we couldn’t just drop down to the
workshop for a spanner. We had to plan for every
eventuality and used a nearby abandoned weather
station to jury-rig a number of instruments and
devices. To maintain a stable low temperature
water bath, I buried a 10 m length of copper pipe in
the ice and used it as a radiator, in reverse. The
only problem it froze solid twice, so we had to melt
it out of the ice, re-connect it and re-freeze it into
the ice, being careful not to freeze it again.
Life on the ice has its own unique set of
challenges. 24 hour a day sunlight, is very
convenient for collecting samples at 2 am, however
trying to sleep in a tent with sunlight all night long is
something I never got used to. Most of our food
was dehydrated, so we tried to create interesting
meals with basic dehydrated meat and vegetables.
To re-hydrate the food, we melted a small block of
glacial ice, this is 10,000 years old, some of the
purest water on earth!
Flying into the camp, you can appreciate the
majesty of the continental mountain range; endless
glacier tongues protruding into the Ross Sea,
massive near vertical faces of ice and snow, and
this was juxtaposed against black volcanic
mountain ranges. We shared our field camp with
22,000 nesting Adelie penguins; they are the small
penguins that walk with their wings out. Just before
we left the eggs began to hatch and within 1–2
days chicks were everywhere.
Peter Ralph, University of Technology, Sydney, Australia.
Email peter.ralph@uts.edu.au
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The Weddell Seal

T

he Weddell seal (Leptonychotes
weddelli) is the most southerly of all
mammals, breeding on the fast ice
affixed to the shores of the Antarctic continent
and so inhabits one of the most inhospitable
environments on the planet. Weddell seal pups
are born on the ice in mid-October when daily
temperatures can be as low as -40ºC, and
where the water temperature never exceeds 1.8°C. Mothers feed their pups for a brief six
week period during the Antarctic spring and
then abandon them to learn to hunt and feed
for themselves. Mating occurs during this brief
period and there is intense competition for
mates by males, with bloody battles occurring
under the ice. Weddell seals are remarkable
divers and can dive over 760 m and hold their
breath for over an hour, and so are truly at
home in the water. Therefore all the action whether mating or feeding, occurs out of sight
under the ice.
SOUTHERN OCEAN INDICATOR
Because of the extreme environment inhabited
by these animals, there are many exciting
10 JMBA Global Marine Environment

questions as to how the animals manage to
live and indeed thrive in their icy world.
Furthermore, the Weddell seal is long-lived
(over 30 years) and reproduces relatively
slowly (less than one pup per year). Thus it is
especially vulnerable to any changes which
may be occurring in the Southern Ocean, due
to eg: global warming or fisheries. As a
consequence, the Weddell seal may be a
sensitive indicator of changes occurring in the
southern ocean as a whole.
ACOUSTIC TRACKING
Therefore, in a joint Australian, New Zealand
and British investigation we are studying
Weddell seal behaviour and ecology. This
research is only possible because recent
technological advances allow us to study these
animals in their true environment, under the
ice. With the aid of a new acoustic tracking
system we can determine where individual
seals are every few seconds and hence
monitor their behaviour in real time (Harcourt
et al., 2000). Using this system we are starting
to learn where the animals are going under the

ice to feed (Hindell et al., 2002) and/or
mate (Harcourt et al., 1998) and how
males and females interact. Further, we
are using new miniaturized GPS loggers to
explore their movements over the harsh
Antarctic winter. Specialised data loggers,
can be used to measure other parameters
such as heart-rate. Hence we have been
looking not only at the behaviour of seals
as they forage or interact under the ice, but
also at what physiological changes occur as
they do so. How these animals partition their
time and energy is fundamental to an
understanding of how they survive in the polar
seas and ultimately to their role in the ecology
of the Southern Ocean. Finally, powerful new
genetic techniques allow us to ascertain the
outcome of all that behaviour under the ice, as
we can accurately determine which male seal
fathered which pup. How much time and
energy each male uses and how that relates to
mating success is therefore now readily
determined. Hence this research allows us to
not only answer fundamental questions about
the behaviour and physiology of these
remarkable animals, but may also in the longterm help us to ensure that they are still
around for many years to come.
Rob Harcourt Macquarie University, Sydney, Australia
rharcour@gse.mq.edu.au

