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ABSTRACT

Seven years-round since 1999, distribution and percentage cover were investigated in Caulerpa prolifera

collected from 13 stations along the coast of the Suez Canal at different depths and from different types
of substrates as well as from monthly collected samples in a dense unshaded meadow at
a depth of 3-7 m at Great Bitter lakes. Caulerpa prolifera start increasing their cover in Spring and
continued to increase into Autumn, with maximum cover in Winter. The seasonality patterns have been
correlated with changes in light, temperature, desiccation and grazing. A rapid spread and high
abundance of the invaded Caulerpa prolifera were observed on sandy or muddy sea bottom in shallow
protected area of the Great Bitter Lakes. Caulerpa prolifera changes the ecology of area by reducing the
abundance of native marine fauna and flora.
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INTRODUCTION

Caulerpa prolifera (Forsskél) Lamouroux, 1809
(Fucus prolifera Forsskél, 1775) is widely distributed
species in the Western Mediterranean (Terrados, 1991;
Hegazi, 1999). All representatives of this genus have
thalli consisting of long branching horizontal stolon
which gives rise to rhizoids at its ventral side for
attachment and many simple or branched erect portions
which are green in color (Dawes, 1981).

Marine algae from the genus Caulerpa get most of
the attention in the reef aquarium hobby. Caulerpa
species are fast-growing, decorative algae that have
been mainstay livestock items in the hobby for years.
They are an integral component of some current
methods of natural filtration such as the mud refugium
systems. While it may be hard to argue against
Caulerpa's effectiveness as a nutrient exporter, these
algae are prone to grow out of control in aquaria and
ultimately cause as many headaches as they relieve.
A viable alternative for the reef keeper interested in
a group of decorative algae with growth rates matching
Caulerpa spp. are the cactus algae.

Caulerpa prolifera has the ability to grow and
reproduce more rapidly than native species, directly or
indirectly prevents other algae or seagrasses from
growing nearby and any gain for it is a loss for the
native.

However, Great efforts have been made to study the
taxonomy and distribution of seaweed in the Suez Canal
(Fox, 1926; Nasr, 1947; Por, 1971; Lipkin, 1972a and
1972b, Aleem, 1980; Farghaly, 1985; El-Manawy,
1987; Farghaly et al., 1988; El-Manawy, 1992). The
presence of Caulerpa prolifera in the Suez Canal has
been recorded by Aleem (1980). His report was based
on one drifted specimen collected from Bitter Lakes.
Since then this species has not been recorded in the
Suez Canal, nor has been reported on the Gulf of Suez
or northern Red Sea (Nasr, 1947; Rayss, 1959; Rayss
and Dor, 1963; Papenfuss, 1968; Dor, 1984; Lipkin,
1979; Natour et al., 1979a and 1979b; Hegazi, 1992).
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The invasive Caulerpa prolifera has recently become
established at several locations in Suez Canal waters.
C. prolifera is native to Mediterranean (type locality:
Alexandria, Egypt), but through recent years, it has
spread via either purposeful or accidental introductions
to numerous coastal areas of the Suez Canal. Both
C. prolifera population dynamics and its effects upon
native communities, have been found to vary greatly
among invaded areas. Thus, the potential effects of C.
prolifera upon Suez Canal marine communities cannot
be predicted from previous studies.

This paper aims to describe and discuss the
geographical distribution, habitats and predicted
problem effects of Caulerpa prolifera in the Suez
Canal.

