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ABSTRACT 

The Di versi ty and Productivity of benthic macl'ofauna 

around the shallow waters of Tewalit (Massawa) were inves­

tigated at three stations from October 28,1986 to April 

14,1987. Eight major groups and 50 taxa were encountered. 

Polychaetes with 23 taxa were the most diverse group followed 

by gastropods with 8 taxa, and crustaceans Hith 6 taxa. 

Physical and chemical parameters show no significant 

variation and regulatory effec-t over the distribution and 

abundance of the taxa. The taxa indicate a high species 

diversity, biomass diversity and equitability. There is 

significant variation in similarity indices, but no varia­

tion in species composition among the stations. Productivity 

is estimated to be lO.16g/m2. This with mean biomass 6.9g1 

m2 resulted in a turnover rate (P:B ratio) of 1.5. 

- iv -



I. INTRODUCTION 

There is a voluminous literature on benthic macrofauna, 

but most of the literature on the ecology of marine coastal 

waters is from temperate areas, for much attention has been 

paid to the study of them. The scantiness of the informa­

tion on the ecology of marine coastal waters of tropical 

zones is attributed to the inextensive nature of the beach 

studies made on the density and biomass of the fauna 

(McIntyre, 1968). 

Investigations on the benthic fauna, especially those 

on the coastal areas of the Red Sea are exceptionally few. 

The benthic macrofauna which is a food source of demersal 

predatory fish and other species, constitutes a major part 

of the food web of coastal areas (Leuven '§'~._al., 19 P, 5; S-teimle, 

1985) . 

The macrobenthic fauna of the Ethiopitll1 Red Sea coast 

around MassaH is almost unstudied, though it presumably 

plays a major part in the cycle of materials in the sea. 

The study of its diversity and productivity (changes in 

standing crop) enables one to estimate the food available 

for the commercially caught fish around a given area. The 

objective of this study is, therefore, to investigate the 

diversity of the benthic macrofauna and to assess the avail­

able stock (standing crop) in the shalloH waters of the Red 

Sea coast around Tewalit (MassaHa). 
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2) LITERATURE REVIEW 

2.1) Biological Studics of the Red Sea 

According to Mergner (1984), the earliest biological 

studies around the coast of Massawa were conducted by 

Ehernberg and Hemprich between 1820-1824 and 1834;Ruppel 

between 1831 and 1833;Kossman in 1866 and 1875;some Italian 

captains in 1870 and between 1884 and 1887 and in 1891 and 

by various larger expeditions. Except some of the larger 

expeditions, that included oceanographic and marine bio­

logical studies, all the others were involved in collecting 

fishes and various invertebrates. This shoHs their works 

to be taxonomic as Halim (1969) has indicated. 

Considering the investigations on marine benthic commu­

nities of the Red Sea, again most of them were taxonomic 

",opks. Almost all studies \-lere conducted on the Northern 

part of the Red Sea (e.g., Fishelson, 1971), especially 

localized in the Gulf of Aq~ba (e.g., Ismail, 1986). These 

facts, in general, indicate that thepe ape lots of things 

unknol-m about the benthic fauna of the coasts of the Red Sea, 

specifically- along the Ethiopian Red Sea coast. 

The most important 1-101')( on the Ethiopian Red Sea coast 

is that of Fishelson (1971), which summarizes the investi­

gations conducted over the past 20 yeaps. Neveptheless, 

this piece of ",ork includes only Melit Bay in the Gulf of 

Zula, south of Massawa neap the mainland. All the other 

studied places ape vflpious islands of the Dahlak Archiplago, 
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including Abiad Bay, Goliath Bay and Landin~ Bay of Entedebir 

islilnd and several bays around Musseri island. 

Therefore,.these data do not fully manifest the biolo­

gical knowledge of the benthic fauna of the Ethiopian Red 

Sea coast. There are lots of things to be studied and 

investigated, for the ecological knowledge we have is scanty. 

2.2) Macrobenthic Fauna 

Mare (1942;cited in Perkins, 1974;Mclntyre, 1969;Parsons 

et .. ~ .. , 1979 and Martius and Schockaert, 198~, suggested the 

division of benthic fauna into three categories based on size, 

as macrofauna, meiofauna., and microfauna. Th,Ce macrofiluna 

are those organisms with body size >lOOO~m and are too large 

to pass through a lmm mesh. The meiofauna arG those with 

body size 100-1000~m and are retained by siGves of mesh Slze 

0.04-0 .lmm, while the microfauna are the ones vii th body 

size l-lOO~m and pass through O.lmm mesh. This categorization 

is useful for practical purposes but can have no biological 

meaning, being arbi ta.ry. This is so, because -there are 

certain benthic fauna (e.g., turbellarians) that are larger 

than 2mm in body size but are nevertheless considered as 

meiofauna. 

Modifying Mare's (19 l f2) categorization, Hartins and 

Schockaret (1986) propose to redefine meio- and macrofauna 

on the basis of biological criteria and body size after 

reviewing the work of Warwick (1968). Warwick (1968), 

concluded animals larger ·than '+5~g dr'y Height having planktonic 
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development, dispersed in larval stages, having a continuous 

growt]l throughout life with a generation time of more than 

one year and feeding in indiscriminate fashin on particles 

but often selecting on particle size basis to be termed as 

macrofauna different from the meiofauna. The latter are 

species of smaller than 45)1g dry vleight having planktonic 

development, dispersing in the adult stage, having an asymp­

totic growth of less than one year and feeding by selection 

on Slze but also on shape or quality of particles. 

In most benthic communities the bulk of the standing 

crop or biomass, is present as macrobenthos, but the number 

of individuals, rates of metabolism and reproduction are much 

greater among the meiobenthos and microbenthos (HcConnaughey, 

1978) . Compared ·to the zooplankton many benthic organisms 

are much bigger, live longer-years rather than weeks;so the 

rate of turnover J.B lov]er relative to the weight of standing 

stock (Tait, 1981). 

2.3) Sampling Macrobenthic Fauna for Quantitative Study 

Various bottom samplers are known to be used for the 

quantitative study of macrobenthic fauna. Some of them are 

the Ekman grab, the Peterson grab, the PONAR, Corers, ... etc. 

However, Drach (1960) argues that sea-bottom samplers are not 

capable of giving a sure quantitative or valid qualitative 

picture of the benthic popUlation of the sediments of the 

continental shelf. This argument is in agreement Vlith that 

of McIntyre's (1971;cited in Tyler and Shackley, 1978), who 

also commented on the low relia.bili ty of grab samplers. 



There are various commonly occurring problems with the 

use. of gPClb salrLple:cs. These include variable sediment 

penetration, variable sample volume, sample loss after 

closure, failure of release mechanisms to function properly 

and the inadequate closure of buckets (Gl'izzle and Stegner, 

1985;personal observations). Due to these failures Kajak 

(1971), advises one to be sure that the sampler penetrates 

deeply enough into -the substre.te and the jaVls close very 

tightly just at the bottom and not on the ,'JaY up when using 

grabs. 

Reviewing various works done in freshVlater ecosystems~ 

Dowing (1984a) pointed out that the Peterson grab is the 

least accurate but a precise device to estimate popUlation 

densi ty compared to van Veen, Smi -th-l'!clntyre and PONAR grabs. 

The most precise samplers arc found to be corers and' Ekman 

grabs. Taking -the' efficiency of samplers into consideration, 

Frithsen et.al. (1983), indicated coring devices and suction 

samplers to be considered generally as more efficient samplers 

for the benthos than are grabs. HOl'lever, except in very sha1loVl 

Haters grabs are more commonly used for qucmti tative benthic 

\'lOrks due to man pOl'18r, Hater depth, cost and other constraints 

(Grizzle and Stegner, 1985). Problems of sampler efficiency 

have motivated the development of neH devices by various re­

searchers. (e,g., Boulton, 1985;Grizz1e and Stegner, 1985; 

Jackson, 1986). 
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2.4) Diversity and Productivity of Benthic Fauna 

Diversity is related to the distribution of th" present 

biomass and to its complexity at a given time (Margalef, 

1969). According to Rugg (1985), it is a function of the 

number of species present and evenness with which individuals 

are distributed among the species. Its advantage lies in 

increasing stability because the more species present, the 

greater possibilities for adaptations to changing conditions, 

l'lhether these be short-term or long-term changes in climai:e 

or other factors (Odum, 1963). 

Diversity measured as bits per individual, reaches its 

upper limit at around 5 (Margalef, 1969). On a geographical 

basis, the gradient of diversity (Thorson, 1978;Parsons 

et.al., 1979), increases in benthic communities as one moves 

from the arctic to the tropics. 

Various indices have been used to measure diversity, 

including K-dominance curves, Shannon-Wiever, log-normal 

(Platt and Lambshead, 1985), and Simpson's Index of Diversity 

(Poole, 1974). For their applications different workers use 

different types of indices, e.g., Crossman and Cairns (1974) 

followed the technique of Wilhm and Dorris (1968) and the 

Sequential Comparison Index of Cairns and Dickson (1971), 

Rugg (1985) used the equation given by Hurlbert (1971). 

Poole (1974) stresses Simpson's Measure of diversity as an 

appropriate index if one is interested in the relative 

dominance of a few species. However, Platt and Lambshead 

(1985), after criticizing all the available indices proposed 

another alternative - the Neutral Model Analysis. 
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~']hatevcr different types of n(:::~ls11rem(;nLS al'e utilized, 

the most commonly used index to measure diversity i',', benthic 

communities is the Shannon"vliever Index (Kcndeigh, 1980; 

Rugg,1985). This differs from Pielou (1977) who indicated 

the existence of much debate on \oJhether this can be a sui t­

able measure of ecological diversity and equated diversity 

to uncertainty. 

