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ALTERNATE STATES OF POPULATIONS OF EcaINOMETRA MATHAEI (DE BLAINVILLE)
(ECHINODERMATA: ECHINOIDEA) IN THE GULF OF SUEZ AND THE GULF OF AQABA
John M. Lawrence
University of South Florida
Tampa, Florida, USA

"Individuals of Echinometra mathaei from the Gulf of Suez are
larger, have more annual rings in the plates of their tests, and more
plates between the apical system wand- the ambitus than individuals
from the Gulf of Agaba. These populations exist in alternate states
similar to those of E. mathaei at Reunion Island, South Pacific
Ocean. The basis for the alternate states of E. mathaei on the two
sides of the Sinai peninsula may also be the basis for the difference
in distribution of echinoid species in the Gulf of Suez and the Gulf
of Aqaba. These alternate states may be stable.” )

Introduction

Lewontin (1969) proposed that there are multiple stable points possible
for a community; that is, stable communities with different structures can
exist., Sutherland (1974) stated that the identification of multiple stable
points depended on attributing some degree of stability to them. His examples
of alternate stable-state communities involved the additian or subtraction of
an important consumer, which changed the structure of the community.

Contrasting states .of the shallow-water algal communities involving the
echinoid genus Strongylocentrotus have been found off the northern California
coast (Lowry and Pearse, 19Y73), the Aleutian Islands (Estes and Palmisano,

1974; Estes et al., 1978; Simenstad et al., 1978), and the eastern Canadian

coast {Breen and Mann, 1976; Chapman, 1981; Mann, 1977). In all of these F
cases, the basis for the alternate states of the community presumably is in the h
role of a predator -- the sea otter Enhydra lutris in the northeastern Pacific
and the lobster Homarus americanus off the eastern Canadian coast -- functioning
in the role of a keystone species as conceived by Paine (1969). The presump-
tion is that these altered states are stable.

The observations clearly indicate that the populations and individuals of
the echinoids in the alternate states of the community are themselves in alter-
nate states. Indeed, this is one of the means of recognizing alternate stable-
state communities. The dual purpose of this paper. is to describe populations
of the echinoid Echinometra mathaei (de Blainville) in what seem to be alter-
nate states in the Gulf of Suez and the Gulf of AGaba and to evaluate the bases
for alternate states in echinoderms.

Haterials and Methods h o -

E. mathaei were collected in November 1969 and August 1971 from E
32'N, 33° 15'E), in February 1970 from Ras el Burqa (29° 13'N, 34°
March 1970 from Sharm esh Sheikh (27° 57'N, 34° 44't) in the Gulf o
in January 1970 from El1 Bilaiyim (28° 32'N, 33° 15'E) in the Gulf
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ong horizontal diameter was measured, and the color of the test and spines
sngted. A plate of the test from the ambitus was removed, soaked in ethanol,
‘Charred in an alcohol flame, cooled, and then soaked in xylene before the
sonpumber of major sets of rings were counted (annual rings; see Jensen, 1969).

RE | Results

- All B. mathaei from the Gulf of Agaba were pink; all from the Gulf of Suez
 were black. THe specimens from the Gulf of Aqaba had a smaller horizontal

. diameter, fewer major sets of rings in the plate from the ambitus, and a

~smaller number of plates from the apical system to the ambitus (Table 1). The
differences between those from Eilat (Gulf of Aqaba) and those from E1 Bilaiyim
(Gulf of Suez) were all significant (p < .0U0l, Student's t-test).

TABLE 1, Characteristics of Echinometra mathaei from the Gulf of Suez and tne
Gulf of Aqaba.

Number of Plates

Collection Date n H.D.* Number of Annual Rings from the Apical
Site (mo/yr) (mm) in Ambital Plate System to Ambitus
Gulf of
Aqaba
~ Eilat 11/69 5 31%3 81 61
. 8/70 10 37%2 81 71
2/10 7 48%3 9t ] 7t1
3/70 5  27%3 6%1 51
El Bilaiyim 1/70 11 74% 3 111 111

_horizontal diameter.

Discussion

w0 geographical populations of E. mathaei do not meet the strict
-alternate stable-state communities, which occur 1in one locality
mes. However, 1 believe that they can be considered together
addition, there are no data substantiating the premise that the
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different states of the populations in the two gulfs are stable. I see no
reason to presume they are not.

The populations of E. mathaei in the Gulf of Agqaba and the Gulf of Suez
differ in size and other characteristics. The lack of variability in the
features of the two populations, as well as the ages suggested by the number of
rings in the plates, implies that the two populations are stable. The differ-.
ences in size and color are identical to those of two populations of E. mathaei
found on the two sides of Boucan Canot, a small point on Reunion Island in the
South Indian Ocean (Lawrence, 1980). Small pink individuals occur on the
exposed windward side of the point; large black individuals occur on the pro-
tected leeward side.

