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Abstract: In spring 2014, thousands of green algal balls
were washed up at Dee Why Beach, Sydney, New South
Wales, Australia. Reports of algal balls are uncommon in
marine systems, and mass strandings on beaches are even
more rare, sparking both public and scientific interest. We
identified the algal masses as Chaetomorpha linum by using
light microscopy and DNA sequencing. We characterize the
size and composition of the balls from Dee Why Beach and
compare them to previous records of marine algal balls. We
describe the environmental conditions that could explain
their appearance, given the ecophysiology of C. linum.

Keywords: aegagropilious; algal balls; Chaetomorpha
linum; Cladophoraceae.

Thousands of algal balls washed up on the popular swim-
ming beach at Dee Why in Sydney, New South Wales,
Australia (33.753609°S, 151.297114°E), on the morning of
16 September 2014 (Figure 1A). Mass strandings of large,
near-spherical balls of algae on beaches are a rare occur-
rence that capture the attention of scientists and the public
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alike (see Newton 1950, Mathieson and Dawes 2002).
Indeed, there do not appear to be any previous records of
living algal balls in Sydney, explaining the global scien-
tific and media interest (see Crew 2014, Nuwer 2014, Poore
2014). The majority of balls were washed back into the sea
over the next few days, and the balls that persisted on the
beach visibly deteriorated (Figure 1B). Small numbers of
balls continued to wash up intermittently throughout Sep-
tember and October 2014 (Julia Cooke pers comm). There
were no reports of algal balls washing up on any of the
adjacent beaches.

Free-floating algae occur worldwide in both freshwa-
ter and marine systems and form habitats that support
diverse life-forms (Norton and Mathieson 1983). They
can act as ecosystem engineers by significantly chang-
ing the light and nutrient levels, and provide habitat for
diverse communities of associated animals (Acton 1916,
Ballantine et al. 1994, Thiel and Gutow 2005).

Ball formation occurs by the mechanical action of
free-floating thalli being rolled against a substratum,
either by gentle rocking on a lake bottom or more vigor-
ous wave action in shallow marine environments (van
den Hoek 1963). Harder substrates generate rounder
balls (Mathieson and Dawes 2002). Algae that form
free-floating balls are described by the term aegagropil-
ious (Linnaeus 1753), which refers to their resemblance
to bezoar, the masses found in gastrointestinal tracts
of goats, Capra aegagrus (Erxleben). The most famous
algal balls are the moss balls or marimo in Lake Akan in
Japan, which are designated as a national treasure and
celebrated in an annual festival (Kurogi 1980, Wakana
et al. 2005). Marimo are formed by Aegagropila linnaei
(Kiitzing), and are found in lakes throughout the northern
hemisphere (Boedeker et al. 2010). They grow to 40 cm
in diameter and are hollow (Kurogi 1980). Formation of
aegagropilious algae is well documented in some fresh-
water/brackish lakes in the northern hemisphere (Boede-
ker et al. 2010), but marine records remain rare.
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Figure 1: Images of algal balls in situ and close up. We collected
two fresh balls that had washed up on 28 September (used for DNA
sequencing and morphological examination), and an additional
15 newly arrived balls on 1 October. We photographed submerged
balls in situ, up to 0.5 m below the surface of the water on 12
October 2014. (A) Algal Balls washed up on Dee Why Beach,
Sydney; (B) balls beginning to dry out on 22 September; (C) a ball
floating in the water column; (D) the algal balls were predomi-
nantly composed of filaments of Chaetomorpha linum, but also
red algal fragments; (E) a range of algal ball shapes and sizes; (F)
one algal ball pulled apart; (G) microscopic view of algae showing
unbranched filaments of cylindrical cells; and (H) microscopic
view of numerous chloroplasts. Several balls are preserved in the
Downing Herbarium (Accession numbers MQU 74000170-MQU
74000174) and National Herbarium of New South Wales, Royal
Botanic Gardens, Sydney (Accession numbers NSW982603,
NSW982609, NSW982263).
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Using morphological characteristics and published
keys (May 1938, Millar and Kraft 1994, Womersley 1984),
we identified the dominant green alga forming the balls
from Dee Why as Chaetomorpha linum (O.F.Miiller)
Kiitzing (Cladophorales; Cladophoraceae). Each strand
was one cell thick and approximately 200 um in diameter
and 0.75-1.5 times diameter long (Figure 1G). Cell lengths
ranged from 150 to 300 um (Figure 1G). The cells were
cylindrical with many chloroplasts clearly visible (Figure
1H). Subsequent sequencing of the material confirmed the
algal species as C. linum (Figure 2).
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Figure 2: Phylogenetic tree of 18S sequences of Cladophorales
obtained from GenBank (http://www.ncbi.nlm.nih.gov/genbank/),
and 3 new sequences from two of the algal balls described in