Secondary production of invertebrates is the amount of 

tissue elaborated per unit time per unit area (Downinr, 

1984b) . Production is estimated by Vilrious methods, one is 

the Size-Frequency method (Hymen and Coleman, 1968), but 

this is said to have some errors (Hamilton, 1979). Gillespie 

and Benke (1979) listed a number of different types of methods 

that enable one to estimate secondary production. In field 

researchcs, thc production to biomass ratio (P/B ratio), is 

also used to estimate the production of animal popUlation 

Hhen gro\>rth and mortality patterns or age composition are 

not knoHn. In support of this, Banse (1984), suggested the 

rules relating to biomass to be the most suitable method for 

making estimates of production, for planning field researches 

or for developing the theory of food Heb relations. 
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3) STUDY AREA 

The Red Sea (Fig. 1) is found In a region situated 

between the African and Arabian Deserts and is characterized 

by an ar'id climate. The Ethiopian Red Sea coast is about 

1000km long. Messawa lies along this coastline on a flat 

sandy plain ,,-t the northern point of Bargigo Bay. It is "n 

island port connected to TeHalit Hi-th a road bridge. 

LaoI' (1971), described the climatic condition of the 

sea shorE of Hassawa as ilmong the Horst existing on earth 

with very high temperature, the highest relative humidity 

in the \-!CJrld anc] scarce rainfall. Evapora-tion from i-ts Hater 

surface greatly exceeds its small precipitation which is due 

to its r·elatively high temperature. Its ev.:lpOrEltion rate is 

approximately 235 cm/year (Fishelson, 1971). It is a sea 

of exceptionally high salinity because of intense evaporation. 

Its mean se.linity is L;0.35~r. (Horcos, 19'70), although values as 

high as 41~ were reported by Fishelson (1971) and Kinne (1972). 

The study area included three stations, I, II, and III 

(Fig. 2). The sampling stations arE situated around Tewalit, 

south of i'lasSaHQ, tOI-Jards the northern entr,mce of Hargigo 

Bay where the small Green Island is found. Station I is 

located at about 600m south of the bridge and 200m north of 

station II \~hich is found at a distance of 400m from station 

III near the shore of Green Island. 
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The study area is sandy with wid~ly distributed corals, 

mostly old & the only living corals being the fungiids. The 

corals, \<Ihich are abundant on shalloH bottoms fOI'm reefs 

and banks in the open sea, around the island and along the 

shores (Ben-Yami, 196 1f). This impelled Hergner (1984), to 

consider the Red Sea as an exemplary Coral Sea. Though no 

significant environmental pollution is observed, it is an 

area Ivhere human interfepence is very common for leisure 

boatinr, and fishing. 
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q) l·!i\TERlfIL,S AND t·lETHODS 

I, • 1) Field and L,abora tory Horks 

Bottom samples Here quantitu:tively to.ken from the shallo\-I , 

eoastal area around TeHalit Hith an Ekman grab (225cm2) and 

a Pete):,son's grab (25Gcrn2) 8very tV/o I-leeks for six months 

from October 28,1986 to April 14,1987. Three replicates 

were sampled with each sampler from each station. 

Each of these" samples Has sieved using Canadian Standard 

Sieve Series, No. 10 (2mm openings), No. 18 (lrran openings), 

No. 35 (0.5Hun openings) and 5mm openings. This is to separate 

the sediment from the ma.crofaunal organisms and abiotic con-

stituents of the substrate (Ziegelmeier, 1972). All were 

then preserved in 5% sea vla·ter formaldd1yde solution for 

further laboratory processing. 

In addition to these, one sediment sample was collected 

from each station every sampling time for water content, 

organic matter content and pa.rticle size analysis of the 

bottom sediment. These Here pres;2r'ved in 5% sea Hater. 

formaldehyde solution. 

In the laboratory, the preserved sieve contents Here 

sorted and selected in a white pan and petri-dishes using 

a dissecting microscope (20X);which were grouped and identi-

fied to the lOHest possible taxon according to Pettibone 

(l9G3 and 1971), Day (l9G7a and 1967b), Riedl (970), Humpfry 

(975), Fa.uchalcl (977), 2nd Fischel' and Bianchi 098 Ij). 
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Specimens vler'E: counted ~ \V(~t and dry y,,1eights v!ere 

measured with an 82000 electric balance accurate to O.OOOlg. 

The wet and dry Height measur"men-ts \<lere don8 '.-1i thout the 

ext8!'nal hard covering of all the benthic fauna. Det<3rmi~ 

nation of \·/Ct \<leig111: I-las done after blotting the specimens 

for about 3 min. and the determination of dry weig~t was 

done after putting them J,n an oven for 24 hours at 105 0 C 

and in a dessicator for 1 1/2 to 2 hours. 

For the determination of sediment Hater content, organic 

mi.ltter content and particle size, bot'tom sediments \\'ere 

Hashed vlith distilled Hater to pemove the preservative and 

dpained. Fifty grams of each sediment sample Here weighed 

and put into an oven Hith the rest for 74 hours at 10SoC 

and for 1 1/2 to 2 hours rn a dessicator. This 1S to deter­

mine the \oJater content. Of the other dried sediment samples 

20g of each Has put in a muffl~ furnace for 6 hours at 5S00C, 

cooled in a dessicator and Heighed to determine the organic 

matter conten't. Fo110\<ling the procedures of Griffths (1967) 

and Folk (1980), particle size of the sediments \<lere assessed 

by Heighing 7Sg and sieving theIn. Three sieves (No. 10, 18 

and 35) HEre used to separate the particles into four 

categories. 

4.2) Analysis of Data 

Diversity of the benthic macrofauna Has calculated using 

the Shannon-Weiver Diversity Index (Pielou,1956) as given by; 

Hi = - EPi lac 2 Pi 
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where pi _ proportion uf total sample belollging 

to the ith species. 

H' = Index of species diversity. 

The greatest possible value of the diversity (H'max) 

lS calculated by (Pielou, 1966, 1977), 

H'max = - EllS log 2 liS : log 2S 

where S = number of species 

The collection I s evenness (,J: (E I» is then determined by 

J : H'I H'max 

The biomass diversity (Wilhm, 196B;cited in McCullough and 

Jackson, 1985) is determined by the equa-tion given as: 

~ bm -- - E(wi I w) log 2 (wi Iw) 

where \011: the "ld "ht of individuals in the i th taxon 
. C] 

VI - the total \oIeight of individuals in the 

sample 

t bm : the biomass diversity 

This model is identical to the species diversity model, 

but its value reflects the distribution of biomass among 

taxonomic groups. 

To estimate production of the benthic fauna during the 

study period, production of each taxon is calculated using 

-the growth increment summation method (Edmondson, 1971; 

Benke, 1979;Rigler and Downing, 1984), as given by: 

p = Nt + Nt+l 12 (§ t+l - ~ t) 



where Nt = No. of individuals at time t. 

Nttl= No. of individuals at time ttl. 

t'i t ~ mean I"eight of an individual at 

sampling time t. 

; ttl = mean weight of an individual at 

sampling time ttl. 

Production as \'iell as turnover rate of the macrobenthic 

fauna from biomass data is then estimated by the PIB as 

indicated by Banse and Mosher (1980) and Banse (1984). 

To ge-t a quantitative measure of similarity between 

three stations, Jaccard's Community Coefficient (cc) and 

Index of similarity (s) as given by Ropper (1977) were 

calculated. 

Jaccard's Community Coefficient (cc):­

cc = j I a + b - j X 100 

where a = the number of species occuring in a 

station. 

b = the number of specles occuring in another 

station. 

j = the number of species common to both. 

This represents only the presence or absence of species 

and not th0ir abundance (Tudoranchea ~.~., 1979). On the 

scale values 100% represents identical species composition, 

0, represents no relationship and 85% is the limit of 

similarity (Lu and Ropper, 1979). 
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The index of Simila~ity (s) is also calculated as given 

by: 

s = 2 c / i1 + b 

\'ihe~e c = the numbe~ of species common to both. 

As a value,a.BS is conside~ed the lowest limit of 

simila~ity, and values below this indicate that the compared 

stations are dissimilar (Lu and Roppe~, 1979). 



5) EESlJLTS 

5.1) Efficiency of Sampling Devices 

Efficiency of the sampling devices is given as shown 

in Table 1. These data are based on the various samples 

collected from October 28,1986 to April 14,1987. 

Table 1 

Efficiency of Sampling Devices used During the Study 

SAHPLER 

Area covered/sampler 

Sieve (lowest mesh size) 

No. of samples 

2 Total area sampled (em ) 

Mean No/sample eX ± 6) 

I·jean No/m2 

Peterson grab Ekman grab 

0.5mm O.5mm 

117 117 

29952 26325 

35.98 ± 25.59 30.76:t 18.01 

1400.70l1002.76 455.75±266.B4 

Higher density of all organisms I-Jas achieved by the 

Peterson grab. This resulted taking the same number of 

samples and the same sieve of mesh size O.5mm (Table 1). 

