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ABSTR~CT 

The Diversity and Productivity of benthic mac ofauna 

around the shallow waters of Tewalit (1assawa ) . ere inves -

ti ated at three sta ions from October 28,1986 to April 

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

Polychaetes with 23 taxa were the most diverse group followed 

by gastropods with 8 tax a , and crustaceans with 6 taxa . 

Physical and chemical paramete~s show no significant 

variation and r egulatory effect over the distribution and 

abundance of the taxa . The taxa indicate a hirrh species 

diversity , biomass diversity and equitability . There is 

significant variation in s i milarity indices , but no var l a ­

tion in species composition among the stations . Productivity 

is estimated to b e lO . lGg/rn2 . This with mean biomass 6 . g/ 

m2 resulted in a turnover rate ( P:B ratio) of 1 . 5 . 



I . I ITRODUCTIO ~ 

There is a voluminous literature on benthic macrofa na, 

but most of the literature on the ecology of marine coastal 

waters is from temperate are s , for much ctttenLion has been 

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

tion on the ecology of marine coastal waters of tropicQl 

zones is attributed to the inextensive nature of the beach 

studies made on the density and biomass of the fa u na 

( McIntyre , 1968 ) . 

Investigations on the benthic fauna, especially those 

on the coastal areas of the Red Sea are e x ceptionally few . 

The benthic r.:lacrofauna which is a food source of deme rsal 

predatory fish and o the r spec i e s , constitutes a major part 

of the food VIeb of coastal are3.S (Leuven et ,_a l. ,19 8 5 ; Ste i ml e , 

198 5 ) , 

The macrobenthic fauna o f the Ethiopian Red Sea coast 

around Mass aw is almost unstudied, though it presumably 

plays a major part in the cycle of ma terials in t he sea . 

The study of its div8rsity and productivity (chan es in 

standing crop ) enables one t o es tima te the food available 

for the commercially caught fi h around a glven area . The 

objective of his study is, therefore , to investigate the 

dive rsity of the benthic m crofauna nd to assess th' av il ­

able stock (standing crop) in the sh llow waters of _he Red 

Sea coast a round Tewalit (M ~ssLwa ) . 
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L) LI~FRATURE REVILl 

2 . 1) Biologic 1 S udi~s of th~ Re Sec 

AccordinR to ilergner (l nr 4), he earli€s~ biolosical 

studies eround the coast of I~ssaw~ were conductad by 

Ehernber~ and Hemprich between 1820- 182 a d 183 4 ; nuppel 

between 1831 and 1 33;Kossman in 1866 and 1875;some Itali~n 

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

by various larger expedit ions. Except some of the larger 

expeditions , that included oceanographic and marinG bio­

logical studies, ~ll the oth~rs were involved in collecting 

fishes and various inver ebr~tes . This shows their works 

to be taxonomic as Halim (196 9 ) h~s indicated . 

Cons i dering the investigations 0.1 marine benthic co~~u­

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

works . Almost a ll studies were conducted on the Northern 

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

localized 1n he Gulf of foq~ba ( e . g ., Ismail , 1986) . These 

facts , in ~eneral, indicate tha thGre are lots of things 

unknown a bout the ~enthic fauna of the co~sts of he Red Sea, 

specifically along the Et hiopian Red S a coast . 

The most important work on th~ Ethiopian Red Sea coast 

18 at of fishelson ( 1971 ), which su ~arizes ~he invest '-

gation conducted over the past 20 years . ~evertheless 

this piece of worY includes only 1elit Say 1n he Gulf of 

Z la , sou h of 1assa~a near the m~inland . All he ot .cr 

studiLd places ar v~rious isl~n(s of he Dahl k Arc i?lago , 
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including Abiad Bay , Goli h Bay nd Landinp Bay of rn edebi 

islund ~nd s~ vcrQl bays around Musscri isl nd . 

Therefore, hes dat~ do not f 11y ~3nifest the biolo-

g ica l kno~ledge of the benthic fauna of he E hiopian Red 

Sea C03st . There are 10 s o f hines to be ~tud ied and 

inv e stiga t e d, for the ecological knowledge e have is SC3nty . 

2 . 2 ) Macrobenthic Fa una 

Mare ( 194 2 ; cite d in Pe r kins , 197 ;McIntyre , 1 95 9;Parsons 

, ) 

e t . al . , 1979 and .1artius a nd SchockaerT , 1986,', sugCested the 

division of benthic f a un a into t.re e c2t egories based on Slze , 

as macrofauna, meiofauna , and microfau. a. Th~ ~acrof3una 

are thos e organisms with body size > 1000~m and ~re too l arge 

to pa ss through a Imm mesh . Th e m i ofauna are t hose Hith 

bo dy s i z e 100 1000~m a nd are ret2 ined by sieve s of mesh Slze 

0 . 04 - 0 . 1mm , while the microfauna &re the ones ~",i th body 

size l - lOO~m and pass through O. l r;url f.1.€s h . Thi s caT c f,oriz tion 

is us e ful for prac tical purposes b u·t can h~ve no bio loeical 

me aning , b e ing arbi a ry . This is so, because ther~ are 

certain benthic faun · ( e . g ., turbellarians ) that are large r 

tha n 2mm In bodv Slze but ~re nevertheless considered as 

me i o faun 

Modi fying Mare's ( 194 2 ) categorization , Ma rtins and 

Schocka r et ( 1986 ) propos e t o redefine me io- and macrofruna 

on the basis of biological crite ri a 3nd bo y size after 

reviewine the work of Warwick (1 58) . Warwick (1 968 ) 

concluded an im~ls lar . r than 45~e dry weight hav ing planktonic 



d velopmtn , dispersed 1n larv 1 st f,l s, h~ving a co tin- 0 s 

grolt~ t roughout life with a ~~n~ration tim of more ha 

Gne year and fe~ding in indiscriminate fas~in on particles 

but often selecting on p rticlc size basis to be terme as 

macrofauna different from the meiofauna . The laTter are 

species of sm lIar than 45~g dry weigh- having planktonic 

d€velopme~t , dispersing in the adult stage , h~ving n asymp­

totic growth of less than one ye~r and feeding by selection 

on size but a ls o on sh~pe or quality of particles . 

In most b~nthic communities -he bu l k of the st~nding 

crop op biomass , is present: ClS macrobE:ntho"' , but the number 

of individuals, rates of metabclisD and reproduction ore .~ch 

greater among the meiobenthos and microbenthos (McConnaughey , 

1978) . Compared -~o the zooplankton many benthic organisms 

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

rate of turnover 18 l ower relative to the weight of standing 

stock CTai t, 1981 ) . 

2 . 3 ) Sampling Macrobenthic Fauna for Quanti ative S ud 

Various bottom samplers are known to be used for the 

quantitative study of macrobanthic fauna . Some of them ~re 

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

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

capable of giving a SU~2 quantitative or valid qUfllit~tiva 

picture of the ben hie popUlation of th sediments of the 

continen al shelf . This argunent is 1n gre~ment with that 

of Mcln yre's ( 1971;cited in Tyler ~nd Sh cklE' , 1978) , who 

also commented on the low reli2bili y of gr-b s~mplers . 
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There are V'l.rl.o· C COJ'1l':l0 I:,' occurrin[; pro Ie S ':li th the 

usc of grab samplers . These include varia Ie s diQ~nt 

p net . tion , variabl sample volume, slmple loss ~fter 

closure, failure of rele se mechanisQs to f nc lO properly 

and the inadequate closure of buckets (Griz zle aId Stegner, 

1985;personalobserva tions ) . D e t o these failures K'jak 

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

deeply e nough into the substr,'-te a nd the j al--ls close very 

tightly just a t th bottom and not on the way up when using 

grabs . 

Reviewing varlOUS works done in f resh 'ater ecosystems , 

Dowing (1 98 4a) point ed out that the Peterson grab is the 

least accurate but 3 precise dev ice t o estimate popUlation 

density c ompar ed t o van Veen, Smith-McIntyre ""'1.nd PONAR grabs . 

The most prec is e saDplers arc found to be cor~rs and Ekm~n 

grabs. Taking the efficiency of samplers into consideration , 

Frithsen et . al . (1983) , indicated corin3 devices and sue ion 

samplers t o be c onsidered general ly as more efficient samplers 

f o r the benthos than are grabs . However, excep in ve ry shallow 

waters gra bs are more commonly used for qua ntitative benthic 

works due t o man power , water depth, cost and o ther constrain s 

(Grizzle l.nd StegGer , 1985) . Pro lems of sampler effic i ency 

have motivated the developm nt of new devices by v 3rious re -

se rche rs ( e .g . , Boulton, 1985;Grizzle and Stc ner , 1985; 

Jackson, 1986) . 
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2 . 4) Dive sit ' .1 cJ Prcductj vi ty of 5~nthic r . u a 

Di ersity is rul t~J to th~ dist ibution of _ c prcsc 

biom ssnd to 'ts compl~xity at n giv· imc (1argnlef 

1969). According to Rugg (1935») i is a function of the 

number of sp cies present and evenness with IJhich individuals 

are distributed among the sp Cles . Its advantage lies 

increasing stability because the more species resen , the 

greater possibilities for udap t at i ons to changing conditions, 

whether these be short - t erm or long-tcr~ chnng s in cli ate 

or o ther factors (Odum, 1963) . 

Diversity measured as bits per individual , reache s its 

upper limit 2t around 5 (Margalef , 1969) . On a geographical 

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

et . a l ., 1979) increases in benthic communities as one mo ve s 

from the arct ic to the tropics. 

