FISHERIES RESEARCH BOARD OF CANADA

Translation Series No. 1475

Gill-rakers in the characterization of populations
of Sardinia pilchardus (Walb.).

By Buenaventura Andreu

S vyttt

Origlnal title- Las braanlSplnaS en . la. caracterlza01on

B e s WeDe ML

e TR

Ll MEELY e tzpaifla ke bR W
R e T

Frdm: Investlga01on Pesquera (Fisheries Research),
33 (2):.425-607, 1969.

Translated by the Translation Bureau (MB)
Foreign Languages Division
Department of the Secretary of State of Canada

Fisheries Research Board of Canada
Biological Station
St. John's, Nfld.

11970

228_?ages»type$cript

o
1

cocdekasy p@b&a01ones de“Sardlnampllchardusa(Walb.} -

w7




- . ' S PR AT

DEPARTMENT OF THE SECRETARY OF STATE _
TRANSLATION BUREAU BUREAU DES TRADUCTIONS

. FOREIGN LANGUAGES ! DIVISION DES LANGUES
. DIVISION - ETRANGERES

SECRETARIAT D'ETAT

i TRANSLATED FROM = TRADUCTION DE INTO ~ EN

Spanish . o English

. AUTHOR -~ AUTEUR

Buenaventura Andreu

TITLE IN ENGLISH ~ TITRE ANG LAIS

The gill-rakers in the characterlzatlon of ponulatlonﬂ of
Sgrdlna pilchardus (Walb) .

Title in foreign language
Las branquispinas en la caracterizacion de 1&9 Dob11c10nes de
- Sardinpa pilchardis (Walb)

REFERENCE IN FOREIGN L ANGUAGE (NAME OF BOOK OR PUBLICATION) IN FULL TRANSLITERATE FOREIGN CHARACTERS. . '
REFERENCE EN LANGUE ETRANGERE (NOM DU LIVRE OU PUBLICATION], AU COMPLET, TRANSCRIRE EN CARACTERES PHONETIQUES.

INVESTIGACION PESQUERA -

REFERENCE IN ENGLISH - REFERENCE EN ANGL AlS

FISHERIES RESEARCH

PUBLISHER - EDITEUR . ] T , ' PAGE, NUMBERS IN ORIGINAL
) DATE OF PUBLICATION NUMEROS DES PAGES DANS
5 A CODSGJ o Superior de. Investl ga- DATE DE PUBLICATION L'ORIG INAL
; 01ones Cientiflcaq :
. YEAR | oLume | 'SSUENO. 425.607 .
. FLACE OF FUBLICATION - ANNEE | NUMERO NUMBER OF TYPED PAGES
: LIEU DE PUBLICATION . : : i : NOMBRE DE PAGES
: . : : ) . DACTYLOGRAPHIEES
o Barcelona ' -1969| .33 2 228
I REQUESTING DEPARTMENT Flsheries and Forestry TRANSLATION BUREAU NO. (3380
e MINIST ERE-CLIENT - NOTRE DOSSIER N©
\ - BRANCH ORDIVISION FiShe,I’iéS vResearch Board - TRANSLATOR (INITIALS) MeB.
e -DIRECTION OU DIVISION — - “TRADUCTEUR (INITIALES)
PERSON REQUESTING T o ‘ _ DATE COMPLETED . -
DEMANDSPAR__ - L.S. Parsons — ' ACHEVE LE. JUL ' 8 1970
YOUR NUMBER R A ), ,
. VOTRE DOSSIERNO___ . 769-18-1k -
DATE OF REQOE#T,,- ' March:
DATE DE L A DEMANDE _.narc »18’ 1970

Only for information
TRADUCTION MON REVISEE

Informatien seulomont

TP

| 308-200-10-6 (REV. 2/68) . T ..

UNEDITED DRAFT TRANSLATION




VAN
SECRETARIAT D'ETAT
BUREAU DES TRADUCTIONS
DIVISION DES LANGUES ETRANGERES -

'DEPARTMENT OF THE SECRETARY OF STATE
TRANSLATION BUREAU
FOREIGN LANGUAGES DIVISION

CANADA

. CLIENT'S NO. DEPARTMENT - DIVISION/BRANCH . CITY
NO DU CLIENT MINISTERE . DIVISION/DIRECTION VILLE
: . . isheries | arct
] - 769-18-14 Fisheries and Forestry Flggaré s Research St. John's,Nfld.
1 o BUREAU NO, LANGUAGE ' TRANSLATOR (INITIALS) ' DATE
' N© DU BUREAU LANGUE TRADUCTEUR (lNlTIAL‘ES)
10380 | Spanish | 1B JuL -8 1970

 FISHERIES RESEAECH

Higher Council of
Scientific Research

Juan de la Cierva
Association '

'Vblume'33 (2) Barcelona;-July 1969

UNEDITED DRAFT TRANSLATION

R o : ' Only for information
;"\.‘.' o S e : _ . TRADUCTION KNON REVISEE

Information seulement

3 808-200-10-31




IT

11T

Iv

VI
VIiI
- VIII
IX

THE GILL rAKERS IN THE CHARACTLRIZ&TlON OF POPULATiONS

OF SARDINA PILCHARDUS (WALB):

by

Buenaventura Andreux*

INDEX

Acknowledgement . . . . . . . . . . . ..

btdtement of the Problem . . .

.Scope of this Work B

Taxonomy . . . . . . . . 0 . . . ...

Geographical Distribution.. Importance in Fishing

Diversification of the Spescies: '"Races"
Material . o v v ow v e e e e e e
Working Methods

Results - .

L. Vertebral Mean
a) Vertebral Mean of the Vigo Sardine ._;
b) Variations in the Vertebral Mean of

Atlantic and Mediterranean Sardines . .

'*ReceiVed for pﬁblication on Novembervl7, 1967.

Barcelona.

"UNEDITED DRAFT TRANSLATION

Cnly for information

: TRADUCTION NON . REVISEE
Information seulement

27
L29
432

YA
436

. L4z

LL5 -
449

. 449
. 449

-«Instltute of Fisheries Research Paseo Nacional s/n.




‘ - 2. Lateral Length of Head . . « « « « o « «-u . . 458
a) Ratio-Increase Rate of Head Length/
Vertebral Mean . « « . . . « . . . C e . 462
3. The Gill Rakers . . . . . . . 462
a) Gill Arches and Lingual Skeleton . . . L6k
'b) ~Morphology of the Gill Rakers . . . . . 166
c) Ontogeny of the Gill Rakers . . . . . . L69
First Manifestations. . . . . L69
- Sepafation Between Gill Rakers . . . . . .'470
;;' Rate of Increase in Number_of Gill'Rakers‘ L75
ﬂn : Evolution of the Fllterlng Apparatus and
S Trophic Changes e e e e s e e . . . . L76
. . ' | d) The Glll Rakers in the Adult Sardlne e oo W77
l ‘ Ratio Between Number of Lplbranchlal
) Gill -Rakers and Those of the Lower Limb . . 478
X Growth Rate of the Lower Limb of the First
- Gill Arch Rate/nbtal Length . . . . . . . . 481
Increase Rate’ df the Number OfIGlll ‘Rakers
in the Sprat, Anchovy and Horse Mackerel '
, of Gallcla e e e e e e e e e e e e e L 82
Increase Rate of the Number of Gill Rakers
in the Sardina pllchardus of Different o
‘Reglons PR 2 1)
Separation Between Gill Rakers in the -
Sardina pilchardus of Different Regions . . 490 .
Diet of the SérdinéApilchardus C e e e . . 493
The Gill: Rakers in Relation to the Diet of- _
the" Sardlna pllchardus e e e e e e e 494




-

L. ‘Interspecies Competiﬁidﬁ", e i e e e e i.;'495

‘ 5. Gill Rakers and Speciation .. . . . . . . . . . 501"

6. Gill Rakers and Evolution . . . . . . ., . . . . 505

7. Summary and Conculusions . . . . . . . e e . . 509

8. Surmary (English) e e e e e e e ... . 513

9. Bibliography .. . . . . . . .. . . . .. . .. 515

10, APPendiX . i 4 4 . e 4 e 0w i 0 e e . .. 525

"

My

‘Key to abbreviations used’in this work:

Standard length

Total length

Fork length

Head length

"Vertebral mean




I ACKNOWLEDGEMENTS ~ = k27

First of all, let me express my sincere thanks to .
.Dr. Enrique GADEA BUISAN, Prof. of Zooiogy‘at the University of
. Barcelona, Who.never,once ceased to encourage me during the
preparation of thia thesis and who assumed the responsibility of
»directing.it,,thus creating a new_bond of friéndship and affection
between us..
‘ There is
/no better occa51on to dedlcate a fond souvenir of admiration’
and respect.to;Prof, Dr.‘Francisco QARCIA DEL CID, founder ‘and
director - up to the time of his death - of the Institute of .

Flsherles Research who, in his class, first aroused my interest :

' in Blology and .5 from the very beglnning, made it possible for
me to develop my vocation'as a researcher. \

I wish to ekprgss my thanks to-allichose persons who,
directly or indiréctlj,_haVe in any way contributed to the
‘preparation of this work, ’and in particular, to.Prof;

" Dr. .R. MARGALEF for his valuable sucgestlons. To Dr. F. FRAGA,
and professors Dr. R. ANADON and Dr. C. F. SACCHI, for their
1ntorest1ng conments; To my colleagues of the Vigo Laboratory,
Mr. F. SAIZ and Doctors A, FIGDVRAS M. LOPEZ BENITO and

,-J SEOANE for readlng the orlglnal draft. To Miss del Carmen
MOURINO Laboratory Worker, for her patlent efflClent counting

S and tabulatlon of the materlal and preparatlon of the flgures. ‘”
Myvmodest trlbute of admlratlon and-thanks go to the |
lmemory of Don Fran01sco de P. NAVARRO, for many unforgettable

zreasons.‘ By h1s side, I conducted my flrst research on the




6

. biology of the sardine;_from-him,‘I-received constant:enoourage— . .ﬂw
. "~ ment and in pahr't-;icu'lar sin.cere criticism, for which I shall
never be able to thank him enough;‘ ‘
I wish to thank the pereons'and centres lieted below that [&gg
s0 kindiy provided me with material from the dilferent geographical
areas: Commander Don H. ANJO DE CARBALHO, Lisbon; Dr. R. DIEUZEIDE, \
former Director of‘the Experimental Station for Adquiculture and
 Fishing of'Castiglione.(Algerla) Dr., J. FURNESTIN, Dlrector of
the Scientific ‘and Technlcal Institute of Marine Fishing, Paris,
when he wss Dnrector of the Scientific Marlne Flehlng uerv1ce of
Morocco (Casablanca); Dr. M. GOMEZ LAKRANETA, Director of the leo
Laboratory of the‘Insuituteiof Flsherleo Research, when he was
-director of“that of.Castellon; Dr. G; KUitC, Researcher of the
_Scientific and Teohnicai Institute of Marine Fishing, Paris;
. Dr., J. A. MACHADO CRUZ, Researcher of "Augusto Nobre" Institute
.v . of Zoology, of the Faculty of 801ence of Oporto (Portugal);
~ Prof. ). M. MARTINAAGUADO,.Professor of the Institute of Higher

Learning of Toledo, when he was professor in that of Laguna

(Canary Islands); Dr. E. G. MAUL, Director of the Municipal -

Museum of Funchal (Madeira Island); Dr. Cl. MAURIN, Head of the

Marine Fishing Laboratory of Sete_(France) when he was researcher
- at the Institute of Marine Fishing of Morocco-(CaSDblanca)' | |

Dr. R. MUZINIC, Woman Researcher of the Instltute of Ocearography

.and Flshlng of Spllt (Yugloslav1a); D. M. OLIfnR Department |
":Head at the Spanish Instltute of Oceano graphy, when he was

'-'Dlrector of the Balearic Islands Laboratory of the same Instltute,; "

Dr. T. PASCUAL Dean of the Technlcal College of Tarragona




when he was Prof. of Science at the Technicai Cellege of-seviile;

.D; J. HUS GONZALEQ industrialist Setubal; D. J. DOS SANTOS PINTO,

Researcher at the Instltute of Marine Blologv of Lisbon;

D. J. PONTON, Professor of 801ence at the Techncial College of

Santona; Dr. E. POSTEL, Director of ;he‘Overseas Scientific and

Techncial Researchlcenﬁer (France), when he was Chief of the

Oceanographic -Station of Salambbe(Tumisia); D.ZH. QUIROGA,

Master's degree in Natufal Sciences; La Coruna;

Dr. A. de.M RAMALHO Dlrector of the Instltute of Marine

'Blology of Lisbon; Prof. F. RAMOS, Dlrector of the Santander

Laberatory of the Spanish Institute of Oceanography;

Dr. J. RODXIQUEZ-RODA, Director of the Cadiz Laboratory of the

Institute of'Fisheries Researcﬁ, when he held the position of

:Director of the Castellén.Laboratory of the same Institute;

~D. Jd. ﬂOLAND, Researcher at the Experlmental Statlon for

: Aqulculture and Flshlng of Castlgllone (Algerla); Dr. M. RUIVO,

bh;ef of the'Researeh Program Section of theAFisheries-Biology

Branch of the FAO, Rome, when he was éssigned to the "Arago"

. Laboratory, Banyuls-sur-mer (France); Dr. Ch. SERBLTIS, Director

ofiFisheries,'Hbme Office, Atheﬁs;'Dr. E. SOMMANI, Biologist of

" the Central Léboratdfy of_Hydrobiolegy Applied to Fishing, Rome.
Lastly,'I wish to mention that Doctors C. BAS, A. M; CRUZ

and M. GOMEZ LARRANETA and L G. CABlLRA prov1ded me with data

*Blanes Oporto~ Cdstellon and the Canary Isldnds respectlvely,

‘for Wthh I thank them.

',j-.all orlglnal - on.'bhe vertebral ‘mean of the sardlne of (422-f

x4




LR |

8-

- II STATEMENT OF THE PtOBLEM

The general opinion of fishermen and of some authors is
that sardines migrate in large numbers, so much so that
their abundance in African and Mediterranean waters and their

scarcity along the Atlantic Coast of Spain during the period

- 1946-56, were- attributed to the fact that the schools which
normally populate Galician_waters hadvmigrated to the African

and Mediterranean coasts. . The Ffench, influenced by.ANDERSON

(cit. in LE GALL, 1953), felt ﬁhat the concentrations of sardines‘
which annuaily reach the French coasts - from St. Jean de Luz to
the.wQstefn tip 6f_French>Finisterre - all formed part of a
single bank which was displaccd from North to South, later
apprearing along-the coasts of Malay, those of-Spain and

Portugal, the Bay-df_Biséay, the coasts of the Vendée and

Jléstly, Brittahy. It was believed that with the first colds,

this sardine began retunning"to southern waters. Following

this idea, fishing forecasts for the southern coasts of France
were made on the basis of catches~obtaingd in Spain, in the |
belief that a good fishing year in our country would necessérily

be a gqod‘fishingAyear in France. However, this hypothesis

“did not\appéar fully satisfactory, erAit‘was known -that sardines

were fished the year round on the Iberian Peninsula and, in the

middle 6f.winter, in the ‘Bay of Biscay, ' In addition, since 1862,

_French,trawlers;had been repérting their presence at sea bottom

- ndtjfar_fr0m1:he cOaét - in Belle-Ile and off the southean

'1_~coést,0f FiniStéer:Q'(LE'GALL, 1953), and they were and are




-
still belng flshed by trawlers, from July to March, at the
. " bottom of the Engllsh Channel.

:Though at the end of the past'century, there was some
isolated research'qn\thevbiology of the sardine, the methodical
sﬁudy of this.species, and the establishment of porulations or
"races", are of relatively recent date. It may be said that
they began with the research on the vertebral mean, published by
FAGE in 1920, in which ‘this author established different
races for the Atlantic and the Mediterranean. In spite of
thls, later research was much influenced by the idea of grand
migrations. Thus DE BUEN (1929a) concluded in a work
of 1928, referring.tb the Southern Atlantic sardine racé,

~that_ "durlng Spawnlng time, in winter, itis to be found in two

. zones: one off . our province of Biscay; another off ¢
- . Setubal, in Central FPortugal". _
FURNESTIN (1943) has suggested that there are two yearly /430

migration directions along .the French coasts of the Bay of Biscay,

in addition to other small seasonal migrations of lesser impor-
tance along the coasts of Les LandeS.1'This_same autnor (1950)
vbelieves that, in Tangier Bay and on the western tip of the
Straight -Mediterranéan~safdines meet the Aﬁlantic Moroccan Ones,
.leading to the establlshment of a heteroveneous group in Wthh
“the’ Atlantlc variety predomlnates. RUIVO (1950) con81ders the
sardine population“qf Vigo, Leloes, Lisbon and the South of

Poftugal, which'hé calls Ibero-Atlantlc (West coast), as being

définitely"homogeneous, from a vertebral ‘point of view, discarding -

,.thé«pqs51bility that stocks of‘these sardines may migrate

. ST VAR ST
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towards the Moroccan:coasts, howevefﬂmehtiening that very pfohably
1, there is an intrhsion of Ibero-Atlanticvsardines - across the
_Sﬁraight ~ and cohsidering the Alboran sea as a frontier zone
where Mediterranean sardires alternate with those of the(Atlantic.

BARDAN & NAVARRO_(IQGZ) make a thorough analysis of the
hypothesis of»FURNESTiN (1950 b) and RUIVO (1950) concernlng
~the 1mm1orat10n to the Alboran sea of sardines of Atlantic
origin, coming to the conclusion that ont he one hand, sardine
researchers are~seriousiy intentlon the characterization in

limited geographical areas of taxonemiC"groups (races or
popuiatiohs)ldiffering‘in somatic of physiological charactera
which.are‘easiiy'obtainable thrdugh ebservation;. However, on
-the "other hand many- of them have recourse to the hypothesis
of large mlgratlons, to explaln the dynamlc biology of the
sardine . in its totallty, or in its local pecullarltles. Such
mlgratlons could.only result in the contlnuous, accumulated
A'mixing of reprbducefa and the appearance of a progeny which,
in virtue of the laws of heredity,AWOuid become very rapidly
homogenized. Geographical distinctions and misratory habits -
they conclude ~ are incompatible.