Ho\<Jever, due to difference in areas covered by the tHO dif·· 

ferent samplers the to"tal area sampled is greater in the ca.se 

of the Peterson grab. Analysis of variance (ANOVA) at 

P<O.l% resulted in Fcal = 21.748. This shows quite signi-

ficant variation among the tv/a samplers. Therefore, the 

Peterson grab is relatively more efficient than the Ekman 

grab. 
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Nevertheless, the Peterson frab has a higher standard 

deviation (SD = 1002.76) compared to 266.84 of the Ekman 

8rab. This high value of standard deviation ShOI'IS incon:' 

sistency to be much greater when using the Peterson grab 

than the Ekman. The results also show a higher standard 

error (SE = 92.68) and a highe1' coefficient of variation 

(CV = 71. 59%) for the Peterson grab than ·the Ekman grab 

(SE = 24.66) and CV = 58.55%, respectively). The higher 

value of CV using the Peterson grab indicates a relatively 

substantial variation In the samples. 

5.2) Benthic Macrofauna 

The list of macrobenthic or8anisms encountered in this 

work are given in Table 2. 

Table 2 

List of benthic macrofauna of the Red Sea around Tewalit (Massawa). 

(October 28,1986 to April 14, 1987) 

~-.--~-----.---.----.-~-.- ---~--------------~ 

Taxa Station I Station II Station III 
-----~-----------------

ANTHOZOA 
• 

Anthozoan (unid. ) R (7) •• 

POLYCHAETA 

Sabella spp. 0 (852) 0 (432) C( lf330) 

Trebella spp. C (2863) 0 (229) 0(560) 

Cirratulus sp. 0 ( 281) C (24 'f6 ) 0(433) 

syllis sp. C ( 3454) R (162) R(38) 

Nephthys sp. R (13,,) C (2065) 0(1l7l) 

Capitella spp. 0 (1991 ) 0 (1322) 0(952) 



Table 2 (Cont'd.) 

Taxa 

Amphinome sp. 

Nereis spp. 

? Aricidea sp. 

GZycero spp. 

Peetinaria ? eapensis 

?Hyalinoeeia sp. 

f1aldanidae spp. 

Arenico Za 81' . 

Armonida sp. 

MageZona 81'. 

?StygoeopiteZZa sp. 

?CtenodriZinae sp. 

PhaZaeophorU8 sp. 

Chaetopterus 

?varieopedatuB 

Cossura sp . 

Tl'ichobranchus sp . 

?Heterospio sp. 

OLIGOCHAETA 

01igochaeta (Unid.) 

GASTROPODA 

AntiZZophos ? candei 

Oliva ? retieuZal'is 

?C7.neeZZaria sp. 

Conus sp. 

Nat-iea sp. 

1J~,11"", __ 

.~ 18 .. 

Station I 

o (549) 

o (285) 

o (1639) 

o (698) 

R (8) 

o (1766) 

R (77) 

R (179) 

R (50) 

R (14) 

R (13) 

R (46) 

R (7) 

R (13) 

R (75) 

R (f55) 

R (23) 

R (8) 

Station II 

o (408) 

o (241) 

o (655) 

o (782) 

o (392) 

o (.1.68) 

R (146) 

R (69) 

R (30) 

R (21) 

R (14) 

R (7) 

R (7) 

o (207) 

o (35) 

R (45) 

o (HiS) 

R (8) 

R (8) 

St:ltion III 

o (730) 

o (237) 

o (1017) 

o (415) 

o (1084) 

R (70) 

R (57) 

R (34) 

o ('127) 

R (7) 

R (20) 

o (510) 

R (160) 

R (55) 

R (7) 

R (7) 
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Table 2 (Cont'd,) 
--------.-----~-------

__ ~ _________ ~~ ____ ~ __ • ______________ ~. ____ ~ ______ L __ ~ __ ~ _________ ._._.__._~ __ ~_., ___ ._._< ___ ,. 

Taxa Station I Station II Station lIT 
.--~~,- .. -,-~-.-~~~~------~.-~-- .. ------.-------- ---,~-.--- --~-------------._--_._----------- ... ". ~-----.-~--

Gastropod a (Unid.) R (7) 0 (222) R (22) 

Gastropod b (Unid. ) R (16) 

BIVALVIA 

TelUna ? punicea R (88) 0 (812) R (181) 

T. ?radiata R (49) R (68) 0 (599) 

T. ?virogata R (14 ) R (121) C (2914 ) 

,1nadaroia sp. R (88) R ( 20) R (14) 

Macoma sp. R (7) 0 (289 ) R (36 ) 

2'eUina sp. R (14 ) R (14) 

Bivalve (Unid. ) R (7) 

CRUSTACEA 

Pagupus spp. C (201f Lf) 0 (862) 0 (775) 

? Pinna theFe8 sp. ( 116) R (22) R (42) 

?Ethusa sp. R (133) R (98) R (72) 

(',ammarou8 spp. R (1607) C (2660 ) C (2437 ) 

Metapenius sf:;ebbit?.lJi R (23) R (7) R (15) 

Tanaidacea spr· R (37) 0 (646 ) 0 ( 277) 

ECHINODERfITA 

Ophiuroidea (Unid. ) R (7) R (47) 

Echinoidea (Unid. ) R (7) R (21) R (28 ) 

Asteroidea (Uni. ) R (7) R (7) 

CEPHALOCHORDATA 

Broanohiostoma sp. 0 (869 ) R (139 ) 0 (52?) 

'1: 
Relative numerical abundance:'· Dominance (D,100·'50%), Abundant 
(A,49-30%), Cornmon (C,29~1O%), Occasional (0,9-1%), Rarr '(R,<l%) . 

• " Numbers in brackets indicate total number of organisms col10cted. 
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A total of 50 taxa belonging to 8 major groups were 

found to exist in the shallOlv I'laters of TeVlalit (11assal-la). 

Of the taxa 23 are polychaetes, 1 anthozoan, oligochaet 8 

gastropods, 7 bivalves, 6 crustaceans, 3 echinoderm~ and 

cephalochordate. This sholvs -the study area to accommodate 

46% polychaetes and 16% gastropods. 

Table 2 ShOHS that, the taxa are largely rate and 

occassional in their relative numerical abundance. There 

are only three common taxa (in their rel2-tive abundance) 

in each station of different groups of all the total number. 

These are TrebeZZa 8pp., syZZis sp., and Pagurus sp. at 

Station Ii CirratuZus sp., Nephthys sp., and Gammarus spp. 

at Station II and SabeZ Za spp., T. ?virgata , and Gammarus 

spp. at Station III. 

5.3) Physical and Chemical Parameters 

The results of bottom Io]ater temperature and depth, 

sediment water content and organic matter content are 

given in Table 3. The highest mean depth (3.27!O.48) is 

recorded in Station II and the highest mean temperature 

(29.02+1.24) in Station I with range of 2.50-4.50m and 

27.0
o

C - 30.SoC respectively. The coefficient of variation 

(CV) of the hlO pcFameters is high in Sta. I (CV of depth~40.28%; 



Table 3 

Some Physical and Chemical Parameters of the Study Area 

(Data based from Oct. 28,1986-Apr. 1 11,1987) 

(1" bottom Hater depth (m), 2=bottom I'later temperature (oC), 

3=sediment Hater content (%), 4=sediment organic matter 

content (%), S.T.=sampling time). 

S.T. Sta. I Sta. n Sta. III 

1 2 3 Ii 1 2 3 If 1 2 3 If 

to 0.75 30.0 50.0 4.75 3.25 29.5 53.G 9.46 3.50 28.5 1)'7 • 8 6.04 

tl 0.80 30.0 54. Jt If .00 3.50 28.5 58.2 5.07 3.75 28.0 54.0 3.21 

t2 0.80 30.0 53.5 2.52 3.50 28.5 57.1 4.17 3.75 28.0 41. 7 3.72 

t3 0.80 28.5 54.0 4.71 3.50 28.0 55.7 4.17 3.75 28.0 55.7 2.62 

t'l 0.50 28.0 54.6 2.51 3.00 28.5 55.9 4.70 3.25 28.8 53.5 4.08 

t5 0.80 27.5 53.8 2.57 2.75 27.8 54.5 4.12 .3.00 28.0 54.0 3.92 

t6 0.50 27.0 56.5 2.94 2.75 27.8 58.0 4.77 2.80 28.0 55.1 3.80 

t7 0.30 27.0 54.2 3.90 3.30 27.5 57.S 4.60 2.00 28.5 54.0 4.10 

t8 1.50 29.8 511.9 3.02 4.50 28.5 56.8 4.'11 3.60 28.5 53.8 3.49 

t9 0.50 30.5 54.1 1.66 2.50 29.5 55.7 2.49 2.00 29.5 53.8 2.95 

tlO 0.60 29.0 55.0 3.74 3.20 28.5 55.7 4.35 2.60 28.8 54.1 2.87 

tll 0.50 29.5 53.8 1. 72 3.20 29.0 .57.2 2.90 2.30 29.5 53.7 3.01 

t12 1.00 30.5 55.7 3.57 3.60 30.5 56.9 4.20 2.75 30.5 55.0 2.83 
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parameters is high in Station I (ev of depth = 40.28%; 

Temperature = 4.27%). These show higher variability at 

this station than the rest. The mean temperature ancl depth 

has no significant differences betvleen Station II and III, 

but has significant differences from Station I. Analysis 

of Variance (ANOVA) with alpha = 0.05 and d.f. = 36 show 

no significant variation in bottom water temperature (F = 

0.5518), but have great variation in depth (F=15.258). 