this article. Bootstrap support for key nodes is given below the
branches, which show that the sequences of the algal balls from
Dee Why unambiguously group with those from Chaetomorpha
linum (97% bootstrap support). The new sequences have been
lodged in Genbank (accession numbers: KT593551, KT593550,
KT593552, top-bottom). In addition a full description of the
sequencing, phylogenetic analysis, and a larger tree reconstruction
is given in Gillings et al. (2014).
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Typically, species of green algae from the Cladopho-
rales, including Chaetomorpha spp., occur as felt-like
mats where the water is a few metres deep (van den Hoek
1963). Chaetomorpha linum is a globally distributed alga,
most commonly found as long, attached filaments, but at
times forming detached mats in the water column (Guiry
2014). It proliferates in response to increased nitrogen
and phosphorus concentrations in the water, reducing
the amount of nutrients available to other benthic life
(Menéndez et al. 2002, Krause-Jensen et al. 1996). This
species is tolerant of high light levels, including UVB,
through increased resistance to oxidative stress (Bischof
et al. 2006). In Australia, C. linum has been best studied
at Peel Inlet, Western Australia, where algal growth has
become a problem following eutrophication of the inlet.
In that estuary, the high abundance of C. linum was attrib-
uted to its capacity to overwinter, thereby storing nitrogen
and allowing higher growth in summer and faster uptake
of nutrients in comparison to co-occurring dominant algal
species (Lavery and McComb 1991).

The balls from Dee Why were on average (+SE)
6.56+0.74 cm in diameter (n=7, Figure 1E) and ranged from
roughly spherical to a prolate spheroid. The fresh balls,
after draining, weighed 36.38+19.32 g (n=4) and when air-
dried, 6.06+4.38 g (n=4). Dissection of the balls revealed
a solid, dense mass of entwined filaments, almost entirely
of C. linum (Figure 1D,F), but also containing fragments of
degraded, incomplete and usually bleached plant mate-
rial (0.3-7.0 cm in length, maximum 2 mm wide). The
fragments included Sphacelaria cirrosa (Roth) C.Agardh,
Acrosorium ciliolatum (Harvey) Kylin, Laurencia clavata
Sonder, Pterosiphonia sp., Heterosiphonia sp., Polysipho-
nia sp., and unidentified species of Rhodomelaceae, bryo-
zoans and angiosperms (of marine or terrestrial origin).
In some balls, the only non-organic matter was sand on
the outside of the balls, presumably from the beach. In
other balls, a layer of sand within the ball suggested they
were washed up for the second time having accumulated
a sand layer from an earlier beaching. Two balls were kept
in an aquarium and numerous small invertebrates were
seen emerging from and retreating into the balls (M. Gill-
ings, pers comm).

Despite the limited number of records, it is possible
to compare reports of this phenomenon. From a search
of the literature and herbarium records, we found 14
records of marine aegagropilious algae (including the
recent event at Dee Why, Table 1). Of these, only four
were records of specimens washed up on beaches, with
the remainder found in shallow waters of open lagoons,
inlets or rarely offshore from beaches. Ten of these records
involved green algae from the Cladophorales, with other
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records involving green algae from the Bryopsidales and
Caulerpales, brown algae from the Dictyotales, Ectocar-
pales and Sphacelariales, and red algae from the Cera-
miales and Rhodymeniales (Table 1). The balls from Dee
Why are most similar to the two most recent records listed
in Table 1. In 2011, balls were found in Galicia, Spain that
were also predominantly composed of C. linum (Barbara
2012). This species was also found in 79% of the 100,000s
of balls dominated by C. picquotiana that washed up on
the New Hampshire Coast, USA in 2002 (Mathieson and
Dawes 2002).