Various indices have been used to measure diversity , 

including K-dominance curves , Shannon- Wi ever , l og - normal 

( Plut t and Lambshead , 1985), and Simpson ' s Inde x of Diversity 

(Poo le, 1 97 4) . For their a pplica tions diff rent workers use 

diff rent types of indice s , e . g ., Crossman nd Ca i r ns ( 1974) 

f o llowed the technique of Wi1hm and Dorris (1968 ) and the 

Sequential Comrarison Index of Cnirns and Dickson (19 71) . 

Rugg (1 985) used the cquQtion ~iven by Hurlbert ( 1971) . 

Poole (1 974) stresSLS Sinpson's MC2sure of diversity ~s n 

appropriu e index i one is intcrest~d in the re1utive 

dO',li nancc of a fev1 speoi s. Howev\:!r , Platt and Lambshes.d 

(1985), after criTicizing all ~he av.i l ablc indices proposed 

another C'..ltcrna tiv ~ - the Neut r al :<odel A1Plysis . 
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Wh~t~vcr ~ifc rent ~ypc. of n~ 5 r~~~ nts l~ u ilizcd 

the most cor.trnonly sed index to r.leusur'(' iiversi ty -. :-1 h ' c 

communi i cs is th " Sh non ··Wi~v _r' Index (K~ndcifh , 1980' 

Rugg , 198S) . This diffGrs from Pi_lou (1)77) who in ic.te 

the cxistenc~ of much ebat8 on whGth~r this Cln be a suit­

ab l e measure o f ecological diversity and equat~d d ' e~si~y 

to uncer ta i nty . 

Secondl.ry production of invertcbr t es is the amount of 

tissue elaborated per unit time per unit area (Doln inp 

1984b) . Production is estir.t~t~d by vario us methods, one is 

t h e Size - Frequ ency me~hod ( Hymen and C~leman , 1968 ) , but 

thi.s is s3.id t o have som'> 2rrors (E2..ri.lt ,") . . , 1979) . illespie 

and Benk~ ( 1979 ) listed a number of dif~Qrent types o f method s 

that enable one to es~imate sec ondary pro uctio n . I field 

researches , the produc ion to bio~ass r.J.tic ( IB L'ltio ) , is 

al s o used 0 e stim~te the productio n OC animal population 

whe n growth ~nd mo t c lity pa tterns or age composition are 

nat known . In suppe rt of this, BansQ (1984), sug . ~stcd thc 

rules rel::oting to b ' amuss to be thE: mas t sui tcJ.ble .<.! ho for 

mc?k i ng estima.tes of production , for pl'mning field resE.;.-'rches 

o r for eveloping the theory o f foo d web rel a tio s . 
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3) STUDY [REA 

The R d SG~ (Fig. 1) is fc ~ ~~ a r eioD i uat_d 

between h~ African and Ar~bian Deserts ~n is characterized 

by an arid cli.~te . 

1000km long . M~ssaw 

The Ethiopian Red Se coas is about 

lies along this coastline on a flat 

sandy plain at the northern point of Hargigo Bay . It is an 

island port connected to T~walit with a road bridg 

L30r (1971 ), dEscribed the climatic condition 0 the 

sea shore of Massawa as ~mo.g the worst existing on earth 

with very high temperature , the higb s relative humidity 

In he world and scarce rainfall . Evaporation fron its wa e 

surface greatly exceeds its smal l precipitation which. is due 

to its r lativ~ly high t emperature . I ts e v~poration rate i s 

approxima tely 235 cm/year (Fishelson , 1971) . It is sea 

of e xceptionally high salinity becaus e of intE se evaporation . 

Its me~n s ~linity is 40 . 35~. (Morcos , 1970) , ~lthough va lues as 

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

The study area include d three stat ions, I, II, ~ d Ill 

( Fig. 2 ). The sampling stations art situa cd aro nd Tew2 1it 

south of i1ass w , towards the northern entr~ ce of H~rgigo 

Bay where the small Green Islan is found. S tion I is 

located ~t a bout 600m south of t h ( brid e and 200m no t o f 

station II which is foun at a dist~~ce of 40Lm from station 

III n~ r the s ore of ~reen IslA d . 
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The study area is sandy with wid~ly distribu e corals , 

mostly o ld & the only living corals being t~e fungiids . The 

corals , which are abundant on shalloJ bottoms f r J reefs 

and banks in the ope n sea, around thG island ~ d clong the 

shore s (Ben-Yami , 1964) . This impelled e r gner (1984) , to 

cons ide r the Red Sea a s an ex mplary Coral Sea . hough no 

significant environmental po llution i s observed , i is an 

a rea Hhere human interfe rence is very common for leisure 

boating end fishing . 
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4) HATERIALS A mEThODS 

4 . 1) Field nd L bor~tory Works 

Bottom s mples were quantit~tively taken from the shallow 

coastal area around Tewalit with an Ekman grab (225cm2) ~nd 

a Peterson's grab ( 25Cc~2 ) every two weeks for six .onths 

from October 28,1986 to Apri l 14 , 1987 . Three replicates 

were sampled with each sam?ler from each station . 

Each o f these samples was sieved using Canadian Standard 

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

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

the s ediment from he macrofauna 1 o_ganisms and ~biotic con­

stituents o f the substrate (Ziegelmeier , 1972) . All were 

then preserved in 5% sea ~7-ter formaldehyde solution for 

further laboratory processing . 

In addition to these, Gne sediment sample was collected 

from each station every s rnpling tim for water content, 

organic matter content and p2rticle size analysis of he 

bottom sediment . These were ?reservcd in 5% se~ w~tcr . 

formaldehyde solution . 

In the laboratory, the preserved sieve contents were 

sorte and selected in a whi e p~n and petri-dishes using 

a dissecting microscopL (20X);which were roupLd ~nd iden 1 -

fied to the lowest possible ~xon aecor i g 0 Pett ' bone 

(196 nd 1971), Day (l~ 7~ and 1967b), iedl (1970) Hu. fry 

( 1975) , Fauch-ld (1 977), ~n Fischernd Bi chi (1984). 
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Specimens were counted . Wet and dry wights were 

measured with an S2000 electric balance ccurate to O. OOOlg . 

The wet and dry weight measuremen s were done without he 

e xtern31 hard cov e ring of all the benthic faun ~ . De ermi -

nation o f we t we ight was done after blotting the specimens 

for about 3 min . and the de t erminat i on of dry weight was 

done after putting them ln an oven for 24 hours at 10SoC 

and in a dess icator f or 1 1/ 2 to 2 hours . 

For the determi nation of sediment water content, organi c 

matter content a n d particle s i za , bottom sediments were 

washed with dis t illed water t o r emov the preservative and 

drained. Fifty grams of each sediment sample we re ,e i ghed 

and put into an ove n with the rest for 24 hours at l05 0 C 

and for 1 1/2 to 2 hours ln a dessicator . This is to deter -

mine the wa ter c ont ent . Of the o ther dried sediment samples 

o 208 o f each was put in a muf fle furnace f or 6 hours at 550 C, 

cooled ln a d e ssicator and weighed to deter mine the organic 

matter c ont e nt . Fol l owing the procedures o f Griffths ( 1967 ) 

and Fo lk ( 1 980 ), partic l e s ize of the sediments we r e asse ssed 

by weighing 7Sg and sieving t hem . Three sieves ( No . 10, 18 

and 35 ) were used t o separate the particl ' s into four 

categories . 

4 . 2 ) Analysis o f Data 

Divers ity of the benthic macrofauna was calculated uSlng 

the Shannon- Weiver Diversity Ind~x (Pielou , 1966) lS given by: 

H I = - EPi l or. 2 Pi 
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where Pi = proportion o f t ota l s~mpl ~ b s longing 

t o the ith spec i Ls . 

H' = Ind8x of speci ~ s dive rsity . 

The greatest possible valu~ of the diversity (H'max ) 

is calculated by ( Pielou , 1966, 1977) , 

H'max = - [l i S log 2 liS = log 2S 

where S = number o f species 

The collection's evenness ( J =( E '» is then determined by 

J = H' I H'max 

The biomass diversity ( Wilhm , 1968;cited in McCullough and 

Jackson, 1985) lS determined by the equation given as : 

d bm = - [(wi / w) log 2 (wi /w) 

where Wl = the weight of i ndividuals In the ith tax on 

w = the total we ight of individuals in the 

sample 

~ 
d bm = the biomass diversity 

This model i s identical to the species divers ity model , 

but its valu~ reflects the distribution of biomass among 

taxonomic groups . 

To estimate production of the benthic fauna durin the 

study p e riod , production of each taxon is c lcul te uSlnE 

the growth increment summation method (Edmondson 1971; 

Benke , 1979 ; Rigle r ~nd Downing , 1984) , as giv n by : 

P = Nt + Nt +l 12 (~ ttl - ~ t) 
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whe re Tt = o . of individuals at tim~ t . 

Nt+l= No . of individuals at time +1 . 

t t = mean weight of an individual at 

sampling time t . 

w t+l = mean we ight of an ln ividua l at 

sampling time t+l . 

Production as well as turnover rate of the macroben hic 

f a una from biomass data is then es tima ed by the P/B a s 

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

To get a quantitative measure o f similarity between 

three stations , J a ccard ' s Community Coeff icient ( cc ) and 

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

calculated . 

Jacca rd ' s Commun ity Coeffici ent ( cc ):­

cc = j I a + b - j X 100 

where a = th,~ number of spec i es occurlng in a 

station . 

b = the numbe r o f species occuring ln another 

s tation . 

J = the number of specie s co~~on 0 both . 

This repres~nts only the presenc e or absence of specles 

and not their abundance (TuGoranchea t.~., 1 979 ) . On the 

scale values 100% represe nts iden ical species c omposi lon 

0 , represents n o relationship and 85% i s the limit of 

simil~rity (Lu and Ropper , 1979) . 
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The index of Similarity (s) is also calc ul~ ed as given 

by: 

s = 2 c / a + b 

where c = the number of species common to both . 

