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88 DIOMETHIC S'l'l)DmS ON SARJJ1NE'LLA. 

Pre-orbital clistance (Pr.O.), from tbe tip of the snout to tbe anterior margin 
of the eye. 

Body deptb (B.D.), tbe vertical distance bet-ween the dorsal and ventral 
profiles of the body, measured at tbe broadest part of the body. 

All tbe preceding measurements were taken for 474 fisb of S. maderensis 
ranging in lengt.b between 65 and 284 mm, and 463 fisb of S. aurita ranging in 
length between 45 and 224 mm. l'he ratio of eacb of tbe previous measurements 
to the standard length were made foI' every SiIlgJe fisb and tben the average for 
ea.ch centimeter lengtb group is calcula'tt'd. The avelage for all length gronps 
was also obtained. 

2.-Meristic characters: 

For tbe study of tbe meristic characters of the>e two species, data were obtai· 
ned on tbe following: 

(a) number of gill rakers; 

(b) Ilumber of vertebrae; 

(c) number of rays in the different fins. 

Tbe number of fin rays 'in tbe dorsal, anal, pectoral and ventral fins were 
(,Qunted witb tbe naked eye. For S. maderensis. tbe number of rays were counted 
in tbe dorsal and anal fins of 180 fis]] ; while in tbe pectorals and ventra]s, 104 and 
52 fish were respectively considered. For S. au,l'ita, the fin rays in the dorsal a.nd 
anal fins of 223 fish were counted, wbile rays of tbe pectorals and ventrats of only 
49 fisb were record(;d. 

The fish after tbat was dissected to know its sex, state of gonad maturity 
and to count tIle number of gill-rakers. Tbe number of gill-rakers on the lower 
part of tbe first gill arcb from the left side in 132 fisb S. rnadetensis ranging in 
length between 50 and 270 rom were recorded. The same was done on 189 Hsh 
of S. au,71:ta ranging in length between 60 and 210 mm. 'rbese counts were tben 
considered for each centimeter lengtb groups within the length range studied. 

After tbat, the fish was then immersed in boiling water for few minutes to 
remove tbe flesh in order to reveal the vettebral column for vertebral count. 
As far as vertebral co unt is concerned, data were 0 btc,ined from 59'! fish, S. 
m,aderensis, ranging in lengtll between 70 and 270 mIll, ancl 508 fish, S. aurila, 
ranging in length between 40 and 230 mm. 

RESULTS 

System.atic position, synonYIllS and diagnostic features of S. macler-
ensis and S. aurita: 

It is essential to give notes on the systematic positi0u, synonyms and 
diagnostic features of the two slJecies considered ｡ ｾ Ｓ  introduction to the biometric 
studies done on tbem, 
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Classification and Synonyms: 

Sllperclass Pisces 
Class Osteichthyes 

Subclass Actinopterygii 
Superorder Teleoste'i 

Order Clupeiformes 
Suborder Clupeioide'i 

Family Olupeidae 
Genus SWl'dinella 

Species maderensis (a) 
aurila (b) 

(a) Valid scientific name: 

S, maderensis is considered to be the correct specific name, heing tbe oldegt 
among the synonyms. 

Syno,yms: 

Olupea, mader(',)?'sis Lowe, 1839 (Madeira) 

Sardinella .r;rrm'i,qem Valencicnnec;, 18/17 (Egypt) 

Alausa eba Valenciennes,] 847 (Senega1) 

Sard'inella eba Cuv. & Val. 

Sardinella camcronens'is Regan, 1917 (Cameron). 

Diagnosis ; 

D. 17 - 21; A.. 17 - 32; P. 14 - 17; V. 8; L.1.r 40 - 50; L.tf.!'. 9 - 13. 

Depth of body 2.9 - 4.1, lengL]l of heau :1.4 - 4.5; ーｾ ･ ､ Ｌ Ｉ ｦ ｓ ｡ ｬ  di"tance 2.1-
2.5 ; preventral distance 1.8 - 2.2; preanal distance 1.1 - 1.5; from origin of 
pectoral to origin of anal 3.3 - 4.3 ; all in standard length. 

I/engtb of snout 3.2 - 4:.2 ; eye-diameter 3.1 - 4.5 ; inter-orbital width 3.9 -
5.8 ; length of upper jaw 2.1 - 3.0 ; length of hase 0 f' d0rsal fin 1.3 - 2.2 ; height 
of dorsal fin 1.3 - :2.2 ; length of final bVRe 1.2 - 1.6; length of pectoral fin 1.2 -
1.8 ; lengtb of ventral fin 2.1 - 2.9 ; depth of caudal peduncle 2.5-3.0; all in 
length of bead. 

Ventral seutes moderately pointeu; their number 18-20 + 13-15 (total 
number 31-34). Number of gill rakers 70-166 on the lower arch of specimens 
larger than 60 mm in standard length. Theil' number increases with the size of 
the fish. 

7 
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A deep body, deepest at dOf8al origin; laterally shul\g!y compressed. Length 
of bead considerably ｬ ･ ｾ ｳ  than greatest depth. Diameter of eye as ｬ ｯ ｾ Ｉ ｧ  11:> or 
slightly longer thrll1 ｾ［ｲｮｵｴＮ  Scales cycloiJ, pclforatcd on tl1Cir post'3riuf c-dge. 
Each ventral fin cunta.ins eight rays. 

(b) Valid scientific name: 

The most commonly used scientific name is 8a1'dinella aUl'ita Valenciennes. 
A few ichthyologists (Fowler 1941) ｭ ｾ ･  the apparently oldest name Sanlinella 
allecia Ra nnesque. 

S)'nonyms: 

Clupen allecia Rannesque, 1810 (Sicily).  

Engraulis desrnaresti :R.isso, 1826 (Nice).  

Clupea. auro-vittata S\v8oi1lson, 1839 (Pn.lermo).  

Sardinella. anl'ita :  

ｖ｡ｬ･ｮ･ｩ｣ｮｊｩＨﾷｾＬ  1847 (Gulf of iVlorre), 

Pellegrin; 1914 ("Vest Ml'ic2.) . 

.R.eg;l,ll, 1917 (examined spc;cimens from Brazil, U.S,A., West Africa. 
the l\I"ditf'l'ranean, the Ilcdo-Australian Archipelago, China and 
.Japan). 

Sardinella anc7wvia Vcl.1eneiennt's, 1847 (Rio de Janeiro).  

Sadinella lplnui'u Blecker, 18fj;:\ (Bat.fwia).  

8rwdinia psewZohispam:ca, Poey, 1861 (Cuba).  

Chlpea aUfila Gunter, 1868 (MeditPl:l'aneaJl).  

Clupea bms·iliens-is Steindachner, 1880 (Hio deJuneiro).  

8a·rdinella ･ｵｾＨ［ｩｮ｡  }\.ntipa, 1906 (Constanzit).  

Clupea venulosa Steinitz, 1927 (Haifa). 

Diagnosis : 

D. 16-20; A. 15-19; p, 16--18; V. 9; L.Ll'. 43-51 ; T...i.tr 1'11-12. 

Depth of' body 3. 9-·5. a; lengtb of })cad 3.9-4.6 ; distanoe from tip of snout 
to dorsal origin 2.1-2.6 ; from tip of snout to ventral origin 1 .9-2.3 ; from tip 
of snoutto analorigin 1 . ＳｾＱ  .6 ; from ori;':in of pectoralto origin of ventral3 .5-4.5; 
from origin of pectoral to origin of' anu.l 3.6-4.6 ; all in st.andard length. 

Length of snout 2 .7-4-.2 ; eye diameter 2.3-4.4 ; inter-orbital widt,h 3.7-4,8 ; 
length of upper jaw 2.2-·2.9; lengtb of base of dorsal un 1.5-2.0; heigbt of 
dorsal fin 1 _5-1 .9 ; length of anal base 1 .4-1 .9 ; lengtb of pectoral fin 1.4-1 .9 ; 
length of ventral fin 2 3-31 ; all in len gth of bead. 
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Ventra'! scutes s}Hl,rply point()d; in number 18-21 + 13-17 (total number 
32-35). Gill rakol'i> long and slcndcr, densely packed, 100-170 on tbe lower arch 
of spccimen/> l'rger tban 90 mm in standa,rd length. The nnmber varies with 
the size of the fish, and in specimens of 350 mm may leach 280 (Rossignol, 1955). 

Delimitation of area of distribution: 

Tbe continental shelves of the tropical and snbtropical waters are inhabited 
by S. rnadercnsis and S. aW'ita. The htitudes constituting its di.stribution 
is known to be witbin 30° OJ' 4·0° to the Nortb and Sonth. 

Thc tempcrature of the sea water is probably the restricting factor governing 
their distribution. Tlw yearly isotberm of the sea 18° C marks the limits of tbe 
distribntion of S. aurita (Furnestine, 1952). 

S. made'rens'is is bowever morc localised in its distribution. Tbe yearly 
surface i/>otherm wbicb governs its distribution is probably not lower tban 20°C. 