Among the three stations, the highest mean Hater 

content is at Station II (56.40% + 1.32). The lowest mean 

is at Station III (52.77% + 3.68). Station II again has 

the 10l,est CV (2.34%) compared to the others, while Station 

III (CV = 6.97%) has substantial variability. Analysis of 

variance (ANOVA) with alpha = 0.05, shows the sediment water 

content to be qui"te significacntly diffel"ent (F = 7.57) among 

the stations. 

In sediment organ~c matter content, the high mean 

(4.53% t 1.58) is from Station II folloHed by Station III 

and I (3.59% + 0.86 and 3.20% ! 0.97, respectively). The 

ranges of organic matter content at the stations (Table 3) 

are found to be 1.66% - 4.75% (Sta. I), 2.49% - 9.46% 

(Sta. II) and 2.62% - 6.04% (Sta. III). Analysis of 

variance (ANOVA) at alpha = 0.05 resulted in F = 3.30, which 

shows differences over all the study area. 

The analysis of sediment grain size distribution 

(Fig. 3) among the three stations resulted in relatively 
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high mean % of granules (>2mm), very coarse sand (2mm - 1.0 

nun), and coarse sand (1.0rnm - 0.5nm) at Station I. The 

mean °6 of other components of sand «0. 5mm, including medium 

sand, fine sand, silt and clay) is relatively higher in 

Station II than the others. The analysis of variance (ANOVA) 

for the overall study area rbsulted in no significant 

differences with r = 0.0009, 0.0062, 0.0004 and 0.0017 

respectively at alpha = 0.05. 

5.4) Diversi ty Indices of t1acrobenthic Fauna 

The mean H' for Station III (Fig. 4) is found to be 

higher than the remaining· two stations. Comparing their 

ranges Station III (Table 4) has a wider range (1.79 - 3.77) 

than the rest 2.64 - 3.90, and 2.57 - 3.81 Stations II and 

I, respectively. The high mean H' values are correlated 

with a high coefficient of variation, i.e., 15.20% for 

Station III, 9.41% for II and 8.16% for I. Though, no 

significant differences in mean H' is observed between 

Station II (3.40) and Station III (3.42), a higher CV 

(14.42%) for III shows SUbstantial diversity among its con­

stituents. Analysis of variance (ANOVA) at alpha = 0.05 

shows no significant differences among the three stations, 

"lith f = 0.2760. 

Mean biomass diversity, showing distribution among 

the taxa, is higher for Station III (Fig. 4) than the rest. 

The range is greater (Table 'I) in Station I followed by II 

and III. The CV value correlated with the range being 
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Table I; 

Divel"sity Indices of the Three Stations 

(Data from Oct. 28,1986 to Apr. 14, 1987) • 

(HI = Shannon-I'1ievcl" divel"sity index, H'max = max unum 

'" diversity, J I (El = Equitability index, C bm - biomass 

divel"sityl. 

STATION I STATION II STATION III 

" 
/. " 

T HI H'max J' d bm H' Himax J' d .bill H' Himax JI cl bm 

to 3.35 3.92 0.85 3.10 2.64 3.47 0.75 1.31 2.95 3.47 0.81; 2.50 

t1 3.33 11.18 0.79 :1.06 3.27 I; .3'1 0.74 '2.76 3.30 l~ .60 0.72 3.04 

t2 3.10 4.40 0.62 3.16 3.02 3.92 0.70 2.11; 3. 5t~ 4.33 0.71 3.00 

t3 3.34 4.34 0.77 2.03 3.76 4.51f 0.83 2.80 1. '19 4 .'f 7 0.40 2.89 

t4 3.26 4.25 0.77 2.32 3.24 4.1'7 0.78 2.32 3.60 It. 32 0.83 2.89 

t5 3.53 4.39 0.80 0.34 3.90 'f.70 0.83 3.50 3.62 4.52 0.80 2.76 

t6 3.13 3.70 0.85 2.27 3.55 4.39 0.81 2.79 3.77 4.39 0.86 3.28 

t7 3.81 1;.52 0.84 2.90 3.64 4.59 0.79 2.F} 3.55 4.1{6 0.80 3.13 

t8 2.57 4.17 0.62 1.52 3.37 4.00 0.84 2.00 3.76 4.39 0.86 2.61 

t9 3.37 4.17 0.81 2.64 3.65 4. 1;5 0.82 3.41 3.62 4.46 0.81 1.26 

t10 3.38 4.17 0.81 3.22 3.50 4.09 0.86 3.06 3. 1;6 4.39 0.79 2.41; 

tll 3.50 !~. 25 0.82 2.45 3.30 '1.00 0.83 2.39 3.76 4.46 0.81{ 3.24 

tl2 3 .l~l 4.00 0.85 2.71 3.30 11.32 0.76 2.98 3.73 4.39 0.85 3.311 
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31.56% (Sta. I), 22.8Hi (Sta. II), <:md 18.57% (Sta. III). 

A 
This ShovlS variation in d bm to be more substantial in 

Station I than the others. Analysis of variance (ANOVA) 

at alpha ~ 0.05 results in no significant variation Vlith 

F = 0.9678. 

The index of biomass diversity is found to have a 

direct relationship Vlith H' and H'max. As HI increases, 

'" H'max increases, the same being true of d bm. Nevertheless, 
h 

H' is affected by the number of species Vlhile d 0m is based 

on the biomass of individual species. 

Examination of the eveness of the collections (J) shaHs 

that J mean is slightly higher for Station II (0.80+0.04) 

\>Ii th the other -tvlO l1cwing the same mean index (0.78) but 

differing in SD as 0.78+0.08 (Sta. I) and 0.78+0.12 (Sta. 

III). The range of J is narroVlest for Sta. II and increases 

in I and III. HOHeve:r', II and III had an equal maximum J 

value (0.36) on 17/111/87, Sta. II and 20/1/87, Sta. I 

(Table If). 

Of all the H' measurements, the 10Hest (1.79) is from 

Station III (on t3, 9/XII/86) and the highest (3.90) is 

from Station II (on t5, 6/1/87). The 10\>lest biomass diversity 

lS 0.34 (Sta. I on t5, 6/1/87) and the highest 3.50 (Sta. 
A 

lIon t5, 6/1/87). The highest H', d bm and the 10\>lest 

~\ d bm \'lere recorded from the samples of the same date, 

" Station II having both the highest HI and d bm. 
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5.5) Quantitative 11easures of Faunal Similarity and Composition 

The quantita"tive measures of similarity and composition 

betHeen the three stations are summal"ized in Table 5. 

Table 5 

;~, 

Summarized quantitative measures of similarity 

and composition. 

Data from October 28,1986 to April 14,1987. 

S 

C C 

I 

- ------1---"" 

0.70 

II i ~-~---

;.-__ -+_ 54. ""_0 .--+-_ 

: 0.72 

III I , -~...." 

56.08% 

0.78 

61.42% 

I 
I 
I 
1 
! --T----i 

All these summarized values of S (Coefficient of 

similal"ity) ShOH the stations to be dissimillar. HOI'iever, 

of the total records; S values of 0.87 and 0.94 were recorded 

on Dec. 9/86 and Jan. 6/87 respectively between Stations II 

and III. Similarly S=0.86 was recorded between Stations I 

and lIon Dec. 23/86. The highest S mean is 0.78 + 0.09 

between Stations II and III Hith range of 0.62-0.94. This 

seems not to be far greater than the value between Stations 
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I and 11(0.70+0.11). The highest S value (0.94) between II 

and III and the lowest (S=0.41) between Stations I and II 

were recorded on the same date. 

The results of cc (Jaccard's Coefficient of Similarity) 

are also found to be very much lovler than the limit of 

similarity as given by Lu and Ropper (1979). The highest 

mean cc value is 61.42% + 11.44 between Stations II and III 

(range 46.67% - 88.50%). This range is with the maximum cc 

(88.50%) recorded of all the sampling times. This is follOl'led 

by 56.08% + 8.85 between Stations I and II(range 25.9% - 76.20). 

The range is with the lowest cc value recorded of all the 

sampling times. The results show the lowest S(0.41) to be 

recorded on the same sampling time with the lowest cc(25.9%) 

on Jan. 20/87. Similarly, the highest S (0.94) is recorded 

with the maximum cc (88.5%) on Jan. 6/87. 

5.6) Standing Stock and Productivity 

The variations in standing stock (dry \'leight) of the major 

groups are given in Figs. 5A-M and 6. In station I the dry 

weight of the standing stock (DSS) was highly dominated by the 

crustaceans, except on Nov. 11/86 by the gastropods (54.21%) 

and on Jan. 6/87 by the echinoderms (96.60%). At Station II 

the bivalves DSS is dominant (on to,tl,t3,t5-t8, and t12) 

followed by the crustaceans (on t2,t4,t9-tll). At Station 

III, DSS is largely dominated by the gastropods except on "to" 

(by bivalves), t9 (by echinoderms), and tlO (by polychaetes). 

The variations in Standing Stock (viet weight and Dry 

weight) of the different sampling times are presented in 

Table 6. 



I 
I 
I " H 

! " 
: :.: 

'_.J 
c) , 
v, 

~ :' 
i ;:" . 