As a value . O. 8S is considered the l owest limit of 

similarity, and values below this indicate hat the comp red 

stations are dissimilar (Lu and Ropper, 1979) . 
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5) RESULTS 

5 . 1) Effici~ncy of Sam linE Devices 

Efficiency of the samplinr; devices 1S given as shm-m 

in Table 1 . These data are based 0 the various samples 

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

Table 1 

Efficiency of Sampling De vices used Durine the Study 

SAMPLER Peterson grab Ekman grab 

Area covered/sampler 256cm 2 
225cm 

2 

Sieve (lmvest mesh size) O. 5mm O. 5rnm 

No . of samples 117 117 

Total sample d 
2 29952 26325 area ( cm ) 

Mean No/sar.1p l e eX ± 8) 35 . 98 ± 25 . 59 30 . 76±18 . 01 

Mean No/m 2 1IlOO . 70 11002 . 76 455 . 75±266 . 84 

Higher density of all organisms was achieved by the 

Peterson grab . This resulted takin the same number of 

samples and the same sie ve of mesh size 0.5mm (Table 1) . 

However , due to difference ln are s cov red by the two dif-

ferent samplers the total area sampled is ~r ater in the case 

of the Peterson grab . Analysis of variance (NOVA) a 

P <O . l% resulted in Fcal = 21 . 748 . This shows qui e si>ni -

ficant variation among t h e two samplers . Therefore the 

PeLerson grab is relatively more efficient than the Ekman 

grab . 
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Nevertheless, the Pe erso gra ha s a hi~her s an ard 

deviation (SD = 1002.76) compared 0 266.84 of h e Ekman 

~rab . This high value of standard devi .ion s hows incon~ 

s i s t enc y t o be much greater when using the Peterson grab 

than the Ekman. The r esults also show a higher standard 

error ( SE = S2.68 ) and a higher coefficien of var iation 

(CV = 71 . 59% ) for the Pe t erson grab han the Ekman grab 

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

v a lue of CV using the Peterson grab indicates a relatively 

substantial var iation In the samples. 

5 . 2 ) Benthic Macrofauna 

The list of macrob_nthic organisms encountered in this 

work are given in Tabl e 2 . 

Table 2 

List of benthic macrofauna of the Re d Sea around Tcwalit (Massawa) . 

( October 28 1 986 to April 14) 1987) 

Taxa St ation J Station II Station III 

ANTHOZOA ,. 

Anthozoan ( unid. ) R (7) . .. 

POLYCHAETA 

Sabella spp . 0 (85?) 0 (4 32) C( 4330) 

Tr bella spp. C (2 863) 0 (229 ) 0 ( 560) 

Cirratulus sp . 0 (281) C (244 f'» 0 (433) 

"yUis sp . C ( 3454 ) (162) R(38 

Nerhthyo sp. R (135) ,.. ( 2065) (1171) ~ 

Capitella spp. 0 (1991 ) 0 (l3?2 O(':i52) 



Tabl e 2 (Cont'd ) 

Taxa 

Gastropod a (Unid.) 

Gastropod b (Unid . ) 

BIVALVIA 

Te llina ? punicea 

T. ?l'adiata 

T. ?vil'gata 

,1nadaria sp . 

Macoma sp. 

TeUina sp. 

Bivalve ( Unid. ) 

CRUSTACEA 

Pagu1'US spp. 

?Pinnothel'es sp. 

?Ethusa sp . 

Gammal'U8 spp. 

Metapenius stebbi'YI.qi 

Tanaidacea spp. 

ECHITODER TA 

Ophiuroidea (Unid.) 

Echinoidea (Unid.) 

Ast eroidea (Uni.) 

CEPHALOCHORDATA 

El'anchiostoma sp. 

·l: 

- 19 " 

St at ' on I 

R (7) 

R (88) 

R (49) 

R (14) 

R ( 88) 

R (7) 

R (14) 

C (2044) 

( 116 ) 

R (133) 

R (1607) 

R (23) 

R (37) 

R (7) 

R (7) 

o (869) 

Station II 

o (222 ) 

o (812) 

R (68) 

R (121) 

R (20) 

o (289) 

o (86?) 

R (22) 

(98 ) 

C (2660) 

R (7) 

o (646 

R (7) 

R (21) 

P (13 

S· ion III 

R (22) 

F (16) 

R (181) 

o ( 9 ) 

C (2914 ) 

R (14) 

( 36 ) 

R (14) 

R (7) 

o 775) 

R (42) 

R (72) 

C (2 37) 

R (15) 

o ( 277 ) 

R ( 47) 

R (28) 

R (7) 

o (52?) 

P-el a tive numerical ibundancc:- Dominance D,100-50 ), t~un n 
(A,49-30% ), Common (C , 29-10%) Occasional (0)9-1% ) , Ra I ,. <l ) , 

~o Numb~ rs in brackets n icate 0 1 nu r of or g nism~ collect d . 
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A totdl of 50 taxa belon 1ng t o maJor roups were 

found to exist in the shallow waters of T . walit (~assawa). 

Of the taxa 23 are po l ychaetes , 1 anthozoan, oli ochaet 8 

gastropods, 7 bival ves , 6 crustaceans . 3 echinoderms and 

cephalochordate. This shows the study ,~rea to ccomnodate 

46% polychaetes and 16% gastropods. 

Table 2 shows that, t h taxa ar8 larrely rate and 

occassional in t heir r81ative numeric~l abundance . There 

are only three common taxa ( in their relative abundance ) 

in each station o f different grou?s of all the total number . 

These are TrebeZ l a hPP" sylZis sp.) and Pagurus sp . at 

Station I; CirratuZus sp . , Nephthys sp.) and Ga marus spp. 

at Station II and Sabe ZZ a spp . ) T.? virgata , and Gammarus 

spp. at Stat i on II I . 

5 . 3 ) Physical and Ch emical Parameters 

The r e s ults of bottom water temperature ann depth 

sed i ment water co ntent a nd organic matter content are 

given in Tab l e 3. Th e hi,hest mean depth ( 3 . 27 ~0 . 48) lS 

recorded in S ation I I and the hi .hest mean temperat re 

( 29 . 02 +1. 24 ) in St ation I with r nge of 2 . S0-4 . S0m and 

27 . 0o C - 30.So C respectively . The coefficient of v ri tion 

( CV ) of the t wo paramet ers is high in Sta. I (CV of depth= 0 . 28%; 
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Tab1 3 

Some Physical and Chemic 1 Parame ers of the St dy Are 

( Data based from Oct . 28 , lg86 - pr o I t 1~87 ) 

(1 = bottom water depth ( m) , 2=bo tom water te pera re (oe) 

3=sediment water cont ent ( %), 4=sedimen org nic mat e 

content C%), S . T .=samp1ing time ) . 

S. T. Sta . r Sta . II Sta . III 

1 2 3 4 1 2 3 4 1 2 3 

to 0 .7 5 30 . 0 50 . 0 4 . 75 3 . 25 29 . 5 53 . 6 9 . 46 3 . 50 28 . 5 7 . 8 6 .04 

tl 0 . 80 30 . 0 54 . 4 t • • OO 3 . 50 28 . 5 58 . 2 5 . 7 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 

t4 0 . 50 28 . 0 54 . 6 2 . 51 3 . 00 28.5 55 . . 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 

t5 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 . 8 4 . 0 2 . 00 28 . 5 54 . 0 4 .10 

t8 1.50 29 . 8 54 . 9 3 . 02 4 . 50 28 . 5 56 . 8 4 . 41 3 . 60 28 . 5 53 . 8 3 . 49 

t9 0 . 50 30 . 5 54 . 1 1. 65 2.50 29 . 5 55 . 7 2 . 49 2 . 00 29 . 5 53 . 8 2 . 95 

tl0 0 . 50 29 . 0 55 . 0 3 . 74 3 . 20 28 . 5 55 . 7 4 . 35 2 . 60 2 . 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 . 01 

tl2 1.00 30 . 5 55 . 7 3 . 57 3 . 60 30 . 5 56 .9 4 . 20 2 . 75 30 . 5 5 . 0 2 . 83 
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paramet~rs lS high in 5t ion I (CV of de p t h = 0 . 28 \; 

T2mperature = . 27%). These show higher va ri hili a 

this station than the rest . The me n tempera ur and d pth 

has no s ignifica nt differ e nces betwe en Station II n III, 

but has significant differences froTI Station I . A alys ' s 

of Variance (ANOVA ) with alpha = 0 . 05 a nd d .E. = 36 show 

no signif icant variation in bo t om water emperature ( F = 

0 . 5518 ), but have gre t varia tion in depth ( F=15. 258) . 

Among the three stat i ons , t he highest mean w ter 

content is a t Station II ( 56 . 40% + 1 . 32) . The lowest mean 

i s at Stat i on III ( 52 .7 7% + 3 . 68 ). Station II a~ain has 

the l owest CV ( 2 . 34%) compared to the others while S a ion 

III ( CV = 6 . 97%) h a s subs t ant i a l var i abi lity. Anal~sis of 

variance (ANOVA ) with a lpha = 0 . 0 5 shows the sediment water 

c ontent t o be quite signific a ntly different ( r = 7 . 57 ) mong 

the sta tions . 

In sediment organlc mat t er content, t h e h'gh mean 

(4 . 53% + 1 . 58 ) is from Station II followed by Station III 

and I (3. 59% + 0 . 86 and 3 . 20% ~ 0 . 97 , r espectively). The 

ranges of organic rna t er content at the s ta ions (Tabl~ 3) 

are fo und to b e 1 . 66% - 4 . 75% (Sta . I) , 2 . 49% - 9 . 46% 

( Sta . II ) and 2 . 62 % - 6 . 04% ( Sta . I II) . Analysis of 

variance CANOVA ) a l pha = 0 . 05 resulted i = 3 . 0 , w ich 

shows differ e nces ove r al l the SLU y rea . 