1. Hindell, M.A, Harcourt, R.G., Waas, J.R and
Thompson, D. 2002. Fine-scale, three dimensional
spatial use of diving lactating female Weddell seals,
Leptonychotes weddellii Marine Ecology Progress
Series 242, 275–284.
2. Harcourt, R.G., Hindell, M.A., Bell, D. G. and Waas,
J.R. 2000. Three dimensional dive profiles of freeranging Weddell seals Polar Biology 23, 479–486.
3. Harcourt, R.G., Hindell, M.A. and Waas, J.R. 1998.
Under-ice movements and territory use in freeranging Weddell seals during the breeding season.
New Zealand Natural Sciences 23, 72–73.
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Rob Harcourt Macquarie University, Sydney, Australia
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Two dimensional (a) and three dimensional (b) representation of all locations of female Weddell seals in relation to the bathymetry of the region. Figure (a)
also indicates the approximate position of Turtle Rock and the associated tide crack. (Hindell et al., 2002)
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Chilean fjords:

an endangered paradise
Günter Försterra & Verena Häussermann
Fundación Huinay, Ludwig-Maximilians-University Munich
e-mail: günter_forsterra@yahoo.com, vreni_haeussermann@yahoo.de
websites: www.people.freenet.de/foersterra, www.people.freenet.de/haeussermann

Huinay Scientific Field Station in the fjord Comau
(42º23’S) with Cerro Tambor (1951 m).

‘El Niño’ and ‘large scale fishery’ are often the first
terms that come to people’s mind when they hear
about the Chilean sea. And these terms also reflect
pretty much where the main focus in marine science
in Chile has been for a long time: oceanographic
research mainly along the north and central Chilean
coast and applied science on species of economic
interest. After the few expeditions along the Chilean
coast at the turn of the 19th and the beginning of the
20th Century, research that is dedicated to species of
minor or no economic interest was extremely
neglected and, if present at all, very much restricted
to the zones where the larger universities have their
marine labs, mainly in central Chile. Therefore it is not
surprising that the taxonomic knowledge in many taxa
is still very rudimentary and sometimes even the most
common species are un-described. This is especially
valid for Chilean Patagonia, one of the world’s largest
and most structured fjord regions. This portion of the
Chilean coast, extremely diversified by extended
inlets, a labyrinth of channels and numerous islands
12 JMBA Global Marine Environment

exhibits a tremendous number of habitats, which
results in high overall benthic species diversity. The
few larger expeditions to this region were all vesselbased and due to technical restriction in general were
only able to sample the intertidal or soft-bottom and
pebble ground, mainly in major depths. However, a
large portion of the fjord bottom is characterized by
hard substratum and most of the benthic species and
biomass can be found on the rocky slopes, especially
in the upper subtidal. These zones became
accessible for biologists for the first time through the
techniques of SCUBA-diving and ROVs. While in the
past diving in the fjord region meant a tremendous
logistic effort, the new Huinay Scientific Field Station
(HSFS) in the fjord Comau south of Puerto Montt
(Figure 1) allows for the first time year-round intensive
fieldwork. First studies in the vicinity of the station
already show interesting and astonishing
particularities of the fjords: The overall diversity
seems to be considerably higher in the fjords and
channels than at the exposed coast further north. The

surface water of the inner fjords is characterised by
the presence of a Low Salinity Layer. Therefore the
mainly suspension-feeder dominated communities
show a clear stratification in the intertidal and upper
subtidal. Here thick mussel beds, which are often
densely covered with gastropods of the genus
Crepidula or barnacles are the most frequently found
community type. At depths where the influence of the
Low Salinity Layer ends, the pattern changes towards
a patchy distribution with high diversity spots mainly
composed of filter feeders separated by low diversity
areas dominated by a few filtering species and
encrusting red algae. The suspension-feeders at
these depths recruit from a large variety of taxa,
among which cnidarians, sponges, bryozoans and
polychaetes are the most important groups. Benthic
biomass in general is high and there is evidence for
high turnover rates and exceptional high productivity
in the fjords.

might put the biocenoses in jeopardy. Especially the
enormous nutrient-input, sediment production and the
massive use of pharmaceuticals and anti-fouling
substances by the fast growing salmon-farming
industry in this region might present a serious threat
to sensitive communities. Unfortunately only a
negligible portion of the Chilean sea is protected, not
a single MPA is in the fjords or channels. A dramatic
increase in research effort is still needed to put
coastal management plans and legislative decisions
on a sound base. International interest must be
stimulated to promote and accelerate the
establishment of marine protected areas in the
Chilean fjords, otherwise a hot spot of marine
biodiversity with unique ecosystems might be lost
before we even have the chance to know it.

DEEP WATER SPECIES IN SHALLOW WATER
The existence of deep-water species in shallow water
is a phenomenon that is partially known from other
fjords. But most explanations that were given in other
regions hardly explain why eurybathy is so
pronounced in Chilean fjords. A very eye-catching
representative is the South American king crab that
normally is fished far below diving depths but in the
fjords can be found as shallow as 15 m (Figure 3).
But probably the most spectacular example for deep
water species in shallow water are the large banks of
azooxanthellate scleractinian corals in depths as
shallow as 20 m (Figure 2). The matrix species is
Desmophyllum dianthus but two more species were
found which are new to science*. For cold water
corals which lack endosymbiontic algae, the young
individuals of D. dianthus in Chilean fjords exhibit an
astonishing high growth rate with up to more than
2–3 mm in length a year. Nevertheless the large sizes
and the dense structure of the corallites of some
specimens suggest great ages, which makes them a
perfect climatologic data bank. The fact that two of
the three discovered coral species are restricted to
vertical and overhanging rock walls indicates
sensitivity to sedimentation. Environmental
prerequisites, growth rates, age estimations, trace
element concentrations and radioisotope
concentrations of the corals in Chilean fjords are
subjects of ongoing and planned projects at the
HSFS.