Many laboratory e:,periments bave been carried out on the effect of the change 
in environmental factors (particularly tempen\ture and salinity) I1pon the mor-
phological structures of ｦ ｩ ｾ ｨ Ｎ   The characters most affected in  a  fish  are tbe 80-

called "meristic ebaracters ,.  which  iEclnde the rmmLcrs of  vertebrae, of  fin 
rays and spiDes and the lik/).  All.  tlJese Ｘ ｴ Ｎ ｲ ｵ ｣ ｴ ｵ ｔ ･ ｾ Ｌ   ,how variations independent 
oftbe otbrrs as stateJ 1.'1 Schmidt (1917), Dannevig (1932) and ｔ ｡ Ｈ ｊ Ｌ ｮ ｩ ｲ ｾ ｧ  (1944).  It 
has been fonnd tllat thc w'ater tcmpcl3ture in which  a fertilized fbb esg paspes 
its embryonic development greatly  infiuencefl i he resultirg vertebral numbers of 

the hatched larva.  Tbe rffer:;t of envicc.nnwnt2,] variation on  fin  rays connt take 
place at a  later stages after hatching aDd during the developmcnt of tbe larval 
fisb  than in  vertebrae.  Oantitatiye diff0renecs betwf'cn ttw;c cbaracterB in  a 
species of fisb  from different Meas mil'ht either be due to : 

(1)  The result of genetical differences (i.e. different varieties). 

(2)  Different environmental differeners operating on tbe progeny, genetically 
the  same, during  the early  develupmental stages. 

Gregory (1928 a and b) attempted to determine species and races by means 
of  the external featll:"eB  or  what are  caUd "Profile types".  This  conception is 
criticised by Comnd (1938); Thompson (1943) 3011(1 Resteven (1950) on  tbe basis 
tbat tbese profiles could ckmge c(.,nsiderably with  sex and age. 

Tbe identification of races Of species by means of tbe nnmelical ratio between 
the dimensions of  two  parts of  the body (i.e. ihdices) was follloWtd  by  mann 
workers, Hofer (lS9S); kostama.J'ov (1922); Heldt (1\)27); Hofman (1927); Dixoh 
(1931) and Dottrem; (1950) bave worhd the indices based on tbese ratios in  t.he 
Cm'p,  Tunny and Seatrout.  Kcsteven (1950),  objected to  t.bis  method; be 
prefers to  e).pre,% the different  body dimensions by coveliance and regression 
equation.  Hc mentioned t,hat the metbod of indices by ratio was more successfn1 
for species.like Seatrout and C),Jp than for marine species e.s Herring and Mullet, 
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The identity  of  S. nw,(lerens1:S and S. G'urita inhabiting the 1VIedit.emmcan 
WeLters vf  Egypt h8,scd on  be,tlJ  ratio ir.dices ar d  regression calculf.tion  is  not 
:"tudi<od.  It is  attunptEd in  this study  to  fill tllis  gap  and  to  compare the 
results with  t)lOSC  faund on  the same species in  otller  areas. 

A Ｎｾｍｯｲｰｨｯｭ･ｴｲｩ｣   Characters 

] Ｎｾｍｯｲｰｨｯｭ･ｴｲｩ｣   measurements of  S. maderens1:s: 

(a)  Rai£o i'iJ,(1?:ccs .' 

Fe,r the stt:dy of mophvmetric characters of S. rnaderensis twelve measure-
ment.<.; on the ｦ ｩ ｾ ｨ   were obtained to the nearest millimter as already "tated iu the 
lndhods. Tbe mOlphonwhic il dex of (,ach measurEme:ut was ralcnlatcd for every 
D<,b ns a nUl1lmical mtio between this n:eaSUlEment ard tbe stardal'd length. 
Thpli nl" 111(8.]1 vdue of tlJe latio fur every centimeter group and Lr all length 
glflt1p'" were obta.ined. All the,:e latio values fc·r t}le different mcrphometric 
ｭ ･ ｡ ｾ ［ ｕ ｬ ･ ｭ ･ ｮ ｴ ｳ  arc sbown in Table (]). The vah:es fIe In this table CGuld be sum-
marised as follows: 

Morphomct-ril index.1 

T.L / S.L 
S.L / Pt.D 
S.L / PI'.D 
8.L / Pt.A 
SL / Pr.A 
S,J) / P]'.V 
f).L / B,D 
S.L / H.L 
II.J) /E.D 
HL / Pr.O 
H.L / 1.0 

The inde-x range 

1.18 - 1.25 
1. 73 - 1.82 
2.31 - 2.1'1 
1.13 - 1.20 
1.33 - 1.'12 
2.07 - 2.24 
2.91 - 3.32 
3.97 - 4.86 
3.45 - 4,14 
3.14 - 4.14 
3.45 - 4.25 

The inde;r 

1.23 
1. 76 
ＲＬｾ｛ｪ  

1. 14 
1.35 
2.12 
3.G(j 
1.26 
3.70 
3.29 
3.71 

mean 

(b) jl;lorphomelTic regressions .' 

The observed vah'es of six ｬ Ｑ ｬ Ｐ ｬ ｰ ｬ ｾ ｯ ｭ ･ ｴ ｲ ｩ ｣   charp-cters viz; shwdard lengtb, 
pre-anal Icrgth, pre-ventJal length, prcdolsal length, bead length and 
(ye-di<:J.meter again:,;t, total lengtb were, plottEd as scatter diagrams 'in figure (3). 

The p:lints in aU cascs aggregate in distinctly straight lines; consequently 
the linear regression fOlmula : 

Y=a+bX 
WAS used to obtain tbe regression formula for each morphometric cbaracters. 
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TABLE  ｬ Ｎ Ｍ ｾ ｦ ｯ ｒ ｐ ｬ ｉ ｎ ｬ ｷ ｲ ｒ ｲ ｣  ｉ ｎ ｏ ｉ ｃ ｎ ｾ   1"01.\  I)IFI"IlREN"T  ｍ ｏ ｒ ｬ Ｇ ｈ ｏ ｍ ｾ ｔ ｮ ｉ ｏ  ｊ ｬ ｛ ｅ ａ ｓ ｕ ｒ ｅ ｘ ｅ ｾ Ｇ ｲ Ｘ   ｉ ｾ   S. ｭ ｡ Ｍ ｬ ｣ ｾ ･ Ｍ ｮ ｳ ｩ Ｎ ｊ Ｎ  

ＭＡｾ  
I I I I . 1<0 

Total  longt,h  '1'L/8.L  ISL/Pt. D  ISLfPr. J)  :  i'LfPt. A  SL/Pr. A ISL/Pr.V I SLlB. L  SL/B. D  HL/E. D  HL/Pr.O  HL/LO 
gnup 

in  mm.  -;-'1 '11  1 ＭｉＧｾｉＭＭＭＭＧＭｉ   / ------1 I 1 -,--
N°'lr"tlo i NO.! raLio 1 :Xo.1raLlo NL1· r,tLio No. rat,;o No. ratio INo. ('tiD, No. rM.IO No.1 r.,Llo No ratio I No. i ratio 

l l - -1-1-,--1-;---/---------1-'---\---,-
［Ｉｾ   - 7-:. '1 3! ＱＮ［ｾｩ   ［ｊＱＱＮｾｾＧ   3! ｾＮｾ［ｩ   :;11·;;r:!1 3 Ｑ［ｾ   3 ｾＮｏＺＬ   3 4.??1 3 ＲＮｾｾ   31 ｾＮＱｾ   ｾｩ   ｾＮＱＴＱ   ,1 '!' 14 
Ｎ Ｉ ｾ   104.. ｟ ｾ ｬ ｬ ｟ Ｒ ｊ   ｾ   Ｑ Ｎ ｾ Ｎ Ｉ   .01 ｾＺｌＮ   ?ll.L 9 l .•Ｌ ｾ   ｾ   ".03 ｾ   397 } ｾＮｾＰ   ｾｾｉ   ＺＳＮｾＱＩＱ   9):,14 7 3.45 

HI,) - 1;'l.. ｾ Ｎ Ｉ Ｚ   ｊ Ｎ Ｒ ｾ Ｚ   Ｕ ｾ ｬ ｬ ｬ Ｚ Ｑ   ｾ ｾ Ｚ   ｾ Ｇ ＿ Ｇ Ｉ   ｾ ｾ ｉ   ｾ Ｑ Ｓ Ｑ   ｾ ｾ   ｉ Ｎ ｾ ｾ   ｾ ｾ   2.1O! 52 402 Ｌ ｾ ｝ Ｌ   :3/; ｯｾＺ   ＮＳｬＩｾＱ   ｾｾｉ   ｾＮ［ｬｬ   51 ＿Ｕｾ  
ＱＱｾ   - lA..\ (;7 12:1 ｾ Ｇ ｾ   ｬ ｾ Ｚ ｾ Ｚ   ｾ ［ Ｉ Ｌ   Ｒ Ｚ ｾ Ｍ ｬ   ｾ ［ Ｚ   LI:±j Ｖ ｾ Ｌ   J.3;)\ ｾ ｾ   ｾ Ｎ ｊ ｏ   ｾ ｊ   4.16 Ｖ Ｔ Ｑ Ｓ Ｎ Ｗ ｾ Ｌ   Gil ｾ   7':1 ｾｾＧｉ   ｾＧＺＺＧｾＡ   ｾＴ   ＺＳＮＷＮｾ  
12" - 134 . 8,,1 12,3 FJ 110 15 2 ..,,4 it> LUI 7,) 1.341 W 2.10 ｾｈ   ".17 72 3.6lJ 84 ..,JIlI (O 3.2,\. 12 3.6,) 