The analysis of sedi,cn grc si e distributio 

(Fig . 3 ) among the three stat i ons result e d in r e I i v Iy 
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high meun % of ranulcs (>2mm), very co~rs~ s (2 - 1. 0 

Trul), and coarse sand (l.Omm - 0 . 5P'1-1) -t S ation I . Tne 

mean ~ of other co .ponen s of s nd «O . c_~ , includ : ng medi m 

sand, fine sand, silt and clay) is r lutively ighe l 

Station II than th~ others . The analysis of vari nce (A OVA) 

for the overall st dy area resulted i no s' ~ ifican 

differences with r = 0 . 0009, 0 . 0062 , 0 . 0004 and 0 . 0017 

respectively at alpha = 0.05. 

5 . 4) Divers ity Indice s of Macrobenthic auna 

The nean HI for Station III (Fig. 4) is foun o be 

higher than the remainin t wo S utions . ~omp ring h ir 

ranges Station III (Table 4 ) has a wider range ( 1 . 79 - 3 . 77) 

than the rest 2.64 - 3.90, and 2 . 57 - 3 . 51 St Tions II and 

I, respectively . The high mean HI v~lues re corrbla ed 

with a high coeff i cient of variation, i . e . , 15 . 20% for 

Station III, 9 ~4 1% for II and 8 . 16~ for I . Though , 0 

significant differences in mean I is observed betwee 

Station II ( 3 . 40) and Station III ( 3 . 42), a high r CV 

(14.42%) for III shows substantial diversi y among its co -

stituents . Analysis of vari nce (ANOVA) at alph, = 0 . 05 

shows no significant differences ~.ong the three stations 

with r = 0 . 2760 . 

t·!ean biomass diversity, showing distribu ion non~ 

the taxa, is higher for Statio III (r' . ha. he reS 

The range 1S greater (Table I ) 1n Sta ion I llowcd by II 

nd III. The CV value correl2. C: ~vi th h r<:i ge beine 
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Ta 1e l 

Diversity Indices of he Three S io s 

(Data f om Oct . 28 ,1 98 to Apr. 1',1987) . 

( H' = Shannon- Wi ever diversi y index, H'max = maximum 
~ 

diversity , J ' CE ) = Equitabi1i y i ndex , c bm = biomass 

diversity ) . 

STATIO~ I ST idO II STATIO III 

T H' H'max J' 
A 

d .bm HI H'max J ' ..bn H' H'max J' --cI bm 

to 3 . 35 3 . 92 0 . 85 3 . 10 2 . 64 3 . 47 0 . 75 1 . 31 2 . 95 3 . 7 . 8 2 . 50 

tl 3 . 33 4 . 18 0 . 79 3 . 06 3 . 27 4. 7 0 . 7 4 2 . 76 3 . 10 u . 60 0 . 72 3 . 04 

t2 3. 10 4 . 40 0 . 62 3 . 16 3 . 02 3 . 92 0 . 70 2 . 14 3 . 54 4 . 33 0 . 71 3 . 00 

t3 3 . 34 4 . 34 0 . 77 2 . 03 3 . 76 4 . 5u 0 . 83 2 . 80 1 . 79 4 . 47 0 . 40 2.89 

t4 3 . 26 4 . 25 0 . 77 2 . 32 3 . 24 4 . 17 0 . 78 2 . 3? 3 . 60 4 . 32 O. 3 2 . 89 

t5 3.53 4 . 39 0 . 80 0 . 34 3.90 4 . 70 0 . 83 3 . 50 3 . 624 . S2 0 . 80 2 . 76 

t 3. 1 3 3 . 70 0. 85 2 . 27 3 . 5" 4 . 39 0 . 81 2 . 79 3 . 77 4 . 39 0 . 86 3 . 28 

t7 3 . 81 Lf . 52 0 . 84 2 . 90 3 . 64 4.59 0 . 79 2 . 14 3 . 55 4 . 46 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 . b4 3 . 65 4 . 46 0 . 82 3 . 41 3 . 62 . 46 0 . 81 1 . 26 

tlO 3 . 38 4 . 17 0. 81 3 . 22 3 . 50 4 . 09 0 . 86 3 . 06 3 . 46 . 39 0 . 79 2 . 44 

tIl 3 .50 4 . 25 0 . 82 2 . 45 3 . 30 4 . 00 0 . 83 2 . 39 3 . 76 4 . 46 0 . 8 3 . 24 

t12 3 . 41 4 . 00 0 . 85 2 . 71 3 . 30 4 . 32 0 . 76 2 . 98 3 . 73 4 . 39 0 . 85 3 . 34 
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31 . 56 % (S .J. . I), 22 . 87 % ( St . I I), .:..rl 1 8 . 57 1l (S cJ. . I I I) . 

This shows varia~ion i 1 d bm t o e more subs a nti 1 i 

Station I than the others . Analysis of ari nce (ANOVA) 

a t a lpha = 0 . 05 results in no s i gnificant vari icn wit 

F = 0 . 9678 . 

The index of biomas s diversity is found to hav~ ~ 

dire ct relationship with H' and H'ma x . As H' lncre ases , 

/. 

H' max increases , the s ame being true of b~ . !c verthel ss, 
... 

Hi l S affe cted by the number o f s pec'es while d 0m is bas d 

o n the biomass of individual species. 

Examinat i on o f the e v eness of the collections (J ) shows 

tha t J mean i s sl ightly higher for Sta i on II (0 . 80+0 . 04) 

Vlith the other titlO 1 avin . the same mean inde, (0 . 78) but 

differing in SD as 0 . 78+0 . 08 (Sta . I) and 0 . 78 +0 . 12 (S a . 

III). ThE range of J is narrowest for St . II nd inor ases 

in I and III. However, II and III had an equal ma x'mum J 

va l u e (0.36) on 17 /111/ 8 7 , Sta . II and 20/1/87, Sta . I 

(Tabl e 4 ) . 

Of .:: 11 the H' me asurements , he lOt"est (1. 79 ) lS from 

St'3.tion III ( on t3 , 9/XII/ 86, and the highcs . (3 . 0) is 

from Station II ( on t5 , 6 / 1 / 87) . Th lowes l on ss d've rs ity 

1S 0. 34 (Sta. I on t5, 6 /1 / 87) and he hiehe s 3 . 50 (S 

" 
lI o n t5, 6 / 1 / 87 ) . The highest H', d n a n h l O'ole s t 

d" 1 f he S ~ . e t b~ we re r oorded from the s ~mp es 0 

S a tio n II having both the hip es ~ H' ~ d hm . 
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5 . 5) Quantitative Measures of Fa al Si ilari y a d Composi io 

The quantitative measures of similar' y and composition 

beto-Jeen the three stations are SUITUIl rized in T le 5 . 

Table 5 

Summarized quantitative measure s of similari y 

and composition. 

Data from October 28 1986 to April 14 1987 . 

--.,.- I I II III 

~--+----+------+----+ 
j I I 
t j 
I I 0.70 

I 

II ---

54 . 84% 

0 . 72 I) • 78 

III -~-

56 . 08% 61.42 % 

All these su~narized 'values of S CCoefficien of 

similarity ) show the stations to be dissi ill r . However, 

of the total records; S v · lues of 0.87 and 0 . 94 were ecorded 

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

and III . Simi l arly S=0 . 86 was recorde te ween C a l on I 

and lIon Dec. 23 / 8G . The highest S mea is 0 . 78 + 0 . 09 

between Stations II and III with range of 0.62 - 0 . 94 . This 

._ -- .... -- "'k~'" +ho \I.:; 1 11P he ween Sta ions 

, 
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I and II ( 0 .70~0.11)' The hic.l\est S alue (0 . 4) be wee. I 

and III and the lowe s t ( S=0 . 41 ) be ItJeen S 'ions I nd T 

were recorded on the same date. 

The result s of cc ( Jaccard1s Coc:fficient of Simil ri y) 

are also found to be very much lower than t he limi of 

s i milarity as given by Lu and Rapper (1 979 ). The highest 

mean cc value i s 61.42% + 1 1 . 44 be tween Stations II nd I I 

( range 46 . 6 7% - 88.50% ) . This ange is with the maX1Mum cc 

( 88 . 50% ) r ecorded o f al l the sampl ing times . This is followed 

by 56 . 08% + 8.85 between Stations I and II(range 25 . 9% - 76 . 20). 

The cange is with the lowest cc value recor ed of all the 

sampling time s . The results show t he lowes t 8 ( 0 . 41 ) to be 

recorded o n the same sampling tiMe with the lo~es cc ( 25 . 9% ) 

on Jan . 20/8 7. Similarly, t~ e highest S (0 . 94) 1S record d 

with The maximum cc ( 8B . 5% ) o n Jan . 6/87. 

5 . 6 ) Standing Stock and Productivity 

The variations in standing stock ( dry wei~h ) of the m Jar 

groups are giv en in Figs . 5A- M and 6 . I station I the dry 

weight of the standing stoc k ( nSS ) was 1 irhly dOMinat d by the 

crustacean s , e x cept o n Nov . 11/86 by the fdS ropods (54 . 21 

and on Jan. 6 / 87 by the echinoderms ( 96 60t ) . 

the bivalves DSS 1S dominant ( on to) t1,t 3 ,t5-t8 

allowed by the c r ustacean s ( on t 2~ t4J 9 tIl). 

At St tion II 

nd t12 ) 

A St, ion 

I I I, DSS is large ly dominat ed y the gasTropods except 0 0' 

( by bivalves)~ t9 ( by echinoderrrs») and tlO (y olychae ·es). 