AUTHOR DESCRIPTION:
Günter Försterra is currently working on his PhD about a novel
approach for structural analyses of benthic communities in Chilean
fjords applying under water digital photography.

MARINE BIODIVERSITY HOTSPOT
The astonishing communities of the Chilean fjords are
neither described nor their forming factors and
dynamics understood yet. However, the exponentially
growing economic interests in the fjord region
increases the pressure on the marine systems and

Günter Försterra
Email: gunter_forsterra@yahoo.com
www.fjord-research.net

* The first description of the two new coral species from the genera
Caryophyllia and Tethocyathus is in preparation.

FIGURE 2: Large coral bank mainly made up of the ”deep-water coral”
Desmophyllum dianthus on the overhanging portion of a rock wall;
above Primnoella aff. compressa; fjord Comau, South Chile; 25 m.

FIGURE 3: Small specimen of the deep-water king crab “centolla”
Lithodes santolla on a steep, current-exposed rock wall; fjord Quintupeu,
South Chile, 20 m.
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Natural history of an unbranched octocoral
from the Southwestern Atlantic Ocean
The octocoral Tripalea clavaria is an
azooxanthellate species of cold-temperate
waters (below 20º C), with colonies generally
unbranched and claviform. It is highly abundant
on rocky outcrops 18–30 m deep from off Mar
del Plata (Argentina). Observations carried out
by SCUBA, showed a contagious pattern of
colonies distribution and most of them were
3.0–8.9 cm in height. The species appears to be
a gonochoric brooder with female colonies
significantly more abundant than males. Asexual
reproduction was negligible, so the maintenance
of the population is based on sexual
reproduction. Oocytes appeared even in small
colonies (from 3.5 cm height) and their
development required several months, beginning
in May and ending with the production of larvae
from March to May. We infer that it is a nonfeeding lecitotrophic larvae, that settles soon
after release and therefore is likely to have low
dispersal capacity, thus there is evidence of
successful recruitment on the limited available
substrate of the studied outcrops, as we
established in JMBA 84,685–700. This species is
one of a few zooplanktivore gorgonians that prey
on a large variety of organisms, mainly on
mussel larvae. Despite low density of tentacular
nematocysts, this octocoral is able to ingest
many organisms, implying different mechanisms
for food capture (Acuña et al., 2004). Few studies
14 JMBA Global Marine Environment

have been performed in this subject although this
group would provide a good example of the role
of suspension feeders in littoral areas where they
can be the dominant organisms. Different
steroids isolated from this gorgonian could be
related to the scarce fouled colonies found in the
environment; suggesting the presence of some
natural compound with an antifouling role. This
possibility merits further studies in the future.
Adriana Excoffon
Email: excoffon@mdp.edu.ar
Fabián Acuña, Mauricio Zamponi and Gabriel Genzano
University of Mar del Plata, Argentina
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Calcareous Reef Builder in Argentina
The serpulid polychaete
Ficopomatus enigmaticus is a
calcareous reefbuilder introduced
into brackish water environments
throughout warm-temperate
regions worldwide. The
development of these reefs is
particularly spectacular in the Mar
Chiquita coastal lagoon,
Argentina, where they dot
hundreds of hectares, covering
approximately 85% of the lagoon.
Reefs have an approximately
circular shape that could reach a
size of up to 7 m in diameter or
more even when many
neighbouring reefs coalesce into
large platforms. This species is
considered a bioengineering
organism for it creates and
regulates refuges for other
species such as crabs,
gastropods and amphipods. It
also alters the interactions
between preexistent species and
changes the physical
characteristics of the invaded
environment. The growth of the
reefs varies spatially and
temporally and small reefs grow
faster than large ones. These
variations in growth rate are
modulated by environmental
variables such as salinity, nutrient
availability, current speed and
depth. Given that most of the
habitats invaded by F. enigmaticus
are remarkably similar in their
physical, chemical and biological
characteristics; global
comparisons among sites should
be carried out to improve the
management and control of this
species
Dr Evangelina Schwindt
Centro Nacional Patagonico
(CENPAT-CONICET),
Puerto Madryn, Argentina.
E-mail: schwindt@cenpat.edu.ar