MATERIALS AND METHODS

A regular periodic program of 13 stations (Port Said,
Ras El-Ish, El-Tina, El-Cap, El-Kantara, El-Ballah,
El-Ferdan, Ismailia (Lake Timsah), Deversoir, Fayed
(Bitter Lakes), Kabrit, El-Shallofa and Suez) along the
coasts of the Suez Canal (Fig. 1) at different depths and
from different substrates, as well as monthly
observations and seasonal field trips collecting
Caulerpa prolifera for 7 years from 1999 to 2005 at
most of the sites now known to be colonized, was
carried out. To complete and rationalize this existing set
of investigation, samples were taken by Snorkeling or
SCUBA diving. Each sample was collected by cutting
out a square of C. prolifera contained within a 400 cm”
metal quadrate. Percentage of algal cover was estimated
by four randomly placed quadrates (20 x 20 cm) within
a horizontal distance of 2 m in each of the depths. Cover
was estimated at monthly intervals to determine patterns
of algal seasonality. The methods of estimating algal
percentage cover and choice sampling scale (i.e. size
and number of quadrates) were more extensively
described earlier (Jernakoff, 1983). Samples were
returned to the laboratory, and immediately rinsed with
filtered seawater, shaken to remove excess water and
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Figure (1): Satellite map showing sites where Caulerpa prolifera was investigated, 1) Port Said,
2) Ras El-Ish, 3) El-Tina, 4) El-Cap, 5) El-Kantara, 6) El-Ballah, 7) El-Ferdan, 8) Ismailia (Lake
Timsah), 9) Deversoir, 10) Fayed (Bitter Lakes), 11) Kabrit, 12) El-Shallofa, and 13) Suez.

dried to constant weight at 60° C. The biomass is
expressed as g/m’* dry weight biomass.

RESULTS

While investigating the intertidal rocky and sandy
shores of the Lake Timsah and Bitter lakes in 1999, we
encountered populations of Caulerpa which appeared to
be C. prolifera. 1t is a very popular alga now in the Suez
Canal, not only for its nutrient export, but also for its
beauty. This alga forms long a vine-like structure with
leaves 4 to 5 inches long. After a short while the vines
interconnect and form a luscious green mat. Rhizomes
and rhizoid of a coenocytic C. prolifera meadows allow
it to attach to the sandy and muddy bottom in shallow
waters. Therefore, the swift currents that are
characteristic with ships movement don't pull it off. The
vertical axes that are potentially independent units can
withstand fragmentation and regenerate after a stolon is
cut.

Caulerpa prolifera has been observed in El-Ballah,
El-Ferdan, Ismailia (Lake Timsah), Deversoir, Fayed
(Bitter Lakes), and Kabrit in a wide range of habitats as
compared to any other genus of seaweed in 1999. In that
time, it was very common in muddy bottom with great
biomass at a small and great Bitter Lakes. C. prolifera
started there to spread rapidly along the coastal lines
during the study period and appeared in all investigated
stations from Port Said to El-Suez harbor (Table 1).

32

Table (1): The Distribution (presence/absence) of Caulerpa
prolifera at different investigated sites in the Suez Canal
from 1999 to 2005.
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Caulerpa prolifera during the study period altered the
ecological relationships among native species of the
canal and affect function, and economic value of the
ecosystem. Many species of marine plants such as
C. racemosa, C. serrulata and Halophila stipulacea
with other species of animals that had lived there before,
are endangered now and suffer losses due to
competition by the invasion of C. prolifera, which
started gradually to increase the percentage of cover
from 20 to 80% on the bottom in 1999 and 2005,
respectively, at Fayed site from 3-7 m depth (Fig. 2).
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Mean seasonal changes in biomass indicated that
Caulerpa prolifera community in Fayed has a similar
pattern to Ismailia. It showed maximum dry weight/m’
in winter 2003 (49.3 g/m’ and (27.5 g/m’),
respectively, and minimum value in summer 2003 was
29.4 g /m* for Fayed area and 18.8 g/m* for Ismailia
(Fig. 3).

The number of primary fronds increases
progressively during autumn and winter, essentially
resulting from the growth of new intercalary primary
fronds. At the end of winter, the number of primary
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Figure (2): Annual variation of the % Cover of Caulerpa
prolifera in the bottom of Bitter lakes from 1999 to 2005.
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Figure (3): Seasonal variation of the biomass of Caulerpa
prolifera in Ismailia (Lake Timsah) and Bitter lakes from
Summer 2003 to 2004.
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Figure (4): Monthly variation of the biomass of Caulerpa
prolifera in Ismailia (Lake Timsah) and Bitter lakes in 2005.
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fronds decreases and starts to increase again in early
Spring, reaching a further maximum in Summer
and Autumn (Fig. 4). Frond length varies considerably
depending on the illumination.

Discussion

The enlargement and newly constructed branches of
the Suez Canal channel project has involved an increase
in the interchange rates between the Bitter Lakes and
Seas. Thereafter, organic-rich sediments, fine-grained
sediments and areas of low seagrass density in Bitter
Lakes has favored to the introduction and growth of
C. prolifera, which may quickly become a strong
competitor for space and light.