1. - , ) 0).' ,...,. (. .). ,) ") ., :) "<-)' Ｐ Ｙ Ｇ ｾ Ｎ ａ   1 '..> ,-" (. n:) I -,') I)1.35- 144. ·llloll.2"1 9,11.10 JI _.,\- 01.1.t.> \)1 1.,,1 Dr. .,./1 100 4._.1 ｯ ｟ ｉ ﾷ ＾ Ｎ ｇ ｾ   100 .,.1,,: .1'1.:>·_9: 1)-1.,.74 
145 -- 1·54. ·1 54 1.2:1' .'ls'lJi :;·'1 ［ｾＬＺｈＬ   :>4 1.14 5" 1.34j 51! 2.121 54 4.26 Ｇ Ｉ ［ ｾ   :3.6s 54 ;3.6S, G4 3321 fi3 8.75

1

Ｑ Ｕ ｾ   -- Ｑ ｾ ｔ Ｎ Ｂ   Ｇ ｉ ｬ ｾ   1;,1 ＱＺＩＱＱＮｾＺＡ   ＱＺｾＱ   ｾＺｪｏＺ   ｉＺｾ   ＱｉＺｾＱ   13., ＱＮＺｬＺＮＳＱＱｾＧ｜   ＲＮｾｾ   13 Ｔ Ｎ ｾ Ｙ   ｬ Ｚ ｾ Ｑ   Ｚ Ｑ Ｎ Ｖ ｾ Ｌ   13 ＺＮＧＺＷｾ   1:31 :U3 ｮ Ｇ Ｑ Ｓ ｾ ［1 22J6t> - 1/4.. 81 . ｾ   1.11 bl ｾＮｬﾱＱ   ti l.t'l, 811.37 ti 2,>,,\ 84.26 I), ｩ ｕ ｾ ｬ ｬ   til".,b 8 .3.5-1. 2 .3.(;-
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1 7818[; - 194. .1 .5 1.2:2 ')1 . . 512.:3.11 51 J.• l±\ :5 1.3v :312.1;3 5,4.27 3 3.75 5 :;.71 01 :3.'18 2 1.5:3
195 90' I 8 1 1 "., "1 79· ,. -.) .,., ｾ ｉ   1 16 8 1 4) v ') Ｙ ｾ Ａ   <-I 4 4'1 ｾ   3 -It "., 6L Vi" 4" 1" ｾ ｏ• ｾ   -- - -.I:. . '.' _.) t u I . I L) - •• JI,.J, 0, . • I ,) -J .... <J \ 0 .". j.., 0 v. () ,). 0 .J f) 

205 - 214. . 911.22; 9 1.1'0 !)j2AI; 9' 1.1-'1 f< 1.35 !) 2.16: 9'14.67 7 361 \) 3.68 9 :1341 6,1 3.7:) 
215 - 224. . 12 l:Hi J2 1.82 12 2.:39' 12 1.14 12 1.38 .l2 2,22 12 4.73 12 :358 12 :3561 1213.2:2'1 :36[;

ｾ ｾ ＿   - ;:14. ·1 l?i ＱＮｾＴＭ Ｑｾ   ｬｾｯｬ   10: ｾ Ｎ ［ Ｑ Ｌ   iO J? ＱＮＳｾ   to Ｔ Ｎ ｾ Ｑ   ｾ ｉ   ｾ Ｕ Ｚ   ｾＮＸｾＱ   ｉｾＺ   ＺｾｾＶＱ   :31 ＺＳＹｾ1.15, 1°12.20 10
_.,.) ｾ ｈ Ｎ Ｎ ｉ Ｎ ｬ Ｌ   1.241 .1 l.b2. 412 __ <> 911.1-1..1 911.:3,-, 9 2.1\) ° 4./3 b .)41 8 ".8:> ", .),,9 G.s Ｙ ｾ  

1 1
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265 - 2';4. I 4- 1 25 ' 4- 1.791 4 2.4.2: 4 1.15 4 1.35 4 2.IG 41484 3;} ;12i 41 :;.\)8 4 3.251 2/' 4 25 

275 - 1_11 J 25/_11 
1 

_1 Ｒ Ｚ Ｑ ｟ ｾ   1.1:; _1 1.35 2.14 ｟ ｾ Ｑ ｾ Ｖ Ｘ   _1 3 ＴＴＱＱ｟ＱＱｾ｟ＡＩＲＱ｟Ｑｊ   :3.G2,-=-,_=-2<i4. 79 _1 
1 

, , ! I 'I I I I ITotal number 
_, ! 474'__ 1 454' __1 4';4i __ 454 __ 454 __ Ｌ Ｔ Ｕ Ｑ Ｑ ｟ ｾ   474 424 __I 474 __J454 _'_1 388 __ 

230 114 370212A. i"deEl 123J I '''I 135 (61 (6 
1 

329[ 1'711 1 1 1 1 
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In this equation: 

Y  =  the morphometric measurement in  millimeters. 

X = the total length in  millimeter. 

a  and b  are constants which  ean be  dewrntined u::;ing  LllC stati::;t.icaJ 
methcd of  least square in  which. 

NIxy(Ix)  (Iy)
b ---

N I  x2  ( I  X )2 

IybIxa _ 
N 

where : N = the number of  items in  the sample. 

In  Tahle (2)  showing the mean ohserv(d morphometric measurements at 
5 mm. length intervals are given.  The respective equations are calculated from 
the preefding equations and are presented in Table (3).  TbeF.€ regression equatiuns 
were used to obtain the calculate d m( asurements of the f0Iemrntioned cha.racters. 
The avera.ge observed values and the ca.Ic\dated values for  ｴｨ｣ｾ･   measurementfi aTe 
compared in  Table (4).  In Figure (4)  the ｳ ｴ ｲ ｡ ｩ ｾ ｢ ｴ   lires represent the calculated 
values and tbe dots the averahe ones.  Tbe ckse fitness of  tIle  mean observed 
values on the straight lines show thi'\.t  tIlC regrcsi'ion equations cxpressing stnJight 
lines are correct and they best fit  the mc,rphomet.l'ic characters in  question. 

TABLE  3.·R.EGRESSION EQUATION"  0],'  THE  DTFFERENT  MOB.PH,Oll:IE'l'RIC 

CIlARAC'I'EIlS  RELATIVE  '1'0  TOTAL  LENGTH.  IN  S. rna,(le1'ensis 

Morphological Characters 

Standard lengt.h 

Preana.l length 

Prevent.ral length 

Regression Equation 

S.L  3.1387 +0.7943T.L 

PIc.A  3.0897 +  0.5809 T.L 

Pre.V  4.581G -+ 0.3505 T.L 

Piedorsal lengtb  Pre.D  4.2573 +  0.3186 T.L 

Head length  H.L  6.7889 +  0.1441 T.L 

EyeDiameter  EoD  2.3515 +  0.0362 T.L 
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Length  [!t'onps 
jn  mm. 

70  
100  
105  
110  
115  
120  
125  
130  
135  
1"10  
145  
150  
155  
160  
165  
170  
175  
180  
185  
190  
195  
200  
205  
210  

Ob3.!

·1-
GO  58.7397  
83  82.5687  
86  86.5402  
90  90.5117  

'  93  94.4832 
I 97  98.4547  

101  102.4262  
106  1063977  
III  110.3692  
114  114.3407  

I 118  118.3122  

TABLE 4.,CALCULA'l'ED  MORPHOMETRIC MEASUREMENTS };'OR  S(};rd'inella <D 

'madeTensis AFTER  RESPECTIVE REGRESSION EQUATIONS  CO 

S.L.  PreAnr>[  PreVcnkal  I Pl'eDorsalI  
I  

calculated ! 0os.  calculated  obs.  I 0os. I calculated 

122  122.2837  
126, 126.2552  

i Head Length  I Eye Dca meterI 
--.----1 -I  

cr>lcu1"ted  ',obs.  calcnlat.cdobs.  cale ltl" ted 
-_.-  

td43  ,1;3 .7527   29   29.1166  26   26.5593  15   16.8739  4   4.8855  o'"" 62  61. H97   Ｇ ｾ Ｒ   39.6316  36  36.1173  21   :s::21.1989  6   59715  
t;J64  64.0842  42   41.3841  36  37.7103  22   6 21. 91 94   6.1525  >3 

6  ｩｾ67  66.9887  43   43.1366  39  39.3033 I  22   22.6399  6.:3335  I ....,Q70  69.8932  45   44.8891  40  c10.8963 '  23   23.3604  6   6.5145 
46  U)73  72.7977  46.6416  ,.,42 1  42.4893   23   24.0809  6   6.6955
4,875  75.7022  48.3941  71 43!  44.0823  25   24.8014  6.8765  is79  78. flO67   50   50.1466  46   45.6753  ＲｾＩ   7 25.5219  7.0575  (;;

83  81.5112  52  if.51.8991  47   47.2683  26   :36.2424  7   7.2385 
85'  8'1.4157  54- 53.6516  49  48.8613 ,  '27  26.9629  7   7.4195  o 
88  87.3202 .  56   55.4041  51   50.4543  28   27.6834  8   7.6005  ｾ  