In previous»wofks, we mentioned (ANDHEU 1954 a; 1962) that
~the Sudeivision of t he species inﬁe different populatiohs or
"races" seems to indlcate the existence of definite barriers. -
geographic or hydrOgraphlc ~ which prevent or hinder the
.interpenetratlon of 51m11ar populations. For this reason, thei

-hypothe81s of large mlgratlons parallel to the coast - we

. stated <" has been dlscarded to be replaced by the theory that
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such migrations afa instead iimited,.being»accdmpanied<by
displacements pefpendiculaf to the shora, 6f approach (trophic
.migratibns) and deparfure, dispefsionvand immersion (reproductive
migrations). | |

Even in the caae:of»sardine populations of two fishing
areas as close together as those of Matozinhos (North of Portugal)
~and Vlgo which have no apparent "barrlar" separatlng them, we
»were able to establish appreciable differences in the length
of the head (ANDREU , 1955 a). However, contradicting the theory
of the migration of the sardine of f:‘:northﬁestern‘Spain to the
Portaguese coasts, ‘80 bépular in'Galicia,Aare additiOnal o Z&éi
faators which we shall consider'ﬁriefly: a) Monthly fishing
curves follow a simi1ar pattern, with largest catches in autumn .
and equal periods pf éatches in ﬁhe sardine of winter-origin.
b) The composition of the popalation, by ages,.in~thé sardine
'of Vigo and the Nofth of Portugal, is expreased in so many

similar percentaves which would not occur if the adult sardine

was dlsplaccd in one dlrectlon or other. <¢) The spawning

period of the Ga11c1an sardine 1is much lonver than that"bf the
Porﬁaguese one, extendlng from the end of autumn to the beglnnlng
of summer . (ANDREU, 1962)," The diagram of sardine races set up
-fby FAGE in 1920, with a very llmited quantity of material,
'provéd to be excessively restfictéd‘aa time went on, in the.

face of new»data which auﬁhors aﬁtémpted‘to SOmehbw‘adapt<£o

‘ the 1n1tial diagram w1thout there ever havinv been an exhauqtlve
revzew of the publlshed materlal whlch has been accumulatlnd

. through the years._;On‘the other hand,‘theAgreat variability of
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" the vertebral mean in the sardine of well -defined areas;cansed:
‘euthors to graduélly_lose faith in this character as a means of
differentiating populations.(NAVAﬁho; 1947) attitude which was
reaffirmed on the basis of the werks of RLLVOV(l950),
RODRIGUEZ~RODA, G. LARRANETA,; MARGALET & ANDHEU (1751),

BARDAN & NAVARRO (1952)'and ANDREU, ANADOM, Aﬁlh & TOLL (1ly52),
which emphasize the'great plastibity of the penotype, in the
sense that the number of vertebrae and other meristic characters
depend on two determlnants the genotype and external factors
.which come into play,during phenogenesis, which ordinerily
oceurs dnring_the embrionary and larval stages.

- Another character whiich has come to be generally'used,
tegether with'tne Vertebral mean,‘in the‘eharacterizatien of
populations, is theqcephalic index, expressed &as the percentage
of the lateral length of the head in relation to tlie total
pody length. In addltlon.to the inevitable mean errors,
which in these indices are multiplied by five, BAS (1964)
mentiens'thet percentage ratios "have‘the'disadvantage of
'ffalsifying the true ratiosvbetween the measurements being compared.'
'He adds - that the formula proposed by HUXLEY, whlch is simple and |
elementary, better represents the ratio between the measurements
compdred | These-lndlces must be discarded (MARGALEF, 1355). The
wide use Qf regression analysis (of original measurements) -
";accerding to MARR‘(1955) - would be_e solid contribution |
“towards the solution of-the'usual types of problems‘and

paradox1cally - he adds_— the use of 1nd10es has in the past

.led to COHfUQlOH or doubtful COnclu81ons.

T e
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The use of serology for dlfferentlctwnb rices and .
populations of fish has recelved’grow1ng,attention in the last
fiftcen years and has been tested on the Clupeidae of the
Northwespern Atlantic.by MAIRSE & SINDERMAN (1962),'on'the
Pacific sardine (ANLSTROM,_1960; VROOMAN, 1964) and on fardina

pilchardus by LEE.(1961, 1965 a). This last author, from a

hematological.point of view, has encountered differences

between théAAtlantic'safdines (St. Jean de Luz)Aand those of.

the Mediterranean (S&te) and among these latter - within the
narrow limits of_the'Gulf‘of Lion - he has been able to distin-
gﬁis~three "forms":: Cétalan, Langeaocian and Irovencgal.

Lastly, as reg ar'dc the spe01f1c1ty of muccv1ar tissue proteins,
FARRIS (1958), in the Callfornld sardine has demonstrated by
ﬁéans_of chromatogfaphic‘methods that the variation of free amino
aclds may'be the result of diet, since it is not possible to

, distinguish between genetically caused differences and those

induced by the environment.

III SCOPE OF THIS WORK

Ever since REGEN (1916), in his synopsis of the family

 "Clupeidae", separated the sub-species Sardina pilchardus

.sardiné from the type soecies Sardina pilchardus, depending on

'whether the 1ower lvmb of the flPSt glll arch had more or . less
than 60 glll rakers thls character has been used in the
,'taxonomv of the- clupelds and in.the characterlzatlon of

populat;ons though in the case of the LLropedn sardlne
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/Sardina pilchardus (Walbl7, 6nly the average number of gill=

rakers has been taken into account, ‘as if this meristic character

.were fixed for each partlcualr 1nd1v1dual beginning at a

given size, as occurs.ln many other species. However, in

Sardina pilchardus, new gill rakers keep forming throughout the

entire lifetime of each fish, initially at a very rapid rate,

'.and later more slowly, since the frequency dietribution of the
number of gill. rakers may conform to the size of the flshes

~to a potential functlon.

The number of gill:rakers and the nUmber oflvertebrae, as

well as other meristic characters, are determined at different

times: - the number of vertebrae becomes fixed during the dinitial

phases of development of the sardine; so that it can no longer

vary, while the first gill rakers - on the other hand - begin

appearing much later, during the advanced phases of metamorphosis,<'

when the number of vertebrae has. already become definitely

established. _ln the first case, the incidence of the factors

which may condition ‘the phenotype, is limited to a few days,

while in the secondlcase,'it-extendstover the entire lifetime bf
the sardine.. On the other hend; it must be kept in mind that

the embryogenesis and the larval develepment of this species

occur in surface naters which are those’ subgect to the- greatest

number of seasonal temperature varlatlons, in a slngle populatlon»

':_,hav1ng a lengthy spawnlng perlod there will be substantlal
}varlatlons in the vertebral mean-dependlng on whether the
".generatlons orlglnated at the beglnnlng or end of the spawnlng

. period Young sardines (followinp chromogene51s) and adults, on
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the contréry, live in sub—surféceIWaters,:beloQ the thérﬁociine;
.  (MARGALEF, 1963) and in its absence - during winter - they live
' on the coastal platform near sea-bottom, where seasonal and
inter-annual temperature variations areAmuch more moderate than
on the surface and also less variable by latitude. The
possible effect of temperature on the increase rate of the number
~of gill-rakers is much more complex and naturelly less pronounceo
than»in the case of the number of vertebrae.

The differences encountered in the distribution of the
number of gill rakers in relation oo'body size in the Vigo
sardine, as compared with those of Easterﬁ Spain (ANDREU, 1953),
eneouraged us to continue this lihe-of research,(undertaking:at‘

-a later date the stud& of t he appearance and development of the

spines in young forms (ANDREU1‘1960) and their filtering
. - function in feeding. We now propose to make a study of the

gill-rakers in material taken from the greatest possible number

of geographical: regions within the area of distribution of the

species., We have left a few gaps (sardine  of the South of

England, Mélaga,.and other parts of.theAMediterraneah) which
we shall attempt to fill at a later date.
In this work we propose to attempt the cnaracterlzatlon ”

- of populatlons of Sardina pllchardus (Walb)‘on the basis of the

'variatlon in the number of gill rakers in relatlon to the size

of the flshes however we felt it _was flrst necessary to
"collect all llterature publlshed on the vertebral mean, addlng :

our~own observatloqs.on’the'Gallclan‘sard;ne. We shall also

' compare the relétive.growth of the head,'using our own
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observations. Lastly, we shall report those cHaractevs_Whiéh
may throw some'light on the affinities or discrepencies between
the different groups of populations studied and offer some

ecological comménts on the different tendencies observed and

their possible significance from a point of view of evolution.

-

IV TAXONOMY

According to LOZANG REY (1947), the taxonomic description
of the species With which we are concerned is as follows:

PHYLUM: Vertebrates
SUPERCLASS: . Gnathostomata
CLASS: Fish -
SUBCLASS:; Teleostomi
SUPERO{DER: Teleostei
SERIES: . Physostomi
‘ORDER: Clupeidiformae
SUBOEDER: Clupeoidea
FAMILY: Clupeidae . ’
GENUS: Sardina, Antipa 1906 _
SPLCIES: pilchardus (Walb.) 1792

The Clupeiformae developed from the Elopidae, through the

genus Thrissopater. The Clupeidae begin in the Upper Cretaceous

with the genus Histiothrissa (LE DANOIS, 1943). Almost all

species are essentially pelagic, with a certain anadromous
teéndency, which is complete in the shad fishAPomolobus and

Brevoortia.

GUNTER; SULYA & BOX (1961), on the basis of a study of
piésma proteins;.wéfe able to demonstrate:the eXistehCe_ofna
series Gf'inéreasinglcbmpleiity bffless to ﬁore specialiéedv
<fish§s. .The Clupeidae —cthey claim ;Vappear as a rare group

" within the:évolutive scale, since on the one hand, they have the




=17 -
characters of more evolved fishés and on the cher, they show -
similarities with the more primitiVe grours.
The family Clupeidae is composed of about 70 genera and

perhaps 150 or more species (HILDEBRAND, 1963) of which five

genera and nine species are found in Europrean waters and  in

Northwest Africa (LOZANO REY, 1950): Clupea harengus L.,

Q..sprattus /modernly called Sprattus sprattus (L)7; Sardina

pilchardus (Walb) Alosa alosa L, A. fallax (Lac); Sardinella

aurita, Val, §.<maderen5is»(Lowe); S. gba, Val; Ethmalosa

fimbriata (Brow).

In spite of the fact that the sardine was a wéll—known, )
abundant spccies, LINNEO (1758) inadvertentiy omitted it from

his Systema Naturae, which later gave rise to many errors. To

demonstrate this, it is sufficiént to observe the synonomies
found by DE BUEN (1930) -and LOZANO CABO (1965).

The first to note the'omission of LINNEU was the Spaniard

CORNIDE who, in 1788, designated the sardine &s Arengus minor.
R Howevef, the wbrk of CORNiDE was unknown. to-the ichthyologists.‘ /L35
| ~of his time, so that‘EONNATEdRE (1728), RISSO (1810) and others,
'beiieﬁed that they\should give the éardine the name of Clﬁgea
sgrattq§'L, The SpéniSh-naturalist ASS0 (i?hl) was able to
distinguisﬁ'the_sprat from the sardine as wére CUVIER &
VALENCIENNES (1837),:howeﬁer_the léws of prioripy had established

 Clupea pilchardus (Walbaum, 1792), of which the species name has’

been preserved;',whilé'the generic name Sardina, giQen it by

ANTIPA in 1905, has since been adopted.
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To correct the deriyations which could result from. the .
pfiority of CORNIDE (1788), LOZANO CABO (1965) cites the new
wording of the International Code of Zodlogical Nomenclature,

which introduces the concept of nomen oblitum, replacing the

nomina conservanda, which relegated the name Arengus minor

CORNIDE, 1788, to .the list of "forgotten names", since it had
not been used. for more than 50 years. LOZANO CABO (loc. cit.)

proposes the name of Sardina Qilchérdus (Walb) for the sardine.

After it stopped béing confused with the sprat, the
sardine was considered as an unassailable taxonomic uniﬁ by the
majofity-of naturélisté (NAVARRO, 1955). Attempts to break it
do&n into distinct species or well-defined sub-species did not

meet with success, Tﬁus, the Sardina ddbrogica of the Black

Sea, created in 1905, by ANTIPA, has not been accepted. However -

adds NAVARRO - the hypothesis,that the Mediterranean sardine is

not exactly identical with the Atlantic one has been making

headway.

In his work on the family Clupeidae, REGAN (1916), when

‘referring to .the genus Sardiha, establishes - within the group

having uneven scales - the species S. pilchardus on the one

hand and the sub-species S. pilchardus sardina on the other,

depending on whether they have more or less than 60 gill rakeré,

respectively, in the lower limb of the first g1ill arch. - This

author situates the"type‘form.aloﬁg the Atlantic coasts of

Europe, from Portugal to the British Isles, and the sub-species

sardina in the Southwest of the Black Sea, the Mediterranean’Sea, the

_Atlantic coaéps of_Morocco, Madeira and the Canary ISlands;
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CHABANAUD (1926), taking as a starting point the research of
REGAN, carries out a revision of the genus Sardina baseid on the
anatomy of the h&obranchial skeleton and separates S. sardina

(Risso) from S. pilchardus (Walb) since in the first, he encounters

a small bone (prosohyél?) in the anterior portion of the glos-
sohyal, which he did not observe in S. pilchardus., DE BUEN
(1927 a) feel$ that CHABANAUD.exaggerates'in separating two species

which he (De Buen) accepts as being two "forms of the same
species; the form sardina for the Mediterranean and the form

pilchardus for the Atlaﬁtic-(DE_BUEN, 1935-1936). LOZANO REY
(1947) in his "Spanish IdhthyOIOgy," Qorroboratés the opinion

. of REGAN. FURNESTIN (1950 b) encouﬁters 6h"to‘80‘gill rakers in
:thé ﬁbmxman sardiné, and for this reasdnihé includes it in what

he calls the variety S. pilchardus (Walb), while he calls that /436

of the Mediterranean, with 49 to 62 gill‘rakérs, the "varietyﬁ
S. sardina (Risso); in ﬁhe sardine.of Tangier, this saﬁé author‘_
‘encounters a number of gill rakers varying between 52 and 89,
‘which leads him to accept~ﬁhe co-existence, in that zone, of

S. sardina and S. pilchardus.

The examination of a .lot of éardines coming from the Azores
leads LETACONNOUX (1954 b) to recognize the presence of Sardina
sardina with Mediterranean characteristics in these islands,-and‘

in Madeira and the Canaries, since the number of gill rakers -

he says - is always lower than 60, while in the S. pilchardus, .

it is higher thantthat.number;" Invthe»same work, he mentions the.
‘presénce in the Atlantic sardiné'(Azdres>and La Rochelle) éf the
 proéohyal, bone which CHABANAUD attributes to the Mediterranean
‘sardineNexciusively. We aiéo made'thiS’Observation during the

. same period, in the Vigo sardine (ANDREU, 1953) discrediting the
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differences establisﬁed_by CHABANAUD when separating the ﬁwd,
. " species in’question. As. régards the number of gill rakers, ‘

BARDAN, NAVARRO & RODRIGUEZ (1949), in the sardines of the Alboran

Sea, had already éncountered up to 74 gill'rakers:in those

coming from Almer{a; and up to 78 in those of Estepona; we

encountered

( ANDREU, loc. cit,)/up to 73 in the sardines of Eastern Spain

and LEE (1961) up to 70 in those of Sdte and Marseiiles.

Therefore, the individual or average number of gill rakers and

the presence or.abséncefof the proéohyal are discarded as valid

characters for the separation of the two species of Safdina, as

used by some agthofs up until now. .

LEE (1v61) has_demonstrated.that1Atlantic sardines
(St. Jean dé.LuZ) differifrdm'those Qf'the Mediterranean (Séte)
from a hematological viewpoint: the hematids of the former do
. | not agglutinéte‘in the presence of the serum of tuna caught
- near Séte, while in t he latter, agglutinations are produced
" to the extent of 25%. This leads him to consider the Mediter-
ranean sardine as an independent sub-species of the type form

of the Atlantic (Sardina pilchardus sardina) as was proposed by

REGAN (1916), criterion which we feel is a bit exaggerated.
Subsequently, LEE (1965), by means of serological tests, was
able to distinguish thfée "forms"™ of sardines in the Gulf of Lion:

the Catalan, the Languedocian and the Provengal.