REEFS OF THE INVASIVE POLYCHAETE ficopomatus enigmaticus IN ARGENTINA.
Above is an individual reef wth a size (in diameter) of 6 metres (the meter and other tools are on the
reef). The picture from below is an aerial photograph of the Mar Chiquita coastal lagoon (Argentina)
showing the invasion of this species. The size of each reef from this aerial picture is approximately 3m.
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CHILEAN SEA ANEMONES
the forgotten flowers of the sea
Verena Häussermann & Günter Försterra
Ludwig-Maximilians-University Munich, Fundación Huinay

southern tip of continental Chile at
the Strait of Magellan. Since marine
laboratories or stations are scarce
and distances large, we had to be
fully independent of any
infrastructure. Travelling in an old
pick-up truck filled to the limit with
diving, laboratory and camping
equipment we searched for sea
anemones at least every 200 km. We
paid special attention to recording as
much in situ and in vivo information
as possible. We photographed sea
anemones in their habitat and in the
aquarium and examined the animals
and their fired cnidae with a
microscope on a camping table using
the power of the car battery. In the
end despite many obstacles like
robbery and subsequent recovery of
photo equipment and numerous car
breakdowns we had collected more than 1000
specimens of more than 30 species. This was far too
much material presenting too many taxonomic problems
for two diploma theses, so the first author added a PhD
to begin a fundamental revision of Chilean sea
anemones. In the following years we carried out two
more sampling trips to Chilean Patagonia since the sea
anemone fauna of the fjords is the most diverse and at
the same time the least known. The goal was to provide
the base for a detailed identification key for living as well
as preserved material. To enhance comparability and
quality of future descriptions and re-descriptions,
guidelines for sampling, examination and preservation of
sea anemones, were defined.
I revised the most common intertidal and shallow
water species of the north and central Chilean coast:
Phymactis papillosa (Figure 2c) and Phymanthea pluvia,
two actiniid sea anemones, are characterized by a
column covered by non-adhesive vesicles. Although in
life easily distinguishable by their bright colours (red,
green, blue and brown in P. papillosa and bright orange
in Pa. pluvia), these two species present very few
distinctive characters in the preserved state. Two species
with a conspicuous marginal ruff around the tentacles
are described for the Chilean coast. I revised the six
genera with this peculiar feature concluding that all
southern hemispheric species belong to the genus
Oulactis. From in situ and in vivo observations and
histological slides of carefully preserved specimens of
Oulactis concinnata (Figure 2d), I could give insights on

FIGURE 1.“Anemone garden” made up by Anthothoe chilensis growing on gastropods of
the genus Crepidula which cover a thick mussle bed: fjord Comau, South Chile; 10m.