U291   90.2247 ·1  57   57.1566  52  52.0473  29   28.4039  7.7815  ｾ  

1  129'  130.2267 I  97  96. ｏ ｾ Ｂ   
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1  

160  158.0272  1151  116.3652 
164  161,9987  116  119.2697 
167  165.970'2 .  122  122.1742 
173  169.9417  1291125.0787 

94·  931292   ｾ ｉ   2';J591   58.9091  53.6403  29   29.1244  7.9625  t::l60   '<60.6616  55.2333  30i  29.8H9  8.1435ｾｾｉ   ｾ62   62.4141  OJ  56.8263  ｾ31   30.5654·  8.3245 
h64   6'1.1666  JI 60  58.4193  34   31.2859  t<8.5055 
ｾ. 65   65.9191  61  60.0123  :33  32.0064  9   8.6865 

66   67.6716  64  61.6003  33   32.7269  8. 867fj9  
68   694241   65  63.1983  35  3:1.4·474  9.01859 
75   71.1766  10   9.229568  64.79]3 I  37  :34.l679  
73   72.9291  68  66.3843  36 1   34.888'1  10   9,4105
73   74.6816  69  67.9773 ;  36   35.6089  11   9.5915 
75   76.4341  68  69.5703  36   36.:1294  10   9.7725 
80   78.1865  71   71.1633  37   9.953537.0499 I  10  
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2.Morphometric measurements of  S. awrita; 

(a)  Ra,tio indices: 

Fllr  the  ｾ ｴ ｵ ､ ｹ   of the morphometlie characters of S. au.rita, the previously 
mentioned  ckven  measurement;:; ('.n  t,he  fi5h  Were obtained t.o  t,he  nea, 'est 
millimeter as already statkld in  Cllapter II.  Like"'i;;e, tbe ratio  ｩ ｬ Ｑ ､ ｩ ｣ ･ ｾ Ｇ Ｌ   the nl€an 
values of tbe  ratio  for  e:>,ch  centimeter group  and  fnr  all length groups werc 
obtHined.  All  tbc;:;e  values f(il'  the different  morphometric ｮ ｈ Ｇ ｾ Ｌ Ｎ ｬ ［ ｵ ｲ ･ ｮ ｶ ｾ ｮ ｴ ｳ  are 
shown in  Table (5). The values from this table could be ｳ ｮ ｭ ｭ ｾ ｉ ｬ Ｋ Ｉ ･ ､  as fullows : 

Morphometric index  The index  range  The inde:'( mean 

T.1 I S.L  1.19  1.21  1. 20 
S.L I Pt.D  1. 72 - 1. 88  1.84 
S.L I PrD  2.15  2.47  2.37 
S.1 I Pt.A  1.11 - 1.15  1.14 
S.L I Pr.A  132 -- 1.37 1.34 
S.L I PLV 187 -- 2.17 2.06 
S.L I B.D 4.23 - 4.86 4.42 
S.L I H.L 3.31 --- 4.84 4.22 
H.L I E.D 3.86 - '1.56 3.98 
H.L I Pr.O 2.98 - 433 3.27 
H.1 I LO 3.86 - 4.56 3.99 

(b) Morphometric regressions : 

T]10 observed values of :;i:x. morphometric charaal;;,.,!,s vjz: st(\·udard kngth, 
pre-anal lcngtll, preventral Length, pre-dr,rsal IClJgtl1, head length and eyc-
dialneter against totd lengtb were plotted as c,catt<3J' diagrams (Fig. 5). The 
poir'ts in all ｃ ＼ Ｑ ［ ［ ｾ ｓ   aggrcgM,e in dist.inct r-;traight line::;; c0nsequently likcwi::;e, 
the linear regres:>ion fc·nnuIa. : Y = a + b. X; was used to obtain tbe regrosoioD 
formula for each morphometric ch::uacter. 

Frc TIl ｔｾｬ  ble (6) showing the mC<.Ul ob;;Nvec1 morphometric ｭ ･ ｡ ｾ ｵ ｲ ･ ｭ ･ ｮ ｴ Ｂ Ｌ  
the respective eguations are cnlculated and pre:;cllled ill Table (7). Thcse [<'gees-
cion equa,tions were uscd to obtain the calculated mcasurernent:> of the fore-
InPutioncd clw.ractcrs. These are compared with averaged observed OllE'S in 
Tal,le (8). In Fig. (6) the striligbt lines repreilent t.he calculated vJlues and the 
dOTe the avcr8-ge 011C;·. The ｣ ｬ ｯ Ｌ ｾ ･   fitnes'i of the n:ean ob.oerved valnes on tbe 
ｾ ｴ ｮ Ｉ Ｎ ｩ ｧ ｢ ｴ   lines show tLat the regression cquat.ion", expressiug :;;traigbt lilies are 
correct and tbey beft fit the morpbometric characters in question. 



ｔ ａ ｂ ｌ ｋ Ｕ Ｎ Ｍ ｊ ｉ ｬ ｯ ｒ ｬ Ｇ ｮ ｏ ｾ ｬ ｅ ｔ ｒ ｔ ｃ INDICES FOR ｄ ｉ ｬ Ｇ ｆ ｅ ｈ ｅ ｾ ｔ  MORl'nOME'rRIc MEASUREMENTS lN S. a'U,n:la 
t1j
c: 

TI_JS.L I SL/Pt.D  ST./Pr.D  I' SL/PL.A  :  SLJPr.A I SL/Pr.V  \  f>L/H.L  I SL{B. D  HLJE.D HL/Br.O I ｈｌｻｾ   ｾ  
Tota.l  length  - _. ----\--1- - I ---group in mm, 

nlr!n]r  n!r  nil'  n1r\n1r;n\r\ll;r\n  r  ll!r1n 
 _11,_1- -\-,-- 1:''   \-

I : I' , I ' 
1 

45  54.  '1 1  121'  111.J  J2.15  11113l 1\1  134  111.87\  3311  1 

ｾ  
H 
Z 
C 
"J 
13 
!:Ii 
t=j 

_ ..  1)  114, 77 1  4.33[  l'  4.33j  114.33  H155   64.  .  7  1.20  7  1.76  7'  2.24 "1,11  7  1,34  7  1.97  7  3.57  7  4.481  7  3.86  7  4.021  7  3.86  Z 
1  rn 

65   74,  .1  131.19  1311.77  132.24  131  1.13  13\1.35  132.00  Is13.G4113 4.34  13[3.941133,63 133.94  r-3.....
75  84.  . I 26  1.19\  2G  1.77  26  ＲＮｾＸ   2G11  1.13  26  1.34  261  2.01  26[  3.82.  26  4.36  261  4.35  26  3.52  26i  4.35  r-3 
85   94.  .  8  1.19  8  1.76  8  2.29  8  1.14  8  1.:35  8  2.04  813.791  8  4.33  8  4.5(j  8,  3.60  8  4.56  
95   104.  .;  1911.20  19  1.79  19  2.32  }fl,  1.14  19  1.35  ]9  2.03!  19i  3.841  19  4.23  19  3.9(;  19  3.38.  19  3.96   ｾ  

i:'j
105   114.  .1  21  1.19  21  1.82  21  2.35  21  I  1.14  21  1.36  21  2.051  21:  4.00  21'  4.251  21  3.8(;  21  3.311  21  3.116 
115   124.  .  10'  1.21  10  1.83'  10/2.3;1  1011.14  10  1.35.  10  2.07  lui  :3.95  10\4.26  ](l 4.12  10  3.53  10  4.J2 

o 
":j 

125   134.  1  1.21  1  1.81  1  2.29  I  1.13'  Ii  1.37'  1  1.98  Ij  :3.81  1  4.86  1  4.f50  1  3.IHi  J  4 50 
J35   144.  9  1.20  7  1.111  71  2.37 1  7  1.11  71  1.32  7  2.05  9  4.06  7  4.46  9  3.96  7  2.98  7  3.99 

o
Q 

145  _...  154.  51  1.20:  49  1.82  491 1.361  49 1 1. 15  491  J .34  411  2.07  51  4.12  47  4.55  51  4.01  49  3.19  49  4.01  trt 
;J.-

155  _.  164.  .  3:?  1.21  301  1.85  30  2.39  301  1.14  30  1.33  30  2.09  32  421  2614.44  32  3.87  30  3  27  30  3.87  Z 
165   174.  52  1.21  41,  1 85  41  2.37  41'  1.14  41i  1.34  41  2  10  52  4.22  35  4.46  52  3.95  41  326  40  4.01  o 

';)175   184.  02  1  21  58[  1.85  58  2.381  f58!  1. l4  58',  1.34,  58  2.10  62  4.311  46  4.41  62  4.02  581 3  17.  56  4.06  ;:0
185   194.  (\7  120  67  1.86  67  2.411  67'  1.14 67  1.34  67  2.13  67  4.45  44  4.43  6'i'  3.91  67  3  16  60  3.88  >-
195   204.  M  1  2,11  55  1  86  55  2.41  5f>  1.14  55  1.34  55  2  13  55  4.53:  ｾ ｄ   4.46  5:;  3.8H  55  3.20  46  3.117  "tI 