(GRUBSIC, 1964) it lives at a maximum depth of 200 meters,

-1965) some yearslin great quantities: The same occurs on the
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V  GEOGRAPHICAL DISTRIBUTIUN. IMPORTANCE IN FISHING

'The area of distribution of Sardina pilchardus (Walb) is
very wide (Fig. 1l.), extending from the northernltib of Dogger-
Bank, off the Danish coasts (FURNESTIN, 1939), where they are

caught with other pelagic species, to the Saharan coast of

‘Cabo Blanco and Lévrier Bay, in Mauritania (CADLNAT & MOAL, - /437

1955), also including the archipelagos of the Azores, Madeira
and the Canaries. It fnrther extends over the Mediterranean
Basin and adjacent seas, the Gulf of Gabes excepted the coasts
of leya and the northern portion of the Black Sea (GOMEZ -
LARRANETA, 1960). Accordlng_to this author as well, isolated
fishes have been‘encduntered along the cbasts of Egyptvand
small schools in Tunisia, Israel, eonthern ankey, Rumania,
east of the Black Sea, Crete, Syria and Lebanon. |

The sardine has mainly coastal habits: in the Adriatic

however during the -fishing season, it rarely descends to more

than 100 meters (GOMEX LARRANETA, 1960). French and German
trawlersacapch it at sea bottom - together with the herring -

in the vicinity of Eddystone (ANONYMOUS, Lab. Leaflet, Lowestoft,

Spanlsh Medlterranean coast where - durlng w1nter - they appear

in dragging nets though in small quantltles
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Fig. 1. Geographical distribution of Sardina pllchardus (Walb)
according to FURNESTIN (1952) , ‘

On the Galician coasts, fishing is carried out W1th1n the /438
. 100 m. 1sobath flshermen use seines for the catching of

Scomberesox and Engraull up to 35 mlles from the coast, w1thout

any sardines appearing in these catches . (AhADOh lySh)

It may be considered as a temperate zone species: the
10° ¢ isotherm in the North, marks its northern limit approxiﬁately '
and that of 20° ¢ its southern limit; the temperature condltlons
of the Sahara coast are.more 51m11ar to those of the Bay of Spa1n
than to those of the troplcal Atlantic (FURNE&TIN 1952)

From North to South, the area of dlstrlbutlon extends over.
about 4,000 km. and from East to West (from the Azores to the

Dardanelles), over about 6,000. The diyersity.of environmental
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conditions (physico-chemical_and biological), and the coaétél
. " and insular geogfaphy of such a wide area of distribution, are
so many other factors favoring the isolation and the diversifica-
tion of populations.. |
The importancevofAinternational clupeid fishing, which
includes well-known species like herrings, sardines, sprats,
Vsardinellas, §hadfish and even anchovies (which are not
well-known from a taxonomical viewpoint), increases from year to
year. Of the 52.5 million tons of food extracted fromﬁhe
diffefent oceans during the year 1965 (Statistical Annals Qf
Fishing of the FAO, Vol.HZO, 1966).17{5'mi11ion were clupeids,
Vrepresenting 33.4% of t.he total fish landed. In Spain, the
total_that year'amohntedito 1.13 million tons, of which 22% were
élupeids..-‘ |
' . VV '~ Centering our attention exclﬁsively on cat.clhies ‘of Sardina

pilchardus in its entire area of distribution, we see that the main

area of abundance of the species is to be found off the
western coasts of the Ibefian Peninsula, and more specifically
between the estuaries of La.Coruna and"Aveiro,\with other »
imporﬁant areas on‘thé coasts of Mdrécéo and in the South Atlantic
region of Spain. The map in Figure 2 gives a fairly good
-general idea of the importance of the various sardine fisheries
throughout the_lastAdecadé, considered in the "light of_official_
- statistics., | | o “
. In order of impoftanée, by coﬁntfies, the firsﬁ two
=p03i;ions arevocéupied‘by Morocco-éﬁd,Portugalv(see'Tabie I)

“which attain or exceed 160,000 tons yearly. Next come Spain,




=L~

wiﬁh 124,000 tons;.Frénge and Ttaly, up to 35,000; Algepia;

up to 14,000; Yugoslavia, up to ll,OOO;'Uniﬁed Kingdom, up to
6,000 tons, followed by Greece, Turkey, Tunisia, Holland,
-German, the Azores énd Madeira, with lower quantities which -
in. the majority of cases - are not expressed staﬁistically. In
the overall averages, the Atlantic sardine represents 80;2% of"

the catches, the remaining 19.8% being of Mediterranean origin.

20*
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Fig. 2. Importance in. flshlng of Sardina pilchardus (Walb):
distribution of landings by countries. Those of Spain
are also indicated by fishing regions as are
those of France, separatlng the Atlantic from the
Medlterranean ones. :

s
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In Spain (Table'iI} Fig. 2.) the most important sardihe'region
. " is that of the South Atlantic, followed bjr throse of the Northeést,
North, South Mediterranean, Canaries, Eastern Spain, Cantabrian
iRegion and the Balearic Islands, in that order.
Sardine fisherieé,-because of their immediate dependence

on primary production, are very sensitive to its fluctuations,

so that the‘cqtches_show marked and sometimes prolonged ups
and downs. MARGALEF (1967) remarks, with a trace of irony, that |
it is strange how man reacts to similar fluctuations. Positive
variations - he says - are considered as a reward for his
tenaciﬁy and intelligent effortvandvnegative~variations are

immediately described as catastrophes and crises.

R VI DIVERSIFICATION OF THE SPECIES: MRACES"
S . The question of sub-populatibns or races, -according to

. AHLSTROM (1960) is one of the principal lines of research on

‘the Pacific"Sardine_Safdinops caerulea (Girard), in that
heterogeneity, within thé area of distribution of the species,
has been clearly demonstrated. In the South African sérdine,
JAGER (1960) and MATTEWS (1960) have encountered no differences

in the vertebral mean, which leads them to suppose that the

sardines of Walvis Bay /Sardinops ocellata (Pappe)/ belong to
the same,population. In Australia and New Zealand.a‘certaip

'degree of racialksegregation has been noted in Sardinops

“neopilchardus (Steindachner), with the presence oant‘least

two diffeféht'gfoups (BLACKBURN, 1960). In the Japanese
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sardine Sardinops melmosticta (Temminck‘&.Schlegel), not only.

‘ © is there clear evidence of fragmentation, but the taxonomic

differences between this species and Sardinops caerulea

(Tokai Reg. Fish. Res. Lab., 1960), do not seem to be completely
clear, _ ‘ _ |

KREFFT (1954) states, with regard to'the European herring
that, for reagons.tf ndmenclature, we should not use the concépt
of sub-species and race, terms which he at present considers
as being almost synonymous in quantitative differentiation; : o
and believes that the term micro-subspecies is more Suitable - and |
better expresses its purely quantitative thafacter - for designatitg
these lower'categories. o

We have-alfeady“mentionéd that the expressiVity_of the

hereditY'of meristic characters in fishes is very much influenced

: ' by abilotic environmental factors, which certainly does not

prevent these characters,-generallj speaking, from providing us
‘with very interesting information concerning thé fragmentation

of populations, VThesé‘differences; in many cases, have a

genetic basis, even if this is not always'éasy to demonstrate.
HEMPEL & BLAXTER (1961) have garriéd out'éxperimental studies

in the labgoratory with first stage larvae 6f herrings of the [5&;
German'coasts'(Vertebral méén, 55.4) and of the Clyde area i |
(Vertebral mean, 57100),kept at different temperatures in two
seriés“of'sepafate tanks; in this way; they encountered not
only a significant negative correlation between vertebral'meanlf
Aand temperéturé of.incubation) but also a'conSidefablé differenée‘

. ‘ ~bet.w"eer‘1, the test vertebral means of both series, thus permitting
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them to demonstrate the existence of a broad genetic diffefehce

‘ '~ between the two groups. -Something similar is being demonstrated
by the serological and biochemical studies under way in different

countries.

In the case of Sardina pilchardus, as in the rest of the

clupeids, the breaking down into "rages" qr,"pépulations" has

been based essentially on the differences in the vertebral mean

and subordinately, in the relative length 6f the head, characters

which, as we already mehpioned in a preced?ng chépter, have

posed difficulties iﬁ the chafacterization of "races" or

V"popﬁlationsf, both-in the AtlanticAand ih the Mediterranean

and more espe?ially in’ﬁhe latter. We.are not going to repeat

here what we ha#e.alfeadf said concerning the cephalic index.
Strictly for information purpdsés, we are summarizihg here

. ~ below present knowledge on the establishment of ra_ces~in

Sardina pilchardus: ‘
FAGE (1920), on- the basis of the vertebral mean, established

the existence of five races;

1. Channel race, Whiéh included the population of the
English Channel and the North Sea} Vertebfal mean
52.25 (52.03-52.47).

2. Bay Biscay.race, including the area from Santander

" to Brest; MV* 51.76 (51.66-51.86).

>' . . %MV - vertebral mean.
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South Atlantic race, which includes the area from
the Bay of Cadiz to the Galician coasts; MV 51.31
(51.14-51.48) |

North Mediterranean race, from the Gulf, of Naples to

the Balearic Islands; MV, 51.63 (51.52-51.74).

South Mediterranean race, which extends from Argéles

to Almeria; MV, 51.29 (51.15-51.43). He added as a
probability the Azores race, MV, 5.95 + 0.20.

FURNESTIN (1952) has reviewed the 1n1t1al dlagram of FAGE,

adding the cephalic index andreviewing the modull of the

vertebral mean in the establishment of raciel differences -in

the Atlantic sardine, which he breaks down in the following

_manner:

1.

He
30

L

Accordlng to LETACONNOUX (l95h) the Medlterranean sardine;,

North Atlantic race, between the North Sea and the
Cantabrian ceast°'MV more than 52; cephalic index 20

(he 1ncludes here the Channel race of FAGE) .

SouthernAg; Spanish race, between the Cantabrian

coast and the Strait of Gibraltar, up to the Bay of
Malaga; MV, 51.20; cephalic index 21. |

establishes two new races:

Morroccan race, between Cape Espartel and Cape Juby;

MV, beloﬁ Sl.O’Acephalic index, 22,

Sahara fece between Cape Juby and Levrler Bay,

MV, below 50 30 cephallc index, - dbove 22,

.and that of the-Atlentlc.lslands»(the Azeres, Madeira and the

Canaries) are represented by a single phenotype, and this - in

[ 542
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his opinion - could be explained either by the similarity ofv
environmental conditions or by the lesser degree of plasticity

- of the meristic characters of theee'sardinesr GOMES LARRANETA
(1960), on the other hand, mentions that the racial compdsition
of the Mediterranean sardine is{diffieult to‘determine, since
neither the biometric‘indiCes'nor‘the vertebral mean give clear
- evidence of groups, pointing dut that the'two.raees established
by FAGE‘have not yet been discarded. The most difficult problem'
- he adds. - is ﬁosed by the sardines of the Alborén Sea where, in
- the Qpiniqﬁ of RUIVO (1950) and FURNESTIN (1950 b), mixtures
occur due to the arrival of eardines of Atlentic_origin, while
BARDAN & NAVARRO~(1952) claim thatjthe_sardines'of the Alboran
Sea are native. -Furﬁhermore,.in spite the alieged uniformity
of environmental conditiens in the Mediterranean, MUZINIQ (1954 )
mentions»that’the'studies carried out up to the Dresent

~would indicate the existence of a certain gradlent in the
‘number of” vertebrae, the North Mediterranean sardlne - he

says - has 52 vertebrae whlle that of the ‘South has 51. In
another later work, the same author (MUZINIC 1958 b) suggests
the ex1stence of two- or more’"etocks" of ‘sardines in the Eastern
Adrlatlc, 'LASKARIDIS (1948) is of the. opinion that the sardlne
of the North of the Aegean Sea is different from that of the
South. ‘SUAU~(l§58) divides the Spanish ‘sardine of the Mediter-
ranean 1nto four "stocks"' a). from the French frontier to the
rSagunto, b) from Cape Lanao to Cartagena 1nclud1ng Ibiza and
:Formentera, ¢) from Cartdgena to the Stralt of Gibraltar and

d) 1Isle of Mallorea.» And lastly LEE (1965 a) encounters three
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distinct forms in the Gulf of Lion: the Catalan, the Languedocian
and the Provengal, mentioned previously. As we can see, the
picture; especially aé regards the Mediterranean sardine, seems

rather confused.-

VII MATERIAL

~In this work, we are studying different aspects of Sardina

pilﬁhardus: morphology'of the lingual skeleton, of the gill

arches and of the gill-rakers. Genesis of the gili'rakers,
iatefal:length of the head in relation to the total length. of
thé fish, variation in the length of the fifst gill arch,
separation between gill“rakefS'- both éharacters in rélation to
the size - and the vertebral mean.

The morphological studies were cdnducted dn sardines coming
ffdm'the.Vigo estuéry, from Bahyuls-sur~mef and from Eastern
'Spain, The verﬁebral mean only on Vigb'éardines, and studies on
gilIArakers_include loéalities which cover almost thé entire
area of‘distribution of the spedies (Fig. 3.). Below, we.are
giving-some details concerning the_bfigin and_characteristics>of

theimaterial‘used in each study.

VERTEBRAL MEAN (MV)
In all, a total of 11,351 sardines were studied, all
taken from_éoﬁmercial catches made in the Vigo estuary, during

“the periods_betWeen the month of October 1951 and June of 1955

[13




~31~

and in November 1964. These fishes normally form part of lots
. of 100 individuals, taken at random from the catch of a single

vessel. Table IV shows some supplementary characteristics.

LATERAL LENGTH OF HEAD (LH)

Measuredin'3,19l fishes: 141 from Maumusson and Sables
d'Olonne (France), 325 from Santander, 1105 from Vigo, 83 from
Oporto, 279 from Lisboﬁ, 257 from Sanlucar de Barrameda and
Ayamonte, 21 from Casablanca (Morocco), 136 from the Azores,

166 from Madéira, 220 from the Canaries (Isle of Tenerife),

6L from Split (Yugoslavia), 73 from Tunisia; 42 from Castiglione
(Aigeria), 234 from Caétellén”ahd 52 from Alicante. Generally
.speaking, the size raﬁges correspoﬁd to those indicated under

the next heading:and are rgébrdedﬁthable~III.
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STUDIES ON GILL RAKERS:

Our original idea was to obtain samples bf sardines
" covering the widest possible.size fange preferébly between
100 and 200 mm., taken from all the most representatlve flshlng
~zones within the wide area of dlstrlbutlon of the species.
We have been gathering this material for 13 years (1953 to 1965),
" thanks to the kindness of friends and colleagues from Spain and
other countries, who provided us with it. It was studied as
it came into ouf-hands. On occasidn, as in the case of thé
CasablancaAsardine we had as few as 21 fishes although given
the variety of size groups and the unlformlty of results,
they sometomes proved more useful than other more numercus samples [&5_
.from other countries, which had to be dlscarded since the exact |
opposite occurred. In all,’the ﬁumber of_gill rakers. was
counted in 3,618 sardines, the length ofjthe.lowér limb of the
.. first gill arch was measured in 3,345 fishes and the separation
between spines in 943‘individuals. Below, we are giving some
of the most important data on the~samplés.studied, indicating
the number of fishes in which the gill rakers were counted.
Table III provides information on the\sééond and third aspects

mentioned above.

VendéeA(Maumusson and Sables‘d'Olo@ne, France): material
_donsisting of 145 sardines having a total-length of from 85 to

-lOO-mm., caﬁght between July and_Oétober of 1963.
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~Santander: 284 sardines from Santona and Santander, caught ‘
in May of 1954 and August of 1964 respectlvely, length between
- 115 and 225 mm,

Vigo: 1184 sardines coming from the Vigo estuary, caught
between the month of December 1953 and the month of May 1955,
- Total length between &5 and 225 mm. Samples from La Coruna and /b5

E1l Ferrol were also studied, however in partial size groups.

Oporto (Leixoes): 378 sardines caught on the coastal fringe‘
between the Minho River and the Aveiro estuary, in April and

December of lQEh.‘ Total length between 128 and 216 mm. - -

Lisbon: :#34 sardines céught between the month of January
and the month of May and in August of 1y55. Topal'length

~ between 89 and 211 mm.

Sanlicar de Barrameda: 251 sardines caught in the months

of March and September of 1955 and in June of 1957. Total.

lengths between 101 and 175 mm.

Morocco: 21 sardines from JOQ to 190 mm. in length, caught

in>the month of "July 1953 on the coast of Casablanca.

~ Azores: 131 sefdines caught in March and September of

1965; total lengths between 115 and:195'mm;

Madeira: lhb sardlnes of the mouths of July and Auvgust 1965;

.'total lengths between 100 and 220 rm .
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Canary Islands: 205 sardines caught in May of 1954 and

August of 1955 on the coast of Tenérife. Total lengths between
90 and 220 mm. '

Eastern Adriatic: 64 sardines coming from the coust of

Yugosla#ia (Split), received in January of 1957. Total lengths
between 105 and 165 mm.

~Tunisia: 70 sardlnes caught in September of 1956; total

lengths between 120 and 170 mm.

‘Algeria: 42 sardines from 100 to 175 mm. in length, caught.

on the coast of Castiglione. Received in Februrary of 1957.

Castellon 214 sardlnes caught in July of 1955 Total

v lengths between 95 and- 115 mm.

Alleante 49 sardines from 130 to 195 mm. in length,
“caught in May of 1958

In addition; we studied material coming from Anzio (Italy),
Greece' Audierne La Rochelle Ile de Re ‘and Arcachon, whlch
could not be 1ncluded in thls work because the small number of
size groups avallable did not enable us to obcaln suff1c1ently

’representatlve regress1ons.




~ classes from very well-defined fishing areas,zthus enadbling us

CRITERION OF LENGTH;'SIZEIGLASSES

joining the extremities of the lobules of the ‘tail fin extended

.. the nearest half centimeter. As‘in the Portuguese sardine, the

-and those of Yugoslavia between- 100-110 mm., 110-120 mm., etc.
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VIIT WORKING I‘!IETHC).DS,

Except for materlal used in the calculatlon of vertebral
means, we have not taken into account the crlterlon normally
followed in studies of population dynamics, however we were

able to combine fishes of the greatesﬁ possible number of size [uh6

to better study the variations in the characters retained and

obtain reégression curves which were more representative.

3

Measurements of fishes are carried out to the millimeter on

millimeter paper, meesuring from the snout to the median line

in a normal position (total»length, LT) as shown in Figure 4,

v

inasfar as possible, grouping the material in size classes to

length of the Gallclan sardlne from the snout to the fork .
(central\radll’of'the-tall fin, LF) represents 90% of t he total
length.' The headé~coming from Oporto_and Lisbon were referred

to size classes taking into account LF, so that it was easy to

relate them to LT. The heads of the sardire s of CaSablanca
and the Canary Islands were grouped in size classes (LT) to
the nearest centlmeter. Those of Castellon were grouped together

in size 1ntervals (LT)" of betwéen 90-95 m., 95-100 mm., etc.,'
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Fig. 4. Diagram show1ng the method used in takinﬂ measurements

LT, total length; LF, fork length; ILC, lateral
length of head. . / '

LMMﬂim”MEHmm(LM
Was measured ‘between perpendicular lines, from the extremity
of the snout to the posterior bony margin of the operculum

(Fig. 4.).

VERTEBRAL MEAN (MV)

In'Vigo'sardines' vertebrae were counted from the occipital
-condyle, not included, to the. urostyle,'included and cons1dered
as a single piece, so that the figure obtained corresponds to |

" the number of intervertebral discs.