ctually it was giant kelp which we wanted to
study when we first came to Chile in 1994
through a graduate exchange program between
the Ludwig-Maximilians-University in Munich and the
Universidad de Concepción. In late winter when we
arrived, the macro-algae were disappointingly small, but
there were sea anemones everywhere. It did not take us
long to figure out that our planned ecological studies do
not make much sense when we are not able to identify
the species. So we tried to get names for the species
that exist around the marine biological station in Dichato.
It was a disaster; we would never have expected such an
abundant and eye-catching group to be so poorly
worked on. Many of the approximately 70 species
mentioned for the Chilean coast were described from
material collected by the large expeditions which had
taken place during the 19th and early 20th century and
have in many cases not been mentioned again. Since
the 1950´s only a handful of papers, all on restricted
topics have been published about Chilean actinians.
Even the most common intertidal species needed to be
revised, no identification literature was available and
data on biology and distribution were fragmentary.
Anemones were generally described based on
preserved material which does not allow in situ
identifications or even conclusions on the appearance of
the living animal. This was the point when we decided to
concentrate on the taxonomic inventory of the Chilean
species. We planned, organized, financed and carried
out a six month field trip which led us from Arica (15°S)
at the border to Peru down to Fuerte Bulnes (55°S), the
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the origin and function of
abundant during the last
the delicate marginal ruff
decades. Another
and discovered a new
example is Anemonia
type of fighting tentacles.
alicemartinae (Figure 2a),
The most eye-catching
a species that we
species of the fjords
described in 2001.
belong to the genus
Nowadays it is one of the
Actinostola which is very
most common shallowtricky since most
water species of central
characteristics that were
and north Chile. It also
traditionally used to
showed up that sea
distinguish species vary
anemones seem to
within one species in a
inhabit areas that have
way they normally do
been cleared from edible
between genera.
species by men. As
Therefore the genus has
animals without
been avoided by
commercial value, they
FIGURE 2. Sea anemones of the north and central Chilean coast a) Anemonia
taxonomists for a long
probably benefit from the
alicemartinae
b)
the
colonial
anemone
Cereus
herpetodes
c)
blue
colour
morph
time - a revision was
extraction of space and
of Phymactis papillosa d) Oulactis concinnata
overdue and additional
food competitors. With
distinctive characteristics
their ability of fast asexual
needed to be found. The
reproduction, many
revision of South
effective defence
American Actinostola
mechanisms and
species, that had formerly
potentially long life,
all been synonymized, led
actinians are capable of
to the differentiation of
rapidly conquering space
the Chilean species from
and keeping this for a
the Argentinean and
long time. As omnivores,
Antarctic species.
they additionally reduce
Actinostola chilensis
recruitment success of
(figure 3) is presently the
competing species by
first member of its genus
preying on their larvae.
to be described including
The Chilean sea
in vivo information and
anemone fauna also
photos.
included a real surprise:
The shallow waters of FIGURE 3. Large specimens of Actinostola chilensis prefer exposed positions, fjord we found the first colonial
north and central Chile are Comau, South Chile; 25 m.
sea anemone, Cereus
inhabited by approximately
herpetodes (Figure 2b),
15 sea anemone species. Many of the species of the
along the exposed coast of Chile. To date, sea
exposed coast can still be found south of 42°S where
anemones had always been described as purely solitary,
the fjord region begins, but at this latitude a high number
in contrast to most other orders of the hexacorals which
of additional species, that are restricted to the inner
have colonial members. Through continued
fjords and channels, increase the total species number.
intratentacular budding, C. herpetodes grows to flabelloWith 25 to 30 shallow water species, sea anemone
meandroid colonies with up to more than 200 zooids,
diversity is clearly higher in the fjords compared to
hitherto only known from stony corals.
further north. Especially in depths, where the influence
Vreni Häussermann
of the commonly present Low Salinity Layer loses its
Email:
vreni_haeussermann@yahoo.de
influence, sea anemones belong to the most
Web: http://www.people.freenet.de/haeussermann
conspicuous groups of benthic invertebrates. Another
www.anthozoa.com
interesting phenomenon that can be observed in the
fjords is that species that are generally known from
Published in volume 84 of JMBA
greater depths such as the sea anemone genera
Häussermann, V. Identifications and taxonomy of soft-bodied
Actinostola (Figure 3) and Hormathia can be observed in
hexacorals exemplified by Chilean sea anemones; including guidelines
relatively shallow water in the fjords.
for sampling, preservation and examination. JMBA 84, 931–936
Zagal, C.J. Population biology and habitat of the stauromedusa
In some regions we found large areas densely
Haliclystus auricula in southern Chile, JMBA 84, 331–336
covered by sea anemones. Anthothoe chilensis is the
Zagal, C.J. Diet of the stauromedusa Haliclystus auricula from
most common example to form extended meadows
southern Chile, JMBA 84, 337–340
Brolund, T.M., Tychsen, A., Nielsen, L.E. & Arvedlund, M. An assemblage
(Figure 1). This might not always have been like this.
of the host anemone Heteractis magnifica in the northern Red Sea, and
Fishermen, local scientists and studies of the literature
distribution of the resident anemonefish, JMBA 84, 671–674
revealed that sea anemones might have become more
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Conservation of

AUSTRALIAN MARINE INVERTEBRATES

NEAR CAPE LEEWIN

AUSTRALIA IS GRAPPLING WITH THE PROBLEMS OF CONSERVING ITS MARINE
BIODIVERSITY AND YET THIS DIVERSITY HAS BEEN POORLY DOCUMENTED.

I

n 1999 a contract was awarded to Winston Ponder
and Pat Hutchings of the Australian Museum by the
then Environment Australia (now Department of
Environment and Heritage) to review the status of
Australia’s marine invertebrates. This report which was
finalised in 2002 is available on the Australian Museum
website. http://www.amonline.net.au/invertebrates/pdf/
marineoverview.dpf
In the report we attempted to summarise what is
known and what is not known about the marine
invertebrates, by major groups, in Australian waters
which extend from the tropics to the subantarctic islands.
We compiled this data by sending questionnaires to all
the relevant specialists both in Australia and overseas,
as well as various Collections Managers of the
Australian state museums as to the number of unsorted
lots and their locality, which are housed in their
collections. The survey revealed that it is only some of
the shallow water communities that have been studied in
detail and it is those in temperate waters that have
received the most attention. Some constituents, such as
interstitial fauna have almost been completely neglected.
More disturbing was the lack of information on the
diversity in depths of 100 m+ all of which are included in
the extensive Exclusive Economic Zone which Australia
has declared. Undoubtedly similar gaps in information
occur in many other parts of the world, especially South
America, Africa and SE Asia.
With such large gaps in our information we suggest
that the only feasible ways in which to conserve this
largely undocumented biodiversity is to conserve
representatives of all the habitats present within each
latitude. Such an approach has recently been adopted
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by the Great Barrier Reef Marine Park Authority in its
Representatives Areas Program where 70 bioregions
were indentified within the park. A decision was made
that at least 20% of each of these bioregions should be
conserved within a no take zone and this has been
achieved within the new zoning plan which came into
effect on 1 July 2004. (http://www.gbrmpa.gov.au/corp_
site/management/zoning/index.html).
We summarized the key threatening processes likely
to impact on marine invertebrates and we discussed
each of these in detail using, where possible, Australian
examples, as well as overseas examples. Examples of
key threatening processes include, effects of trawling,
invasive species, dredging as well as global warming etc,
with others such as mining, significant at local scales.
The conclusions from this section are relevant world
wide as these threatening processes are common
throughout the world. In New South Wales attempts to
manage the squid industry are being hampered as
commercial catches include several undescribed
species, each of which may have different life history
strategies. The managers are trying to ensure that we
have sustainable fisheries, but how can one manage a
fishery when the components are not known or even
understood! A classic case where some basic biological
studies should be undertaken but the organisation
responsible for the fisheries is not responsible for
awarding research grants.
In Australia a large proportion of our population lives
along the coast and coastal development is threatening
many productive marine ecosystems such as seagrass
beds and mangroves. In addition increasing coastal
urban development is leading to increased run off into