:!l 

1: 
205   214.  25 1 1.211  251  1  871  251  2.421  2511.15  25  1.34  25  2.14  25  4.55

1 
1314.50i  25  3.901  2513.131  17  3.87  ｾ   

215   224.  ｟ Ｔ Ｑ Ｑ Ｎ Ｒ Ｐ ｩ ｟ Ｔ Ｑ Ｑ ｾ   ｟ Ｔ Ｑ ｾ Ａ ｟ Ｔ   ｾ ｾ ｾ Ｑ ｟ Ｔ   1.34 ｟ ｜ ｾ ｾ Ｎ ｾ Ｎ ｟ Ｔ ｾ   4.84 _1  Ｔ Ｎ Ｕ ｾ Ｑ ｟ Ｔ Ｑ Ｔ Ｎ Ｑ Ａ Ｉ Ａ ｟ 4[  3.18 _I, 4.00 
Z 
ｾ   

':J 1 

1  I. I' I I I 1  I I I 1  I' I  ｾＮTotal number.  '4fi:.s __1442!__Ｑ ｾ Ａ  __ｾ   442 __ 442  ,  442 __!  4(
j3 

1__1354 __1 4631 __ 442 __ __  r;:; 
ｾ1 
'T' 

::a27Av.  Index...!  Ｑ Ｎ ｾ Ｐ Ｑ   11.84i . 2.37  I 1.14\  11.34!  12.06]  ! 4  221  1  4.42  13.98  1  3 .  1 13 99  H 

l":1 
lI.l 

io. 
I ..... 



TABLE 5.MoRPIiOMETR1C INDICES FOR DlFFEI'.E!'T ｍ ｏ ｮ ｐ ｈ ｏ ｾ Ｈ ｅ Ｇ ｦ ｒ ｲ ｣ MEASUREMEK1'S IN  S. aUTI:la 
to 

Tot,a.1  length 

group  in  mm. 

_.  . I' 1  I 1.81  ｾ   1[  1.13  1  1.37  1  :  4.86  1  :  3.86  4.00 
135  144.  .  9  ＱＮｾｏＬ   7  1.81  I ＲＮｾＬ   71  ＱＮＱｾ   7  ＱＮｾＲ   I 2.00  9  ＴＮＰｾ   ｾ   ＴＮＴｾ   ,9  3.96  I ｾＮＹＸ   I 3.99 
145   154.  51   1.20,  49  1.82  49  ＱＮｾＶ   49  1.10  49  1.34  49  2.07  51  4.12  4/  4.50 vII  4. 01 1  49  3.19  49  4.01 

115.5   164.  32  1.21i  301  1.85  30  2.30  30  1.14  30  1.33  30  2.09  32  4.21  26  4.44  32  3.87  30  3.27  30  3.87 
lU5   174.  52  1.21'1  41  1.85  41  2.37  41 1 1.14  41  1.34  41  2.10  52  4.22  35  4.46  52,1  3.951  41  3.26  40  4.01 
175   184.  62  1.21  58  1.85  58  2.38  5s1  1.14  58  1.34  58  2.101  62  4. 31 1 46  4.41  621  4.02  58  3.17  56  4.06 
185   J94.  67  1.201 671  1.86  67  2.41  67'1  1.14  67  1.34  67  2.13  67  4.451  44  4.43  67  3.91  67  3.16  60  3.88 
195   204.  55  1.201  551  1.86  55  2.41  55  1.14  55  1.34  .J5 2.13  55  4.53  29 

1 
4.46  551  3.88  55  3.20  46  3.87 

205   214.  25,  1.21  25  1.87  25  2.42  25.  1.15  ｾ Ｕ   ].34  25  2.14  25  4.55  J3  4.501  25  3.96  25  3.13  17  3.87 
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F.lO  5.A scatter dia.gram to  show the relation between the total  length 
and the different morphometric measw'erncnts  for S. a'U'r·ila. 
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Standard length  Pre.Anal  PreVentral  I Lengtb group jn 

(mms) 

calct1latedobs  ca.lcuJat,ed  oba  j ca.lculat,ed  lObI) 

-I .-. 
i  

50   20 43  42.8:'\87  231  22.765731.572232\55   24,6122  23 47  46.9407  24·35  34.6507 
60   51  51.0427  38 1 37.7292   26   26.4587 I 231'  
65   25 56  55.1447  28   28.305242 1 40.8077  

26'70   58  59.2167  29   30.151743'  43.8862 
75   28 64  63.3487  32   31.998248  46.9647 
80   30 67  67.4507  33   33.844750  50.0432 
85   13 71 71.5527  :35.691253  55.1217  35  
90   33 771  756547   38   37.537758'  56.2002-
95   81  79.7567  39.:3R42  34 59  59.2787  39  

J00  41. 2307   36 84  83.8587  62  62.3572  42  
105   38, 4)l.077288  87.9607  43 65  65.4357 
110   92  92.0627  44·.9233  39 68  68.5H2  45  

41 115   46.770247 96  96.1647 I 71 71.5927  
120   42 99  100.2667  72 1  746712   48.61674·8 
125   45 50.463252 103  104.3687 I

I 

75  77.7497  
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TABLE 8.CALCULATED MORPUOWG1CAL MEASUREMENT FOR Sa,rdineUa, a,ur'ita AFTER RESPECTIVE 

REGRESSION EQ,UATION 

Eye diameterHco,d LengtbPreDorsal 

::; 
HcalculatedobsobalObS I calcnlnt,;c!  o, 
ｾ  - ｾ  "".::v ...... 
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calcuJat,ed 

3  3.238113  13.726920.1249  rt2
3  3.450J.  8-14  H.5J3421.74391  c::14  15.2999 .  4  3,662J  oＲｾＮ   3(;29  .,4  3.874115  16.0864  l;:)2'±  9819  
4  4.0861  .m 16  16.872926.6009 
4 4.298117  17.659428.2199  ｉ ｾ

4. DIOI18  18.4459  '.I29.8389 
ｖ Ｇ ｾ  
;:...4  4.722119  19.232431. 4579  
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6  6.206124.737926 '±2.7909  
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The results of the vertebral count on the fishes considered were as follows: 

TABLE  9.GILLRAKER  COUNTS  OF  S. maderens'is 

Toto.]  length 
(mm) 

Standard 
length 
(mm) 

No.  of 
fiiBh 

No.  of  gill 
rakors 

Standard 
deviation 

50  43  1  46.00  -
80  67  1  77.00  -

100  83  11  98.36  ± 3.232 
110  91  15  104.46  ±  5.140 
120  98  15  106.33  ±  5.302 
130  106  15  112.80  ±  8.978 
140  114  15  114.87  ± 5.331 
150  122  15  120.80  ± 5.334 
160  130  10  120.80  ±  4.963 
170  138  3  130.33  ±11.590 
200  162  1  122.00  
210  170  4  117.25  ±  0.104 
220  178  3  115.33  ± 1.154 
230  186  5  126.00  ±11.390 
240  194  4  118.25  ±12.260 
250  202  11 121.55  ±10.750 
2GO  210  2  126.50  ±  2.121 

Ｍ ｟ Ｎ ｟ ｾ Ｍ

132 

Number of vertebrae 

45  

46  

47  

Frequency 

69 

467 

58 

ITvtal . 594 
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The average vertebral count was calcula.td to be 45. 981  ｾｭ､   the variance 
eqnals to  0.2138 and standard dcviation equals to  ±O 4624. 

These findings are compared witb  those on the same species as rccorded by 
BenTuvia (1960) in  Pa.lestine; by Rossignol (1955) in  PointeNoilc and by 
Marcbal (l964) in  Ivory coast.  ElMa,ghraby (1960) gave tIle  vCl'tehral count of 
772  fisb  from  Alxandria.  His data was reconsidered to  find  tlJe average, the 
variance and tbe standard deviation to  facilitnte  comparison. 

Table (10)  includes tbe results of those different authors.  Ti is  dea,r tl)'I.t, 
･ｾ｣･ｰｴ   for  tbe slight  variation in  the range of vertebral counts,  the iwerage 
WllS  found  to  be  nearly  tbe  same. 

3. Fin ray counts: 

The rmmlts of  fin  ray counts on  the fishes considered were as follows: 

ｄ ｯ ｲ ｾ ｄ Ｌ ｬ   l?in  Ana.l  Fin 

FrequenCy  No.  of rays  Frequeney  No.  of  raysI 
11-

I I 
39 

111 
30 

17 
18 
19 

Total  180 

5 
46 
88 
35 

6 

180 

16 
17 
18 
19 
20 

TABLE  10.NuMBER OF  VERTEBRAE  OF  S. maclerensis ACCORDING  

TO DlFFERENT AU'l'lJ;OR,S  

Region 

-'. 

Authol'S  No.  of 
Fish 

ｉ ｾ Ｍ

I 

Ra.ngo of IAvera.ge 
COUTlt  of count. 

I Standard 
deviation 

llJestine 

ointeNoire 

lexandriaA 

p 

p 

· BenTuvia, 1954 

:Rossignol, 1955 

ElJ'&,gbraby, 1960. 

631  4.5  

1267  44  

772  45  

47 

48 

47 

45.98 

45.98 

45.93 

± 0.49 

± 0.44 

±  0.4234 

44 . 47  45.9791504  ±  0.4225Abidjan.  · Marcbal, 1964. 