NUMBER OF GILL RAKERS (NB)

In our observations, we used only the first gill arch of
the left side of each fish. In non-pigmented larvae, dissections
were performed under a binocular microscope and under the naked
 eye, in the more highly developed forms.',in sardines of more
than 40 mm. LT, we studied only the lower limb of the gill
’erch-uhicn includes the ceratobranchial‘and the hypobranchial

(Fig. 12.). 1In all cases, with the first gill arch, the edge
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of the left side of the tongue was also dissected, so as not to
- .  omit from the count the small gill rakers which cover this organ

“laterally. In the larval and young'fdnns, counting was done [ 447

from the tail -~ excluduing those of the upper limb (epibranchial)
- with a 100 magnificaﬁionAbinbcular. In adui£ fishes,'the
first arch and parﬁ of the tongue were separated and, after
‘being carefully washeﬁ with the tip of the'fiﬁgers in. running
water, they were preser#ed in formol ét 5% up-to the time of
counting of the'gili rakers. The method used in counting,
which gave good results in previous works (ANDREU, 1953); is
_as‘foilows: 1). Under a binocular, using 10 magnifications, we
separate the upper limb of théAarch (epibranchial) at the point» _
of .articulation with.the‘cératobranchial; as a reference, we use |

the upright pointed apophisis of the first gill raker of the
.ceratobranchial, which-almost‘forms a rightjgngle_with t he

transversal apbphisis of said gill rakef.~ 2)_ Using handled

needles, we préss on_ﬁhe separated end bf.the ceratobranéhial,

holding it against-the'tray, while with the other needle we

press and pull, in a direction perpendiculab to the'bone in

question, on ‘the cord of soft tiséues which_inclﬁde t he apophisis

of the gillArakers. With a little exberience, it is possible to
‘easily and fapidly separate the entire garland of gill rakers

from the lower.limb of the gill aféh which prbjects into thel

lingual mucous. 3) Using a binocular, at between 10 and 20
_magnifications, depending on cases - the counts are easy to make

and very precise.
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‘To determine whether or not there are sensible differenées
in the number of gill rakers in the lower limbé of the left
and the right arches, we made compérative counts on a lot of
50 fishes coming from the Vigo estuafy, having & size interval
of between 145 and 175 millimeters. The résults were as
follows: 50% of.the fishes had the same number of spines on
both sides, 42% showed a'differenoe-of one.giil raker, and 8%,
2 gill rakers. The‘differehces are compensated, so that the ‘
counts on the Ieft>iimb give an average of only 0,0b%'ﬁoré
than the right oné, a figure which is far below the margin of
error of the counts. In the size class most represented
(160 millimeteré3 with 19 fishes) the averages were equal and
'in the next (165 mm.; with 12 fishes), the average of the left
limb~was higher.than that of the right by 0.3. Something
81m11ar though w1th a lesser degree of coincidence, occurs

‘with the upper llmbs on each Slde.

SEPARATION BETWEEN GILL RAKERS

The separatlon between gill rakers is determined bv measuring.
under a mlcrosc0pe, with an_ocular_mlcrometer (1 division - 14 _2),
thé distance between the middle pértion of two adjaéent spines,
~with the gill arch disteﬁded; Four measurements were taken for

each fish.

LENGTH OF THE LOWER LIMB  OF THL FiRST'GILL ARCH (1i)- _
The length of ﬁhe lower limb of the. first gill arch hgs
béen taken in the bfqadest sense, since it includes not only

the ceratobranchial and hypobranchial bones, but was measured
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‘from the beginning of the former, to the base of the last

gill raker located in the latero-lingual micous. The measurements
were taken on the basis of the garland of gill rakers, after
they were separated from thé lowér-limb of the arch, placing
it over a millimeter tray, uhder a binocular microscope; in .
this way, the measurement is more precise - regardless of the
curvature of -the arch - and the ratio betwgenuthe number of
gill rakers and the sebaration between spines will be more
exact, so that'the,prodﬁct of the distances between spines‘by
the number of spines (t the‘accumulated errors) will have to .
be.mére or less equal to the length of the lower limb of the
arch, since this consists theoretically in the total sum of

‘the distances between all its spines.

.-Thé allometfic constants were'calbﬁlated, in each case,
by the method of least squares, thus obtaining the corresponding
regression formulae. |

The calculation of the confidence limits of each of the

regressiohs and very‘eSpecially the significancé of the dif-
ferences between the ailometric cbnstants éncountered among
“different populations,-are aspects which we havé not touched
upon, because of their statistibaliand mathematical complexity,

as may be seen from the work of TAKASHI (1953), in which this
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author solves a problem similar to ours, related to variations
in natural populations of copepods..
: Other-authors have also alluded to this. problem. For /LL9

example, BERRY & BARRET (1963) in the separation of species of

the clupeid Oplsthonema, limit‘themselvés to'representing
'graphically the number of ceratobranchial gill rakers in relation
to the length of the flshes and en01rcllnw the dlstrlbutlon of
points w1th a contlnuous line in the guise of a pbrlmuter which
.the authors call a Eroflle. Each profile is qud in the
chardcterlzatlon of the bp¢01es. KREFFT ('954) in the Euroyean '
'herrlng, Ude a mathematxco otaulstlcal method based on the
intergradation averages of.populat;ons,;however, in the~case of
the herringﬁ the number of gill»rakeré soon becomes almost
cohstant, which greatly simplifies the problem of comparing
.populations. |

We have limited ourselveé td using thé calculated allometric
constants attemptlng to flnd thelr ecologlcal 51gn1flcance

g01ng only as far as the blologlcal crlterlon would permlt.

" IX RESULTS

1. VERTEBRAL MEAN

'a)' Vertebral Mean of the ‘Vigo Sardihe

We owe the flrst observatlons -on the vertebral mean of
Ithe Vlgo sardlne to DE BUEN (l93h), who used materlal made up
of 401 fishes. <Subsequently, NAVAHRO (l9hh) publlshed the

results éofrequnding to the years'l940443, based on observations
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of 2,68l sardines. . However, the largest number of contributions
were made between the yeers 1947-1952 (LOZANOtCABO, 9485
" NAVARRO, 1948; OLIVEu, 1950; OLIVER & NAVALRRO, 1952). In ail,
the material studiedjby all the aforementioned authors totals
9,322 fishes, to which must'be added 1,397 coming from El Ferrol
and La Coruna studied by DE BUEN (1934) and NAVARRO (194L)
'respectively.' Therefore, we have sufficient antecedents on
the vertebral mean of the Galician sardine.

Our observatlons cover the paiods betwecn the months of
‘October 1951 and June 1955; and November of 1964, They refer .
to- a_total of 11,351 fishes. In Table IV, we note the reénlts
obtained on.each one:of the lots studied and Table V gives
-the summerized totals per year. | |

The vertebral méan obtained from the totel of our own
observations is 51. 36 T o. 02, which is slig ghtly hlgher than
--:that of the other contrlbutlons dealing_with Galicia.

The number of vertebrae counted in eacn flsn varied between
49 (0.7%) and 5h (0.4%), those hav1ng 50 51, 52 and . 53
vertebrae‘beingrmost represernt ed numerlcally, especially those
héving 51 and 52, which constitute 53.12 end 38.42% respectively,

of‘the fishee examined. Those thlng 50 und 53 vertebrae
correspond to 6.27 and 2 08% (Table V). _ '

Apart from the fishes with 54 vertebrae that were allegedly
.encounteredein Vigo;'it‘is strange that inthe distributionAof

“vertebral frequencies by lots (Table IV, Fig. 5.), the modal

value corresponded to sardlnes with 52 vertebrae on 16 occasions; -

' OLIVER & NAVARRO (1952), in a lot of January 30, 1952
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surprised to encounter a modal value of 52 vertebrae, instead of
51, which - they claim - did not occur on more than three

- occasions in 13 years.
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" Fig. 5, "Frequency distribution of the number of_vertebrae.in .
the Vigo sardine, during the ‘period October'9, 1951 to
November 20, 1964. i ' s : : .
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The vertebral mean per lots varied between 51.13 + 0.02

(June 15, 1955) and 51.88 + 0.33 (August 25, 1953). July 27 and

_August 13 of 1953, gave very high vertebral means: 51.85 + 0.17

and 51.86 + 0.24 (Fig. 6.), so the fact in itself cannot be
considered exceptional, though there are no precedents in the

Galician sardine. However, vertebral means lower than 51.13

- had previbusly been encountered on 1l occasions, the lowest

being 51.00 % 0.38 (NAVARRO, 1944); 51.02 + 0.20 and 51.05 + 0.21

(OLIVER, 1950).

In his "Contribution to the biometry of t he Spanish sardine”

NAVARRO (1944) mentions that the lowest value for the vertebral

mean corresponds to Vigo, however - he adds - in its variation it

is as high as those of La Coruba and Northern Portugal and

even that of Milaga. This brings him to state that if there.

really is a South Atlantic race,'it cannot be separated from

; that of the ' South Mediterranean on the basis of the vertebral

mean, since,ih Mélagai(19h0—1943) he finds a mean of 51.33 + 0.03
(n - 6,597) and in GéliciaénxiNofthern'POrtﬁgal (L940-1944 ) it
is 51.29 + 0.03 (n - 4,067). -

In 1948, NAVARRO speaks of the great stability of the

vertebral mean in the Galician region_throughout the years

- (51.19), however in 1952, OLIVER & NAVARRO mention seeing an

increase, beginnihg in autﬁmn of 1949‘(OLIVEH, 1950; OLIVER & .
NAVARRO, 1951), however at the end of March 1952 - these same

‘authors add (OLIVER & NAVARRO, 1952) - the mean value descends

dnd'bécomeS'nofmalized (51.19).
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Fig. 6. Variation of the vertebral means of the Vigo sardine
and their fluctuations, by lots, years 1952 to 1964.

In Figure 6, we see that during the period éonsidefed by
us; the vertebral mean varied with a certain regularity,
showing two maximums. However, thesé variations are followed
with a certain pafallelism by two séries of.values, which denote
.the existence 6f at least two disﬁinct generations, separated
phenotypically because 6f'their different period of birth.
Grouping together on the one hand all the lots made up exclusively
of fishes of the zero ciass (size between 95.and 150 mm.)
which did not have the occasion to mix with other schools of

older flshes of the months of October to March and on the other

32
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hand, lots of fishes having the same characteristics as the

preceding bnes, but caught between June and August, we find

- ourselves with two completely différent verﬁebral means:

Fishes of Class O caught in winter, MV 5I;39 + 0,05 (n: 1535); /452
Fishes of Class O caught in summer, MV 51.57 + 0.06 (n: 10455. |
Calculating the pérameter»& (YULE & KENDALL,,@. 536), for

G.I. -em, the value of t - 3.291 (P=0C.001), so that the difference
between these means has high statistical significance.

These différences probably ﬁave no cahse other than the
fact .that éach generatibn was born ‘in waﬁers having a different
temperature, which is expiained by the very long reproductive
period of the Galician sardine (ANDREU, 1955 c); to the thermal
factor must be added the'possiﬁle influence.of thé diameter 6f
the egg, salinity and the action of.light{ Howevér, we cannot
completely discard the posSibility»that thefe is some influeﬁce
. of a genetid ﬁype, perhapé maintained free of hybridization
through time,because of ﬁhe lack of coincidénce bétween.the
‘Spaﬁning periods of each generatidh;_this hypothesis<would need
to be proven as HEMPEL & BLAXTER (1961) did for the herring.

"The continuous renewal of_schools of(sardineé, which was
demonstrated by us in the. Vigo estuary (ANDREU, 1955 a), is a
normal phenomenon in the sardine 6f the bottom of the Bay of
Biscay, wﬁeré»CREAC'H (1950) says that pérticularly abundant
‘hatchings occur in two seésohs, winter-s?riﬁg and sﬁnmér-autumn,
 30 that embryogenesis1also takés p1ac¢ in waters having a

distinctly different temperature.
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The polymorphism of the vertebral mean of populations of

the French coast of the bottom of the Bay has been interpreted

~in a different way. For FURNESTIN (1943) those having a low

vertebral formula are probably native; the others - with

which they are mixed - belong to the Armorican form, with a
slightly higher MV, The mixture .of both Qould give the Aquitaine
form, CREAC'H (1951) denies thap fhe Aquitaiﬂe form is present
in the bottom of the Ba&; in his .opinion, the ffiuge between
Gijén and the Garonﬁe-River, is the meeting‘point of the

North and South Atlantic races, with all the interpenetrations

which this meeting implies. On the French éoast, the penetratians

of southern origin would be weaker, the inverse occurring on

the Cantabrian coast with the penetratian.of sardices of northern

origin,

The results discussed in preceding paragraphs on the

~Galician sardine, also enable us- to explain the polymorphism

“of the vertebral mean of the Bay of Biscay sardine - both have

a long spawning period - without adapting the hypothesis of the
French scientists, based on the penetration of aloctone sardines
which they call northern or southern, depending on whether the

vertebral mean of the schools is higher or lower than the

sardine considered as native. The different periods of birth

of schools in a single‘well—defined area csuse seasonal tempera- . [454

ture variations to be felt during_embryogenésis, so that the

~vertebral mean of fishes tends to be higher'or lower.— within

the general trend - depending on whether they come from autunm,

winter or spring‘spawhs. Without having recourse to the:
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hypothesis of grand migrations, which in our opinion should Be
discarded, at least generally speaking.

The MV, taken alone is very limited in the information.it
can provide for the. characterization of sardine popﬁlations.l On
the other hand, when the number of individuals in the sample is
very high, as occurred in the lots of October 19 and 30, 1951
and February 19 of 1952 (Fig. 6.), the fluctuétion of the
Vertebrél mean-(Fl. of M.) is so low that schools of the same
class O caugnht during the same month, and within a few days of

A

each other, would belong to different "races".

.b)' Variations of the MV of t he Atlantic and Mediterranean Sardine

Since data published on the vertetral mean of the Atlantic
and Mediterranean sardines were so.scattered, it was not easy
to get an overall .picture of the extent of variation df this

character in the different geographical areas where the species

' is encountered, without first summarizing all this material.

-In so doing, we were even able to include material which is

still unpublished: 41 new vertebral means from Oporto, year
l95h; 14 from the Canary Islands, 77 from Castellén and the

39 from the area of Blanes, material which was kindly-provided

. by doctors M. CRUZ, G. LARRANETA, G. CABRERA and BAS respectively

and which, combined with the 42 new MV of the Vigo sardine whiph

we have included, gave us an available total of 1,610 vertebral

means for the area of distribution of Sardina pilchardus,

including counts made on about 234,000 fishes.
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We have_grouped this material on a purely geographical
basis, using the divisions set up by LE GALL-(1951) for t he
- French couast. In many cases, the'&orks conéulted do not
indicate the number of fishes studied, or else the vertebral
means were expressed by mdnths and included various lots.
Table VI, of the frequency,distribution.Qf vertebral
" means, has bééﬁ prepared setting up a class of MV for each
five hundredths of a vertebra, covering MV's ranging from
50.41 to 52.55.. The mean of the groups will therefcre be
50.43, 50‘48,.50.53, étg._ The data on the different'geographical\
areas have been taken from the following authors: o
- En‘glish Channel and N§rth Sea: HEINCKE (1898), LE GALL
(1928, 1930, 1937, 1939), FURNESTIN (1939), HODGSON
(1950), MATTA (1964); MV - 52.12 (n: 3833, grouped

in 9 lots).

- Bfittanx, from the Bay of Saint Michel to the mouth [455
of the Loire River: FAGE (1920), LE GALL & PRIOL

(1933), LE GALL (1937, 1938;"1939, 1950), PRIOL (1937),
FOREST (1949), LETACONNOUX (1950 b, 1952), KURC (1963);

MV - 52.10 (n: 5672, grouped in 62'lots).

- Vendée, from the'Loire River to the Garonne: PAGE.
(1920),.BEﬁLOC'(1932), LETACONNOUX (1948, 1950 a, .
1950 b, 1952, 1953, 1954, 1956, 1958, 1961), LE GALL

‘.(i95o), KURC'(1963);\MV -.52.13A(n: 754 7. grouped

in 79 1lots).
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- Bay of Biscay, from the Garonne River to Biarritz:

'FAGE (1920), FURNESTIN (1943, 1950), LETACONNOUX
(1948 a, 1950 b, 1952, 1953), CREAC'H (1950),
TOURRASSE (1957); MV - 52.15 (n: 18, 240, divided

into 70 groups).

-~ Spanish Basque Coast: NAVARRO & NAVAZ (1946),
NAVAZ & NAVARRO (1950, 1952), NAVAZ (1954); MV - 51.99

(n: 2427, grouped in 24 lots).

c- Sanﬁander: "FAGE (1920), DE BUEN Zi@}h, 1937 (corrected .
by NAVARRO,'194417, NAVARRO (1944,-1948), FERNANDE?,
% NAVARRO (1950, 1952), NAVAZ & NAVARRO (1951),
NAVARRO, FERNANDEZ & CUESTA (1956); IV - 52,01
(n: 7677, divided into 80 ldtS). We have not . taken
»into account the data published by E. SANGCHEZ (1933).

- Vigo: DE BUEN (1934), NAVARRO (194L, 1948), LOZANO CABO
(l946),.0ﬁIVER_(1950), OLIVER & NAVARRO (1952),
ANDREU (original data of Table IV); NV - 51.33
(n: 22,042, divided into lkk lots).

- Oporto, fromthe Minho River to the Aveiro estuary:
RAMALHO & BOTO (1932), NAVARRO (1944), RAMALHO & COL (1950),
M. CRUZ (1954 and-unbublished'data); M - 51.32 '
(n: 27,788;[divided“into>142-lots).
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Lisbon, from Nazaré to Sines: RAMALHO & BOTO (1932),

RAMALHO & COL (1950), PINTO & BAWRACA (1958);
MV - 51.17 (n: 38,859, divided into 319 lots).

South of Portugal, Portimao, Olhao, Villa Real de San

Antonio: EAGE (1920, corrected byVNAVARRO, 1944 ),
RAMALHO & BOTO (1932), HAMALHO & COL (1950), RAMALHO,
PINTO & COL (1956); MV - 51,10 (n: 3220, divided into
23 lots). | |

Morocco: FURNESTIN. (1949, 1950 a, 1950 c¢);
MV - 50.54 (n: A4360,‘divided‘into li.groups).