A high percentage of cover and biomass of Caulerpa
prolifera had many general impacts, specially on the
beaches of Fayed (Bitter lakes), El-Ferdan and Ismailia
(Lake Timsah) from 1999 to 2005, causing problems
when rotting, producing offensive smells on resort
beaches and less use of water areas ( e.g. swimming,
sail boarding, dinghy sailing and fishing). From Port
Said a wide variety of substrates from rock, sand and
mud. C. prolifera is usually found in depths of 0.5-7 m,
but has been recorded up to 8 m in the bottom of the
Great Bitter Lake. It occupies up to 100% of the
available substratum in some area in Fayed and El-
Ferdan. Native populations of the other seaweed in the
Suez Canal are found on rocky substrate and seagrass
meadows in sheltered or moderately wave-exposed
areas.

From this investigation, Caulerpa prolifera observed
inedible to local herbivores, which varies from place to
another in the Canal. The flourishment of C. prolifera
population reduce light, dampen flow, increase
sedimentation, and reduce ambient nutrient
concentrations available for native species from Port
Said to Suez harbor. The presence of C. prolifera in the
studied area had a negative impact on Halophila
stipulacea in south part of the Suez Canal, these results
coincide with those reported by De Gaillande (1970),
who noticed that the decline of the Posidonia oceanica
beds in the Gulf of Gabes, Tunisia resulting in part from
the spread of autochthonous C. prolifera. This species
also causes a nuisance to human when it accumulates on
beaches and rots producing a foul odor.

Finally, the spreading of Caulerpa prolifera is still in
progress and it is colonizing also rocky substrates.This
invasive species causes massive damage to the local
flora and fauna by supplanting the local vegetation. The
alga adapted very well to its new habitat. Its success is
based among others, on a very efficient reproductive
strategy and a highly active chemical defense. Effects
on human are mostly related to the reduction of catches
for commercial fishermen due to the elimination of fish
habitat by C. prolifera, although the entangling of nets
and boat propellers with this weed also affect efficiency.
In order to understand and control this species,
preventing the establishment of C. prolifera is always
the best method of control spreading by manual removal
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by hand and SCUBA diving or using suction pump to
remove all fragments and use them in pharmaceutical
industries for their clinical value as mentioned by
Abdel-Wahhab et al. (2006) and Selim et al. (2006).
More material of Caulerpa prolifera should be
examined from different localities and depths to raising
public awareness, and greater research using alternative
methods are needed in the future.

REFERENCE

ABDEL-WAHHAB, M.A., HH. AHMED, AND M.M.
HEGAzI. 2006. Prevention of aflatoxin Bl-initiated
hepatotoxicity in rat by marine algae extracts. Journal
of Applied Toxicology 26: 229-238.

ALEEM, A.A. 1980. Contributions to the study of the
marine algae of the Red Sea. IV. The algae and
seagrasses inhabiting the Suez Canal (Systematic
part). Bulletin Faculty of Science, King Abdulaziz
University, Jeddah 4: 31-89.

DAWES, C.J. 1981. Marine Botany. 1* edition, John
Wiley and Sons, New York.

DE GAILLANDE, D. 1970. Peuplement benthiques de |
herbier de Posidonia oceanica (Delile), de la pelouse
a Caulerpa prolifera Lamouroux et du large du golfe
de Gabes. Tethys 2: 373-384.

Dor, 1. 1984. Epiphytic blue-green algae
(Cyanobacteria) of the Sinai mangal: considerations
on vertical zonation and morphological adaptations.
In: F.D. Por and 1. Dor (eds) Hydrobiology of the
Mangal the Ecosystem of the Mangrove Forest 1.
Developments in Hydrobiology. Dr. W. Junk
Publishers, The Hague.

EL-MANAWY, IL.M. 1987. Ecological studies on the
seaweeds of the Suez Canal. M.Sc. Thesis, Suez
Canal University, Ismailia, Egypt.

EL-MANAWY, ILM. 1992. Ecological studies on the
benthic flora of the Bitter Lakes (Suez Canal). Ph.D.
Thesis, Suez Canal University, Ismailia, Egypt.