Due to their novelty, occurrences of algal balls are
reported in the literature, but data describing the condi-
tions that could contribute to their formation and beaching
are generally missing and poorly understood. Widespread,
large mats of Chaetomorpha piquotiana (Montagne) were
reported prior to balls of this species washing up on
beaches in NH, USA (Mathieson and Dawes 2002). These
authors suggested that increased temperature rather than
nutrients was responsible for build-up of the algae due to
the preceding atypically warm weather. We have no evi-
dence of enhanced temperatures prior to the appearance
of the algal balls at Dee Why, with maximum daily temper-
atures of predominantly 16-19°C being the same or lower
as long-term averages for these months of 18-22°C (Aus-
tralian Bureau of Meteorology 2015a). Across all known
records, the majority (10 of 13) were collected in warmer
months of the year.

At Dee Why Beach, while temperatures prior to the
mass stranding of algal balls were not unusual, rainfall
was unusually high with monthly falls of 215 mm and
100 mm in August and September 2014, respectively,
compared to long-term means of 63 and 71 mm (Aus-
tralian Bureau of Meteorology 2015b). High rainfall in
Sydney causes increased nutrient levels in water bodies
through suburban run-off and sewage outlet overflow
(Thomas 1997). Problematic levels of C. linum have been
previously recorded in Dee Why Lagoon (which lies

Lagoon depth (m)

T T T
Aug Sep Oct

Figure 3: Water depth in Dee Why Lagoon for August and Septem-
ber 2014 with the arrival of the first algal balls on September 16
shown (dotted line). The lagoon depth data were supplied by NSW
Public Works’ Manly Hydraulics Laboratory.
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Figure 4: Directional wave power at Dee Why Beach on the day the balls appeared. The wave power and direction was modelled using
WaveRider buoy data from the mid shelf off Long Reef (~80 m water depth, data supplied by NSW Public Works’ Manly Hydraulics Labora-
tory) and modelled with the Danish Hydraulics Institute MIKE21 spectral wave model. The preceding ten days showed similar conditions,
but with more south-easterly direction. The wave directional shift from persistent SE conditions to E is consistent with the transport of the
algal mats and balls southwards from the lagoon entrance to eventual deposition on Dee Why Beach.

behind Dee Why Beach and opens intermittently) fol-
lowing nutrient enrichment (Chen 1981, Rutten et al.
2006). We postulate that an increase in nutrients from
the high rainfall could have led to the proliferation of C.
linum, either in the lagoon, or in surrounding subtidal
environments following nutrient release with lagoon
opening.

Water level records show Dee Why Lagoon opened
to the sea on 20 August 2014, and again on 6 September
after which water levels fluctuated (Figure 3), suggesting
that tidal activity caused significant regular water flows
into and out of the now shallower lagoon entrance and
delta until the date the balls first arrived on the beach. In
2014, wave climate along the south-east coast of Australia
was dominated by persistent south to southeasterly swell
which produced high incident wave power along Dee Why
Beach. The fate of algal mats discharged to the surf zone

from the Dee Why Lagoon would have been transport by
orbital wave energy in the inner and outer surf zone at
Dee Why Beach (Figure 4). This orbital motion from swell
waves is a plausible mechanism to fragment algal mats
and agitate the fragments to form the observed algal balls.

To the best of our knowledge, green algal balls, or
indeed any aegagropilious algae, have not been recorded
on Sydney beaches. We suggest the phenomenon was due
to atypically high rainfall causing higher nutrient levels
that resulted in a proliferation of C. linum. South-easterly
swells seem likely to have contributed to the formation of
the balls and ultimately to have washed them up onto Dee
Why Beach.