Cabo Blanco: 'CADENAT & MOAL (1955); MV - 50.63

(n: '207, divided into 3 lots).

Azores Islands: RAMALHO (1929), LETACONNOUX (1954);
MV - 51.63 (n: 255, divided into two loté; excluding
the contribution of FAGE, 1920).

Madeira Island: RAMALHO (1929); MV - 51.83 (n: 47,

in a single lot).

Canary Islands, Tenerife: DE BUEN (1934), G. CABRERA
(personal com.); MV - 51.28 (n: 1119, divided into
15 lots). | '

':Yugos;avia: MUZINIC (1954); MV - 51.66 (n: 36,035,
" in 195 lots). | - .
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Languedoc, Gulf of Lion: LEE (1961); MV - 51.65

‘(n: 8167, in 19 groups).

- Blanes and neighboring coasts: BAS (personal com.);

MV - 51.58 (n: 1846, in 38 lots).

Castellon and adjacent coasts, including the

Columbretes: . NAVARRO (1944), ANDREU & RODRIGUEZ-RODA
(1952), GOMEZ LARRANETA' (personal com.); MV - 51.53
(n: 14,782, divided into 143 lots).

Balearic Islands: NAVARRO (1944, 1948), MASSUTI &

OLIVER (1948), MASSUTTI, VALLS & NAVARRO (1950),

OLIVER & NAVARRO (1952), oLIVER (1959); MV - 51.57

(n: 5809, in 52 lots).

Milaga: NAVARRO (1947, 1948), BARDAN & NAVARRO (1949);
UMV - 51.29 (n: 12,777, in- 141 lots). |
'Castiglione; Algerié: FAGE (1920), MURAT‘(l935),
DIEUZEIDE & ROLAND (1957); MV -.51.46 (n: 7982,

divided into 13 groups).

Turkey and the Dardanelles: LASKARIDIS (1948), DEMIR

(1961, 1963); MV - 51.28 (n: 2982, divided into 15

groups) .

Israel: BEN-TUVIA (1959); MV - 50.95 (n: 66, in
10" lots). ’ '
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The histograms in Figure 7 show the distribution of
vertebrél'meahs,.by.regions, within the area of distribution of



A—53—

Sardina pilchardus. We lack sufficiently representatiVe samples

from some geographical areas, for ekample Cabo Blanco, Azores
-and Madeira, this last being represented by a vertebral mean
obtained from only 47 sardines. The aforesaid Figure 7
“demonstrates the existencerf.two very distinct gedgraphical
clines: the first, which Begins.with the sardine of the English
- Channel and ends at Morocco and Cabo Blanco,.énd the second - in
the Mediterranean -.whiéh extends from the Adriatic to Israel.
It is worthwhiié meﬁtibﬁing the Wide range of variation in the
vertebral means of the northern sardine, from the English’
Qhaﬁnel to Santander, and‘very‘especially iﬁ this latter
locality, of which the boundéries-include that of other more
_northeriy zones. | .
'Yigq and Leixoeé must be sepafated from this group, though

the sardines of both localities héveAsome vertebral me;ns in
' common with the Béy'qf Biscay. The vertebral means of the

'Vigp sardine . show a much ﬁider variation range than t hose of

- the North of Portugal and these in-turn,ia_wider one phan‘those
of Lisbdn;. Mbrocco and Cabo Blanco.aré.completely separated
~ from the rest and-from the sardines of the Canary, Azores and
Madeira ISlands; these latter occupy‘an»intermediate poéition
‘between ﬁhe sardiné‘populations ofvthe.Aﬁléntic aﬁd those of
the'Méditérranean.

In thé Mediterfanea,.the_extreme irregularity in_the dis-

tribution of .vertebral means is worthy of'note, especiaily in
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A the sardines of sttell6n,.M§laga and Blanes, as opposed to the
. - uniformity of those sf the Adriatic and the Gulf of Lion.
| Discarding from the series some very'rare, extreme values,
which are superposed, we may conclude - with ample criteria -
that the vertebral means obtained up to now make possible the

separation of the follow1ng populatlons

- North Atlantic sardine: MV higher than 51.70, from

Santander to‘the~English'Channelq

- Western Spanish sardine: MV betwéen 50.95 and 51.70,
- from the western coasts of Galicia to the Strait of

Gibraltar.

- South Atlantic or MqroccanVSardine;- MV below 50.70.

In the Medlterranean, thlngs are more compllcated still:

: the vertebral means of the sardines from the Adrlatlc to the
Gulf of Lion show a normal distribution and could represent the
northern population. Thosevof Turkey and Israel - of irregular
distribﬁtion - thé southern 6ne.' However there remsin those of
the Eastern Spanlsh coasts whlch dependlng on their vertebral
‘means, tend towards one of the two aforementloned groups.

Lastly, the.sardlneS"of Madeira, the Azores and'Canary
- Islands, are'between‘the“two_Clines msntioned above; though we
are not lacking in‘criteria on Which_tolbase.broader'commentaries,
;thsir Atlantic .sffiiniiry.'is obViousré in spite of the low

‘latitude. 'HOWeverg nbtwithstanding all we have said, going by the

"vertebraltmesn, it is possible to bonfuse the sardines of the

B S I By v~ v = T o A g Yt S BT AT " & e iag
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Canaries with those of Oporto and Vigo on the one hand and
those of Malaga and Turkey on t he other. This fact, in itsélf,
~ alreadyftells us much concerning the deficiencies of the MV for

the characterization of sardineApopulations.
2. LATERAL LENGTH OF HEAD (LC).
With very few exceptions,‘the'authors who have studied the

head length. in Sardina pilchardus, give their findings in

percentage form, in relation'to total body length. In Chapter II,
page 431 we already mentloned the dlsadvatages inherent in
1ndlces thus calculated and the severe criticism to which they
have been subJect., NAVARRO (1y55) attempted to compile and
compare the findings of the literature, however he mentions

that he enCoanters difficulty since,‘not only are the criteria
of-head measurements and bodv length of_flshes not unlform, but
.-in addition‘-»he‘adds - the personal factor greatly affects o
"the.reSults. He observes that there is negative allometry ih
adult Sardines; thatvthe'saroines of'Azores and Madeira have-

a shorter head than those of ‘Casablanca and Portugal; thut 1n'
the Alboran Sea Algerla and the Balearlc Islands the index is
almost the same as that of Portuguese sardlnes and that the
;sardihes of the Eastern Mediterraneah~have a shorter head than.
those of the Bay of Blscay. | |

| In the works consulted we found very few data concerning
the absolute length of the head (Lt Fig. &4.). RODRIGULZ-RODA -
'(1958 observed that the sardlnes of Barbate for equal sized

fishes have a smaller head than those of Larache (Morocco),
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this difference-becoMing reduced as the fishes grow. This

. author encountered a significant difference between the two
~populatlons. BAS (1964) mentions that in Vigo, the head of
sardines grows much.faster than in the Nofthern Mediterranean,
tending to iacrease as the animal grows, contrary to what
occurs in Blanes. The,size of the head of the Vigo sardines,
1aecordiﬁg to said author, exceeds that of‘the.sardines of
Isla-Cristina. CREAC'H.(l95l) suggests that the characters

large head and low MV are relatéd in Safdlgg pilchardus: in

individuals of the same length, the length of the head tends to
decrease as the number of vertebrae increases.

Tables VII and XXI show.the freqaencies of lateral head
lengths in relatlon to the length of the material from the 15
‘different geographlcal areas studled. With this materlal,
we have calculated the corresponding regressions.by means of
_the classical allometric formula .
| »Lc = g Lb
in which Lc = lateral length of head, in mm., Lt - total'length
of the fish expressed in mm. It is very possible that better
results could have been obtalned with the simple linear
regression,formula,.however we preferred to follow the tendency
' of modern aathors, in order to facilitate further comparisons.
The values:found”for a and b are indicated on the following
page;. ~' o | | |
| - In Flgure 8, we have graphlcally represented the regre551ons

-calculated and the head length mean values for each size group.

" As we can see, W1th the exceptlon of the Casablanca (Morocoo) sardine,
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the lines of regression'doublé\and-in many cases, cross each
other. It is therefdre seen that the head length is not
a.suitablebcharacter for t he charécterization of sardine
populations. In additioh,the errors in measurement, resulting
from the more.or less cldséd position of the lower jaw, are

also difficuit to overcome. In the Vigo material (Table IX)
which is the best represented, we see thaﬁ * the variation of LC
fluctuates between 27 and 35 mm. in sardines having a tota;‘
length of 160 ﬁm. The variation was 7 mm. in those héving a

total lengtﬁ of from 145 to 190 mm. Variations of 4 and 5 mm., .-

are evident'iﬁfthe size groups of all the loca;ities studied.

‘ 1 I -~ No. of - Total Len th
.. Loca . , g
L‘C’llty ‘;..=§t ’ Fishes LT mm.
Maumusson - U 044 ©0,8402 145 85900
Santander y smtoﬂa . 034 - 0,8882 . 825 115225
CVigo . ..., o0 0,28 0,9671 1105 80-235
. Oporto . ' ..i .0 062 ¢ -0,7808 - 83 . 128-205
SLisbon. .. . 02 09485 279 89:205 L
Sanltcar-*. ... ... 086 08838 - . 257 105-175 . s
Casablanca . .° . . . 0,16 . .1,0611 20 - 100-190 ':
- Madeira . .. i 0,42 08504 125 100206 = -
. Azores . .. .. .0 .. 82 06628 186  115-196
.Cdnagies. ... .- 024 09602 . 22 70220
‘Yugoslavia - . . .- 0,67 0,7745 64 ° 105-165
5 Cestellén . . . ... 0,58 0,7947 234 92,5-162,5
" Alicante . . ... . 098 0,9301 52 . 130-195 '
“Castiglione. . -. . . 044 08452 = 42 100-175

-Punisia . . . . 080 .. 0,161 72 120170
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Based on the increase rate of the head lenath of . the

sardines of each of the areas con31dered we may establlsh the

relation to the total length (LT).

follow1ng groups.

- Azores: exponent less than 0.7

.- Tunlsla, Yugoslavia,
exponents between 0.7 and O 8 .

Oporto and Castellon..
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- Maumusson, Castiglione, Madeira, Sanlucar de Barrameda
and Santander (1nclud1ng Santona) exponents between
0.8 and 0.9

- Allcante, Lisbon
between 0.9 and i

Canaries and Vigo: exponents

- Casablanca: exponent greater than 1.0

It is surprlslng to encounter Oporto sardines in the
Mediterranean group and those of Castiglione and Alicante
among Atlantic groups. - The regfessions corresponding to
these three localities should be re-examined using more abundant
material. With these exceptions and that of t he Azoreé sardine;
which though being Atlantic,‘has>thé lowest -increase rate..
encountered, we.could mentién that the inérease rate of the
head in the Atlantic~sérdine;‘in general,'is greapef than
-that of the Medlterranean. It is only when the constants ay and
bl calculated for the sardlnes of a region; are both greater

2
" 'regression curves remain separated along their entire length,

than the constants a. and b, of those of a second zone,, that the

as occurs with the sardines of Oporto and Yugoslavia. However,
generally speaking, this does noﬁ occur, but raﬁher one of the
constants of the sardines of a given zone is lower (QfAhigher)

than those of the other reglon and the other constant is higher

(or lower) than those of the flrst 1n these cases, ﬁhe regression
curves 1ntercross, Therefore, it would be senseless, inthe ngg

' majority of cases, to speak pf.a large or small head.

‘Rat.lo Increase Rate of Head Length (LC) to. Vertebral Mean (MV)

‘The dlstrlbutlon of p01nts in Figure 9 does not enable us

to éstabllsh any relationship between~the increase rate:of-LC
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and MV, but rather shows a random distribution. The points
corresponding to the Atlantic sardines of Casablanca, lisbon,
Canaries, Vigo, Madeira, Santander and Maumusson - consldered
separately - seem to show an inverse ratio between the two
characters. However, this is invalidated by the position of
that of Oporto and by the group of points of the Medlterranean
-sardine and that of the Azores sardine. Therefore we cannot
speak of a relationship between theiincrease rate of the head

length and the vertebral mean.

3. VTHE GILL RAKERS

| We have-known for some time that there.exists‘a.series of
elementary organs ofiwhich the number does not remain constant;
but rather increases,throughout the life of each individual.
- SCHILDER‘(1950) demonstrated‘by means of numerous examples,
that the increase’rate of* the nnmber of elements is not in
.'proportion to the siZe<of~the body. - as was believed - but
‘rather becomes vradually lessened so that the'ratio between
the number of organs and the length of- the body cannot be.
represented by a.straight line, but only by,a potential curve
whioh passes.through the akis"of the co-ordinates, of which:
‘the exponent, ordinarlly, is less than 1. LOPEZ-VELEZ (1956)

was able to demonstrate in'the ophiuroid Ophiactus amphipholoides

Alvarado’ that.the number of segments of the arms'increases
with the length accordlng to the power. O 7188 and that the
number of said- segments 1ncreases more. slowly than the length

of the arm. KINNE &uPAFFENHOFmR (1965) have observed.that the .
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number of tentacles per hydranth in Clava multicornis tends to

have a positive relationship w1th the length of the body of

the hydranth and that this number decreases as the temperature

rises.

These authors suppose that the structural modifications

of the hydranths affect the rate and effiéiency of the inter-

changes between the organlsm and the environment and that they

- may be a means of metabollcal ad justment.
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" The gill rakers of the sardine and some clupeids possess

this neotenic character to an extraordinarily marked degree,

while other species lose it at any early age. Below are some

of the authors who have dealt'directly or indirectly with this
type of study in differént species of fishes:

Clupeidae: Sardina pilchardus: HEGAN (1961), THOMSON - /463

© (1726); CHABANAUD & MONOD (1926); BARDAN, NAVARRO & HODAIGUEZ

(1946); MAUL (1948); FURNESTIN (1950 b); ANDREU (1953);

'LETAGONNOUX (1954 b); CADENAT & MOAL (1955); CABRERA & NAVARRO

(1955); ANDREU (1960); LEE (1961, 1965 b); MATTA (1964);
ANDREU (1967); Sardinops caerulea: THOMSON (1926); SCOFIELD

(193#); PHILLIPS (1942);.Sardin0ps melamosticta: SAKO (1938).
Sardinella: MONTEIRO (1954, 1960); ROSIGNOL (1959). Clupea
ﬁarengus:F'KREFFT (1954, 1958). 1ug§é pallasi: McHUGH (1954) .
Opisthonema: BERKY & BARKET (1963). Alosa: LOZANO REY. (1950) ;

Engraulidae: Engraulis encrasicholus: ANDREU (1959).
Engraulis anchoita: FUSTER DE PLAZA & BOSCHI (1958). Engraulis

mordax mordax: HILDEBRAND (1943); McHUGH (1951). Anchoa starksi::

PETERSON (1956). Anchoa marinif FUSTZR DE PLAZA & BOSCHI

(1961 a). Anchovia macrolepidota: PETERSON (1956). Lyncengraulis'

- 0lidus: FUSTER DE PLAZA & BUSCHI (1961 b). Lyéengraulis

simulatur: FUSTER DE PLAZA (1962), Cetengraulis uysticetus:

VHOWARD (1954) .

" Carangidae: Trachurus tfachﬁfus:  DA FRANCA (1v59);

ALONCLE (1964).
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Thunnus: Thunnus’alaiunga: LETACONNOUX (1vy51); Thunﬁus thynnus:
RODRIGUEZ~RODA (1964). '
- Coregonidae: SVARDSON (1952)..

a) Gill Arches and Lingual Skeleton

In fishes, there are specific differences in the number of
- gill arches, as there are differénces in the number and
characteristics -of the'gill rakers. GRAY (1954) was further
able to demonstrate'Q&ﬁku:différénces in the number and size

of the respiratory>units (gills), relating the gill area to .
the Habitat.and'the behavior of the fi§heé.'

In Figure 10, we havé sketched a diagram of a portion of
the hyobfanchial skeleton of a Vigo sardine 220 mm.. in length,
in which we see the tongue,,the beginning of the basihyals and
.thé fivé pairs of gill archés the last of which has been

modlfled giving way to the lower pharynves. A very similar
.arrangement has been described by PHILLIPo (1y42) in Sardinops
caerulqg.» In the figure mentioned, on;y the epibranchial bones
of the first arches have been sketched., The front edge of the.
five pairs of arches serves as a support for the same number of
series of gill rakefs, of which the last four extend over the
‘corresponding baéihyals, wHile those of the first arch extend
over the edges of the tongue’ S0 ﬁhat the network formed by

the gill rakers leaves no opening through which food can escape.
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Fig. 10. Arrangement and shape of the gill arches and of the
' tongue, in the hyobranchial skeleton of a Vigo
sardine -200 mm. long (LT) (Diagrammatic).

On the inner surface bf éach of the opercula, there is a
_fqld_without a skeleton and without gill rakers, which however
_has functidnal gill laminae on its~rear.portion, though these
. are much feﬁer'in ﬁumbér than-thé following arches, except those

of the last pair, which as we have said, is modified and has no

. . gills. Therefore, in Sardina pilchardus, there is a pair of
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pseudo arches and 5 pairs of gill arches: the pseudo arches and

the first four gill arches have a respiratory function,.while

the trophic function is reserved for the five pairs of gill

arches. The last pair, in‘addition to having gill rakers on
the_front.edge,‘is modified and has teeth in the upper rear /466
portion. In Figure‘ll, we see the arrangement of the gili

rakers and the gills on the first left gill afch of a Vigo

sardine 200 mm. longiand in Figure 12, the three bones (epi-

branchial, ceratobranchial and hypobranchial) of the first

gill arch of a sardine 154 mm. lcng_andAalso‘from Vigo.