FARGHALY, M.S. 1985. Remarks on the marine
vegetation of the Suez Canal . Proceeding of the
Egyptian Botany Society, 4. (Ismailia Conference)
1377-1391.

FARGHALY, M.S., LM. EL-MANAWY, AND M. DENIZOT.
1988. Floristic and seasonal variations of the seaweed
communities in the lake Timsah (Suez Canal).
Naturalia Monpeliensia, Serie Botanique 3: 75-108.

Fox, H.M. 1926. Cambridge expedition to the Suez
Canal, 1924. Transaction of the Zoological Society of
London, XXII 1: 1-64.

HEGAZI, M.M. 1992. Ecological studies on the seaweeds
in south Sinai. M.Sc. Thesis, Suez Canal University,
Ismailia, Egypt.

HEGAzI, M.M. 1999. Composicion pigmentaria y
propiedades Opticas de la vegetacion submarina
costera del Mediterraneo Occidental. Ph.D. Thesis,

34

Murcia University, Murcia, Spain.

JERNAKOFF, P. 1983. Factors affecting the recruitment
of algae in a midshore region dominated by barnacles.
Journal of Experimental Marine Biology and Ecology
66: 17-31.

LIPKIN, Y. 1972a. Marine algae and sea-grass flora of
the Suez Canal. (The significance of this flora to the
understanding of the recent migration through the
canal, Israel Journal of Zoology 21: 405-446.

LIPKIN, Y. 1972B. Vegetation of the Bitter Lakes in the
Suez Canal water system. Israel Journal of Zoology
21: 447-457.

LipKIN, Y. 1979. Quantitative aspects of seagrass
communities, particularity of those dominated by
Halophila stipulacea, in Sinai (Northern Red Sea).
Aquatic Botany 7: 119-128.

NATOUR, R.M., J. GERLOFF, AND M. NIZAMUDDIN.
1979a. Algae from the Gulf of Aqaba, 1. Jordan.
Chlorophyceae and Phacophyceae. Nova Hedwigia,
Band XXXI, 1+2: 243-270.

NATOUR, R.M., J. GERLOFF, AND M. NIZAMUDDIN.
1979b. Algae from the Gulf of Aqgaba, I. Jordan. II.
Rhodophyceae. Nova Hedwigia, Band XXXI, 1+2:
273-297.

NASR, A.H. 1947. Synopsis of the marine algae of the
Egyptian Red Sea coast. Bulletin of Faculty of
Science. Cairo University, 26.

PAPENFUSS, G.F. 1968. A history, catalogue, and
bibliography of Red Sea benthic algae. Israel Journal
of Botany 17: 11-118.

Por, F.D. 1971. One hundred years of Suez Canal.
A century of Lessepsian Migration: retrospect and
viewpoint. Systematic Zoology 20: 679-682.

RAYss, T. 1959. Contribution a la connaissance de la
flore marine de la Mer Rouge. Bulletin of Sea Fish
Research Israel 23: 1-32.

RAYss, T., AND I. DOR. 1963. Nouvelle contribution a la
connaissance des algues marine de la Mer Rouge.
Bulletin Sea Fish Research 34: 11-42.

SALAMON, A., A. HOFSTETTER, Z. GARFUNKEL, AND H.
RON. 2003. Seismotectonics of the Sinai subplate the
eastern Mediterranean region, Geophysical. Journal.
International 155: 149-173.

SELIM, S.A., M.M. HEGAzI, AND A.S. AMIN. 2006.
Screening of biopotentials and antibacterial activities
of some fresh and marine algae from Suez Canal
region, Egypt. Acta Botanica Hungarica 48 (1-2):
115-125.

TERRADOS, J. 1991. Crecimiento y produccion de las
praderas de macrofitos del Mar Menor, Murcia. Ph.D.
Thesis, Murcia University, Murcia, Spain.

Received August 6, 2006
Accepted October 10, 2006



CATRINA (2006), 1 (2): 31-35 PROCEEDINGS OF THE FIRST INTERNATIONAL CONFERENCE ON CONSERVATION AND MANAGEMENT
© 2006 BY THE EGYPTIAN SOCIETY FOR ENVIRONMENTAL SCIENCES OF NATURAL RESOURCES, ISMAILIA, EGYPT, JUNE 18-19, 2006

=l padlal)

1999
7-3

35