The variations in Standing Stock (Wet wei h d ry 

weight ) o f the differen sampling times ar presente in 

Table 6 . 
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Table 6 

Total wet weight and dry weight standing stoc 

variation (g/m 2 ) . Data from October 28/86 to April I/S7. 

Sampling 
Time 

to 

tl 

t2 

t 3 

t4 

tS 

t6 

t7 

t8 

t9 

tlO 

t11 

tl2 

Station I 
Wet Dry 

3 . 7 0 . 8 

9.4 2 . 7 

11. 9 2. 8 

lS.1 4.8 

8. 2 2 . S 

217 . 3 68 . 2 

S.2 1.6 

1 3. 7 S.l 

22 7 . 7 4 . 8 

12 .5 4.2 

9.4 2.8 

12 .8 6.1 

9 .0 3 . 0 

St at i on II Station III 
We Dry Wet 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 

2S . 7 13 . 2 23 . 4 8 .7 

37.9 17 .6 17 .6 5 . 7 

14 . S 5.4 82 .9 1.1 

12 .1 4 . 5 19.0 6 .7 

17.0 8 . 1 29. 11 . 2 

19. 9 8.7 13 . 8 .0 

2 
The mean WSS o f the three s t a ions are 42 . 8p, lm _76 .7, 

l7 . lg/m2~9.l and 20 . 2g / m2+l 9.l for Stations I, II nd III; 

respective ly . Their mean DSS ar e 8.4 g/ m2 +l7 . 3, 7 . 1 1 2 .5 

and 6.9g / m2+7.4, respec t ive ly . St ation I h s the hi hes 

mean DSS. Cor relation coeffic i ent (r) bet ween wet wei h 

od dry weight standing stock of the three s tions is 

found to be 0.6 74 6 ) 0.9 782, and 0.9998) fo Sta i ons I II, 

nd II, r sDect- ;vpl u. An .::l l u!=:; ~ nf v "('iance CA' OVA 
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alpha = 0.05 l'esult s In no ov er ~ll signific nt varia i on 

with F = 0.0629. 

The productivity of the macrobenthic faun 3 is esti~t d 

to be lO. 16g/m2 ( dry we ight) per 6 mo . ths. The mean biomas s 

is 6 . 9g/m 2 • This mean b iomass with the estimated productivi 

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

. . ~. 
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6) DI SCUSS IO 

1 ) Efficiency of Samplin Devices 6 . 

Of the two sampling devices used for t his investig tio 

the Peterson grab is r e latively more e ff icient han he Ekman 

grab . For the study of fre shwater benthos the Ekman is said 

to be the most frequently us ed ( 44 %) as indicated by Downing 

(1984 ) . This dif f ers from the type of samp l ers used to s dy 

marine benthos. Scanning a feltJ of t he publish d works) the 

following de vice s have been found t o be u ilized by various 

workers . 

Sampler 

Corers 

Smith- McIntyre 

Peterson grab 

Van Veen 

Suct i on sampler 

Ekman grab 

Re searcher (Year ) 

McLachalen ( 1985 ) 

Fl i nt a nd Kalke (1 986 ) 

Ismail (198 6 ) 

Thrush a nd Townsend (1 986 ) 

Ste imle (1 985 ) 

Jones ' (1 986 ) 

orcos (1 984 ) 

Buchanan and Harwick (197 ) 

Buchanan et .al . (1978). 

Levings (1975 ) 

La r sen (1 9 8 5 ) 

Levings (1975 ) 

Th f 1 · eVl' ces 0 be ese show the pref erence 0 samp lng 

var ' bl Stl'll many new devices 1a e among diff e r ent workers. 

being mad d of ecoloa,l' sts 0 incre se . . e a n modified by a number ~, 

their SUccess and eff iciency. 
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The corer s, cove~in8 a very small a rea, ~re f o und to 

be more e fficien t t han the o the rs in fr e shwa er nd m rine 

enviro nments (Tudor ance a et . a l ., 1 979 ; Frith sen e . al . 1 83) 

Smal l si ze re l a t e d to h i gh er e f fici e ncy o f s a mpl i nf, dev ice s 

is repor t e d b y Tudor anc ea e t . al. (1 9 79 ) and hey a lso ci d 

s imi l a r r eport s o f Kaja ( 1 963 ) ; Staczykowska ( 1966) ' 

Brinkhurs t ( 1 96 7) ; Fl a nnagan (1 970 ) ; and Pa e rson and 

Fernando (1 9 71 ) , 

Compared t o t he se r e por ts t h e s ma l l size d Ekm n ,ra 

used i n this investiga t i o n i s l e ss e f ic i ent tha n the lar e 

Pe t erson grab, The d i f f ere nces in weight o f t he sampl i n 

devic e s and t h e na ture of the s e dime nt s of the s y are , 

migh t have certain c o ntribution s t o s uch r esult s . The 

l arger v a lues o f CV and SD of t h e Peterson grab show the need 

f or increas i ng the number o f r e p l ica s t a ke n a t e a c h stat i on 

and a t each sampling t i me ; howeve r , due to time cons ra i s 

and the size of s ediments t o be proce s s e d this was no one . 

There f ore , wi t h t h ese o u tcome s , there is a need f or using 

more e f f i c i e n t devic es f o r f urther r e s ea r ch works to s udy 

the benthos o f this area quantitat ive ly . 

6 . 2 ) Benthic Ma crofauna 

Based o n t h e lis t o f o r gan isms f a nd i n the s t dy area 

the polychae t es a r e more diverse numerica lly follo we by he 

gast d . Th is r e c It of n me ica ro po s b l valve s a nd crusta ceans . - ~ 

representatio n by the var i ous group s c ould c> t oo low f o r 

the i den t i fic at i o n of t h e taxa wa s no t done to he l owe s 

Possible leve l i n s ome c se s ( e . g . } G mmarid e ) . 
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This lisT does not include large size orga ismf such 

as sea cucumbers and sea urchins . Se cucu~bers are sp rs y 

distributed at Station I with an approximate density f 1 

individual 2m 2 while the i r distribution per ) is highly sp rs 

at Station I I and no t one was obs er ved 2t Station III . T 

sea urchins wh i ch are found at St ation I and III are alw y s 

f ound a ttached to corals , sma ll or big . One who w- n s 0 

study them quantitative ly must collect them by hand where­

ever they are f ound. If not t h e me t hod o f co l lection is 

considered biased , 

The relative nume r i cal a bundance of the ax sho~s no 

domi nancy in all s t ations . Dominants are the most prominent 

species in the commun ity, wh ich make up its great st mass of 

living material and serve as t he major source of food , s b 

strate and shelter f or the an ima l s that are presen . 

Dominance is , t h e r e f or e , the re l a t ive cont ro l exerted by 

organisms o ver t h e s pecie s compo s i t ion of th cO~lunity 

( Kendeigh , 1980 ) . No ne of t h e s e f eatures mentioned above 

can be manifested in the s tudy a rea. However, this 1 ck 0 

dominancy by any o f t h e be nt hic f auna cou l d resu l fro~ 

higher divers i ty, 

Comparing with the f inding s of Fishelson (1971) he 

polychaetes of the sandy ba y s and shal low ~ud Y bo o.s 

are numerical ly greater t han the present findings wh ile 

those of Ismail (1986 ) from the Gulf of Aqaba are 10 ~r . 

The same i s true of t h e mo l l usc s of the Gulf of q,ba . 

leverthe les s~ compar is i ons of s uch sorts y le d 0 wron 

Conc lus ions) for t he methods o f collect ion a nd he ype~ of 
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Dicks ( 1984 ), reported 305 taxa from the Ras B 

Oi l field in the Gulf of Suez . This is far reater han 

have bee n reported by the a bove authors . The larg nu her 

of taxa (or o f more de t ai l ed taxonomy ) in the Gulf of Suez 

may be due to the e ffect of di fferen t environmental co di -

tions . In the present study area t h er e i s no s i nific 
...' 

problem of pollution. 

6 . 3) Physical a nd Chemi cal Parameters 

The substratum is one of the mo s t i mportant env iron-

mental factors in oceans and coasta l waters t at l argely 

de termines dis tribution and assoc i a tion of benthic an imal s . 

The variety and abundance of t he bot tom fauna epends reat-

lyon the physical and c hemical s truc t ure of t he s bstratum 

(Kinne , 1972) . Of the par ameter s , t emperature is said to 

be (Tait 5 1981) one that aff ect s the dis t r i bution of be thic 

communities . This, however , does not appear to determine 

the distribut ion and abundance of the ben t hi c fauna 0 the 

tlassaHa area . 

There is considera ble var i ation of depth among he 

three stations . It is found to have poor correlation wi t 

temperature . Ye t , this var i at i on has no effect on t e e-

lative abundance and distribut i on of t he fauna . 

According to Janson ( l967 ; cited In Kinne , 1972) me su e ­

ments of sediment Hater content or pore volume have been 

Used as indices of available space wiThin s edim n s . The 

highest sediment water content comp red to e 
mean value of 

others therefore , indicates Station II to have muc available , 
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space . Even then this i n turn does not lead LO dom ' ancy 

1 r e lative abundanc e of the t axa t Station II . 

Sands of the s e a bed are not merely aggreg tions of 

gr~ins of various size s and shapes , but h y also have 

organ i c components consisting o f films of microo ga i sms 

coating the grains , a nd plant and animal material (Webb 

1969) , Meadows and Anderson (1966) r eported the presence 

of a wid e variety o f microorganisms including bacLeria ,. 
bl ue-green algae , dia toms and yeas ts , on the surface of sea 

bottom sed ime nts . These are not eve n ly distrib ted , bu are 

localized in patches be tween wh ich there are laro~ areas of 

bare surface . 