our shallow coastal waters and while this has been
recognised as a major threat to the inshore coral
communities along the Queensland coast, it is a major
threat to all our coastal communities. Especially in the
tropical regions where rainfall is seasonal often leading
to flooding and the development of river plumes which
occur offshore for many km’s, carrying with it sediment
often contaminated with fertilisers and pollutants.
We also discuss the various state and federal
legislation which could be used potentially to conserve
marine invertebrates. At both the Federal and state level
in Australia marine invertebrates can be listed as
threatened under Threatened Species Legislation
although few to date have been. Hutchings (2004)
discusses the pros and cons of using such legislation
and suggests that it has limited conservation value
except for some iconic species. An earlier paper
(Hutchings, 2003) suggests that realistically habitat
conservation is the approach which should be adopted
to conserve marine biodiversity, especially when a large
proportion of the fauna is as yet undescribed. Other
international legislation such as CITES protects
scleractinian corals and some other anthozoans and
certain molluscs. As we all have seen pieces of coral
skeletons and mollusc shells being sold in gift shops and
precious corals being used for jewellery, again there are
many loop holes in this international legislation. In fact
the commissioning of this report was initiated by one of
the scientific committees of Environment Australia
dealing with threatened species, and to complement a
report on terrestrial invertebrates prepared by Yen &
Butcher (1997).
One of the most important sections of the report is
where we explain the reasons as to why marine
invertebrates need to be conserved, not just for
economic reasons but for ecosystem functioning. In
most marine habitats marine invertebrates are the
dominant group not just in terms of numbers of
individuals and species, but often they constitute a major
part of the biomass. They have always exhibited high
rates of turnover making them a major player in the
productivity of that habitat. In addition they occupy all
levels in the food chain from breaking down the plant
matter right up to top level carnivores. In Australia
several species of marine invertebrates are important
commercial fisheries, much of which is exported
including crayfish, several species of prawns, abalone
and oysters.
Finally, we discuss what is actually needed to be
done to increase our knowledge of our marine
invertebrates, from the need to employ more
taxonomists but to have increased funding for
undertaking basic research into the ecology of at least
the major components of this fauna. In effect we, as
marine invertebrate biologists, have failed in
communicating the results of our research to the
general public, let alone the majority of the scientific
community, and only occasionally to marine managers.
We see in Australia and it is apparently a much wider
phenomenon, a reduction in the marine invertebrate
course work in University courses, an almost complete
lack of teaching of the role of taxonomy and the
important role which it plays. In addition we are seeing a
reduction in the amount of funds available for basic
taxonomic research and running costs for museums

being reduced as well as the number of scientific
positions for taxonomists. In most parts of the world
taxonomists are employed by museums yet the
demands on our time are being increased, as people
ask us to confirm the identification of their fauna as part
of an ecological study or to check if it is unwanted
introduced species.
I should like to congratulate JMBA for asking me to
prepare this brief overview of our report on conservation
of Australian marine
invertebrates. I have been a
member of the Marine
Biological Association since
my student days in the UK
and while I have used my
bench facilities unfortunately
only once since leaving the
UK to resolve some taxonomic
problems in polychaetes, I
have enjoyed reading the
journal as well as publishing
in it, because of its extremely
diverse content. It is rare to
find a journal which covers
both classical and molecular taxonomy as well as all
other fields of marine biology. It has always supported
the publication of taxonomy.
Pat Hutchings,
The Australian Museum, Sydney NSW, Australia.
Email: path@austmus.gov.au
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MUDFLATS LEMON TREE PASSAGE
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WHY