45  47594  45.981 ±  0.4625AIexandria  · Present work 
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Pectond Fin Ventral Fin 

Frequency 

.. _.. _--

No. of r"}o l?requency No. of raya 

.------

14- 52 8 

15 

16 

1 

:17 

66 

-----

Total 104-

I 

52 
I 

In table (11) are given the Humber of fisb, range of ray count in fins,its 
average, variance and sta.ndard deviation for each fin considered. 

TABLE 11.-FIN-ll,AY COUNTS OF S. maderensis 

FillS 
No. of 

fish 

Ranf 

fin ray 

COunt.S 

ａ ｶ ｾ ｲ ｡ ｧ ･   Variance Standard 

deviation 

Dorsal fin. 

Anal fin 

Pectoral fin 

Ventral fin 

----

180 

180 

104 

52 

---_.._-
17 - 19 

16 ｾ   20 

14 ｾ   16 

8 

17.95 

17_95 

15.63 

8 

0.3830 

0_6958 

0.2561 

-

± 0.61888 

± 0.83415 

± 0.50606 

\ 

-

In Tables (12 a·, b, c and d) our findings are compared with the resnlts of 
El-lVlagbraby (1960) in front of Alexandria (after reconsidering tbem to get the 
average and standard deviation) and Ben-Tuvia (1960) from Palestine. 

(b) Sardinella aurita : 

L-Gill--rakers : 

The gill-raker counts of 189 fishes were obtained from fishes ranging from 
60 to 210 mm total length (51 to 174 mm. standard length) and grouped in t<? 
1 0 mm length intervals. -
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TABLE  12 a.·DORSAL FIN  RAY  COUNTS OF S. made'l'ensis 

No.  ofAuthonRegion 
fish 

Egypt  · EIMagbraby, 1960.  154 

Palestine  · BenTuvia, 1960  -

Egypt  · Present work.  180 

'1 

Average  Standard 

Count 

Ra.nge of 

of Count  deviation 

17.299 ±  0.75955 

17  21 

15  19 

 -

17   19  17.91)0 ±  0.61888 

TABLE  12 b.ANAL  FIN  RAY  COUN'.rS  ｏ ｬ ｾ   8.  m:Iierensis 

Region Authors  No.  of 

fifih 

Range of 

Count. 

Average 

of Count. 

Standard 

rlevia(,;on 

" ---

Egypt 

ｐ｡ｬ･ｾＺｴｪｮﾣ  

· El-Maghraby, 1960 

· Ben-Tuvia, 1960 

154 16 -·20 

-- 17 - 221 
18.305 

-

± 0.7918 

-

Egypt · Present work 180 16 - 20 17.950 ± 0.834]5 

I 

TABLE 12 C.--PECTORAL FIN RAY COUNTS 01" 8. maderensis 

Regi()n Aut.hors 
No. of 
Fish 

R.ange of 
count 

Avera.ge Standa.rd 
of devia.tioncount, 

._-

Egypt EI-Magbraby 1960 . 159 13 - 17 15.075 + 0.79196-

Palestine . Ben-Tuvia, 1960 - 14 ·-17 ;-- --

Egypt . Present work 104 14 - 16 15.630 ± 0.50606 
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TABLE  12d.VENTRAL FIN  RAY  COUNTS OF S. maderensis 

No.  of  Range
Region  A \lthors 

Fjsh  of  ｣ ｯ ｵ ｮ ｾ  

Egypt  EIMaglnaby 1960.  8 

PiJ,lestine  BenTuvia 1960  8 

52  8ｅｧｹｰｾ   Present work  . 
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1"10. 8.-The reJal,ion between the sLi\udanllength and thu llUllJ.tcr orgill.rakers for S. aurita 
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11; was found tbat the nUI1:l,ber of gill-rakers on tbe lower part of tbe fir;;G 
gill arch of the left side of the fish, varies between 73-174 within the ,\'hole 
kngth range cOllflidered. The recorded gill-raker counts, its average and 
standard deviation for ecah length group are given in Table (13). In Fig. (8) 
thr average number of gill-rakers for the snccessive lengtb groups were 
plotted against tJle lengtb. 

2. VCTtebral Gou.nt: 

Counting Uw vertebrae was carried out all 508 fish. The vanance and 
the standard deviation were calculated for the range of vertebral count 
recorded. The resnlts of the vertebral count on the fishe8 considered were 
as follows: 

Number of vcrt,ebl'ae 

46 

47 

48 

49 

Tutal . 

Frequency 

4 

239 

259 

6 

508 

The average vertebral count was calcnlated tQ be 47.526 and the variance 
equals to 0.2893 and standard deviation equals tQ 0.5379. 

In ｔ ｡ ｢ ｬ ｾ   (14), the .results of vertebral oount; its range, average and 
standard devlatlOn are mduded for different autbors in various lucalities. 
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TABLE 13.GILLItAKER  COUNTS  OF  8. aurita 

I
Total  Standa·rd 
length  length 
(mm) (mm) 

... 

60  51 
I, 

70  59 

80  67 

90  76 

100  84 

110  92 

120  100 

140  117 

150  125 

160  133 

170  141 

180  149 

190  158 

200  166 

210  174 

No.  
ot  fish  

10  

10  

10  

10  
-

15 

15 

7 

15 

15 

15 

15 

15 

15 

15 

7 
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No.  of 
gill 

ra.keJ'8 

73.40 

85.00 

98.00 

115.80 

12'1.13 

133.53 

135.71 

144.67 

150.93 

155.27 

1.58.33 

167.53 

165.67 

172.73 

173.95 

St.,.nuard 
de.;iation 

.. 

±  3.866 

±  7.228 

±  4.321 

±  2.780 

± 4.307 

± 7.362 

± 7.251 

+ 13.56 

±  9.917 

± 9.014 

+ 10.300 

±  10.920 

±  6.219 

± 10.080 

±  11.600 
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TABLE  l4.NUMBER  OF  VERTEBRAE  OF  S. aurita ACCORDING  TO 

ｒｾｧｩｯｮ  

Almeria (Spain)  

Oran (.AIgeria).  

Balearic Islands  

Canary Islands  

DIFFERENT AUTRORS 

Author 

· Fage, 1920 

· Fage, 1920 

. Navarro, 1932 

· Navarro, 1932 

No. of 
fish  Range 

-

Average  Standard 
deviation 

ｾ ｾ  

39  47   49  48.23  ± 0.4.7 

31  47   49  48.22  ± 0.59 

605  45   49  48.15  ± 0.463 

40  47   49  48.20  ± 0.557 

493  45   52  48.04  ± 0.10 

767  46   50  47.98  ± 0.537 

400  45   50  47.88  ± 0.805 

670  46   49  47.95  ± 0.674 

309  47   49  48.28  ± 0.569 

361  45   49  47.44  ± 0.548 

47.73  ± 0.693 

475  46   49  47.71  ± 0.381 

218  46   49  47.46  ± 0.473 

36  48   ,19  48.38  ± 0.112 

47   49  47.99  ± 0.519 

508  46   49  47.526  ± 0.5379 

Balearic Islands. Navarro, 1948 

Balearic Islands . Massuti,  Valls  and 

Balearic Islands 

Aegean Sea. 

Navarro, 1950 

.  Oliver  and 
Navarro, 1952 .  .t 

· Navarro,  1952  Ana-
niades, 1952. 

Al1gola(W.Africa)  Monteiro, 1956 

Israel "Race "A 

Israel "Race "B 

Rhode Island . 

Algeria. 

Egypt (UA.R.) 

BenTubia, 1957 

BenTuvia, 1957 

· BenTuvia, 1957 

· Dieuzeide  al1d  Ro-
land, 1957 

· Present work 

Taken after BenTuvia (1960). 
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3. Fin-ray counts: 

The results of  fin  ray counts of the fishes eonsidered were as follow"  : 

Dorsal fin  Anal  fin 

Frequency  No. of rays  Frequency  No.  of rays 

ｾ Ｍ Ｍ Ｍ ｾ Ｍ Ｍ

22  16  33  15 

179  17  159  16 

22  18  29  17 

- - 2  18 

--

Total. 223 223 

Pectoral fin Ventra.l fin 

Frequency No. of rays Frequency No. of ra.ys 

----

4 15 49 9 

38 16 

7 17 

Ｎ｟ｾＭＭＭｾＭＭＭ-ＭＭｾＭｾＭＭＭＭＭＭＭＭＭ

Total. . 49 49 
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In  Table (15) :ne given tbenumber of  fish,  range of ray counts in fins, its 
average, variance and standard deviation for  each fin  considered. 

TABLE  15.-FIN-RAY COUNTS OF S. aurita 

Fins 

I 

No. of 
fish 

Range of fin 
ray counts  Average  Variance  Standard 

deviation 

Dorsal fin. 

Anal  fin 

Pectoral fin 

Ventral  fin 

223 

223 

49 

49 

16 

15 

15 

 18 

 18 

 17 

9 

17 

16 

16.06 

9 
I 

0.1982 

0.3153 

0.2253 

-

±  0.44520 

±  0.56150 

±  0.47466 

-

Tables (15 a, b, c and d) fllJOw  the number of  fish,  the range of variation 
of  fin  rays, its average and standard deviation for  different authors in various 
localities. 