I 
. 
~~, 

\ t< 
; v, 

i u 

I l': 
I til rn 

'.:, , P: I '-~ , 
I --;:; 

J , j 
" I !I ,:1 

Ji 

", 
, " " 1, ",.1 

:/ i 

" 

-- - - ,--

.5'& IAn/ATlOtJ IN ';TMmWG STOCK <Xl 
, ~-I 

I 

lJ[h , 
" 

:)O~· 

J ,.; 

'-i- t)-1 

'~)r' ' :) JT 

;!OJ 
I 

'I [.J rr , 
c,) 
._J' 

'. ,,-- F 'r :' " 

NO,;OMnEfl II.! 99B (b) 

OUGO, t'if.YCK GA5THC. ntV1.t~ Ch'JST. £tIUHUD. 
iH11 [JIll 1,] LllllWl UEm:tr.l 0-;';Zl \.;:::SSS'! 

i 
rEPHAt I 

&~vai! 
j: 

III 
.! 

';Af~lAiIlll\ IN ~;-;""NDH~l; STOCK 0;; --_. ----1 
li!JY\:~-!ljf'J\ (:5.} f:~85 (tZ) 

r;:~jG!)r PO .. YLH. r,A~~,rRG. BIVf.L G!;JST. -::'::-.IJIlwn. Cf:PH M. ... 
lIj]1JUlJ t-~- _oj [!J~il;[:f:l 83r1 '·<1ill (2::-::'21 E~<~'-'):'i ~~~&.:zB 



I 

l 

:"': 
u , C) , -
u; 

f'J 
--, , --
_c , 
:.r; , , 
,-

i 
;/) 
!j; 

;1: . , 
',' 

("-; . : J ' 
" ,-
t, 

; DO~ 

(-.! r!J. 
,---"..J ' 

~-_lC 
, 

-'i 'i' lj""7" 

" D , 
I 
f 
i ,-

'. t 

h __ ~ l~n, 

',J, 

._-- ---

'{ J '1 

>: I 

VARIATION IN STANDING STOCK (X) 

Pf:CFY.BER 23,) OOB ,I:,,) 
POLiTll. GASnm. B1VAL mUST. EC1HNOfl. CU'HAL. 

Ic __ '''l mTlUm fW}n:FH E',7///hi l~:,~ !0'Wza 

\'!RIA"flON IN STANOlliG STOCK (4) 

JANUAIlY 0.1'187 U;:;) 
-_._. -l 

GASTRO~ B!VAL CRUST, r::CH::NOiJ. Ct:vHhl­
U11lJ1Jl~ r~y){~~;'~3 rZ~h:!2 [;~.;:-:~,')3 tZ~::·_~·Z:1 



-._'-.:t"'~I":", {;rOCK (Xl 
! 0 ii ,/ ("':) 

, ':"'" f· _";T. F.C),;<JD. GJ::'H_AL I:-t-no. 
i;.i Ii 

bUT 
----~-;.,- ,CXj!~\'-~;~ .~~:-!~»> '"::1 1 J! 

1 
''1"1:--._- I 

! 
.l 

-v/;ii lAYl iiii-,tj-SfAfliJfNG- sTor;X (i.)--~------- -­
r-mfWAllY 3. illil7 (/;~) 

POLYCH. CASTRO. IHVAI.. mUST. ECH!NOD. CfpflAk, 
f;~ ~3 lItRUm fR12Im f?ffiZi ~'0."'\'S3 W&ll}21 

VAfllA-r)f)f,-m- Sff.NOiNG -ST()-Cj{- co -- -- - -- -- -~1 

1-"8;lU"~Y d. 19i1i (Lr! 

n~_I-·:-I. PO! Ye-li GASfP[J, fHVAL nW~iT. H:}fH-JrIV. CEJ'HAl. ! 

l-=:'<~ ~~~j fur -~~J K{~Y~~E t;':-;(Z;:J; f0-~0,.~'j &c::~Q.2 j 

, 



UO-[ 

) C'l , 
n~ 

!!\'dAl"r'~: '\' ';1'M-J!Jj"}(: C;T(H){ (X) 

,-}i -~, t '-\,1i (0) 
r _ ',;:;. I, H 

.~'L -'1-' .. '_ 

I' '~<, ,J • ,: ;.;::~ I 

STAT ION I 

l
··~ , , 
~~ 
I~~ 
~~ 
~ 

t/A ;"" 
tjlll / ~ 

STATION II STATION III 
- - -- -- -.-.--.--~- .. ~--------- ---------

I 

I 
I 
I 

I 
I 
I 
I 

! 
(, 



'/Lh 
; 

100J 
.~ 

. J 
<~ 

gOl ~ 
>. ,- I v 

~ 33-

" ~ ~ . ., 
-d), d .. ,]" _. 

_'.J 

II STATIONlllj 
~.,---- ------------- .----------~-- .----~.~.-.--~------ ..... 

STATION 

Yh-~9htL DQt~ from Oct. 2~JJ 1036 to 

;, ,If. 1 I, J1 ,,':1, 

S tn,< I S \Q,- l! 

r· ~ Otiq~)(:".ae to. 