IS THE GRASS GREEN

and why are there 40 shades of green?
stronauts, observing the Earth from
yellow than green in colour, as the
space, often describe it as the blue
concentration of chlorophyll diminishes and the
planet and ascribe this to the fact that
remnant carotenoid pigments, yellow-orange in
70% of the Earth’s surface is water, blue in
colour, predominate. Seasonally we are
colour (Figure 1). The ‘blue-Earth’ is in reality
familiar with the colour change of tree leaves in
a result of the atmosphere, where molecules of
autumn (fall) from green to yellow-orangeO2 and N2 scatter blue light preferentially
brown, as chlorophyll synthesis diminishes due
(Raleigh scattering). Strip away the
to light limitation and nutrient exhaustion.
atmosphere, and colour-observing satellites
Grass, which continues to grow throughout the
such as CZCS,
winter in temperate
OCTS, SeaWiFS,
latitudes at
MODIS and MERIS,
temperatures above
show that the Earth’s
5°C, loses its
surface is
greenness
substantially green (>50%)
becoming 'straw' coloured.
due to green-plant biomass
Terrestrial and aquatic
in temperate and high
plants are quite different
latitude regions, in
in many respects, but
spring and summer.
evidence of the
Figure 2 shows the
‘greenness’ of plants
NASA–SeaWiFS
comes from analyses
annual mean
of marine planktonic
composite of surface
eco-systems. In
chlorophyll
JMBA 84, (Aiken et
concentration (plant
al., 2004) we report
biomass, false colour),
the annual cycle of
largely green for the
phytoplankton phototropical rain forests,
synthetic quantum
temperate land areas and
efficiency (measured by
temperate and polar ocean
Fast Repetition Rate
regions; exceptions are the midFluorometry) pigment composition
FIGURE 1
latitude deserts (e.g. the ‘yellow’ Sahara),
and optical properties in the western
the polar ice caps (white) and the ocean
English Channel.
deserts, the oligotrophic, sub-tropical gyres
The variation of Chlorophyll-a (Chla) and other
(blue).
phytoplankton pigments followed the classical
Grass is green because it contains the
seasonal cycle, driven by incident light,
green pigment chlorophyll, ubiquitous to all
patterns of stratification and nutrient
plants. Different hues of green are observed
availability. Phytoplankton and pigment
when grass is fertilized differentially, with
concentrations were low in the winter, rising to
patches of vigorous growth having deeper
a peak in the spring ‘bloom’, with episodic
green shades. Grass which is shaded from
blooms throughout the summer, an autumn
sunlight for a few days quickly becomes more
bloom and a decline to the winter minimum.
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Surface layer Chla and total pigment (Tpig)
functional link between Chla and primary
concentrations were highly correlated for the
production. We show that Tpig is a robust
whole year, yet it was observed that the fraction
proxy for phytoplankton carbon and a better
of Chla in Tpig was not constant and had a
measure of phytoplankton biomass than Chla.
distinct seasonal pattern, low in winter and
Because of its link to PQE, Chla is the most
higher in spring, summer and autumn blooms.
highly variable component of plant production
The fraction of Chla in Tpig was linearly
systems.
correlated with photosynthetic quantum
These observations are not exclusively
efficiency (PQE) throughout most of the year
properties of temperate shelf sea ecosystems
and more significantly within seasonal periods.
represented by the western English Channel.
Chla and Tpig were both significantly linearly
We have data from research cruises in different
correlated with phytoplankton Carbon (Cph,
ocean areas for short periods at different
converted from microscopic counts of
seasons that show similar relationships.
phytoplankton preserved samples) but the
Similar changes were observed for the iron
Chla/Cph ratio was significantly correlated with
enrichment experiments. In each experiment
Chla/Tpig and PQE for the spring and summer
following iron enrichment, the Chla fraction of
periods only,
total pigments (or
probably as a result
total Carbon)
of measurement
increased correlated
uncertainties; small
with the increase of
cells, mostly flagellates, in
photosynthetic quantum
winter are under-counted
efficiency. Again it can be
and phytoplankton
concluded that Chla was
Carbon is
synthesized
underestimated. The
preferentially as the
optical absorption
plants were
ratios, a674/a443
stimulated into
(used by Margalef
growth.
as a productivity
Thus the 40 shades
index in the 1960s)
of green are a
and a674/a490 (used
representation of the
by Jeffrey as a
state of growth of
Chla/carotenoid index)
plants, the greener the
were significantly
more healthy. Now we all
knew that!
correlated with PQE and
Chla/Tpig, indicating possible
Jim Aiken
characteristic optical signatures for
Email: ja@pml.ac.uk
FIGURE 2
these two parameters. The seasonal
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cycle of measurements of photosynthetic
Aiken, J., Fishwick, J., Moore, G. & Pemberton, K. The annual cycle
quantum efficiency provided a bench-mark
of phytoplankton photosynthetic quantum efficiency, pigment
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against which all the photosynthetically-driven
JMBA 84, 301–313
Fernández, E., Álvarez, F., Anadón, R., Barquero, S., Bode, A.,
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CHEMICAL WARFARE IN THE SEA:
algal defence leaves invertebrates firing blanks