Acknowledgments: We thank Dr Nick Yee for assisting
in identification of the non-dominant algae and Thomas
Mortlock for generating the wave figure.



6 —— |.Cooke etal.: Green algal balls from a beach in Sydney, Australia

References

Acton, E. 1916. On the structure and origin of ‘Cladophora balls’.
New Phytol. 15: 1-10.

Almodovar, L.R. and A. Rehm. 1971. Marine algal balls at La
Parguera, Puerto Rico. Nova Hedwigia 21: 255-259.

Australian Bureau of Meteorology. 2015a. Mean Maximum Tempera-
ture (degrees Celsius) for Sydney (Observatory Hill) for August
and September 2014 and long term data. Prepared using
Climate Data Online, Bureau of Meteorology. http://www.bom.
gov.au/climate/data, http://www.bom.gov.au/tmp/cdio/IDC-
JAC0002_066062.pdf.

Australian Bureau of Meteorology. 2015b. Rainfall (mm) for Collaroy
(Long Reef Golf Club, Station Number: 066126) for August and
September 2014 and long term data. Prepared using Climate
Data Online, Bureau of Meteorology. http://www.bom.gov.
au/climate/data, http://www.bom.gov.au/tmp/cdio/IDC-
JAC0009_066126_2014.pdf.

Ballantine, D.L., N.E. Aponte and J.G. Holmquist. 1994. Multi-species
algal balls and potentially imprisoned fauna: an unusual ben-
thic assemblage. Aquat. Bot. 48: 167-174.

Barbara, I. 2012. Egagropilas de Chaetomorpha linum, Halopteris
scopariay Zostera nolteni en Galicia. Bol sociedad Espanola
Ficologia. 46: 13-16.

Bischof, K., R. Rautenberger, L. Brey and ).L. Pérez-Lloréns, 2006.
Physiological acclimation to gradients of solar irradiance
within mats of the filamentous green macroalga Chaetomorpha
linum from southern Spain. Mar. Ecol. Prog. Ser. 306: 165-175.

Boedeker, C., A. Eggert, A. Inmers and E. Smets. 2010. Global
decline of and threats to Aegagropila linnaei, with special
reference to the lake ball habit. BioScience 60: 187-198.

Chen, D.M.H. 1981. Coastal Lagoons in New South Wales. Wetlands
(Australia) 1: 21-23.

Crew, B. 2014. Thousands of living green balls have taken up
residence on an Australian beach. Science Alert. http://www.
sciencealert.com.au/news/20142409-26225.html.

Dickinson, C.I. 1933. Some marine algal balls from Tasmania. Ann.
Bot. 2: 253-259.

Gillings, M.R., L. Vandine, A. Phillips, M. Bulbert, J. Cooke and
R. Lanfear. 2014. Molecular identification of green algal balls
from Dee-Why beach, Sydney, Australia. figShare. http://dx.doi.
0rg/10.6084/m9.figshare.1203265, Retrieved Oct 22, 2014.

Gil-Rodriguez, M.C., M. Machin-Sanchez, M. Carrillo, J.).

Bacallado, A. Pérez-Ruzafa, L. Moro, ). NGfiez Fraga and J.M.
Alemany. 2012. Sobre la biota del charco de San Ginésy la

presencia de “egagrépilas” de Valonia en Lanzarote, Islas

Canarias. Rev. Acad. Can. Cien. 24: 9-28.

Gordon, D.M., C. van den Hoek and A.J. McComb. 1985. An aegro-
piloid form of the green alga Cladophora montagneana Kutz.
(Chlorophyta, Cladophorales) from South-western Australia.
Bot. Mar. 27: 57-65.

Guiry, M.D. 2014. /n: (M.D. Guiry and G.M. Guiry, eds) AlgaeBase.
World-wide electronic publication, National University of
Ireland, Galway. http://www.algaebase.org; searched on 26
October 2014.