_ PCJr_iC:~':_ ;(G , 
[~~~j C-;i5~fO;:C{~;J 

~~~~ Bi";Gl'lin 



- 34 -

Table 6 

Total wet weight and dry weight 
2 

standing stock 

variation (g/m ). Data from October 28/86 to April 14/87. 

Sampling 
Time 

to 

tl 

t2 

t3 

t4 

t5 

t6 

t7 

t8 

t9 

tlO 

t11 

tl2 

Station I 
\'let Dl'Y 

3.7 0.8 

2.7 

11.9 2.8 

15.1 

8.2 2.5 

217.3 68.2 

5.2 1.6 

13.7 5,1 

227.7 4.8 

12.5 4.2 

9.4 2.8 

12.8 6.1 

9.0 3.0 

Station II Station III 
Het Dry HE't Dry 

2.7 0.8 5.3 1.2 

19.8 7.3 13.7 4.0 

6.3 1.7 11.8 2.8 

22.2 8.0 7.8 2.5 

5.3 1.9 14.7 4.2 

17.6 6.4 12.5 4.9 

21. 8 8.6 11.0 3.3 

25.7 13,2 23.4 8.7 

37.9 17.6 17.6 5.7 

14.5 5.4 82.9 31.1 

12.1 lL5 19.0 6.7 

17.0 8.1 29.3 11.2 

19.9 8.7 13.8 4.0 

The mean WSS of the three stations are 
2 42.8g/m ~76.7, 

2 2 l7.1g/m ~9.1 and 20.2g/m !19.l for Stations I, II and III, 

respectively. Their mean DSS are 8.4g/m
2

+17.3, 7.1g/m2~4.5 

and 6. 9g/m2:r.7 .4, respectively. Station I has the highest 

mean DSS. Correlation coefficient (I') between \'let \~eight 

and dry \'Ieight standing stock of the three stations is 

found to be 0.6746, 0.9782, and 0.9998, for Stations I, II, 

and II, respectively. Analysis of variance (ANOVA) at 
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alpha = 0.05 results in no over all significant variation 

\Olith F = 0.0629. 

The productivity of ·the macroben-thic fauna is estimated 

to be 10.16g/m2 (dx'y Height) per 6 months. The mean biomass 

is 6,9g/m2 • This mean biomass Hith the estimated productivity 

results in a 6 month turnover rate (P;B ratio) of 1.5,: 

-' 
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6) DISCUSSION 

6.1) Efficiency of Sampling Devices 

Of the two sampling devices used for this investigation 

the Peterson grab is relatively more efficient than the Ekman 

grab. For the study of freshIVater ben"thoR the Ekman is said 

to be the most fl>equently used (tI4%) as indicated by DOl·ming 

(1984). This differs from the type of samplers used to study 

marine benthos. Scanning a fe f,., of the published IVorks, the 

follovling devices have been found to be utilized by various 

I>lorkers . 

Sampler 

Corers 

Smith-Mcintyre 

Pe"terson grab 

Van Veen 

Suction sampler 

Ekman grab 

Researcher (Year) 

McLachalen (1985) 

Flint and Kalke (1986) 

Ismail (1986) 

Thrush and TOIVnsend (1986) 

Steimle (1985) 

Jones (1986) 

Marcos (1984) 

BUchanan and \'Jar\>lick (1974) 

Buchanan et.al. (1978). 

Le v i.ng s (1975) 

Larsen (1985) 

Levings (1975) 

These shoIV the preference of sampli.ng devices to be 

variable among different \·Iorkers. Still many nevi devices are 

being made and modified by a number of ecologists to increase 

their success and efficiency. 
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The corers, cove~lng a very small area, are found to 

be mope efficient than the othel's in frocshHatero and mapine 

enviroonments (Tudopancea .et.~.1:., 1979; Fpithsen ~.!.al., 1983). 

Small size pelated to highep efficiency of samplinp; devices 

is pepopted by Tudopancea et.al. (1979) and they also cited 

similar reports of Kaja (1963); Staczykowska (1966); 

Brinkhurst (1967); Flannagan (1970); and Paterson and 

Fernando (1971), 

Compapced to these peports the small sized Ekman p;pab 

used in this investigation is less efficient than the larger 

Petepson gpab. The differoences in weight of the sampling 

devices and the natupe of the sediments of the study area 

might have ceptain contpibutions to such pesu,lts. The 

largep values of CV and SD of -the Petepson grab shm, the need 

for increasing the numbep of replicas taken at each station 

and at each sampling time; however, due to tima constraints 

and the size of sediments to be processed this was not done. 

Therefore, with these outcomes, there is d need for using 

more efficient devices for further research \,orks to study 

the benthos of this area quantitatively. 

6.2) Benthic Nacrofauna 

Based on -the lis-t of opganisms found in the study aped 

the polychaetes are mope diverse numerically follm'led by the 

gastpopods bivalves and crustaceans. This result of numerical 

representation by the various groups could be too low for 

the identification of the -taxa \-las not done to the 1m'lest 

possible level in some cases (e.g., Gamrnaridae). 



- 38 -

This list does not include large size organisms such 

as sea cucumbers and sca urchins. Sea cucumbers are sparsly 

distributed at Station I with an approximate density of 1 

2 individual per 2m , while their distribution is highly sparse 

at Station II and not one was observed at Station III. The 

sea urchins Hhich are found at Station I and III are alvlays 

found attached to corals, small or big, One vlho Hants to 

study them quantitatively must collect them by hand where-

ever they are found. If not the method of collection is 

considered biased. 

The relative numerical abundance of the taxa ShOHS no 

dominancy in all sta-tions. Dominan-cs are the most prominent 

species in the communi-ty, I"hich make up its r;reatest mass of 

living material and serve as the major source of food, sub o
, 

strate and shelter for the animals that are present. 

Dominance is, therefore, the relative control exerted by 

organisms over the species composition of the community 

(Kendeigh, 1980). None of these features mentioned above 

can be manifested in the study area. However, this lack of 

dominancy by any of i:he benthic fauna could result from 

higher diversity, 

Comparing with -the findinEs of Fishelson (1971), the 

polychaetes of the sandy bays and shallotv muddy bottoms 

are numerically greater than the present findings, Hhile 

those of Ismail (1986) from the Gulf of Aqaba are lovler. 

The same is true of the molluscs of the Gulf of Aqaba. 

Nevertheless, comparisions of such sorts may lead to Hrong 

conclusions, for the methods of collection and the types of 

samDlers used .~·(IP' rli ffp.YlP.n-r f)"")()m P<10h _ft..·ther>_ 
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Dicks (1984), reported 305 taxa from the Ras Budran 

oil field in the Gulf of Suez. This is far greater than' 

have been reported by the above authors. The lal'gc number 

of taxa (or of more detailed taxonomy) in the Gulf of Suez 

may be due to the effect of different environmental condi­

tions. In the present study area there is no significant 

problem of pollution. 

G.3) Physical and Chemical Parameters 

The substratum is one of the most important environ­

mental factors in oceans and coastal waters that largely 

determines distribution and association of benthic animals. 

The variety and abundance of the bottom fauna depends great­

lyon the physical and chemical structure of the substratum 

(Kinne, 1972). Of the parame'ters, temperature is said to 

be (Tait, 1981) one that affects the distribution of benthic 

communities. This, however, does not appear to determine 

the distribution and abundance of the benthic fauna of the 

Hassawa area. 

There is considerable variation of depth among the 

three stations. It is found to have poor correlation with 

temperature. Yet, this variation has no effect on the re­

lative abundance and distribution of the fauna. 

According to Janson (1967;cited 1n Kinne, 1972) measure­

ments of sediment \'iater content or pore volume have been 

used as indices of available space within sediments. The 

highest mean value of sediment water content compa,red to the 

others, therefore, indicates Station II to have much available 
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space. Even then this in turn does not lead to dominancy 

in relative abundance of the taxa at Station II. 

Sands of the sea bed are not merely aggregations of 

grains of various sizes and shapes, but they also have 

organic components consisting of films of microorganisms 

coating the grains, and plant and animal material (Viebb, 

1969). Meadows and Anderson (1966) reported the presence 

of a wide variety of microorganisms including bacteria,. 

blue~green algae, diatoms and yeasts, on the surface of sea 

bottom sediments. These are not evenly distributed, but are 

localized in patches behleen \>Ihich there are large at'eas of 

bare surface. 

The types of microorganisms attached to sedimen-ts of 

the study area are not known. Nevertheless, they are be­

lieved to have great contributions to the amount of organic 

matter content. The properties of the sand are highly 

modified by the organic matter content (Vlebb, 1969). There·­

fore, determination of it is vital before one deals with the 

relationships between the fauna and sand texture. 

High mean organic matter content was recorded at Station 

II compared to the others. This record of the organic 

matter content of the sediment is relatively gre-'lter than 

has been reported by Ismail (1986) in the Gulf of Aqaba. 

According tc Morcos (1984), sediments collected from three 

sites (Gulf of Aquaba, Gulf of Suez and from the Northern 

Red Sea) are relatively poor in organic matter content. 

These varying organic constituents in the sediments suggest 

that the sedimentary conditions of all these compared areas 
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are quite different. Living or dead organic remalns in the 

substrate may constitute a rich food source and provide 

building material. Therefore, benthos of Station II are 

potentially in an environment richer in food sources and 

building materials than the rest. 

According to the report of Sverdrup et.al.(1962), marine 

sediments contain from 0% to about 18% organic matter with 

an average value of about 2.5%. The ranges in organic 

matter content of this study are comparable with this report, 

but the means are greater than the report of the above 

authors. 

The results of the analysis of sediment grain size 

show no significant differences in distribution taking the 

overall study area into consideration. However, comparing 

each station, Station I is composed of corser sediments 

them the others. This is attributed to greater tUl'bulence 