The types o f microorganisms attached t o sedimen s of 

the study area are n o t known . Nevertheless, the y a r e be -

lieved to have great contributions to the amount of organic 

ma tter content . Th e propertie s of the sand are highly 

modified bv the or~anic matter conte nt ( Webb , 1969) . Ther -
~ 0 

fore , de t erminat ion o f it is vital befor e one deal s with he 

re l a tionships between the fauna and s and t e xt r . 

Hi gh mean organ i c ma tt e r cont e nt was r e corded a Sta ion 

II compared t o the other s . This r ecord of the organic 

m~tter cont €nt of the sedime nt i s r elative ly re~tcr h n 

has been reported by Ismail (1 986 ) in the G If o f q ba . 

According to Morcos (1 984 ), sed iments collec cd fro three 

sites ( Gulf o f Aquaba , Gulf o f Suez and from he or hern 

Red Sea) a re r e l at ive ly poor in organic matter conten . 

These varying organic constitue nts i the sedim s su ~s 

that the sediment ary conditions of all these comp re rc s 
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are quite different . Living or dead organic rem lns ir 

substrate may constitute a rich food source · nd p ovid~ 

building material . Therefor e , benthos of S a ion II ~re 

potentially in an environment r i cher in food so rces nd 

b ilding ~aterials than the rest . 

According to the report o f Sve rdrup et . al . ( 1962) , arlnc 

sediments conta i n from 0% t o about 1 8% or anic matte wi h 

an average value of about 2 . 5% . The r anges 1 or g nic 

matter content o f this study a re comparablc wi th his r por 

but the means are 8reat e r than t he report of the bove 

authors . 

The result s of t h e analysis of s ed iment graln s·ze 

show no significant differences in distrib tion taking the 

overall study area into considerat ion . However , comp rin 

each stat ion, Stat i on I i s c omposed o f corse r scd i me ts 

than the others . This i s attributed t o greater turbule ce 

in the shallower St a tion I . The gra in si ze is also said 0 

determine the transportat i on o f partic l es a l ong he bo om 

by currents and the fall ve l ocity (Die trich , 19 63 ) . This 

many, thus, e xplain the vari a t i o ns in org nic tte~ con ent 

of the three stations t a king gr a in size as a factor . 

Sand texture sometime s a ppears to influence the istri ­

bution o f an ima ls and a t o thers evide ntly not . Its nalysis 

has two major problems _ disturba nc during collec ion 

consolidation ( Webb,1969 ) . The pre s ent anqlysis 1 no 

perfect, could have f a c ed thes e pro lems . Accor ln o 

n 

these results, the d i stribution of he m croben hic faunt 
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is not found to be affect ed by the overall tex~ of h 

sand . This seems to agree with the fin~ings of Ve b (196~) . 

According to Sverdrup e t . al . (1962 , cit ing Tras¥ 1932 

1939;Revelle and Shepard , 1939 ) and Parsons ~t . __ . ( 1979 , 

c itin~ Barder e t . a l., 1 960 ; Hargave , 1972) , us ally h re 

~ ists an invers e relat i onsh i p be t ween sed iment particlL size 

and organic matter cont ent . Thi s r e f l ects he high s rfac 

area f or organic incorpor ation i n t he fine grained deposi s . 

There f ore , t his may account fo r t he relat i ve l y hi h 0 g~n ic 

mat ter content of Stat i on I I. The relatively lowest mean 

organic matter content is at St a t ion I. This r esult er'es 

with what have been ind i cClt ed by Sverd~up et .~ . ( 962 ) . 

Accord i ng to the s e a ut hors , coars er sed i ment s of the b ·ach 

and shelf Clre general l y l ow l n or gan lc matter . 

6 . 4) Divers ity Indice s of Macrobenth ic Faun 

Taking the who l e s tudy a r ea into consi eration , the 

overall r a nge of Shannon- Wi e ver's diver sit y i ndex is from 

1 . 79 - 3 . 90 with t he maximum mean of 3 . 42 bits per indivi ual . 

The range and mean are l ower tha n wha t has bee r eport by 

Dicks (1 984 ) o n t he f a una of the Gul f of Suez . He fo d 
-

the average HI t o be 5 . 20 and r ange 3 . 83 - 5 . 86 . This r e 

1S l ower than that of Station II I (1 . 79 - 3 . 77) , but higher 

than those of Sta t i on II and I ( 2 . 64 - 3 . 90 ) and 2 . 57 - 3 . 1, 

respectively ) . Eve n the n, t he minimum and m ximum r LCO ed 

value of this f i nd ings are gr eat r than in t is s u y . 



On the other side , comparing the results 0 Ismai ' s 

(1986 ) work on the Gulf of Agaba , a lmos t a 1 H' v lul. s of 

the present study are much higher than his with he exc..:ptio 

cf the following ( Table 3) at to - Station II - 2. 6 

t 3 - Station III - 1. 79 

t 8 - Station I 2 . 57 

The se are lower than the highest HI of his Statio 6 The 

data show lowe r di versi ty in the Gulf of A§aba than ' n the 

present study area . However, most of the eveness indices 

of his study are much higher than the eveness indices i he 

present study . In general , dominancy is manifested in the 

Gulf of Al aba but not in the area around Tewal it (Mass wa) . 

The highest and mean values of HI ( 5. 68 and 5. 20) re -

ported by Dicks (1984) are great er than those indicated by 

M3rgalef (1 969 ), who po i nt ed out the upper limit of HI to 

be around 5 . A high index of di versi ty r'e fl ects the exis -

t ence of large numbers of s pec i es and the abs ence of numer c 1 

domination of the fauna by individua l spec i es . Therefore , 

the results reported by Dicks (1 984 ) may be due to the a ove 

two factors which differ in magn itude fr om those obt ine 1 

this study . 

Marcotte (1 986;cit ing Gr ay , 1974 and Marcotte , 1977) 

Pointed out dive rsi·ty with in shelf habitats t o be l owest 

mUd , higher" - h" h ~" mixed muds and s" J.n sand , and 19 e SL l n 
s . 

However, the results of the present study do not fully 

In this i es ­agree with that which has been sa i d above . 

~igation the highe st mean diversity i ndex is f ound a 

S~ t' The: low st is no a l on III with mixed muds and sands . 

q 



from the h i gh ly illuddy Stat i on II , but f rom the highly sandy 

Station I . 

According t o Pie lou (1 966 ) a nd McI nt osh (1967) , for _ 

given number of spec l8s , the diversity of a collec ion is 

at maximum when the individuals a r e distr i buted anona he 
~ 

spec i es as eve nly as possible . Conversly , if only a f ew 

of the species cont ain a large majority of the i ndivi als , 

the diversity is low . Equitability compar e s the observed 

distribution of individuals an~ng species t o the value of 

HI . It is posit i vely correlat ed with divers ity (Wh i ttaker , 

1975) . Dominance expresse s the most abundant species in a 

popU l at ion . It is the reverse of equitabil i ty and has an 

inverse relationship wi th di versity . However , in pract i ce 

J appears to be an insensitive measure of equitability , 00 

strongly dependent on HI (Lambs head et . al ., 1983 ) . 

The JI S of the present study area are more or l ess equal 

with not much differ enc e between Stat ion I and III (J=0 . 78) 

on one hand and Station II (J=O . 80 ) on the other . This 

manifests the absence of signi ficant dominance in the 

assemblage of the taxa . In these s tations the compe etive 

situat i on l S more bala nced, for a divers e system is one in 

he Which not only are t here more species , but in which 

tota l number of ind ividuals is more equ i tably distrib 

between the compone nt species (Barnes and Mann , 1982 ). 

ed 

The mean biomass diversity at station III ( 2 . 80 ) is 

signif i cantly different from the remaining two . This 

ndl'C t b h higher i t is a es the biomass diversity t o e muc 

8tat i on . 
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. 5) Fa una l Si mila r ity and Corr.position 

Based on Lu and Ropper (1 9 79 ) , all t he val u s recorded 

ar e be l ow the l imits o f similaritie s and composition , in ­

dicating a ll t he s tations t o be dissimi l ar . However , con­

sidering the i r similarity indices , there is grea simi lari y 

between St a t ion I and II. This may be - tt r ibuted to he 

abs ence of a ny hiderance f or wa t er movement bet ween .e wo 

stations . Be c a use , a s indicated by Tait (1 98 1) , and Mar ns 

and Schockaert (1 986 ) , of the two f a ctors that char acter i ze 

t he benthic ha bitat one is wat er movement . 

Sta tion I II i s signi fic antly diff erent from Stations I 

and II which ma y be a tt r ibuted t o the dis tance be wee them 

and the presence of a cora l r ee f that separa t es 1 from he 

others . Station I II differing from t he other s , i s in direc 

contact with Gr e e n Island . This may l ead t o access of 

a l l ochthanous s ubsta nc e s . 

Jac card's Coe fficient shows no s igni f i cant variat ion 

among the t hre e s t a tions . However , r e l ative l y more affini~y 

is obs erve d be tween Stat i ons II and II I . J a ccard ' s Coef i -

cient r e f l e c ts only the pre sence or abs ence of spec ies 

no t their rel2tive a bundance . If so , t he bsenc e of any 

s ignificant d i ffe r e nces a nd strong af fi ni t y be wee 

stat i ons may be due t o the posses sion of mor e or less 

he 

spec i es among the t hree stations . This re su l~ a re 5 v 

wha t has been n .l.~n the l i s t of organis s (Ta Ie glv 
) 

is fo und to be cha r acter i zed by no domina t species on 

the t hr -e s t at i ons . 

nd 

h 

c 
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Similarity index a ccord ing to Sor ens en (1946 ;ci e i 

Muller-Dombois and El l e nber g , 1974) expresses the actu 1 

measured coinciding s pec i es occurence s aga ins t the heore ­

ically possib l e ones inc luding a statistica l pr oba iIi y 

term . Furthermore , t his index gIves greater we i ght t han 

Jaccard ' s t o t he specie s that recure in the two test areas 

than t hos e that a r e unia ue t o e i t her area . Due t o these , 

heavy weight is g ive n t o the results of t he similarity 

index than Jaccard ' s Coeffic i ent. That IS why distictive 

di f f erences are obs e rve d be tween the three stations . 