D

iatoms are one of the most important
microalgal groups responsible for fixing
solar energy in aquatic environments.
They are eaten by a diverse range of
invertebrates and in this way energy is
transferred along the foodweb. Within the past
10 years it has been discovered that diatoms
produce toxic chemicals as they are eaten.
These chemicals (polyunsaturated aldehydes),
are highly toxic to the reproductive and
developmental processes of invertebrates and
in this manner can limit invertebrate population
growth. The aldehydes are known to prevent
invertebrate embryos from developing normally
which leads to hatching failure, and larvae of
those that do hatch successfully often display
severe birth defects (see figure).
The aldehydes are highly toxic to
developmental processes that occur prior to
larval development. One of the most toxic
aldehydes (2E,4E-decadienal), for example, is
a fertilization channel blocker. Decadienal also
inhibits invertebrate sperm motility thereby
affecting reproduction from both maternal and
paternal sides. Our latest findings have shown
that decadienal can cause infertility even

before the fertilisation stage is reached. To
become competent to fertilise and
subsequently divide, eggs must undergo a
maturation step. Prior to maturation, eggs of
Asterias rubens are arrested in prophase of
the cell cycle. A hormone triggers the eggs to
enter metaphase and thereby reach maturity.
We have found that if the eggs are exposed to
decadienal during the maturation process,
necrotic cell death is triggered which makes
the eggs incapable of fertilisation (see figure).
The impact of aldehydes from diatoms on
invertebrate populations is one of great interest
in marine chemical ecology. The use of
aldehydes as birth control chemicals has no
known parallel in marine systems. It is likely
that these and other such chemicals will play
an intrinsic role in regulating algal and
invertebrate population dynamics in the sea.
Dr Gary Caldwell Email: gary.caldwell@ncl.ac.uk
Dr Matthew Bentley Email: m.g.bentley@ncl.ac.uk
Professor Peter Olive Email: p.j.w.olive@ncl.ac.uk
School of Marine Science and Technology
University of Newcastle upon Tyne
Ridley Building
Claremont Road
Newcastle upon Tyne
NE1 7RU

A) normal polychaete larva (Nereis virens), B) larvae with birth defects C) necrotic seastar eggs (Asterias rubens).
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BRYOSTATIN 1 – antitumour agent
Bryostatin 1 was first isolated in 1969 from
Bugula neritina (L.) a near-cosmopolitan
marine fouling bryozoan. This species is easily
recognisable as the brownish-burgundy
coloured bushy tufts commonly seen on pierpilings, boat hulls and seaweeds in warmtemperate and temperate waters.
Bryostatin 1 is a macrocyclic lactone which
when first isolated was found to be a potent
compound active against tumours. But it was
soon realised that not all populations of Bugula
neritina are genetically identical, with some
populations possessing Bryostatin 1, others
not, rather producing other less-bioactive
bryostatins. However, more intriguingly, it was
later discovered that Bryostatin 1 is actually
produced by obligate endosymbiotic bacteria of
the bryozoan, “Candidatus Endobugula
sertula”. Obviously, the different genetic
populations of the bryozoan contain genetically
different bacterial populations, and whilst all

produce bryostatins, some forms of the
compound are more chemically active than
others.
The rod-shaped Gram-negative bacteria are
found in the funiculus (the internal cord-like
organ that connects all the zooids in the
colony) of the bryozoan. The bryozoan
gradually accumulates the compound over the
lifetime of the colony (concentrations
increasing with colony age) and sequesters it,
or rather the bacteria that produce it, in the
larvae as they are developed and released.
This, and the fact that Bugula neritina larvae
are strongly chemically defended whilst the
adult colonies are not, highlights the possibility
that the compounds are used to defend the
short-lived lecithotrophic larvae prior to
settlement.
Bryostatin 1 went into Phase I clinical trials in
the early 1980’s and by the late 1990’s was in
Phase II clinical trials against tumours,
melanomas, lymphomas and leukaemias.
However, these latter trials have failed to show
the benefit of its use as a single agent. More
studies to better understand the
pharmacological effects of Bryostatin 1 on
these cancers is needed as the reasons for its
lack of efficacy are unclear. The commercial
cultivation of Bugula neritina is economically
viable and a number of companies in Europe
and the USA have been given the rights to
develop this therapy further. Watch this
space…
Kevin Tilbrook
Email: kevin.tilbrook@aut.ac.nz
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