DE GRUYTER

Krause-Jensen, D., K. McGlathery, S. Rysgaard and P.B. Christensen.
1996. Production within dense mats of the filamentous mac-
roalga Chaetomorpha linum in relation to light and nutrient
availability. Mar. Ecol. Prog. Ser. 134: 207-216.

Kurogi M.E. 1980. Lake ball “marimo” in Lake Akan. Jap. J. Phycol.
28:168-169.

Lavery, P.S. and A.]. McComb. 1991. The nutritional eco-physiology
of Chaetomorpha linum and Ulva rigida in Peel Inlet, Western
Australia. Bot. Mar. 34:251-260.

Linnaeus, C. von. 1753. Species plantarum, vol. 1. Laurentii Salvii,
Stockholm.

Mathieson, A.C. and C. J. Dawes. 2002. Chaetomorpha balls foul
New Hampshire, USA Beaches. Algae. 17: 283-292.

May, V. 1938. A key to the marine algae of NSW. Part I. Chlorophy-
ceae. Proc. Linn. Soc. NSW. 63: 207-218.

Menéndez, M., J. Herrera-Silveira and F.A. Comin. 2002. Effect of
nitrogen and phosphorus supply on growth, chlorophyll con-
tent and tissue composition of the macroalga Chaetomorpha
linum (0.F.Miill.) Kiitz., in a Mediterranean Coastal Lagoon. Sci.
Mar. 66: 355-364.

Millar, A.).K and G.T. Kraft. 1994. Catalogue of marine benthic green
algae (Chlorophyta) of New South Wales, including Lord Howe
Island, south-western Pacific. Aust. Syst. Bot. 7: 419-453.

Newton L.M. 1950. A beach-ball mystery at Torbay. /llustrated
London News 216, p. 98.

Norton, T.A. and A.C. Mathieson. 1983. The biology of unattached
seaweeds. /n: (F.E. Round and V.J. Chapman, eds) Progress in
Phycological Research. Vol. 2. Elsevier, London. pp. 333-386.

Nuwer, R. 2014. Thousands of strange green balls appeared
overnight on a beach in Australia. Smithsonian Magazine.
http://www.smithsonianmag.com/smart-news/thousands-
strange-green-balls-appeared-overnight-beach-aus-
tralia-180952811/.

Poore, A. 2014. These fuzzy algal balls are way cooler than
aliens. Science Alert. http://www.sciencealert.com.au/fea-
tures/20142410-26391.html.

Rutten, K., R.J. Morrison, and R.J. West. 2006. Macroalgae in Lake
Illawarra, New South Wales, Australia. Wetlands (Australia)
21:105-117.

Thiel, M. and L. Gutow. 2005. The ecology of rafting in the marine
environment. |. The floating substrata. Oceanogr. Mar. Biol.
Annu. Rev. 42:181-264.

Thomas, J.F. 1997. Wastewater reuse, stormwater management and
national water reform agenda. CSIRO Land and Water. pp. 99.

van den Hoek, C. 1963. Revision of the European species of Clad-
ophora. Brill Academic Publishers, Leiden, Netherland.

Wakana, I., M. Kawachi, N. Hamada and H. Taoda. 2005. Current
situation and living environment of an endangered algal spe-
cies marimo (Aegagropila linnaei) in Takkobu marsh, Kushiro-
Shitsugen wetland. /. Plant Res. 118 (suppl): 64.

Wilce, R.T., C.W. Schneider, A.V. Quinlan and K.V. Bosch. 1982. The
life history and morphology of free-living Pilayella littoralis (L.)
Kjellm.(Ectocarpaceae, Ectocarpales) in Nahant Bay, Massa-
chusetts. Phycologia 21: 336-354.