. b) Morphology of the Gill Rakers

F. DE BUEN (1919) mentiened that there are certain differences
between the gill rakers of Vigo sardines and those of San Feliu
de Guixols (Geronne), Llalmlng that the narrowing of the teeth

was more pronounced in- the first and that ,he teeth appear to

"be considerably sharter in the San Feliu specimens their apex

falllng to touch the edée of the small lamina which serves as
a support for them. The observatlons of NAVARRU (1926), on
sardines of the Balearic Islands, refer to Leebh similar to those

described by DE BUEN, where the narrowing of the teeth is

‘barely noticeable. .

In our observatlons we were able to demonstrate that the
'teeth vary greatly in shape in both"Atlantic and. Mediterranean

sardines. In a prev1ous worx (ANDth 1953) we described the

Aextreme shapes of teeth observed Ln the sardlne of the VlEO :

estuary: _some very long and slender,‘w1th the narrowing bdrely
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noticeable, protruding from the median lamina, while in other, much shorter

‘ ones, with a very marked narrowing and an oviform apex, its projection did

not extend tauth? lamina of the gill rakers,

Ein

‘\w -

Fig. 11l. First left glll arch of a oardlne 200 mm. in total length,
: showing the arrangement of the gill rakers and the gills
(dlaérammatlc)

Hypobranchlaln/

Fig. 12. Skeleton of the first left glll arch of a sardzne 145 mm » in
total length (diagrammatic).

‘The teeth are inSerted'at their base into the corneal lamina-of the
' gill raker, forming an angle of some Aﬁfdegreea; so that the apices‘aré
: complételyfseparated from it. The.projection of"the'teeth'onieach siderpf
. _the lamina, and _ab’ov_é it,Aproduc‘e' tnel' optical effect descri-bed:by DE BUEN.'

- Figures 17 and 19 illustraté What.we‘have just said, ' v
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Mot all the basal apophyses of the gill rukers are the
-same: those of the upper linmh of the arch ;epibranchial), as
- well as the majority of those of the lower limb (ceratobranchial
and hypobranchial) recall the shape of a dagger handle. The
first ceratobranchials, beginning at the tail, are different:
the latero—extefﬁalAapophysis is hypertrophied and the. ma.xn
- one shorter, }ecalling_the éhape of & Y when viewed from the.
side. The one nearest the articulation of the ceratobranchial
and the epibranéhial'is s0 constructed that it does not hihder
the articuiat;on of the.two limbs of the arch as they close
over each other: the main apophysis is fin%r_than the foliowing
ones. |

The apophyses of the giIl-rakers are rnot directiy inserted-
into the bones of the arch, but rather over the soft tissues,
which solidly hold the apophysis between it and the arch, so
that in dissection,_the totaiity'of the gill rakers is easily
separated,IWith their ligaMénts and muscuiar.cords, from the
bones which serve as a support (Fig. 13:).

New glll rakers are formed in the eAtremltles of each of
the llmbs of' the archeu, so thet the 1on&1tud1nal growth of the
cerdtobranchial bone causes the hypobranchial gill rakers to’
be displaced and come to rest:on the ceratobranchial bone. In
'this way, ‘the separation between the gili rakers spines in thé
three segments of thé arch rémains the séime' whlch would not
‘occur W1thout this dlbplacement of the glll rakers wthh

accompanles the longltudlnal browth of the 1ntermbdlate cegment,
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of the arch (ceratobranchial). In their studies on the thread | /469

- herring (Opisthonema) BERRY & BARRET (1963 ) were abLt to

- demonstrate that the number of glll rakers in each of tne three
segments of the gill arch have the same interspecies relationship

‘as regards the length of the fishes, as well as the total number

of gill rakers.
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Pig. 13. Set of gill rakers separated from the gill arch with
, the soft tissues which hold the basal apophysis ¢
together. ~ Sardine of Eastern Spaln 115 mnm. total
len th (diagrarmatic).
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c) Ontogeny of Q@e.Gi;; Rakers -

Initial Manifestations:

The fact that ﬁhe very young sardines of Ca;ifornia had
a different diet than the adults, led SCOFIELD (1934) to study
" the development of the gill rakers in Sardinops caerulea. |
Said author qbserved that the gill rakers appear in the'forﬁ of
short protuberances, above the gill arch, when the young larvae
measure about 20 mm,., in length. At 30 mm,, they still do not
have teeth; theee first appear when the yoﬁng sardine s measure
50-mm. in lengﬁh. At about 70 mm. the spiny nodules begin.
appearing at the end of the teeth. When the fishes reach this
length - says SCOFIELD - it Qould seem that the sardines are
able to filter diatoms from the water, however the protuberances
are not completely developed until the sardines measufe 100 mm..
or more. HUBBS (1929) has already"cailed attention to the
“importance of these spiny nodules in the filtrqtion of the
phytoplankton contained in sea wdter.

The appearance and'subsequent development of the gill

rakers in young forms of Sardina pilchgggpe, both of the Atlantic
and of the Mediterranean, show a close purallelism with those

.of California, although the European specles shows greater
precocity in the structuration of the filtering system; in
addition, in the more-developed forms (adults) of our sardine,
the end ﬁodules_of the'portﬁberances‘seem to form part-df t he
teeth and do net.haVe such a marked spiny appéarance as that

described by SCOFIELL for the Pacific species.
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Fig. 14. First gill arches of young forms of sardines showing
' the appearance of the spines (a) and their developrment
(b, ¢, d, e). "a", of a sardine larva 15 mm. long of
Banyuls-sur-mer; b,-c;“d, e, belong, respectlvely, to
larvae of the sardlne of Castellon, of 19, 23 and 33 mm.
LT (diagrammatic).

Generally speaking, in the European sardine, the process

" - takes place as follows.(ANDREU; 1960): "The first siins of

the gill raker spines are observed on:the gill arch when the

sardine larvae measure about 15 mm.; they increase in length,

remaining digitiform, until the postlarvae measure 40 to 45 mm.,

at which time they begin to take on a laminar form in their

proximal half (Figure 14 and 15); it is then that the first

rough outlines of the conical prdtuberances appear. Therefore,

we cannot see how KREFFT (1954) was able to encounter numerous

~long, thin gill rakers in Mediterranean sardine larvae measuring

-‘only 15 mllllmeters in length.

When the young sardines measure about 50 mm., the spines

~already have a ‘laminar shape,.serv1ng a4s a support for
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thinner teeth (Fig. 16.). They take on a club-like shape, with

fine denticulations in the terminal portion, when the young,

completely pigmented sardines measure» 60 mm., or more (Fig. 17.).

Fig. 15. First gill érch<6f.a,juveniie‘fbrm of the Castelldn
- sardine, having an LT.of 41 mm., showing the initial
. ‘formation of teeth over the spines (diagrammatic).
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Increése in Length: .
| In young forms tHe lehgth-§f_the gill_rakers.iﬁcreaSes
in proportion‘to the'toéél iength following a more'of less
lineaf function (Fig. 18.). It is worﬁhWile mentioning thgt
in the»more devéloped young forms, the_gill.rékers appeér'to
be more, robust in the Casteiléh material than in that of-
Atlantic origin aﬁd thét the teeth~are formed.somewhat earlier,
" The same hay be said of the California sardine as compared with -

the European one, though.to a greater exﬁent.

Separation Between Gill Rakers:

Though up until now it has not been given proper attentien
in the literature, this factor greatly affécts'thé diet of .
filter fish. In a previous work (ANDREU, 1960), we were able to [ﬁl&',
démonstrate that the distance between the gill rakers (measured
between'the median portion of.two édjacént spines, with the gill'
arch distended) increases‘wiﬁh the total length of the fishes
lelOWing_ ' ébpbtentiaiAfunction. In the young forms, as the.
sebaration between épines becomes greatef, the teéth become
ldnger: as the length of the 40 mm."sardineé is doubled, the
- length -of the teeth is tripled. The’same'occuqs‘with those
50 mm. long. The increased separation between the gill rakers
in young forms is therefore more than compensated by the
simultaneou$_incréase in the length of the teeth.

The teeth are separated from one another by almost . Z&Zﬁ
equa l distances; those hear the base of the spines are lohger

and closer togethecr, however the others leave a. free space, at
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the_lsvél'of»the'end hodules”~a'sbaceﬁwhich generaily varies
fbetWéeh 7O and ‘80_4. The other d1mens1on, Braduated after a
fashlon by the flsnes will depend on the degree of approx1mdtlon
bcthen the Splnes in each 1nstance. Since the teeth are not"
pcrpendlcular to tle spnnes but rather form sn.angle of about

45 degrees (Flg 19 ), when two adjaCént spines are very close.
together; they cross, forming a net of which ths.meshes will
measure‘about-ho.é' sid@awa\rs.A This'explains how the sardines

are able to retain perlnldlans as small as. Prorocentrum of

which the length varhyﬁbetween 50 apd 60,4tand .even pine pollen _ Z&Z&
which has been encountered by OLIVER (1951) and OLIVER &

NAVARRO (1952 b) in considerable quantities in the stomachs of Vigo
sardines examined in early spring; The aforementioned sbservétions
refer to Vigo sardines, and sre not yet as.extehsive'as those made

in other areas of the AtléntiC;and Mediterrénean. What we

have studied in adult sardines sf both waters, including those

of -the islands of the Azores Mﬁdéira-and»the'Canaries is the separatipr

between spines and how thls increases w1th the length of the

fishes: we shall give the results in a.later chapter.

Late of Increase in the Number of Gill Rakers (Total Length)' - 4525“

In Figure 14 a, which represents the flrst gill arch of a
sardine larva 15 wmm. long, the gill rakers appear as small
protuberarce~; we may count ub to 6 outlines of future gill
rakers. These prothberances always Sppear in the terminal
portion of the arch, where the genesis of the gill rakers will

reman uninterrupted during the life of the sardines.
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Appearance and development of the gill rakers in
larvae and young forms of sardines of the coast of
Castelldn and Vigo; a, of a larva 15 mm. long;
b, 19 mm.; ¢, 23 mm., and e, 38 mm. LT; f, of a
young. form 50 mm. long; g 80 mm.; h, 70 mm. (a-e
of Castelldn; f-~h of Vigos (diagrammatic).
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Fig, 17. Evolution of the teeth of;ﬁhe gill rakers ih young

sardine forms of the Vigo estuary.(diagrammatic).

(a) 42 mm, (d) 75 mm. -
. (b) 52 mm. . (e) 80 mm., -
\ (c) 61 mm, (f) 111 mm, LT

We have studiedAseries of larvaé and young forms from Vigo,
Ca;tellén, Banyuls-sur-mer and Portimao, of which the'two~former,
being much more complete, enabled us to ascertéin that the _
formation of new spines is particularly active up until the [&76
"time the young fdrms:ﬁﬂch a tbtai lengﬁh.of 55 mm., increasing
in number to the ©.9793 and 1.3828 powers of the length of the
body, in Vigo and Castelldn respectively. Beginning with the

. length mentioned ubove, the increase rate is reduced. In

e gy e ea y 2} han s
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young.forms of Vigo,_the number of gill.rékeré ihcreased from

30 to 60, in the size interval between 40 mm. and 105 mm, In

, CastellSn, frqp\ll to 51 in léyvae and young forms méasuriﬁg_:

©. from 20 to 105 mm.
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Fig. 18. Growth of the gill raker . spiries with thé length of
the fishes. Material from Castellon and:Vigo.

Evolution of the Filtering Appardtus and Trophic Changgs:

In the digestive tract of the postlarval stages of sardines
12-17 mm. in length (and probably up to the end of metamophorsis),
coming from the English coasts, LEBOUR (1921) encountered only

COpepods, larvae and eggs, while the same author, in the young,

. metamorphosed forms, up to at least 82 mm. in‘length, genérally
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encountered unicellular organisms, mainly Prorocentrum micans; -

ocbasionally,‘copepods‘and larvae of-mollusks."ERCEGOVIC‘(1940),'-
in the Mediterranean, studied the diet of sardines 30 to 5o mm.,
in length (postlatvél and metamorphosed forms) finding,that_most ’
oflthexfood in the digestive tract consisted of larvae and | |
postlarvae of crustaceans and other organisms, as Wéll as.adult
individuals. He also encountered dinoflagellates. Both this

author (in Sardina pilchardus) and SOLEIM (1942), ARTHUR (1956)

and BERNER (1959), who have studied larvae and young forms of -

Clupea harengus, Sardinops cderulea and Engraulis mordax

respectively, agree in'séying thét food is not taken in through |
filtration, but rather the larvae and young forms feed in a séléctive
"hunting" fashion, until metamorphosié has beeﬁ completed. Thé
digesbive tract of larvae of E. mordax which still had unpigmeﬁted
eyes, did not contain food. Visual acuity greatly influences
diet at these stages of development, which lénds'support to the
theory that the ingestion of food ceases alﬁost completely at
night. -

These results-are closely related'to_the development.of
the gill rakers. . As wé,have seen, aé the end of metamorphosis,
when young sardines measure from 45 t§ SQ mnm., -the filtering
apraratus is not yet able to retain small forms of blank£on;
beyond 60 mn:., the teeth are aiready able to function effectivély,
as is demonstrated by the fact that sardines of 60 or more mm.

examined by LEBOUR had a large quantity of Frorocentrum in

their digestive tract.
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Fig. 19. Arrangement of the gill rakers in a. Vigo sardine,
95 mm. LT, showing the nét formed by the teeth
(diagrammatic).

"'d) The Gill Rakers in the Adult Sardine

Studies of sardine gill fakers héve generally been
limited to thelsimple counting of the number of spihes presént
on the lower limﬁ of the first arch to calculate extreme and
sverage values or, at most, to searéh for the direct linear
ratio between the number of gill‘rakefs and the length of the
fishes. Thus REGAN (1916) studied the gill rakers of sardines

of Cornwall, Santander and La Coruna, Madsifa,ICQnstantinople
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‘and the Adriatic,_iﬁdiqating only the éxtrémé values: 69-88
gill rakers iﬂ}that of.Cornwéll (fishes:ffom 180 ﬁo'ZZO:mm, in
'lehgth);'63¥82.in that of Santander and La Coruna (iengths
between»liO and 180 mm ); 54 57 in that - of Madeira (lengths
f_l75 to 180); 55-60 in Constantanple (lengths 140 to 150 mm. ).
and 50 to 60 in thelAdrlatlc (lengths between 110 and 180 mm,). 
As we alfeady stgted”thése results led_REGAN to separate the

subspeciés Sardina pilchardus sardina from Sardina pilchardus,

since, in the specimens COmihg from.the,Mediterranean,‘he-had’
 encountered less than-éb gill rakers in the.lower limb of the
first gill arch. CHABANALD & MONOD (1926) counted 58 and 68
gill rakers in two sardire s measuring 75 and 109 mm. andicomiﬁg

| from the Lévrier Bay. THONSON-(1926)‘studiéd a limited |
rumber of sardi nes from Saint Jean de Luz, Douarnenez and
Cornwall (15, B-andXBO respectlvely) conparlng the results

with the standard length (excludlng the tail fln) - In Sﬁ—Jeanh
de. Luz, the number of gill rakers varied between 65 and 79
(lengths of 140-155 mm.) and in Cornwall between 66_and_83
(lergths 18C to 220 mm. ) MAU L, (1948) found an aﬁeraée of

53 ill rakers (50-57) in 31 sardine qpe01meps of Madeira
‘measuring from 119 to 185 mm. LT. BARDAN NAVAHhU ‘& RODRIGUEZ
(1949), who «tudlbd much more abundant material from- the Alboran '
Sea, relating the counts to the total length of the fishes,
mention the great individual variability of this character in
individuals of the same'length{ FURNESTIN (1950), in Mediterranean
sardines of the Strait of Gibraltar, encountered an average

value of 58.4 gill rakers (52 td 63) and in the Atlantic ones
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 of Morocco 80.0 (65 to 89). We, in a pféVious‘wofk’(ANDREU,‘19535"
»demantrated the close relationship between the number of'éill

rakers and the length of Sardlna pllchardus, both- 1n the Atlantlc

and in the Medlterranean in t-he Vigo sardine, the 1ndex of

-fcorfelation éalculated was 0.839 (P:¥ 0.001) and 1n that of

Eastern Spain - 0.395 (P> 0.001); the linear régressionsj
encountered“weré, in those of Vigo Ny = 0,21, Ly +-34,77

(lenbtns 125-135 LT mm.) and: Nb 0.39, L + 16.65 (lengths
85-125 LT mm.). In those of Eastern_Spa1n,~Nb 0. 14, L + 421
(lengthé 100-160 LT mm.), Nb being'the.number_of gill rakers, and
, the total length in mm. LETACONNOUX (1954) finds the following

_averages: La'Rochelle; 64.9 giil :akefs (60 to 69), Lelxoes,'

73.2 (62 to 84) and Azores, 52.0 (46 to 56). In the Canary

‘.Islandé sarihe, NAVARRO (1955, personal com.) studied the - .451§~
observations made By CABRERA on gfdups haVing a total'length~ o
of between 140 and 230 mm., finding that the. averages varled

between 49 and 63 glll rakers; in the most represented size

the variation was only 5 gill rakers. CADENAT & MOAL (1955),

in observations carried out on Cabo Blanco sardines measuring

36 to 94 mm. LT, Say everything seems to indicate.that the
number of gill‘rakers variés-ih projportion to the total length,
remaining constént_for the same fraction of a gill érch; these o :'i
authors found be;weenA2S.and 68 gill rakefs.. LEE (1961) studies |

the gill rakers of sardinéé of the Gulf -of Lion divided into

three groups: from 30 to_hs mm. caught in the Séte Canal;

from 50 to 125 mm. from thé canal and the open sea, and from

130 to 180 mm. caught in the open sea. In the first group, the
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-increase in the number of gill rakers in proportion to total

length is very-rapid; in the second group, the increase is.

still rapid-though.less so than in‘the first one; in the group S

of adult sardines measuring 1304180 mm. LT, the rate is much
slowér, and the follbwing‘regression has been calculated.for
the regrecsions obtained in adult sardines of Rosellon, Séte

in millimeters). Comparing .