6. 6) Faunal Stand i ng Stock and Prodcctiv i ty 

Probert C'lnd Anderson (1 9 86 , citing Zerkevitch eLaI., 

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

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

The results of t he present study are not comparable t o t his 

value . According t o Ta it (1 981 ) , in areas of exceptio a l 

productivity, biomas s dry we ights ar e f ound t o be as hi ,h 

as 100- 200g/m 2 
Th is with that r eported by . range agrees 

Mann (982 ). He s tre sse s tha t the best data for ben hos is 

estimated by the Ru s sians as 200g / m 2 f or the con i -about 

nental she lf ( O-2 00m ) . Again the results of this st yar e 

uch lower compared t o the s e records . 

The dry and we t bi omasses a r e variable from t ime o 

time h~ " "Accordl"ng t o Bc...-rnes an M nn , (~vIng no regularlty . 

(1982), biomass will be high a t one time , low at no her 

nd is Characterized ch i efly by i t s vari abil i ty . 

results , therefore , mani f st i t s va r iabi l i t y wi th 

ThE. pres 
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regulari ty. The P:B rat io , wh i ch 1S an expr s s i on of h 

number of times the b i oma ss turns over 1n a give in erva 

(Mann, 1982 ) is 1. 5 . Thi s f i gure shows t urnove ra e 0 e 

1. 5 times per 6 mont hs . 

Comparison of r e s ult s of one s t udy agains t anothe mus 

be done wi th great caution , fo r t he methods of col l ee i g 

samples , the sampl e r ut i l i ze d , and the t ot a l r ea cover ed 

may vary . Similar l y , t he duration of time and t he specif ' c 

time chosen for the s tudy ma y differ . Temper ate ar eas have 

.. our dis t inct seas ons d i f f ering from t r opical are s . Ther e­

f ore , comparis on of the s e t wo r egi ons may l ead to gr ave 

error unless precautions are t aken . 

This s tudy was conducted dur i ng t he winter s ea son of 

the area for 6 mont hs . The r e sults may not repres n t he 

overall picture of a year . Taking t he r esults and co ve ing 

them per year basi s may give an exaggerat ed or l ower e " 

estimate . I t is f ar be t t er, t heref or e , t o r ecor d t hem s 

they are f or furthe r r e f e r ences and s t ud i e s . 
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7 ) CONCLUSIONS AND RECOHMENDATIO S 

The shallow waters along the Red Sea coast aro 

Tewalit (Massawa) a r e characterised by benthic macrofau a 

widely distribut ed and wi th no dominant specie s . The cro-

fauna has high spec ies diversity , high biomass diversi and 

high equitability. The s tudied parameters seem to h ve o 

regulat i ng effect on the abundance and distribution of e 

macrobenthic fauna . The species composition and s i il ri ty 

are below the limits of similarity , but there ar e vari bil i -

ties in similarity indices. The macrofauna is , t erefore , 

assembled differently amo ng various mi crohabitat s . Esti a ed 

production is relatively h igh , whi l e t he biomass is rela lV -

ly low . 

The study was conducted during one season (the wi nter 

season) of the reg i on. This season is the time when fish -

ing activities are at their highest . However , it may no 

represent the overall ecological picture of the area . 

Therefore , 

1 ) Further s tudy of the macro benthic fauna on a 10 ) 

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

2) Secondary productivity i s infl ue ced by pri ary 

productivity . A study of phytoplankton produc 

is thus required . 

mJ.cro-3) There i s nothing known concerning how th 

benthos are re l a t ed to the microbenthos and 

. . . f their ecologic 1 melobenthos . I nvestlgat lon 0 

on 

interactions wi ll also make i t possibl 
o e el" 

visualize the e cological systems of he area . 
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4) Physical a nd che~ical paramet ers ar e said t o 

influence bent h i c f auna . A study of the varia­

bi l i ty of pH , salinity, oxygen concentration a d 

especia lly water dynamism is crucia l t o an under ­

standing of t hose factors that determine the 

distribution , a bundance a nd pr oductivity of the 

macrobenthic fauna . 

5) The relationsh ip s be tween the benthos and the f i sh 

fauna is not known . Therefore , investigation on 

their relationsh i ps is r equired . 
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APPENDI X - I 

Total number of benthic macrofCluna collected by eac s 

device at each station dur ina each C> sampl i ng time . 

a) Peterson Grab 

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

t o I 19 742 11 430 15 586 

II 2 78 2 78 16 625 

III 5 19 5 7 273 11 · 430 

tl I 73 28 52 30 lln 49 1914 

II 45 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 70 3 28 1094 6 234 

t 3 I 78 3047 0 0 37 1445 

II 37 14Lf5 67 2617 46 1797 

III 68 2656 104 4063 139 54 30 

t4 I 49 1914 28 109 Lf 24 938 

II 24 938 35 1367 30 1172 

II I 43 1680 29 1133 36 1406 

t5 I 24 938 20 981 26 1016 

II 48 1875 55 2148 18 703 

III Lj.8 1875 53 2070 22 859 

t6 I 20 781 19 .742 6 234 

II 25 977 28 1094 30 1172 

III 42 1641 21 820 20 791 

t7 I 21 820 22 859 50 1853 

II 40 1563 39 1523 43 1680 

III 26 1016 48 1875 43 1680 

t 8 I 10 391 33 1289 13 508 

II 41 1602 29 1133 28 1094 

III 13 508 16 625 17 664 

t9 I 59 1133 68 265 6 47 1836 

II 26 1016 31 1211 39 1523 

III 41 1602 32 1250 17 664 
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~pendix I ( c e n t I d. ) 

tlO I 18 703 15 62 5 60 2344 

II 37 1145 28 1094 38 1481+ 

III 32 1250 41 1602 35 1367 

tll I 22 85 9 44 1719 52 2031 

II 33 1289 23 898 38 1484 

III 36 1406 38 1484 43 1680 

t12 I 14 547 17 664 42 1641 

II 56 28 88 35 1367 52 2031 

II I 20 781 46 1797 22 859 
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§>pendix I ( Cant I 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 29 430 16 237 

III 31 459 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 

t 4 I 73 1081 96 1422 23 341 

II 22 326 13 19 3 21 311 

III 10 148 29 430 35 519 

t5 I 33 L~89 55 815 38 563 

II 20 296 Lj.2 522 31 459 

III 18 267 7 104 17 252 

t 6 I 13 193 18 267 25 370 

II 32 97L~ 29 430 0 0 

III 15 222 21 311 15 222 

t7 I 21 311 19 281 29 430 

II 18 '26 7 L~O 593 4-1 607 

III 3'+ 504- 40 593 40 593 

t 8 I 86 1274 13 193 27 400 

II 22 326 17 252 23 34-1 

III 22 17 252 20 296 
326 



Ekman Grab ( cont'd . ) 

t o I 35 519 22 326 26 385 ~ 

II 45 66 7 22 326 31 459 
III 34 504 21 311 36 533 

t 10 I 27 400 22 326 37 548 
II 8 119 9 133 30 444 

III 50 741 22 326 27 400 

tu I 26 385 32 474 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 



i ~ , 
- 64 -

APPENDIX - II 

s ediment Grain Size d istribution among the three s a 0 

%. Dat a fr o m October 28 , 1986 to April 14 , 1987 . 

(A :::> 2mn , B ::: 2mm - lmm , C ::: lrrun- O. 5mm , D = < 0 . 5 " ) 

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

t o A 2 .00 2. 80 0.40 

B 6 . 60 13. 60 7.40 

C 25 . 60 22. 1+0 19.40 

D 65 . 80 61. 20 72 . 80 

t l A 3 . 64 0 . 29 0. 55 

B 7 . 73 1. 57 3.06 

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 58 . 20 46 . 20 73 .30 

t 3 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 

t4 A 3 . 33 0 .93 0.40 

11 . 47 11 . 33 3.73 
B 

27 .7 3 21 . 87 11. 47 
C 

57 . 47 65 . 87 84 .40 
D 

3 . 33 1.07 
0. 40 

t5 A 
7. 87 

4.80 
B 9 . 20 

19.73 
20 . 27 

C 21. 60 
71 . 33 

74 . 53 

D 65 . 87 
0 . 27 

0. 27 

t 6 A 9 . 47 
2. 27 

2. 53 

B 12 . 40 12.13 

C 18. 00 
7. 60 

87 .07 

D 60 . 13 89 . 86 
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Appendix II (cont ' d .) 

t7 A 4 . 27 0 . 53 0. 93 
B 10 . 53 1. 61 6. 80 
C 27 . 33 6. 53 18. 54 
D 57. S7 91. 33 73. 73 

tS A 20 . 13 0 . 53 1. 20 
B 10 . 93 1. 87 15 . 20 
C 17 . 33 5. 47 28. 93 
D 51. 61 92 . 13 54 . 67 

t9 A 7 . S6 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 . S0 13.07 17 . 60 

D 55 . 87 79 . 33 72. 67 

tl l A 3.73 0 .27 0. 40 

B 14. 00 1. 47 6.00 

C 29 .S7 6 . 26 23 .07 

D 52 . 40 92 .00 70. 53 

tl2 A 7 . 60 0 . 40 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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APPENDI X - I II 

Tota l numb e r o f t a xa col lected at each sampl i n 5 

each time . Dat a f r om Oc t ober 28 , 1986 to Apri l 1 , 1987 . 