in the shallower Station I. The grain size is also said to 

determine the transportation of particles along the bottom 

by currents and the fall velocity (Dietrich, 1963). This 

many, thus, explain the variations in organic matter content 

of the three stations taking grain size as a factor. 

Sand texture sometimes appears to influence the distri­

bution of animals and at others evidently not. Its analysis 

has two major problems - disturbance during collection and 

consolidation (Webb,1969). The present analysis, if not 

perfect, could have faced these problems. According to 

these results, the distribution of the macrobenthic fauna 
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is not found to be affected by the overall texture of the 

sand. This seems to agree with the findings of Webb (1969). 

According to Sverdrup et.al. (1962, citing Trask, 1932, 

1939;Revelle and Shepard, 1939) and Parsons ""t.al. (1979, 

citing Barder et.al., 1960;Hargave, 1972), usually there 

",gists an inverse rela-tionship betvleen sediment particle size 

and organic matter content. This reflects -the high surface 

area for organic incorporation in the fine grained deposits. 

Therefore, this may account for the relatively high organic 

matter content of Station II. The relatively lowest mean 

organic matter content is at Station I. This result agrees 

vlith \'lhat have been indicated by Sverdrup et.a~. (1962). 

According to these authors, coarser sediments of the beach 

and shelf are generally low in organic matter. 

6.4) Diversity Indices of Macrobenthic Fauna 

Taking the \vhole study area into consideration, the 

overall range of Shannon-Wiever's diversity index is from 

1.79 - 3.90 with the maximum mean of 3.42 bits per individual. 

The range and mean are 1.mver than I'1hat has been reported by 

Dicks (1984) on the fauna of the Gulf of Suez. He found 

the average H' to be 5.20 and range 3.83 - 5.86. This range 

is lower than that of Station III (1..79 - 3.77), but higher 

than those of Station II and I (2.64 - 3.90) and 2.57-3.81, 

respec-tive1.y) . Lven -then, the minimum and maximum recorded 

value of this findings are greater than in this study. 



On the other side, comparing the resul·ts of Ismail's 

(1986) ~lOrk on the Gulf of Agaba, Cllmost all H' values of 

the presE'nt study are much higher than his 1·1i th the exception 

of the following (Table 3) at to .. Station II - 2.64 

t3 - Station III - 1.79 

t8 - Station I - 2.57 

These are lower than the highest H' of his Station 6M. The 

data shO\oI 10l<1er diversity in the Gulf of A§aba than in the 

present study Clrea. HOYlever, most of the eveness indices 

of his study are much higher than the eveness indices in the 

present study. In general, dominancy is manifested in the 

Gulf of A.!jaba but not in the area around Tel'lilli t (l.lassaHa). 

The highest ilnd mean values of H' (5.68 and 5.20) re­

ported by Dicks (1984) are greater than those indicated by 

Hargalef (1969), who pointed out the upper limit of H' to 

be around 5. A high index of diversity reflects the exis­

tence of large numbers of species and the absence of numerical 

domination of the fauna by individual species. Therefore, 

the results reported by Dicks (1984) may be due to the above 

two factors which differ in magnitude from those obtained in 

this study. 

Marcotte (1986;citing Gray, 1974 and Marcotte, 1977) 

pointed out diversi·ty within shelf habitats to be lOYlest in 

mud, higher in sand, and highest in mixed muds and sands. 

However, the results of the present study do not fully 

agree \'Ii th "chat I'Ihich has been said above. In this inves­

-tigCltion the highest meCln diversity index is found at 

StCltion III l<1ith mixed muds Clnd sands. The lOl~est is not 



from the highly ~nuddy Station II, but from the highly sandy 

Sta'tion I. 

According to piclou (1966) and McIntosh (1967), for a 

given number of species, the divepsity of a collection is 

at maximum I'Ihen the individuals are distrihuted among ·the 

species as evenly as possible. Conversly, if only a fel'l 

of the species contain a large majority of the individuals, 

the diversity is 1m-I. Equi tabili ty compares the ohserved 

distribution of individuals among species to the value of 

H'. It is positively correlated l'Iith diversity (Whittaker, 

1975). Dominance expresses the most abundant species in a 

population. It is the reverse of equitability and has an 

inverse relationship l'Iith diversity. However, in practice 

J appears to be an insensitive measure of equitability, too 

strongly dependent on H' (Lambshead et.al., 1983). 

The J's of the present study area are more or less equal 

Vlith not much difference betl'leen Station I and III (J=0.78) 

on one hand and Station II (J=0.80) on the other. This 

manifests the absence of significant dominance In the 

assemblage of the taxa. In these stations the competetive 

situation is more balanced, for a diverse system is one in 

~lhich not only are there more species, but in "hich the 

total number of individuals is more equitably distributed 

betVleen the component species (Barnes and Hann, 1982). 

The mean biomass diversity at S·tation III (2.80) is 

significantly different from the remaining tl'lO. This 

indicates the biomass diversity to he much higher in this 

station. 
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6.5) Faunal Similarity and Coreposition 

Based on Lu and Roppei' (1979), all the valuGs recoy'ded 

are belml the limits of similarities and composition, In­

dicating all the stations to be dissimilar. However, con­

sidering their similarity indices, there is great similarity 

behleen Station I and II. This may be clttributed to the 

absence of any hiderance for "1dter movemen·t between the tvlO 

stations. Because, as indicated by Tait (1981), and Mart~ns 

and Schockaert (1986), of the two factors that charactel'ize 

the benthic habitat one is vlater movement. 

Station III lS significantly different from Stations I 

and II which may be attributed to the distance between them 

and the presence of a coral reef that separates it from the 

others. Station III differing from the others, is in direct 

contact Ivi th Green Island. This may lead to access of 

allochthanous substances. 

Jaccard's Coefficient shows no significant variation 

among the three stations. Hovlever, relatively more affinity 

is observed between Stations II and III. Jaccard's Coeffi­

cient reflects only the pres8nce or absence of species and 

not their relative abundance. If so, the absence of any 

significant differences and strong affinity between the 

stations may be due to the possession of more or less similar 

species among the three stations. This result agrees with 

what has been given in the list of organisms (Table 1), which 

is found to be characterized by no dominant species among 

the three stations. 
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Similarity index according to Sorensen (194B;cited in 

Muller-Dombois and Ellenberg, 1974) expresses the actual 

rn(~asurG:d coincidinz sp(-;ci(~s occur'cnces ur;ainst the theoret~ 

ically possible ones including a statistical probability 

term. furthermore, this index gives greater weight than 

Jaccard's to the species that recure in the two test areas 

than those that are unique to either area. Due to these, 

heavy weight is given to the results of the similarity 

index than Jaccard's Coefficient. That is why distictive 

differences are observed between the three stations. 

6.6) faunal Standing Stock and Productivity 

Probert and Anderson (1986, citing Zerkevitch et.al., 

1960), gave an average wet weight benthic biomass value in 

2 New Zealand waters of 200g/m for the depth range of 0-200m. 

The results of the present study are not comparable to this 

value. According to Tait (1981), in areas of exceptional 

productivity, biomass dry weights are found to be as high 

2 as 100-200g/m-. This range agrees with that reported by 

Mann (1982). He stresses that the best data for benthos lS 

estimated by the Russians as about 200g/m2 for the conti-

nental shelf (0-200m). Again the results of this study are 

much lower compared to these records. 

The dry and Viet biomasses are variable from time to 

time, having no regularity. According to Barnes and Nann 

(1982), biomass vlill be high at one time, 10\'1 at another 

and is characterized chiefly by its variability. The present 

results, therefore, manifest its variability Vlith no visualized 



regularity. The P:B ratio, which is an expression of the 

number of times the biomass turns over in a given interval 

(Mann, 1982) is 1.5. This figure shows turnover rate to be 

1.5 times per 6 months. 

Comparison of results of one study against another must 

be done with great caution, for the methods of collecting 

samples, the sampler utilized, and the total area covered 

may vary. Similarly, the duration of time and the specific 

time chosen for the study may differ. Temperate areas have 

~our distinct seasons differing from tropical areas. There­

fore, comparison of these tHO regions may lead to grave 

error unless precautions are taken. 

This study was conducted during the winter season of 

the area for 6 months. The results may not represent the 

overall picture of a year. Taking the results and converting 

them per year basis may give an exaggerated or levlered 

estimate. It is far better, therefore, to record them as 

they are for further references and studies. 
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7) CONCLUSIONS AND RECONMENDATIONS 

The shallow waters alonvthe Red Sea coast around 

Tewalit (Massawa) are characterised by benthic macrofauna 

\videly distributed and \'Ii th no dominant species. The macro·· 

fauna lIas high species diversity, high biomass diversity and 

high equitability. The studied parameters seem to have no 

regulating effect on the abundance and distribution of the 

macrobenthic fauna. The species composition and similarity 

are below the limits of similarity, but there are variabili­