‘and Marséilles,'theré is reason to believe that those of the
first locality ha?e a Slighty lbwer number ofigill-rakers

than those of the other two. MATTA (1964) has studied the

number of gill rakers in~231_sardines‘from the English Channel,

south of Boulogne-sur-mer, measuring 190 to 240 mm. up to the
fork; the linear.regression.calculated by this author is
N, = 0;26, Lf'+ 25,0&‘(Lf'in mn,. ), very similar to those which
we calculated from thé observations of THOMSON (1926) on 30
sardines measuring 180 to 220 mmf in standard length and which
we mentioned in the previous'work cited (ANDREu; l953); .
N, = 0.26, L + 21§7 (standard length in rmm.). |

| In the literéture consulted on sardines we were unable
to find any author having studied the separation of the gill
rakers in relation to the totai length, or the variation in the
length of the gill arch. |

In the chapﬁers which follow, we shall give the variations

encountered 'in material from different régions-of the area of
distribution of the spécieé, from which we were able to obtain
ﬁaterial. Howéver; wexshall first discuss the réloationship

~existing between the number of gill rakers of the upper and
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lower Iimbs of the first gill arch, and the growth rate of

.. '~ the gill arch in relation to the total length of the. fishes.
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Fig. 20, 'Rutlo between the number of gill rakers of the
uprer and lower limbs of the first left gill arch,
studied in a lOu of 50 sardlnes of the Vlgo estuary.
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. “Ratio Between the Number of Epibranchial”Gill'Rakeré’(Nbs) and -

Those_ of the‘%ow“;;gg*iysi);_ | E |
Though the counts were always made.oh the giil.rakers bf
the lower limb of the first left gill arch, we felt it useful
to have a term of referenceAregarding the lower limb. |
For this purposé, we studied alldt of éardines frbmithe
Vigo estuary, consisting of 50 fishes, with total lengths of

between 145 and 175 mm. LT. Althoughithis'size range is not

48 wide as one might hope, it nevertheless serves our purposes. -

Firstly, let-us_mentién that the:epibranéhial‘gill raker
counts of the left and right arches of each fish show slight
variations: in 40% of the cases;3£he number of gill rakers
coincided; in 28% there was an extra gill rakef dn the lefﬁ
arch and 22% had an éxtfa‘one on the right arch. In 2% of fhe
cases, two extra gill rakers were counted on the left side and,
in 2%, three more»on the righf side. These differences are
compensated, since the average, of the 50 fishes showed only
one extra gill réker on the left upper.limb. The averages of
the number of gill rakers (upper limb - lowef‘limb) by sizes
varied between ILB and 123._ Those'of,thé archesAof each side
corresponded completely since the diffefences were at most 0.5,
a fraction which can almdst_be discounted when we consider the .
extreme variability of this character.. |

The ratio between thé number of gill rakers of the upper
and lower limbs of the first left gill arch is shown in
Figure 20. The lincar regression calculated is as follows:

Npg = 139 Ny + 12.22°

[481 .




'_é5;

~ The average number of gill rakers in the upper:érch is’
about 60%_0f4the numbef;present on thevlower_limb."Thé .
corrélation index calculated between both variables is 0.7223

(P O.bOl).

Growth Rate of the Lower Limb (L.) of the First Gill Arch/Total

Length (LT)

We felt it worthwhile to study the‘growth rate of the lower
limb of.the first gill arch (li) in relation to the total ‘
length of the fishes (LT), since sald limb is the support on
which the gill rakers rest. Measurements were ﬁaken of this
character in 3,345 safdinesg from the 15 geographical;areas
studied. In Figure.Zl, we have indibated,the average values
cbrresponding to the different size groups and traced the
regressions calculated for the sérdine of each one of the zones.
On the‘following.page, we‘are'giving the allometric cdnstanté a

and b encountered for the equation.

b
li~= a-Lt
) A Number .of . ‘Range of /482
bocallty ' Fishes __ Lengths mm. 1@2.
Maumusson . . .. 0,13 00754 83 . 85-20u
Santander & Santona . 0.8 71,0683 - 983 “115-225
Vigo. . . . . . . 00T 1,088 1047 85-225
Oporto . . . . . . 0.14 0.9594 369 - 128-216
-Lisbhon . . . . . 007  1.0887 370 89-211
Sanldcar . . . . . 0,12 1.00-40 © 248 105-175H
Casablanea . . . . 0,10 10547 - 21 100-190
Madeira. . . . . 0.19 0.8808 145 100-220
Azores . . . . . . 048~ 07155 184 115-195
Canaries . . . . 0.2 09698 205 70-920
Yugoslavia . . . -, . 0.06 1.1087 64 105-165
Castelldbn . . . ... 0.15 0,9282 - 214 92.5-162.5
Alicante . . . . . 016 009233 . 51 . 130-195
Castigione . . . .  0.08  1,0674 49 100-175

Tunisia. . . . . 0.08  1,0580 ©69 120-170
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As we can see, w;th the“exceptioh of thé.safdineé of the
Azores and*Madeira;-which'have‘considerably.lower"eXponents
than the others, the growth of the lower:limb of the gill éqch
is practically isometric in‘relafionito.the length of the |
sardines. The constant?"é"_varies littie, except in that of
- the Azdreé (0.48) which degresses COnsidérébly from the .
remaining ones. | A ;‘

In Tables XXXVIibis, Qe have combined the original data
_contained in Tables XXIT to XXXVI, of all the material studied. -
'On the basis of the general frequency diStribution, wé calculated -
. the average values for each size group (LT mm.) and with these
averages we ébtainéd the following»fofmula of aliometric
iﬁcrease; | | : _ E o |
1, = 0.11 10012 C(n: 3012)
which serves to confirm what we said previously. o

It is particularly interésting that the gfowth of the arch
is_almost.proportionate to‘thé length of phé fishes, since the
different increaée'ratQS'of the nuﬁber'of gill rékers encountered
in the different zones studiéd_cannoﬁ Se att?ibuted to variations.
| in the growth of the arch. The same must be said of the
separation between gill rakers, character of extraordinary -
adaptative valﬁe, because of its effects on the feeding habits
of the fishes. . | |

Tables XXII to XXXVI give the frequencies of arch lengths
in millimeters, in relation to the size groups (LT) of the

sardines of the different zones considered. The arch length
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variation in the most representative size groups is between

1.5 and 4 mm.; usually it is 2 mm., which supposes'ébout_IB% of

the retained length.

and Horse Mackerel of Gallcla.

As we stated’ prev1ously, the number of gill rakers increases

. with the size in Sardina pilchardus.. The same occurs in.

Sardinops melanosticta (SAKO, 1938), Opisthonema (thread herring,

BERRY & BARRET, 1963), Alosa (FURNESTIN & VINGENT, 1958;
COTTIGLIA, 1963)5~8afdinella (MONTEIRO, 1954, 1960). In the

young herrlng of Northern EurOpe (Clupea harengus) there is a

=Increase Rate of the Number of Gill Rakers in the Sprat Anchovy -

positive correlation of some importance between the two variables, '

.however it is insignificant in adult herrlng (KREFFT, l95h,

1958), the variation in fishes measuring 170 180 mm. was  from

41 to 48 gill rakers and from 41 to 51 in t hose measuring

B 260 mm. In the Pacific species (Clupea pallasi Val), according

to McHUGH (1954), thé number of gill rakers.is complete when
the fishes attain lQO mm. LS (tail fih excluded). In Engraulis

mordax mordax, contrary to what occurs in other anchovies, the

number ‘of gill rakers does not increase with the length

(HILDEBRAND, 1943; McHUGH, 1951). This is also the case in

Lycengraulis olidus (FUSTER DE PLAZA & BOSCHI, 1961 a). It

does not either vary by size of Specimen in Trachurus trachurus

trachurus and Trachurus trachurus trecae (DA FRANCA, 1959).

In Thunnus alalunga'Gmelin, though the number may vary between

26 and 31, it shows the same modal value in Atlantic and in

‘Pacific fishes.(LETACONNOUX,-1951). In Thunnus thynnus (L)




RODRIGUEZ'—RODA (1964) has observed that in the lower llmb

. the number varies between: 23 and 28 (mode 25), and there is no'.

relation between 1t and the ‘size of the tuna.

Fig. 22.
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Ratio between the number of gill rakers and the size
(LT mm.) in different pelagic fishes of the Galician
coasts. Number of fishes studied: sardine, 1,184;
sprat, 95, anchovy, 475; horse mackerel, 236.
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In the Vigo estuary,.ne'wefa able to studywthe number of

' gill rakers of ;he'sardine,:and also that of othernpélagic_
spécieé accidentally 6r temporarily’displacéd, such as the

~ sprat (Sprattus sgrattus), the anchovy (Engzagl;ﬁ enc ;gglgholus) n'
and the horse mackerel (Izgg_g;gg trachurus), in fishes having

a size range of between 90-155 ma. 110-185 mm. &nd 60-225 ‘mm, LT
respectively. Tables XLII, XXXVII, XXXVIII and XXXIX show the
frequency distributiéns of the number of~gill‘rakers of each of
the species mentioned. The mean values are shown in Figure 22,
As we can see, the number of gill rakers becomea established at
an early age in the sprat, the anchovy and the horse mackerel,
while int he sardine;.the formatian.of new gill fakers éontinnes
_throughout the life span of the fishes. In a pfé#ious work |
(ANDRLU 1955), we studied the variation in the number of gill
rakers in relatlon to length in the: Gallclan coast anchovy,

and we mentioned that said number 1ncreased w1th'the length

of ‘the fishes, within an interval of 75-175 nm.ALT. »Howeﬁer,

in the new material now inciuded (lengtns‘llo-l85 mm. LT)

there is no such 1ncrease, in any case, 1t must only occur up
untll the time the anchovies reach a total length of 95 mm.
Something 31m11ar occurs in the horse mackerel where we observed
that in young flshes measurlng up to 75 mm. LT, the number of
gill rakers increases notlceably. Said. number is very variable, ﬂhxmuat-
ing betweern 9 to 10 units in individual counts in the sprat, the.
anchovy and the horse mackerel., In the case of the sardine, as
we shall see shortly, the variation may be up to 24 gill rakers

in fishes of the same size class.




studied by DA FRANCA (1959) have from 52 to 62 glll rakers

(mode 58), Trachurus trachurus trecae (Cadenat) and from
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In the sprat"thé numbér of gill‘rakersflwithin the size -
range mentioned prev1ously, fluctuates between 32 and LO.

(mode 35).  In Angola waters, the two subspec1es of Trachurus: ,

65 to 76 (mode 68) Trachurus trachurus.traphurus (L), values
which are strikingly different ffom‘bhoSe encounteredlby us in -
the horse mackerel of the Galician coasté. In the horse maékerel
of the Moroccan_coasts, ALONCLE (lQéh}.encougtered values very
similar.to those given by us for~tha£ of the Galician. coasts:

L1 to 50 (mode 45), while in those of the English Channel and
Bay of Biscay,Im.enéounters~from 37 tb 47 (4O) and from 41 to

_48 (LL4) respectively.

Rate of Increase in the Number of Gill Rakers in the Sardina
gilcharduS‘of Different regioné: |

| Tables XL and LIV give the frequencies of the number of
¢ower limb gill rakers (c ratobranchial - hypobranchlal) by
size groups (LT mm.) of all the méterial studied. The allometrié
constants "a" and "b" calculated using the formula
_ b

are as follows:
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N-umbefriflﬁ "Range of

3 S d b CAF - Sizes -
Locality ‘ Figﬁés . YrIe
Maumussén . . . . 3,96 06715 . . 145, . 85-200
Santander & Santona . 2,54  0,6460 084 115-225
Vigo . . . . . . 866 05841 1184 85-225 .
Oporto . . . . . . 5,22 0,5204 378 - 128-216
Lisbon . . . . . 3,26 ~ 0,6151 434 89-211
Sanldecar . . . . . 6,77 0,4766 b1 : 1056-175.
Casablanca . . . . - 4,26 0,589 21 100-190
Maideira - - . . 1825 0,204 146 100-220
Azores . . . . . . 30,26 0,130 131. 115-195
Canaries . . . . 9,97 0,3328 205 . 70-220
Yugoslavia . . . . 12,70 0,2915 64 105-165

Castellon . . . . . 13,6 0,2801 214 . 92,5-162,5

Alcante . . . . . 9,83 0,3529 : 49 180-196
Castiglione . . . . 19,17  0,2297 42 100-175

Tunisia . . . . 1586 0,264 70 120-170

In addition, we have calculated the allometric constants

of the Qbservatibns_published by LEE (1961) for the sardine of

Séte (Gulf of Lion), with the following results:
a=19.87 . b = 0.2690
size range between 90-180 mm. LT;‘humbgr of fishes 2,729. .

Combining the sardines of the different aforementioned regioné;

taking into account the increase rate of the number of gill rak-

©rs, as expressed by the exponents of t he different allometric

farmulae, we obtain the following groups:

Increase Rates: .

0.101-0.200: Azores (0.130)

0.201-0,300: Madeira (0.209), Castiglione (0.223), Tunisia
(0.261), seéte (0.269), Castellon (0.280),
Yugoslavia (0.291)

0.301-0.400: Canaries (0.332), Alicante (0.353)

0.401-0.500: Sanlbcar (0.477)



" Fig. 23.

0.501-0.600:

Oporto (0.520),
Casablanca (0.589
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0.601-0.700: . Lisbon (0.615), Santander (0.646)

M?ususson (0.571), Vigo‘(0.58h),.

T 1 T

! Casablanca @
94 Sanlucar o
92} Lisbon ‘a
Oporto .
90 t Maumusson g
Vigo o

8¢ i 8on!ande_r A
6.l Canarieca
Madelra ¢
84 | costiglione w

g

oslavio @

82 Tunisia ¢

80+ Af!COnfE’, A

Castellon [

f Azores *

o. of Gill Rakers
O o ~N
SeINNo I

N
O e O
N BN D RN

L S

n
S

T T T T T T

Casablanca

A .
.Alicante

1

1 I} (] I

L}

AAKCanaried .

S0 110

Ratié'betWeen the number of gill rakers and the size
in the Sardina pilchardus of the 15 geographical

130 ]50 170 190 210
Total Length mm,

regions studied in this work.




465 Casablanca ©

Sqnlycor @
i, L.‘LS%)_OI’I'.A
450 F oporio E )
Maumusson gy

&~
Ly
n

adeirae
+Tunisiae

&~
N
(=)

| Cosielion m
Sonlander A

‘o () [ (YRR N

& [« TN ©w o

] S S O
T L 4

Sfpara,tion_ of Gill Rakers in w
[9%Y
(=

315t
300} -
285 |
270}
255 |
240 +
225 |-
20t
195

T 1 ¥ Al 1 L]

| Yigo ., 0O~
Canarieg
Alicanle A

Arores ¥
I

Canarigs -

-

w AA
g ‘-‘A.ﬁaumusso

+ Sopitcar L
A A

Lishon

U NS SN WA UAONEY MU N TN NN SN W |

Loy
_70. 80

oL

Fig. 24. Variation in t
' relation to th
areas studied.

Firstly, we may sep
and insular sardines (Az
exponent of less than O,

Atlantic continental she

1o 130 150 - 170 180 210 230
“Total Length of Fish in im.

he separatioh between gill rakers in
e size (LT mm.) in the sardines of the

arate on the one ‘hand, the Mediterranean
ores, Madeira and Canaries), with an
L4 and, onthe other, those of the entire

1f, which have exponents exceeding O.4.




Secondly, we see that~the'two létitudinal‘elines indicated by :
the vertebral mean (Figure 7.) dlsappear, in each of these
waters, brlnglng out frequent notable dlscontlnultles in the

increase rate of the number of gill rakers, whlch authorlzes

-us to assume that this is an adaptatlve character llttle affected

by ablotlc habits. However, th;s aspect of the problem will

‘be dlscussed later.

In this 1nstance, contrary to what occurs w1thﬂthe 1ncrease
rate of the length of the gill arch, the constant Rgh whlch

indicates the relative position of the curves, is very different

-in some regions fromthose of t he remaining ones, which explains,

for example, why inzthe‘safdine of' the Azofes (Figure 23.), inm
spite of the low increase rate of t he number of gill rakers in. -
the size range considered, the high value of “a" (30.26)
brings'the curve above tnose of Madeira, Canariee; Yugoelavie.
and Castellén, those of the remainder cutting through its

extention towards decreasing sizes. The Ma"™ has also shown

"particularly highfvelues in the sardines of Castiglione (19.17),.

Medeira (18.25), Tunisia (15.36), Castellodn (}3.6), and
Yugoslavia (12.70); intermediate, CanarieS,(9.97), Alicente (9.83)
and Sanlicar (6.77). Inlthe remaining localities, the most
northerly, to <g5 » S
Flgure 23 shows the mean values of the number of glll - ZA§§:.
rakers by size. groups, in sardlnes of the 15 ‘geographical “
regions studied in this work and the calculated potential curves.