Womersley, H.B.S. 1984. The marine benthic Flora of South Aus-
tralia, part 1. Government printer, South Australia, 1:122.


http://www.bom.gov.au/climate/data
http://www.bom.gov.au/climate/data
http://www.bom.gov.au/tmp/cdio/IDCJAC0002_066062.pdf
http://www.bom.gov.au/tmp/cdio/IDCJAC0002_066062.pdf
http://www.bom.gov.au/climate/data
http://www.bom.gov.au/climate/data
http://www.bom.gov.au/tmp/cdio/IDCJAC0009_066126_2014.pdf
http://www.bom.gov.au/tmp/cdio/IDCJAC0009_066126_2014.pdf
http://www.sciencealert.com.au/news/20142409-26225.html
http://www.sciencealert.com.au/news/20142409-26225.html
http://dx.doi.org/10.6084/m9.figshare.1203265
http://dx.doi.org/10.6084/m9.figshare.1203265
http://www.algaebase.org
http://www.smithsonianmag.com/smart-news/thousands-strange-green-balls-appeared-overnight-beach-australia-180952811/
http://www.smithsonianmag.com/smart-news/thousands-strange-green-balls-appeared-overnight-beach-australia-180952811/
http://www.smithsonianmag.com/smart-news/thousands-strange-green-balls-appeared-overnight-beach-australia-180952811/
http://www.sciencealert.com.au/features/20142410-26391.html
http://www.sciencealert.com.au/features/20142410-26391.html

DE GRUYTER J. Cooke et al.: Green algal balls from a beach in Sydney, Australia =—— 7

Yola Metti

The National Herbarium of New South Wales,
Royal Botanic Gardens and Domain Trust,
Sydney, NSW 2000, Australia

Bionotes

Julia Cooke

Department of Environment, Earth and
Ecosystems, The Open University, Milton
Keynes, MK7 6AA, UK
julia.cooke@open.ac.uk;

and Department of Biological Sciences,

Macquarie University, North Ryde, NSW Yola Metti was awarded a PhD in Phycology by the University of New
2109, Australia. http://orcid.org/0000-0002-  South Wales, Sydney, Australia. She is a post-doctoral Research
3178-0674 Fellow at the National Herbarium of New South Wales (Sydney) and

is currently working on the Australian Laurencia complex for the
Algae of Australia project (ABRS). Her research interests focus on
understanding evolutionary relationships of marine algae (primarily
Rhodophyta) through algal molecular systematics and traditional
morphological studies.

Julia Cooke is a lecturer in Ecology at the Open University, UK. She
was awarded a PhD from Macquarie University, Sydney for her work
on the functional ecology of plant silicon. Over the last 10 years,
Julia has used plants trait analysis as a tool to study the ecologi-
cal strategies of plants, including quantifying plant responses to
climate change, understanding invasiveness, characterising growth
strategies and global patterns in traits, and the use of silicon by
plants.

Matthew W. Bulbert
Department of Biological Sciences,
Macquarie University, North Ryde, NSW

Alistair G.B. Poore 2109, Australia

Evolution and Ecology Research

Centre, School of Biological, Earth and
Environmental Sciences, The University
of New South Wales, Sydney, NSW 2052,
Australia

Matthew W. Bulbert is a lecturer in Animal Behaviour at Macquarie
University. His PhD investigated the behavioural ecology of the
feather-legged assassin bug — an obligate ant-eater that uses a
luring strategy to capture its ant-prey. His research programme
focuses on the behavioural and ecological solutions that organ-
isms adopt to mitigate the cost of conflict, with a strong interest in
understanding the underlying mechanisms and evolutionary drivers
responsible for predator-prey dynamics. He is also a keen natural
historian with a broad interest in both fauna and flora with a bias
towards to the rare, the unknown, and the exceptionally weird.

Alistair G.B. Poore is an Associate Professor at the University of
New South Wales, Australia. He was awarded a PhD in Marine
Ecology from the University of New South Wales for research into
the ecology of evolution of marine plant-herbivore interactions.
His recent research has focused on the impacts of herbivores on
marine macroalgae and seagrasses, the evolution of herbivory in
the Crustacea, understanding the impacts of human stressors on
marine communities and the likelihood of adaptation by marine
invertebrates and algae to changing ocean conditions.


mailto:julia.cooke@open.ac.uk
http://orcid.org/0000-0002-3178-0674
http://orcid.org/0000-0002-3178-0674