ties in similarity indices. The macrofauna is, therefore, 

assflmbled dlfferently among various microhabi,tats. Estimated 

production is relatively high, while the biomass is relative­

ly low. 

The study was conducted during one season (the winter 

season) of the region. This season is the time ~Ihen fish­

ing activities are at their highest. Hm'lever, it may not 

represent the overall ecological picture of the area. 

Therefore, 

1) Further study of the macrobenthic fauna on a long 

range basis (e.g., annual) is essential. 

2) Secondary productivity is influenced by primary 

productivity. A study of phytoplankton production 

is thus required. 

3) There is nothing known concerning how the macro­

benthos are related to the microbenthos and 

meiobenthos. Investigation of their ecological 

interactions Hill also make it possible to better 

visualize the ecological systems of the area. 
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4) Physical and chemical parameters are said to 

influence benthic fauna. A study of the varia"' 

bili ty of pH , salinity, oxygen concentra"tion and 

especially water dynamism is crucial to an undcr­

standin?, of those factors that determine the 

distribution, abundance and _productivity of the 

macroben"thic fauna. 

5) The relationships betw;en the benthos and the fish 

fauna is not knovm. Therefore, investigation on 

their relationships is required. 
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i\PPEHDIX - I 

To·tal number of benthic macrofauna collected by each sampling 

device at eClch station du:oing ea.ch sClmpling time. 

a) Peterson Grab 

S.T. Sta. Rep. I Rep. II Rep. III 

to I 19 7'12 11 430 15 586 

II 2 78 2 78 16 625 

III 5 195 7 273 11 430 

tl I 73 2852 30 1172 49 1914 

II -1.5 1758 15 586 27 1055 

III 25 977 51 1992 70 2734 

t2 I 71 2773 202 7891 69 2695 

II 34 1328 40 1563 40 1563 

III 18 703 28 1094 6 234 

t3 I 78 3047 0 0 37 14115 

II 37 14'f5 67 2617 46 1797 

III 68 2656 104 4063 139 5430 

t4 I '19 1914 28 109'f 24 938 

II 24 938 35 1367 30 1172 

III 43 1680 29 1133 36 1406 

t5 I 24 938 20 981 26 1016 

II 'f8 1875 55 2148 18 703 

III 48 1875 53 2070 22 859 

t6 I 20 781 19 .742 6 234 

II 25 977 28 109'1 30 1172 

III 42 1641 21 820 20 791 

t7 I 21 820 22 859 50 1853 

II 40 1563 39 1523 1+3 1680 

III 26 1016 48 1875 43 1680 

t8 I 10 391 33 1289 13 508 

II 41 1602 29 1133 28 1094 

III 13 508 16 625 17 66'1 

t9 I 59 1133 68 2656 1+7 1836 

II 26 1016 31 1211 39 1523 

III 41 1602 32 1250 17 664 
'0 

' . . ) .. ' 
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!..\ppendix _I (cont I d. ) 

tlO I 18 703 16 625 60 ?34 l f 

II 37 1145 28 lO9 l f 38 148lf 

III 32 1250 'n 1602 35 1367 

t11 I 22 859 4'. 1719 52 2031 

II 33 1289 23 898 38 1484 

III 36 1406 38 1484 43 1680 

tl2 I 14 547 17 664 42 1641 

II 56 2888 35 1367 52 2031 

III 20 781 46 1797 22 859 
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Appendix I (Cont'd.) 

b) Ekman Grab -----

S.T. Sta. Rep. 1 Rep. 2 Rep. 3 

to I 24 356 23 341 10 148 

II 21 311 7 104 15 222 

III 2 30 9 133 10 148 

tl I 43 637 23 341 16 237 

II 52 770 65 963 35 519 

III 30 444 36 533 55 815 

t2 I 29 430 54 800 68 1007 

II 6 89 29 '130 16 237 

III 31 '159 51 756 52 770 

t3 I 68 1007 56 830 68 1007 

II 37 548 50 741 46 681 

III 66 978 21 311 69 1022 

t4 I 73 1081 96 1422 23 341 

II 22 326 13 193 21 311 

III 10 148 29 '130 35 519 

t5 I 33 489 55 815 38 563 

II 20 296 'f2 622 31 459 

III 18 257 7 10'1 17 252 

t5 I 13 193 18 267 25 370 

II 32 97lf 29 430 0 0 

III 15 222 21 311 15 222 

t7 I 21 311 19 281 29 430 

II 18 267 '10 593 41 607 

III 3'1 504 40 593 '10 593 

ts I 86 1274 13 193 27 400 

II 22 326 17 252 23 341 

III 22 326 17 252 20 295 



Ekman Grab (cant'd.l 

t9 I 35 519 22 326 26 385 

II 45 667 22 326 31 '159 

III 3'1 50~ 21 311 36 533 

t 10 
I 27 400 22 326 37 548 

II 8 U9 9 133 30 444 

III 50 741 22 326 27 400 

tu I 26 385 32 47'. 72 1067 

II 26 385 23 341 27 400 

III 38 563 45 667 40 593 

t12 I 14 207 17 252 24 356 

II 22 326 37 548 23 341 

III 2 30 22 326 32 474 
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APPENDIX - II 

Sediment Grain Size distribution among the three stations in 

!\ o. Data from October 28,1986 to April 1 'I , 1987. 

(A => 2mm, B = 2mm - Imm, C = Imm-O.5mm, D = < O.5mm) 

S.T. Grain Size Sta. I Sta. II Sta. III 

to A 2.00 2.80 0.40 

B 6.60 13.60 7.40 

C 25.60 22.'iO 19.40 

D 55.80 51.20 72.80 

tl A 3.64 0.29 0.55 

B 7.73 1.57 3.05 

C 15.79 5.22 7.75 

D 72.84 92.92 88.82 

t2 A 3.89 2.00 0.70 

B 8.43 20.70 4.70 

C 19.48 31.10 21.30 

D 68.20 46.20 73.30 

t3 A 7.47 3.07 7.20 

B 19.06 10.53 16.67 

C 35.60 29.47 27.33 

D 37.87 56.93 48.80 

tIl A 3.33 0.93 0.40 

B 11. 1+7 11.33 3.73 

C 27.73 21.87 11.4.7 

D 57.47 65.87 84.40 

t5 A 3.33 1.07 0.40 

B 9.20 7.87 4.80 

C 21.60 19,'73 20.27 

D 65.87 71.33 74.53 

t5 A 9.47 0.27 0.27 

B 12.40 2.27 2.53 

C 18.00 7.60 12.13 

D 60.13 89.86 8'7.07 
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Appendj~ II (cont'd.) 

t7 A '1.27 0.53 0.93 

B 10.53 1.61 6.80 

C 27.33 6.53 18.54 

D 57.87 91.33 73.73 

t8 A 20.13 0.53 1.20 

B 10.93 1.87 15.20 

C 17.33 5. L~ 7 28.93 

D 51.61 92.13 54.67 

t9 A 7.86 0.27 0.27 

B 15.87 2.13 5.87 
/ 

! C 33.07 7.33 18.27 

D 43.20 90.27 75.59 

tlO A 7.20 1.07 0.93 

B 12.80 6.53 8.80 

C 24.80 13.07 17.60 

D 55.87 79.33 72.67 

t11 f, 3.73 0.27 0.40 

B 14.00 1.47 6.00 

C 29.87 6.26 23.07 

D 52.40 92.00 70.53 

tl2 A 7.60 0.'10 0.67 

B 11.20 1.87 3.60 

C 19.60 5.87 10.40 

D 61.60 91.86 85.33 
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APPENDIX - III 

Total number of taxa collected at each sampling station at 

each time. Data from October 28,1986 to April 14,1987. 

S. T. Station - I Station - II Station .- III 

to 15 11 11 

tl 18 20 24 

t2 21 15 20 

t3 20 23 22 

t4 19 18 20 

t5 20 26 23 

t6 13 71 21 

t7 23 24 22 

t8 18 16 21 

t9 18 22 22 

tlO 18 17 21 

t11 19 16 22 

t12 16 20 21 
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Appendix IV <Cont'd.) 

t6 I & I I ....... 7 0.41 25.90% 

II & III .••.•• 16 0.76 61. 50% 

III & I ....... . 11 0.67 47.80% 

t7 I & II ...... 16 0.68 51. 61% 

II ~, I II ..... 15 0.65~6 48.39% 

III & I .... 0 •• 17 0.76 60.71% 

t8 I & II ...... 10 0.59 41.67% 

II & III .••.. 14 0.76 60.87% 

III & I ...•... 14 0.72 56.00 9; 

t9 I & II ...... 14 0.70 53.85 g6 

II & I II ..... 16 0.73 57.14% 

III & I ....... 15 0.75 60.00% 

tlO I & I I ...•.. 12 0.69 52.17% 

II & III .•.•. 13 0.68 52.0096 

III e, I ...... 12 0.62 44. 00~6 

tll I & II ...... 12 0.69 52.17% 

II & I II ..... 13 0.68 52.00°0 

III & I .....•. 15 0.73 57.69°6 

tl2 I & II ...... I l , 0.78 63.6 l ,% 

II & III .... , 17 0,83 70.83% 

III & I ....... 14 0.76 60.87% 
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APPENDIX - V 

Dry Standing Stock of each major group (mr:/m2) at each 

sampling time. Data from October 28,1986 to Apdl 14,1987. 

(A = 01igochaeta, B = Polychaeta, C = Gastropoda, 

D - Bivalvia, E - Crustacea, F - Echinodermata, 

G - Cephalochordata, H = Anthozoa) 

S.T. Station I Station II Station III 

to A 

B 156.7 99.8 6.4 

C 53.4 23.4 260.1 

D 79.1 644.1 420.1 

E 317.6 35.0 125.0 

F 

G 210.9 13.3 38.0 

tl A 23 .1 

B 545.7 734.9 374.3 

C 1472.3 2534.4 2026.0 

D 180.7 37l'f.l 1208.8 

E 346.8 274.9 306.8 

F 13.2 

G 170.3 10.4 74.5 

t2 A 2.6 

B lfl3.5 147.8 173.2 

C 137.6 498.8 1067.8 

D 41jO.8 20.8 741. 2 

E 1387.7 916.0 663.8 
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Appendix - V (cant' d. ) 
--

F 

G 376.0 140.0 116.0 

t3 A 100.0 3. 5 

B lfS7.1 999.1 'W8.1 

C 217.6 2346.7 1116.5 

D 21S.2 3981. S 635. 3 

E 3731. 3 478.2 143. lf 

F 11. 2 11. 2 

G 129.5 48.1 177.6 

t4' A 

B 45S.0 138.9 582.1 

C 119.0 576 .0 1676.0 

D 177.1 57.4 853.4 

E 1594.1 1076. lf 953.1 

F 

G 173.9 65.8 1S9.8 

tS A 

B 423.1 880.0 297.6 

C 1258.4 1988.5 2408.7 

D 2049.8 1425.S 

E 407.4 1066.3 370.3 

F 65848.3 21j4.3 244.3 

G 222.6 138.6 201.6 

t6 A 

B 316.2 958.1 577.9 

C 1179.8 703.7 
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!"ppenclix" V (Cont'cl.) 

t10 A 

B 679.7 957.6 3760.3 

C 207.2 1390.9 869.8 

D 324.8 32lf.8 655.0 

E 1532.2 1762.6 141lf .2 

F 

G If If . 8 20.8 24.0 

tll A 

B 1155.2 1099.5 3347.0 

C 310.1 1243.4 3758.2 

D 429.8 2517.4 1080.0 

E lfl02.0 3252.2 2762.6 

F 120.lf 

G 54.0 126.0 

tl2 A 

B 705.0 2286.9 976.4 

C 530.6 2388.9 1760.2 

D 3391. 2 614.0 

E 1655.2 607.0 562.3 

F 

G 1'28.0 16.0 70.0 
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flPPENDIX - VI 

Dry weight standing stock (DSS) and Productivity (P) of 38 

taxa encoun"tcpcd during thc study 

(Data from October 28,1986 to hpril 14, 1987) 

Taxa 

SabeU(J$ app 

TrebeUa S?p. 

CirraruZus sp. 

SyUis sp. 

Nephtys sp. 

CapiteUa spp. 

Amphinome sp. 

Nei'eis spp. 

'! Ai'icidea sp. 

GZyaei'a spp. 

Peatinaria sp. 

Naldanidac spp. 

Areniaola sp. 

Magelona sp. 

Armanida sp. 

OUgoahaeta uident. 

AntiUophos sp. 

OUva sp. 

?CanaeUaria sp. 

Gastropod a 

0.2145 

0.9686 

0.5856 

0.2169 

1. 3508 

0.3'188 

0. 125 9 

0.3138 

0.3518 

0.33i12 

4.l929 

0.3404 

0.0605 

0.0193 

0.0945 

0.Ol~88 

7.3959 

1. 9217 

6.203:; 

1.47'10 

2 
P(g/m ) 

0.0963 

0.1459 

0.1109 

-0.0155 

-0.0398 

0.0175 

0.0161 

0.0574 

0.0250 

0.0035 

0.0430 

0.0307 

0.0297 

" O.002l~ 

-0.0297 

0.0025 

1.3825 

0.1183 

--0.11303 

0.3300 



Notioo sp. 

Bulla sp. 

Tellina ? punioea 

T. ? padiata 

Anadapia 

Maooma 

Tellina? vipgata 

TeUina sp. 

Metapenius Btebbingi 

Tanaidacea spp. 

Pinnothepes sp. 

PaguX'Us spp • 

?Ethusa sp. 

Gommopus spp. 

Ophiuroidea sp 

Echinoidea sp. 

Asteroidea sp. 

~t'anchiol'.torril sp. 

0.1986 

1.0548 

12.9504 

3.1770 

0.2100 

0.6531 

1. 7594 

0.4248 

0.3026 

0.1882 

0.6170 

9.5807 

3.6583 

0.3312 

0.1393 

0.6039 

25.9896 

1. 8973 

0.0677 

1.1321 

2.0245 

0.1938 

0.0507 

0.1796 

0.3114 

0.01147 

0.0892 

0.01119 

0.1352 

-0.4019 

0.660li 

0.0332 

-0.0833 

0.1063 

3.6228 

0.05885 