TABLE  16 a.-DoRsAL FIN RAY COUNTS OF S. aurita 

Region  Author  No. of 

fish 

---

Count 

Range 

Average 

of count 

Standard 

deviation 

± 0.925 

± 0.640 

± 0.650 

± 0.875 

± 0.4452 

Aegean Sea. 

Balearic Islands 

Canary Jslands 

Angola. 

Alexandria 

· Ananaides, 1951 

· Navarro, 1932 

· Navarro, 1932. 

· Monteiro, 1956 

· Present work 

440 

344 

41 

143 

223 

15 - 19 

17 - 20 

17 - 20 

16 - 20 

16 - 18 

16.700 

17.988 

18.370 

18.230 

17.00 
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TABLE  16  b.ANAL  FIN  RAY  COUNTS  OF  S. aurita 

Region  Author  No. of  Count  Average  Standard 

fish  Range  of count  deviation 
--

egean Sea.A · Ananaides, 1951 446 15 - 19 17.090 ± 0.790 

alearic hlandsB Navarro, 1932 322 14 - 19 16,490 ± 0.765 

anary IslandsC Navarro, 1932 40 16 - 18 17.000 ± 0.632 

ngolaA . · Monteiro, 1956 37 14 --- 18 15.973 ± 1.0746 

lexandriaA · Present work 223 115 - 18 16.000 ± 0.5615 
I 

TABLE 16 C.--PECTORAL FIN RAY COUN'rs OT<' S. aurita 

Region Author 
I 

._----

Ananaides, 1951 Aegean Sea. 

Navarro, 1932Balearic Islands 

Navarro, 1932Canary IFllandFl 

Alexandria · Present Work. 

AverageNo. of Count 

fish Range of count 
._-, 

438 14 - 18 16.60 

15 - 18347 16.62 

42 16.3615 - 18 

49 15 - 17 16.06 

TABLE 16 d.-VENTRAL FIN RAY COUNTS OF S. aurita 

I 
Regiou 

Baleal'ic IslandR . 

Canary Islands 

Angola · 

Alexandria · 

Author 

Navarro, 1932 

Navarro, 1932 

Monteiro, 1956 

Present work 

Standard 

deviation 
.---------

± 0.684 

± 0.557 

± 0.569 

± 0.47466 

No. of Count Average Standard 

fish Range of count deviation 
--

358 8 - 10 9.028 ± 0.222 

42 9 9.000 -
157 8- 10 9.000 ± 0.224 

49 9 9.000 -
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DISCUSSION  

It is  obvious  from  the  foregoing  representation of  the  different 
morphometriC' indices for  the different length groups of S. maderensis, that they 
generally, sbow slight  fluctuations around mean values (See Table 1). 

Marchal (1964) claimed that the salight fluctuations he found in the indices 
of the  predorsal, postdorsal and preventral of  S. maderensis are indication of 
the displacement of these parts towards the anterior end of the body. Moreover, 
he interpreted the  variation  of  the ratio, length ofhead to standard length as 
indicating a slower growth rate of the head relative to that of the body. 

The fluctuation in the values of both Marchal (1964) indices and ours around 
their means, are irregular and have no definite trend towards increase or decrease. 
Such  irregular fluctuation might  not  support Marchal's (1964) displacement 
suggestion. It is  most probable that these fluctuations are attributed to mere 
slight variation  in  the morphometric measurement from  one  fish  to  another 
even in fishes oftLe same length group.  It migbt also result from personal error 
in measurements. Moreover, the difference in  the morphometric mesurementB 
of any species of  fish  is  the rear,on why  fish  taxonomist give a range, for  tIle 
ratio values of the diagnostic features characteristic to  the species. 

Variations in  the morphometriL indices around the means are also noticed 
in case of S. aurita. These variations can be expla.ined on similar basis. 

However, it  is worth to compare the morphometric indices recorded for the 
two  species in  Alexandria region with those recorded in other ｡ ｲ ･ ｡ ｾ Ｎ  

In  Table (17)  the ranges of morphometric indices for S. maderensis from 
Alexandria and from  Palestine, BenTuvia (1960) and Ivory Coast West Africa, 
MarC'hal (1964) are given. It is obvious that they show no substantial difference 
from each other. 

In  Table (18)  the  ranges  of  morphometric indices  of  the  previously 
mentioned morphometric measurements for  S. audta from  Alexandria with 
those from  Palestine BenTuvia  (1960)  are  given.  It is also clear that no 
significant differences exist between the  values in  the two  localities. 

In Table (19) the morphometric indices ranges and their means for the two 
species of  Sardinella from  Alexandria waters are summarised. 

The most marked difference in  the  indices of the two species is  the ratio 
value of the standard length to body depth.  The deeper body of S. maderensis 
gives a smaller value for  this index than that of S. aurita. 

Kesteven (1950) as mentioned before objected to the use of morphometric 
indices as tools for  the identification of species,  He preferred to express the dif-
ferent body dimensions in terms of covariance and regression equations,wrich he 
proved their validity in marine species e.g. Herring and Mullets. 
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TABJ.JE 17.COMPARISON BETWEEN RANGES OF INDICES OF S. maderensis  

FROM  ALEXANDRIA  (U.A.R.),  PALESTINE  AND  IVORY  COAST  

ｾ   Region 

ｍ ｏ ｬ Ｇ ｐ ｨ ｯ ｭ ･ ｴ Ｎ ｾ  
Alexandria 
(U.A.R.) 

Palestine  Ivory  Coast 

Indices 

T.L/SL.  1.18  1.25   1.22  1.29 

S.L/Pt.D  1. 73   1 82   1.66  1.88 

S.L/Pr.D  2.31   2.44  2.1   2.5  2.27  2.51 

S.L/Pt.A  1.13  1  20  - 1.08  1.15 

S.L/Pr.A  1.33  1.42  1.1   1.5  1.29  1.35 

S.L/Pr.V  2.07  2.24  1.8  2.2  2.03  2.21 

S.L/B.D  2.91   3.32  2.9  4.1  3.24  3.84 

S.L/H.L  .. 3.97  4.86  3.4  4.5  3.52  5.21 

R.I../E.D.  3.45  4.14  3.1  4.5  3.36  4.01 

H.L/Pr.O.  3.14  4.14  3.2  4.2  2.94  4.00 

H.L/I.O  3.45  4.25  3.9  5.8  -
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TABLE  18.COMPARISON BETWEEN RANGES OF MORPI:COMETRIC INDICES 

OF S. aurita FROM ALEXANDRIA  (U.A.R.) AND  PALESTINE 

ｾＺＢ Morphometric 
Indices  Ｇ ｾ  

T.L/S.L 

Alexandria 

(U.A.R.) 

1.19  1.21 

Palestine 

S.L/Pt.D  1.72  1.88 

S.L/Pr.D  2.15  2.47  2.1  2.6 

S.L/Pt.A  1.11  1.15 

S.L/Pr.A  1.32  1.37  1.3  1.6 

S.L/Pr.V  1.87  2.17  1.9  2.3 

S.L./B.D  4.23  4.86  3.9  5.0 

S.L/H.L  3.31   4.84  3.9  4.6 

H.L/E.D  3.86  4.56  2.3  4.4 

H.L/Pr.O.  2.98  4.33  2.7 4.2 

.H.L/I.O  . 3.86  4.56  3.7  4.8 
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TABLE  19.TH:E RANGES  AND  MEAN  OF  MORPB,OMETRIC INDICES  OF 

"c;.:. maderensis AND  S. aurita 

Ratios 

T.L/S.I,. 

S.L/Pt.D 

S.L/Pr.D.. 

S.L/Pt.A.. 

S.L./Pr.A. 

S.L/Pr.V.. 

S.L/B.D. 

S.L./H.L.. 

H.LfE·D.. 

H.L/Pr.O . 

H.LfI·O 

S. madereusis 

I 
Index Range 

I 

Mean 
Index 

1.18  1.25  1.23 

1. 73   1.82  1. 76 

2.31  2.44  2.35 

1.13  1.20  1.14 

1.33 .,. 1.42  1.35 

2.07  2.24  2.12 

2.91  3.32  3.66 

3.97  4.86  4.26 

3.45  4.14  3.70 

3.144.14  3.29 

3.45  4.25  3.71 

S. aurita 

Index Range 
Mean 
Index 

 -

1.19  1.21  1.20 

1. 72   1.88  1.84 

2.15  2.47  2.37 

1.11  1.15  1.14 

1.32  1.37  1.34 

1.87  2.17  2.06 

4.23  4.86  4.42 

3.31  4.84  4.22 

3.86  4.56  3.98 

2.98  4.33  3.27 

3.86  4.56  3.99 

The regression lines and equations of the different parts of the body in relation 
to  the total length of both species ir.dicate that isometric growth occurs.  It 
follows  that  Kestven's view  to  use  regTession equations in  defining  the 
morphometric characters of a  fish  species from one locality to  another is  mOTe 
reliable than the lise of indices. 

According to NavaHO (1932), the allache (S. aurita) shows a high morpbological 
stability, and it is thus not possible to separate the Mediterranean and Atlantic 
populations into  distinct !'aces. 