From comparisons with the observations on other echinoid populations
(Table 2), I conclude that there are alternate states of E. mathaei populations
on the two sides of the Sinai peninsula and the point on Reunion [sland, which ,
indicate the existence of alternate states of the communities. Their basis is
not known, nor do we know whether these states are stable.

Following Sutherland (1974), one would postulate a predator whose presence
or absence determined the state of the E. mathaei populations. Estes et al.
(1978) and Simenstad et al. (1978) suggested that size-specific predation by
Enhydra lutris on large Strongylocentrotus polyacanthus resulted in a popula-
tion of small individuals of low density. Similarly, a population of smalil
individuals of Echinometra lucunter on the windward side of Barbados was less
dense than a population of large individuals on the leeward side {Lawrence and
Kafri, 1979). Luxuriant intertidal algal growth occurs on the windward coast
of Barbados, whereas only boring blue-green algae occur in the intertidal where
E. lucunter was collected on the leeward coast. Higher mortality on the wind-
ward side may have been the basis for the difference in the size and density of
E. lucunter there, but due to wave activity instead of predation (Lawrence and
Kafri, 1979).

However, the population of smali individuals of £. mathaei on the windward
side of the point at Reunion Island was denser than the population of large
individuals (Lawrence, 1980). The dense population of small individuals at
Reunion Island were in burrows in a substratum covered with a dense algal felt;
the less dense population of large individuals was not burrowed into the sub-
stratum that was devoid of algae. The necessity to burrow probably restricted ‘
tne size of individuals on the windward side of the point, but not on the . #
protected leeward side.

The disappearance of Homarus americanus resulted in Strongylocentrotus
droebachinensis becoming small and abundant as the kelp was consumed (Breen and
Mann, 19Y76; Mann, 1977) off Newfoundland. In contrast, dense .populations ofzH
large individuals of S. polyacanthus developed associated with the absence. g
E. lutris noted by Estes et al. (1978) and Simenstad et al. (1978) i
Aleutian Islands. This may be associated with a dlfference in the am
drift algae available for feeding.

As Ebert (1968) pointed out, the density of echinoids 15'nqtgd
tood, but biomass.is. -Lindahl and Runnstrom (1929) cuncluded -that;
ence in individual size of the S-type and Z-type of psammech
due to the populations living in different communities wit
physical conditions. Ebert (1968) suggested that eching
size set by local conditions, and that individuals will
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to the amount of food available. Sufficiently dense populations of echinoids
can compete intraspecifically for food and thus affect their growth rates
(Ebert, 1977). Paine (1976a) found a difference in the size of pisaster
ochraceus, which he related to food availability, and noted (Paine, 1976b) an
inverse relationship between individual size and density. Intraspecific com-
petition seems involved in the inverse relationship between individual size and
population density of the asteroid Oreaster reticulatus (Scheibling, 1980a,
1980b). Menge (1975) described a variation in the size of Leptasterias hex-
actis related to food availability, in this case controlled by interspecific
competition with P. ochraceus.

Tnus, although alternate states of a community can come about by the

addition or subtraction of an important consumer, this is not the sole agent.
A physical factor that can control the presence or absence of a member of the
community can have the same effect. Therefore, the amount of wave action can
determine the presence or absence of intertidal algae on tropical shores such
as Barbados, but cannot control the presence or absence of the echinoid E.
lucunter. This may be a similar control of the populations of E. mathaei on
the twosides of the Sinai peninsula and the point at Boucan Canot at Reunion
Island. .
The characteristics of the individual echinoid and its population would
reflect what Paine (1976b) calied a complex interrelationship between size-
related metabolic needs, density, and character of food resource. Other fac-
tors may be important in particular situations. Because individual biomass can
be either density-independent or density-dependent, the particular result of a
categorical change in community composition resulting from either biological or
physical causes can vary. These categorical changes in the characteristics of
the communities are not gradients, which themselves can affect density and
individual size of echinoids (for E. mathaei and E. lucunter, See Abbott et
al., 1974; Kelso, 1970; Lawrence, 1978; McPherson, 1969; Russo, 1977).

The differences in the Gulf of Suez and the Gulf of Agaba that result in
these alternate states of £ mathaei may also be the cause of the difference
in distribution of echinoid species that occur between the two gulfs (Clark,
1966).

Acknowledgments

I thank M. Moeffler for his assistance in the analysis ot the growth
rings.