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

t o 15 11 11 

t l 1 8 20 24 

t 2 21 15 20 

t 3 20 23 22 

t4 19 18 20 

t 5 20 26 2 

t6 1 3 21 21 

t 7 23 24 22 

t 8 18 16 21 

t 9 1 8 22 22 

tl0 1 8 17 21 

16 2 
tI l 1 9 

20 21 
t1 2 16 
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APPE DIX - IV 

Number o f taxa found to be common to t he dif e cn 6 

and the i r S ( Simi larity Indices ) and cc (J cca d ' s Co f' ­

c i e nt of similarity ) at each sampl ing lme . 

(Dat a from October 28 , 1986 to April 14 , 198 7) 

S . T . No . Common to S cc 

t o I & II ...... 15 0 . 77 2 . 50 

II & I II ..... 11 0 . 64 . 67 

III & I ....... 11 0 . 54 35 . 8 

tl I & II ....... 18 0 . 63 6 . 15 

II & III. ..... 20 0 . 73 57 . 1 

III & I ... .... . 24 0 . 67 50 .00 

t 2 I & I I ....... 14 0 . 78 63 . 6' 

II & III ...... 13 0 . 73 5 . 6 

II I & I .... .... 15 0 . 7 5 . 09 

t 3 I 8. II ... . ... 16 0 . 7 5 . 26 

19 0 . 87 7 . 0 
II & III. ..... 

16 0 . 76 1.5 
III & I . .... ... 

0 . 8 7 . 20 
tl+ I & II ...... 16 

II & III ...... 16 0 . 84 7"1 . 10 

0 . 77 6 . 50 
III & I ........ 15 

0 . 78 6 . 2 
t 5 I & II .. . ... .. 18 

O . ~4 
, 50 

II & III. ..... 23 

O. 72 ,00 
III & I . , . ... ... 18 
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Appendix I V ( CoDt' d .) 

t6 I & I I .. ..... 7 0 . 41 25 . ~0 

II & I II . ..... 16 0 . 76 6 . 50 

II I & 10 . . , .... 11 0. 67 

t 7 I & I I ...... 16 0 . 68 

I I & III ..... 15 0 . 65% 8. 3 

III & I .. .. .. . 17 0 . 76 60 . 7 

t8 I & II . ... . . 10 0 . 59 I. e 

II & I II. .... 14 0 . 76 0 . 87 

III & I . .. . .. . 14 0 . 72 5 .00 

t9 I & II ..... . 14 0 . 70 53 . 5 

II & I I I. .... 1 6 0 . 7 57 . 

III & I ....... 15 0 . 75 60 . 00 

tl0 I ,is: II ...... 12 O. 9 52 . 17 

I I & III ....• 13 0 . 68 52 . 00 

III & I 12 0 . 6 4. 00 .... .. 
tll I & I I ...... 12 0 . 69 2. 1 

I I & I I I. .... 1 3 0 . 68 2. 

I I I & I .. ..... 15 0 . 73 57 . 

t12 I & II ... .. . 14 0 . 78 63 . 

17 0 . 83 70 . 
I I & I I I ..... 

0 . 76 O. 7 
I I I & I ....... 14 
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APPENDI X - V 

Dry Standing Stock of each maj or gr oup (m 1. 2) 

sampl ing time . Data from October 28 , 1986 to Ap 

e c 

(A = 01 i gochaeta , B = Polychaeta , C = Gas tropo 1 , 

D :: Bi val via, E = Crustacea , F :: Echino er 

G = Cephalochordata, H = Antho zoa ) 

S. T. Stat ion I Station II 

to A 

B 156 . 7 99 . 8 

C 53 . 4 23 . 4 

~ 79 . 1 64 4 . 1 

E 317 . 6 35 . 0 

F 

G 210 . 9 13 . 3 

tl A 23 . 1 

B 545 . 7 734 . 9 

C 147 2 . 3 2534 . 4 

D 180 . 7 371L~ . 1 

E 346 . 8 274 . 9 

F 

G 170 . 3 10 . 4 

t2 A 

B 413 . 5 147 . 8 

C 1 37 . 6 498 . 8 

D 440 . 8 20 . 8 

E 1387 . 7 916 . 0 

S a 10 

6 . 

260 . 1 

20 . 

1? .0 

38 . 0 

2026 .0 

120 . 8 

306 . 

13 . 2 

7 . 5 

. 6 

~ • 2 

106 

4 ? 

663. 

7 . 
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Appendix - V (cont ' d . ) 

F 

G 376 . 0 140 . 0 1 6 . 0 
t3 A 100 . 0 

B 45 7 .1 999 . 1 ae .l 
c 21 7 . 6 2346 . 7 11 6. S 

D 21 5 . 2 3981. 5 . 3 

r 3731. 3 47 8 . 2 .L, 1 3 . 

F 11. 2 11. 2 

G 129 . 5 48 . 1 17 . 6 

t4 A 

B 455 . 0 138 . 9 582 . 

e 119 . 0 576 . 0 1676 . 0 

D 177 . 1 57 . 4 8S3 . 

E 1 59 4 . 1 1076 . 4 953 . 

F 

G 1 73 . 9 65 . 8 59 . 8 

t5 A 

B 423 . 1 880 . 0 2 7 . 

C 1258.4 1988 . 5 0 :3 . 7 

D 2049 . 8 1 . 5 

E 407 . 4 1066 . 3 37 

F 65848 . 3 244 . 3 

138 . 20 
G 222 . 6 

t 6 P. 

958 . 1 5 
B 316 . 2 

117 9. 8 70 . 7 
C 
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Append ix - V ( Cont'd.) 

D 305 . 8 4161.9 

E 740 . 1 1392 . 9 . 8 

224 . 0 1 0 . 0 

706 . 3 

t7 f\ ,;-1 

B 372 . 5 328 . 9 22 . S 

C 911. 9 253 4 . 4 300 . 

D 86 7 . 5 9380 . 0 2 0 . 3 

E 2346 . 6 1002 . 5 2198 . 5 

F 

G 626.2 35 . 
t8 A 

B 175 . 6 582 . 1 23 . 9 

C 16 2 . 4 8349 . 4 8 6 . 0 

D 62 . 6 8405 . 8 830 . 7 

E 4105 . 7 289 . 0 520 . 2 

F 

G 307.5 
2 . 7 

t9 / \ 

853 . 6 .0 
B 676 . 0 

155 9. 4 6 . S 
C 322 . !+ 

D 54.4 846 . 0 

1849 . 6 & - ' , 
E 26 1+1.0 

270 . 2 
2S~OO . 

F 

G 482 . 4 53 . 6 
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Appendix - V ( Cont ' d . ) 

t10 A 

B 679 . 7 957 . 6 760 . 

C 207 . 2 13 90 . 9 9 . 

D 32 4. 8 324 . 8 6 S.O 

E 153 2 . 2 17 62 . 6 1 1 . 

F 

G 44 . 8 20 . 8 2 • 

tl1 A 

B 115 5 . 2 109 9 . 5 3 7.0 

C 310 . 1 1243. 4 3753 . 2 

D 429 . 8 2517 . 4 1080 .0 

E L~ 1 02 . 0 32 52. 2 27 . 6 

F 120 . 

G 54 . 0 12 .0 

t1 2 A 

B 70 5 . 0 22 86 . 9 76 . 

C 53 0 . 6 238 8 . 9 760 . 

D 3391. 2 6 . 

E 1 655 . 2 607. 0 562 . 

F 

16 . 0 
70 .0 

G 1 28 . 0 

-
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APPENDI X - VI 

Dry weight standing s t ock (DSS) and Pro lie i i 

taxa encountered dur i ng the s dy 

(Data from Oc t ober 28 ,1 986 to hpr i1 14 , 1987) 

) 0 

Taxa DSS ( g /m2) P( g/ m2 ) 

SabelZ,as 8pp 0 . 214 5 0 . 0 6 

TrebeZ,la S?p . 0 . 9586 O. 59 

Cirraru lus s p . 0 . 5856 0 . 1109 

SyUis sp . 0 . 21 69 - 0 . 0155 

Nephtys sp . 1. 3508 - 0 . 03 8 

CapiteUa spp . 0 . 3768 0 .0175 

Amphinome sp . 0 . 1259 0 . 0161 

Nereis s pp . 0 . 3138 0 . 057 

':Aricidea sp . 0 . 35 18 0 . 0250 

Glycey'a spp . 0 . 33 82 0 . 00 5 

Pectinaria sp . 4 . l 929 0. 0 30 

Ha1danidac spp . 0 . 3404 0. 030 7 

Arenicola 0.0 605 0 .0 7 
sp . 

Magelona sp. 0 . 01 93 0 .0024 

Armanida 
0 . 0945 -0 . 0297 

sp . 

Ol-i,gochaeta Uident . 
0 . 0488 

O . OO~S 

Antillophos 
7 . 3959 

8~S 

sp . 

OLiva 1 . 921 7 O. 8 

sp . 

?Cancel laria 
6 . 203 

- 0 . 03 

s p . 

Gastropod a 
1. 4770 

O. 3~O 



Appendix - VI (Cont'd . ) 

NatieQ Spa 

BuUa Spa 

Te ~ ~ina ? punicea 

T. ? radia t a 

Anadaria 

Macoma 

Te~~ina? virgata 

TeUina Sp a 

Metapenius stebbingi 

Tanaidacea spp . 

Pinnotheres Sp a 

Pagurus spp . 

?Ethu8a Sp a 

GammaY'u.s Spp . 

Ophiuroidea sp 

Echinoidea Sp a 

Aster oi dea Sp a 

~anchiostoma SD • 
. ... ~~- .. ~ 

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 

0.0 77 

1.132 

2.02 5 

0.1938 

0.0507 

0.1796 

0.3114 

0.0447 

0.0892 

0.0419 

0.1352 

-0. 019 

0. 66 

0.0332 

-0.08 3 

0.1063 

3. 622 

0.05885 
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