LozanoRey (1950) differentiated between S. aurita and a subspecies which 
he described as S. aurita terrassae Lozano, on the basis of the Tatio values of body 
depth to precaudal length (standard length) and head length to precaudal length. 
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Postel (1960) regarded this subspecies with  doubt, since its  author gave 
neither the number nor the measurements of the fi;h  on whose examination he 
based his opinion. 

It was found that the number of gillrakers in both species studied increases 
with  increase of the length of  tbe fbh  (See Figures 7 and 8).  Similar results 
were obtained by Pm;tel (1960) in  West Africa, BenTuvia (1960) in  the eastern 
Mcditerranean (Palestine) and Marchal (1964)  in  Ivory  Coast. 

The gillraker  counts of S. maderensis of  West Mrica  popu]atic.n at both 
Abidjan  (Marchal, 1964) and at PL.inteNoire (Rossignol, 1955) are compared 
with  those recorded in  tbis  investigation (See Fig.  7).  It  is  obvious that the 
number of gillrakers at Abidjan is  lower than those of tIle  other two  localities 
in  all  the length range studied.  At  PointeNoire and in  the Mediterranean at 
Alexandria, the gillraker counts WeTe  approximately the same for  the length 
groups less than 115 mrn.  In tIle  length umge II5HiO mm, the number of gill-
rakers in Alexandria samples arc higber tllan those of Pointe-Noire and tllen they 
demease to approximate those of Abidjan fvr the bigger length groups. 

Concerning the dorsal, anal, pectorrJ and ventral fin ray count of S. made-
rensis (See Tables II a-d), the only available data for compariElOn ale thoHe of 
EI-Maghraby (1960) and Ber.-Tuvia (1960). 

Slight deviations between our averq;Q Rrd thr.t of RJ-l\Taghraby exist and 
might be attributed to personal error in counting. 

It tIJUs appears that the gilJ-ra.ker counts of this species at Alexandria 
approxincate in the smalllergth grol'p thoHe of Puinte-NL.ile and approximate 
tllORe reee,] d€d for Abidjan for tIle bigger lcngtll groups. 

The possible eristance of different population of this species in the areas 
mentioned above is not clear on tIle ba.sis of gill-rakor countii, since the latter 
considerably overlap. This is 8,IRo judged from the very close equality of tIle 
vertebral count of this species fI(;m all the areas studiEd (See Table 10). 

It is thus most probable that tbe morphometric ard meristic identities of 
8. maderensis oceuring in the different sea areas it occurs (regardless ofhow far 
apart from each otber) are mOJe or less the same. 

The gill-raker counts e.f S. aurita are compared with those recorded by Ros-
signol (1955) in Congo and MarchI (1964) in the IvOJ'Y Coast (See Fig. 8). It 
is clear that the counts for Alexandria always occupy a middle position between 
tIle recorded values of the other two localities; that samples of Congo being the 
llighest and that of Ivory Coast the lowest. 

The differentiation of the populations of S. aurita from one locality to another 
is thus possible on the basis of gill raker counts. 
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The results of vertebral C01wts of S. aurita recorded bv several authors from 
different localitieR are preRented in Table (14).  From these ｾ ･ ｳ ｵ ｬ ｴ ｳ  we can differen-
tiate between two groups: 

I.-·TIle fil'st group h[l,vif'g an average vertebrfll COlmt around 47, including 
S. aurita of the eastern Mediterranean (Alexandria and Palestine) and tlJat of 
Angola (West Mrica). 

2.--The second group hv,ving an average vcrtehrr.l cnl1nt around 1fl., including 
S. aurita of the north-eastern Mediterranean (Rhodes and Allgean Sea) and of 
the "\Vestern Mediterranean (Almeria, Oran and Balearic Isbrd'i) u,s well a8 (,f 
Canary Islands. 

ThiR differentiHtion iR confirmed by ｴ Ｎ ｢ ｾ   amd fin raYR count, wlm:e llnaly"iR 
lead to similar Reparation into: Avgc.la-AlexrudTia group, and BtlJca'ic-Canary 
group, Table (16b). 

It is clear fTom Table (160.) tlTat the average dorsal fin ray count. of t.he ｅｾｹｰﾭ
tian S. a,urita is clar',cr to tbp.t of Aege"m Sea, than to those of Angnla-Carw,ry-
Balearic group This agrees with P(,f:td's view (1960), who Reparates betw('en <111 

eastern M.. diterra,nean populi'.tion and Hn Angola-Canary popuhti"n fbnked 
by Bc:learic. The count of the ventral fin rays is commtant on the orber hand 
in the two groups (see Table 16 d). 

The examination of the pectoral fin ray, conntR reveals that the gronp inclll-
dirg S. aurita of Al'gGh-Balearic-Aegean is differentiated from the p-roup including 
those of Canary Island and a tbird represented by those of Alexandria (see Tal::le 
Hj c). 

It could he c('neluded therefore that S. allrita is lesf; strd)lc in it:; IW'Ti,f'ic 
ch:wacters if compared with S. l'naderensis. This lHl,s probably rCfmltcd from t.}Je 
difference in environmental conditi('ll (particubrly water temperature) ill tIle ,;ea 
area" where it occurs. The above melltiolJed srp?rfl.tirI1 of this speeies i)1to 
groups gererally indicate that O:e melistic ehara-cien.; of w;\rl11.cr wat.cr popnla,ti' 'Ii:; 
approxima.t each other; likewi';e tb0.':e of l"fls warm water arc more or ]C,S tbn 
I'ame. In other words the p(lpulations ilJLabiting diffnent ecol. 'gical ｬ ｊ ｩ ･ ｬ ｬ ｣ ｾ ［  
usually have dissimilar meristic cIJamctcrr;. 

SUMMARY 

Tbe present fltudy is aimed to give inf<lrmatilllT on the 11lnrph'lnwtric dHJ,-
ra.cterf1 of the two mnst imp()rtant ::;pecics of Bgyptian "Mediterranean Sardille, 
namely Sardinella m'Iderensis VJwe and Surdinellu attritu Cuv. & Val. 

The re,';ult of this study could be summarised as follows: 

] .--It iR noticed that the mnTphohwtrie ilJdic{'s for the different ｬ ･ ｅ ｾ ｴ ｨ   groups 
in case of both S. maderensis Dud S. aurita :-;how eel tain pORitive or npga1i ve varia-
tions aro11I d the means. Tbese variationR, however, do not indicr.te 2Jly diRpla-
cement in tlJe pm;ition of the differt'rt parts of the body in relr.tinn til one an-
other within the length Tange considen:d. They are notiGed wit.hin the ［ ｾ ｰ ･ ｇ ｩ ･ ｳ  

and the might also result from personal errors during measurement..;. 
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2.Regression equations for  the different parts of the body relative to the 
total length are given.  The  straight  lines given  by these equations indicate 
that isometric growth occurs between the different be dy parts studiEd. 

3.As for the number of gillrakers, it is noticed that it increases witl]  increase 
in  length for both species.  Comparing the number of gillrakers of S. maderensis 
from Alexandria with  those from Abidjan and PointeNoire, it appears that the 
gillraker counts at Alexandria approximate at the  small  length  group those 
of PointeNoire and approximate those recorded for Abidjan for the bigger length 
group. 

Comparing the number of gillrakers of S. aurita from Alexandria with  those 
from Congo and hory Coast, it  is clear that the gillraker counts for  the present 
material always occupy a middle position between those of the otl:>er localities; 
that of Congo being the highest and thgt of Ivory Coast is the lowest. Differen-
tiation of populationsonthebasisofgill-rakercountsis possiblein S. aurita. 

4.--The vertebral count in S. maderensis varies from 45 to 47, its average 
was found to to 45.98 with standard deviation ± 0.4624. For S. aurita, it 
varieb from 46 to 49, its average 47.526 ",ith standard deviation ± 0.5379. There 
is a close similarity in tl:>e avera,ge vertebral count of S. maderensis from the 
Eastern Mediterranean (Alexandria and PaleE.tine) and the Atlantic material from 
West Africa. Differentiation of population of this specieE. on the basis of fin ray 
counts is not possible because of the insufficient data from otber localities. 

It is possible, on the other hand, to differentiate two distinct groups on th 
basis of the average vertebral count of S. aurita; the first group comprises tI'e 
Eastern Mediterranean (Alexandria and Palestine) and that of Angola (West 
Africa). Tbe second group comprises the fish from the North-Eastern Mediter-
ranean (Rhodes and Aegean Sea) and that from the Western Mediterranean 
(Almeria, Oran and Balearic) as well as from Canary Islands. 

This differentiation for S. aurita is also confirmed by the anal fin ray counts 
whose analysis lead to a similar separation into (Alexandria-Angola) group and 
(Aegean-Balearic-Canary) group. 

Concerning tbe dorsal fin ray counts of S. aurita, we can differentiate between 
an EaE.tern Mediterranean population (Alexandria - Palestine - Aegean Sea) 
from an (Angola - Canary) population flanked by tbe Balearic. The homogeneity 
ot' these groups are confirmed by the examination of the ventral fin ray counts. 

As for the pectoral fin ray counts, a group including S. aurita of Balearic-
Aegean, is differentiated from another represented by tbose ofthc Canary Islands 
and from a third group represented by tl:>ose of Alexaniri9. 
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