Literature Cited

Abbott, D.P., J.C. Ogden, and N. Kunz. 1974. Summary of data on plant distribu-
tions, population density, and size class structure of Echinometra lucunter .g
populations along transects 1-4, Boiler Bay, St. Croix. Spec. Publ. No.,
West Indies Laboratory, St. Creix, U.S. Virgin Islands 35-36. '

Bréen, P.A., and K.H. Mann, 1976. Destructive gréziﬁg of keip‘by‘sea urchi
eastern Canada. J. Fish., Res.. Bd. Can. 33: 1278-1283.

Chapman, A.R.0. 1981, Stability of sea urchin domihated ba%renjgf§




19 LAWRENCE RED SEA ENVIRONMENT-BIOLOGY

lowing destructive grazing of kelp in St. Margaret's Bay, eastern (anada.
Mar. Biol. 62: 307-311.

Clark, A.M. 1966. Echinoderms from the Red Sea, Part 2. Crinoids, ophiuroids,
echinoids and more asteroids. Bull. Sea Fish., Res. Stn., Haifa 4l: 26-58.

Ebert, T.A. 1968. Growth rates of the sea urchin Strongyiocentrotus purpuratus
related to food availability and spine abrasion. Ecology 49: 1075-1091.

.« 1977. An experimental analysis of sea urchin dynamics and community
" interactions on a rock jetty. J. Exp. Mar. Biol. 27: 1-22.

Estes, J.A.,, and J.F. Palmisano. 1974, Sea otters: their role in structuring
nearshore communities. Science 185: 1058-1060.

Estes, J.A., N.S. Smith, and J.F. Palmisano. 1978. Sea otter predation and
community organization in the western Aleutian Islands. Ecology 59: 822-833.

Jensen, M. 1969. Age determination of echinoids. Sarsia 37: 41-44,

Kelso, D.P. 1970. A comparative morphological and ecological study of two
species of the sea urchin genus Echinometra in Hawaii. Ph.D. dissertation,
University of Hawaii, Honolulu,

Lawrence, J.M. 1978, Numbers of individuals and biomass of echinoderms inhabit-

ing the heads of Porites lutea on the reef flat at Enewetak. Am. Zool. 18&:
666.

. 1980, Maximal numerical and caloric densities of the echinoids, Colobo-

centrotus atratus and Echinometra mathaei, at Boucan Canot, Reunion Island,
Indian Ocean. Am. Zool. 20: 847, ‘

Lawrence, J.M., and J. Kafri. 1979. Numbers, biomass, and caloric content of
the echinoderm fauna of the rocky shores of Barbados. Mar. Biol. 52: 87-91,

Lewontin, R.C. 1969. The meaning of stability. Brookhaven Symp. Biol. 22: 13-
24,

Lindahl, P.E., and J. Runnstrom. 1929. Variation und Okologie von pPsammechinus
miliaris (Gmelin). Acta Zool. 10: 401-484,

Lowry, L.F., and J.S. Pearse. 1973. Abalones and sea urchins in an area in-
‘habited by sea otters, Mar. Biol. 23: 213-219.

naan. KH, 1977, Destruction of kelp-beds by sea-urchins: é'cyclical phenomenon
- ‘revers1ble degradation? Helgol. Wiss. Meeresunters. 30: 455-467.

,“B.F. 1969, -Stud1es on the biology of the tropical.sea urchins,
ra lucunter and Echinometra viridis. Bull. Mar. Sci. 19: 194-213.

146



19 LAWRENCE RED SEA ENVIRONMENT-BIOLOGY

Menge, B.A. 1975. Competition for food between two intertidal starfish species
and its effect on body size and feeding. Ecology 53: 635-644.

Paine, R.T. 1969. A note on trophic complexity and community stability. Am.
Nat. 103: 91-93.

. 1976a. Biological observations on a subtidal Mytilus californianus bed.
VelTiger 19: 125-130.

. 1976b. Size-limited predation: an observational an? experimental ap-
proach with the Mytilus-Pisaster interaction. QOecologia 57: 858-873.

Russo, A.R. 1977. Water flow and the distribution of echinoids (genus Echino-
metra) on an Hawaiian reef. Aust. J. Mar. Freshwater Res, 28: 693-702.

Scheibling, R.E. 198Ca. Abundance, spatial distribution, and size structures of
populations of oOreaster reticulatus (Echinodermata: Asteroidea) in seagrass
beds. Mar. Biol. 57: 95-1065,

. 1980b. Abundance, spatial distribution, and size structure of popula-
tions of oreaster reticulatus (Echinodermata: Asteroidea) on sand bottoms.
Mar. Biol. 57: 107-119,

Simenstad, C.A., J.A. Estes, and K.W. Kenyon., 1978, Aleuts, sea otters, and
alternate stable-state communities. Science 200: 40)3-411.

Sutherland, J.P. 1974, Multiple state points in natural communities. Am. Nat.
1U8: 859-873.