It is worthwhile mentioning that the extreme curves are that. of

Casablanca, with the largest number of gill rakers in the size




» renge considered here, and those of Madelra and the Canarles,
with the smallest, in spite of the goegraphical proximity between
the first and last localltles mentloned.» They are followed -
‘in-order by number of gill rakers - by Sanlﬁcar'de Barrameda,
~the set of curves of Lisbon, Oporto, Maumusson.and Vigo and;
separated from it, Santander. Between the curve of Santander_
and that of Madeira are those of the Mediterranean sardire s,
intersected by the Azores curve, which is the one having the
lowest exponent and the largest value of "a® of all those
calculated. There is no doubt that the Mediterranean sardine
shows greeter affinity with thoee of t he Azores, the Candries and
Madeire than With those of the Atlantic continental shelf} |
Those geographically nearest the Mediterrahean (Sanlucar de
Barrameda and Casablanca) are aﬁ theippposite end of the
afofementioned figure. ‘

The great variability in the number of gill rakers in
fishes of equal size and coming from:xhe~same‘loCality, definitely'-
limits the range ofeapplieation of this eharacter4for1;he |
characterization of populations, unless iﬁ ie supplemented'in
ﬁart by a wide range of size groups with an adequate number of
fishes iﬁ each of them. The variation is not equelly pronouneed
in all regions; In Vigo sardines, the maximum variation encoun-
tered was ”h gill fakers, in fisheS'meaSuring'165 mn. It was
él, 20, 19 énd[18~in Santander, Leixoe33 Ayamonte and Lisbon
respectively (size groups of 140, 155, 145 and4139 mm. LT).
Next ceme Castiglione wiﬁh 15, Alicante and Castelldn with 13,

Yugoslavia with 12, the Azores and the Canaries with 11,
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Tunisia with 9 and'Ceseblanca'and Madeira with 8. Thls w1de

‘range of varlatlon in: the number of glll rakers in ilshes of

equdl length is malntalned when the counts are compared with the

head length or that of the glll arch w}ﬁch means  that they

cannot be attributed to 1nd1v1dual size variations. Another
factor comes into play, the age of the fishes, which we have

not taken into account in this work and which must have some

”effect beeause of the individual growth differences in the

flshes of each of the yearly classes.
The extreme values encountered in 1nd1v1dual counts of
sardines of the different zones are as follows.; the sizes (LT mm.)

to which they correspond'are'indicatedjin brackets? Maumussoh;

49 to €5 gill rakers (85-100 mm.); Santander and Santofia, 50 to 92

(120-l45emm.);_Vigo,‘A7-93.(90-225 mm. ) ; Oporte, 61 to 96

(139-211 mm.); Lisbon, 45-95 (89-211 mm.); Sanliicar de Barrameda,

57 to 84 (1U5-160 mm.); Casablanca, 61 to 96 (100-190 mm.);
Madeira, 45 to 60 (100-205 mm.); Azores, 49 to 64 (115-195);
Cenaries, 37 to 61 (70-200 mm.); Yugosiavia, L6 to 62 -

(1U5-1,965 mm.); Castelldn, L8-to 63 (92.5-147.5 mm.); Alicante,

54 to 72 (130-180 mm{); Castlgllone, h9 to 77 (100-160 mm.);
Tunisia, 51 to 61 (120-170 mm. e R

We see thet the range of variation in-the number of_gili
rakers in fishes belonglng to the same size group, and the
increase‘rate of the number of splnes in relatlon to the total
length of the saralnes, are closely connected, w1th greater to

lesser plasticity in the sardines of the Atlantic continental

;shelf, those of the'Mediterranean and the insular ones (Azores,

s L A e TUARGLL o

/490
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Madeira and the‘Canaries),ein that order, as if said variability

became prbgressiveIY'lower"asvlatitude diminishes.

Separation-Between Gill Rakers in the Sardina pilchardus of

Different Reglons_

' In previcus chapters (pages 1,69~ 47&) when we study the =
appearance and development of the glll rakers in young forms of
sardines coming from Banyuls sur—mer, Castellon and Vigo, we
note the close relatlonshlp between the development of the
filtering apparatus and the diet. We shall now con81der up to
what point the separation between gill raker splnes in theaadult _
sardines of the different areas studied may be related tO'thep

diet.

In Tables LV and LXVII, we neted'the freQuencies of distahces

between adjacent spines, referring to size groups (LT mm.);
the distanees‘were measured with an ecular micrometer, four
times in-each fish, so as po'obtain more representative data.,
 The tables mentioned show all measurements taken and their
equivalents in;ﬁ.

The allometric constants "a® and "bm have been daiculated
using the formﬁla ”

. b )
Sb - aLt

in which S, = separation between spines in micrometric divisions

(L division = 15.¢) and L = total length in mm. The results
are shown on the following page.
Figure 24 shows graphlcally the results of our observatiens

on sardines in which'the size ranges between 70 and 235 mm.
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from which the'material'was taken; in part, it remains a

~comparat1ve value of the regre531ons obtalned -as 131:he case

with the other characters examined, but nevertheless the sets
of curves are suff1c1ently indicative for our purposes. Some
experimental mean values digneSSfconsiderablj fromthe calculated
line of regression; this is due - generally speakihg - to thev

fact that these points are represented by one or very.few-fishes.

-Locaiity o .fd Number of -Range:of

, R Fishes Slzes LT mm.
\Iaumuhsén . 140 0,5095 SR "OO
Santander &bant(>11¢l . 2,80 04141 - 74 115 a0ty
Vigo . . . . .. 498 . 03245 211 | 85-235 R
Oporte . . . . . . 216 04184 91 ) -128-183
‘Lisbon . . ... o 257 0305 .. 104 89-211
Sanldear . . .. . 0,47 0,7208 87 - 105-175
Casablunca . . . . 2,565 ),3783 18 100-190
Madeira. . . . . 091 . 0,6520 74 - 100-920
Azores . . . . . . 1,38 05429 61 115-195
Lanaries . . . . 1.08 - 0,6099 .67 70-220°
Castellébn . . .- ... 0,53 0,2238 36 - 1922,5-162,5
Alicante . . AR 1,34 7 05442 40 130-195

Tunisia. . . . . 210 - 0468 .. 19 145170

Following the efrangement of the different curves shown in

Figure 2L, We may distinguish the following affinities:

1. Sardines of Madeira and the Canaries: . in which the spines

separate rapidly as the size of the fishes increases.

2. Atlantic sardlnes of the contlnental shelf: on the one

hand, we have the curves of the sardires of Oporto, Vigo,
Lisbon and Casablanca, which form a very narrow ray, especially

the three last,“where‘separations between spines are almost

' The size range examihed varied according to the-geograp@ical-areas~f

ey




-99-

similar. On the other, Maumusson and Santander (Bay of
Biscay) with slightly larger separations, though maintaining

the tendency of the previous ones.

3. Mediterranean sardines: Tunisia, Castellfén and Alicante

occupy an intermediate'position between the first two

groups mentionéd, though showﬁn;dnore affinity with the first.

Last come the~sardines of Séhlﬁcar de Barrameda where,
because of theirvhigh,séparation rate, the curve cuts widely
into the second group, and those of the Azores, situated among
ghe Medlterranean sardines.

Going hy the'lncreasé_ratesuof.the separations (exponents

of the a;lometric.formulae),'we“obtain the following groups:

Exponents

 0.301~0.400: Vigo (0.324); Casablanca (o.378); Lisbon (0.380)
+.0.401-0.500: Santander (0.414), Oporto (0.418), Tunisia (0.469)

- The curve of this last was calculated with only
5 points. -

0.501-0;600: MaumusSon (0.509), Azores (O 543), Alicante (0. SAA)
0.601a0;700:» Canarles (0. 610), Madeira (O 652)
0;701-0.800: Castellén (0.72a), Sanlticar (0.730)

Sanlucar and Castellén have the lowest values of Ma"
(O 47 and O. 53) which further accentuates_the slope of these .
two curves. ) '

| As we can"see,Athe.groups with high exponents - indicating

'répid-separation between gill,rakerfSpines as the size of the

fishes increases - correspond to more southerly sardine populations
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(Mediterranean and the islands of the Azores, Madeira and the

‘Canaries), with the exception of the Morocco sardines which,

in this regard, are exactly similar to those of Vigo and Lisbon,

~which have low exponents like the rest of the North Atlantic

sardines.

-_Below are indicated the average separatiohs between ‘spines
(in_g) in the safdines of the size groups of 100, 150 and 200 mm.
LT of each one of the regions”studied. In those cases where
one of the aforementioned‘size groupé is missing, the mean
values have been calculated on the basis of thé corresponding
regression formula, however thg values thué obtained are

indicated in brackets.

—AvVerage Maximum & Size

- : Separation-inz ' Minimum Ranges

' Locality = Size- Group Separations _Syugled

T - LT in mm, Encountered, L1 mm.

100 150 - 200 In _

Maumussén . 20] 288 806 180-315 85-200
Santander& Sintofia . (282) 265 307 940-345 115-295
Vigo ' ; 930 258 269  135:345 85-235
~ . Oporto . (228) 208 (298) . 210-330  128-183
Lisbton . 0 917, 258 279 . 180-345 89-211
Sanlicar de B. . . . 919 276 (334) 165-830  105-175
Casablanca . . . . = 223 247 9282 - 195-300  100-190
Madeira, . . . . 277 - 8360 427 270-495 ° 100-220
Azores . . . . . . (258) 320 860 - 255405  115-195
Candgries . . ... 9216 239 499 . 210-465 70-220
Castelion . . . . .  (232) 811 (885) - 255-375 122,5-162,5
Alicante . . . . . (244) 810 852 270-405  130-195

Tunisia, . . . . (@70 870 (376) - 300-360  145-170
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It is assumed, from the above data, that the filtering

capacity of the gill rakers of the large sardines (200 mm. LT)

of Vigo, Lisbon, Casablanca énd-Oporto, is equivalent'a generally L

speaking - to that of young sardines (100 mm. LT) of Madeira and' ~v

the Canaries.

Diet of Sardina pilchardusA

We have sufficient bibliogréphical information concerning
the stomach contents of the European sardine, to be able fo
conclude that the diet of the Mediterranean sardine is sub-
stantially different from that of the_Aﬁlantic sardine. The

works listed below give clear evidence of this.

Atlantic Ocean:

On the English coast of Cornwall; HICKLING (1945) was able

to demonstrate that the food of the large-size sardine includes

such forms as Prorocentrum micéns, sometimes:found in their
stomachs in large quantities. Though; in general;~the copepoda
were the most important organisms in the diet, the diatoms

weré clearly predominant in this diet in spring and autumn,
lending a greenish colour to the stoﬁach contents: some stomachs
contained exclusively diatoms. The péridinians were_iﬁportant

in surmer. .In“sardines of the French coast of Concarneau,
DESBROSSES (1933) found a predominance of diatoms, a_phenomené‘
which is repeated in the Bay of Biscay (FURNESTIN, 1943); during
the winter - according to_thié last author - the stomach contents

consist almost exclusively of a green purée of vegetable origin,

~ combined with the odd copepod and fish spawn. In sardines of
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the Galician coasts, MASSUTI (1946) encountered Prorocentrum in

relatively-large quantities; the diatoms and peridinians were

“the most 1mportant organisms in the diet during a few months

and even pine pollen made up an important part of this diet,
in addition to copeﬁods and other zooplankton groups (COLIVER,

1951; OLIVER & NAVARRO, 1952 b).. On the coast of Portugal,

“the most important groups encountered in the digestive tract-
. o p . =

of sardines consisted of copepods and larvae of crustaceans and
worms (SILVA, 1954%), however in the months oi Janusry and May,

the diatome cnﬂstituted up to 75% of the'organieWS listed;

: omething qlmllar occurred with the perldlniano An June, July

and November, PINTO (1951) had already mentioned the importance
of phytoplankton in the diet of the Portuguszse sardine, his
attention héving been daugﬁt by the lack of consistehcy between

the stomach contents and the composition of the plankton: the

- diatoms Chaetoceros and'Rh120501enia were missing from the diet,

and these_are extremely abundant in Portuguese waters

r

Medlterranean Sea.

MASSUTI - (1946), wno studied s1mu1taneously the diet of

Atlantic sardines (Vigo) and those of the liediterranean

*(Malaga), found that Prorocentrum and almost all the other

‘peridinians and diatome were lacklng in the stomachs of these

1atter, encountering few dlfferences as‘regards the copepods. In

the stomach contents of the sardines of the Balearic Islands

(Mahon), MASSUTI & OLIVER (1948), in addition to the copepods,

'inclqded among the main componente:-cladocerans, tintinnids,
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and peridinians. .This opinion is largely shared by LEE (1961), /49l
as he refers tO the young sardines of the Gulf of Lion which, g
according to this author, feed mainlyVOn phytoplankton; whilé

the adults feed on zooplénkton. Particularly interesting are thé
contributions of VUCETIC_(;955, 1963, 1964) on:the Adriatic
sardine. According to this woman author, the stomach contents
of the Yugoslavian sardines studied by her consisted exclusively
of zooplankton{ Only in a sihglevsample, composed'of sardiﬁes
of less than 120 mm. LT, did she encounter a certain quéntity"
of phytoplankton. VbCETiC (1955) states that the sardine eats
practically nothing during the night; in her 1964 work, éhe
says that the maximum trorhic activity occurs ét l7:OO'hours.w

We have not been able to obtain information oﬁ the diét,of:

the sardines of Morocco, the Azores and the Canary Islands.

The Gill Rakers in Relation to the Diet of Sardina pilchafdg§

From the foregoing, we may conclude that the sardine is
essentially a filter feeder though, aS‘MARGALEF (1960 a)
mentions, in environments which have not sufficient elements
to maintain its growth, it may chplete its diet by means of.
increasing quantities of small animals chosen selectively.
During the winter, on the coésts of Vinaroz, we studied Sardines
caught at sea bottum with dragging_nets,"which often had.their~
stomachs ful} of sedimehts. PINTO (1951). has encountered small
fishes measuring 40 mm..in length in the digestive tract. On
the other hand, it has been demonstrated that schools shun

waters which are rich in diatoms with aciculate appendices or
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~other types of undesirable food. MUZINIC (l960)vhas deménstrated'v
experimentally}that sardines throwkoff a certain type of fo9d
after it has been caught. |

Therefore, we may assumé that the diet of the sardine is;
in many cases, selective. The fact that these fishes do not
feed durihg the night except in the preéence of artificial.
“Iight indicaﬁes that passive feeding is much less important
than was believed up to now. Sight must play a primordial role
in the locating aﬁd capturing of food,‘thoﬁgh we still do not
know how_thé sardines of the Atlantic react in this regard in
areas which'are'richest in microplaﬁkﬁon, éither-during the day
or in the dark. Iﬁiis very Significantvthat the industrial o
canners of Ayamoﬁté, in the South Atlantic region, have a
preference for sardines coming frqm late night or eafly morniné
’éatches, because they have their stomachs empty, as opposed to
those of catches made in the eéhiy hours of t he evening, when
sbomachs are full;- |

What we can say is that sardine larvae and the youhg
forms, up to completion of metamorphosis, feed'essenﬁially on /495
zooplankton, choosing selectively, aﬁd it is only when the gill
rakers have completed their development with the appearance of
the teeth, that safdines are able to retain phytoplankton.

 Wwe have seen that as the fishes increase in size, the

Separation of the gill raker spines alsbvbecomes oreater, since
the gill arch grows isométricallx while the increase rate of
the number of gill ruakers has negative allometry, following
~rates of separation which are markedly différent depending on

geographical areas.
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The fact that phytoplankton abounds in the.stoméch contents :

of sardines of thé-coasts,of‘Eﬁgland,~Brittany, Bay of Biscay,

Galician and Porﬁugal éould be explained by the low. degree of

separation between their gill rakers, while the populations of

the Mediterranean, of which the spines are more widely separated,

would be incapable of retaining anything so small - except for
young fishes,-whanathé>spines are still very close together -
reason for which the.foqd of adult.indiyiduals is composed :
almost exclusively ofazooplankton‘organisms.‘

Taking into account the filteringréapacity'of the gill
rakers, on the basishoffseparatighfbetwéen_spines; adult sardine
populations could be‘claSSified aé foliows, according to dietff

'~ Microplankton eaters: Atlantic' sardines living in the
waters of the continental shelf : '

- Zooplankton eaters: Mediterranean sardines and those
of the Azores Islands '

"~ Predominantly selective>féedingt sardines of Madeira
and the Canary Islands ‘

Of the three groups, those of t he first are best able to

-make'use of primary'prOductioh, and therefore belong to the

lowest trophic‘level; Those of the other two groups have more

¢volved, more mature ecosystems, especially those of the last.

4. INTERSPECILES- COMPETITION
In some georraphical areas or during certain times of the
year, sardi-ie populations may cohabit and be caught with other

pelagic species. Thus in the Galician coasts the sprat

(Sprattus sprattus) generally forms mixed banks with the sardine

(OLIVER, 1505 AATE, 1956) and withthe anchovy (AHTE, 1956).

v o RNy




-106;»

According to-ANADON'(i960), this latter may bé encountered

with the horse mackerel (Trachurus trachurus)‘in’thé'months‘of

August to March, however this is not the case from April to July.

Fig. 25.
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DE BUEN (1927 a, 1929 b, 1932) was the first to give

attention to the §hénomenoﬁgof alternative substitution in‘
fishing_of the pelagic species mentioned, along the Galician

.coasts, comparing the variations throughout the years as regarded

the ratio between the quantities of each of them caught.

Subsequentiy NAVAZ (1946) and ANADON (1950) studied this problem

}in the same.region.»-LOGVINOVICH (1951) has observed siwmilar

alternations -in the AzOv Sea. -Lastly, MUZINIC (1958) coumpares

‘the catches of Sardina - pilchardus, Engraulis encrasicholus,

Sconmber scombrus andecomber japonicus colias in the Eastern
Adriatic. o |
ANADON (1950) compéred'périods'of from 27 to 35 years; Hé
discusses the résults of his predeceééors and mentions that
during.tﬁe most favorable'yeafs for the sardine (1929-1938),
the sprat gradually decreased, in parallel fashion, until it
disappeared in 1938. In the case of the sardine-horse mackerel,
the intefaction does not appeaf very evident; though he finds
a certain negative Correiation,between the catches of béth
species, he meﬁtionsAthat one cannot speak of competition. He
finds no relationship between the sardine and the anchovy.
MUZINIC (1958), during the period studied by her (1931-1940)
in Adristic waters, encoﬁnters-opposite fluctuations between
the aﬁchovy and the mackerel, however most'of all between the

mackerel (Scomber scombrus L) and the Pacific mackerel (Scomber

japonicus colias Gm), mentioning a strong negative correlation

between the catches of sardines and Pacific mackerel. This

author says that it is not possible to interpret the mechanisms
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. which come into play, however that she has encountered negativé

correlations only in those species having different spawning
periods, while the positive cofrelation has not been proven
except in species having almost the same spawning periods.

DEMIR (1v65), in his synopsis of Engraulis encrésicholus,

.lentions as competitors of the anchovy Sardina pilchardus,

Sérdinella aurita,'Sprattus s prattus, Trachurus trachurus and

Scomber scombrus. in the opinion of MARGALEF (1960 a), the

only serious competitors of sardines and related specieé
are filter feeders such as the pelagic Tunicata (goldline),
which are capable of massive multiplication. On referring
to the alternation of fluctuations, he mentions that these
reflect rather a change in living conditions, since there is a
certain‘ecologiCal separation: the sprat prefers waters of
lower salinity, so that in the Baltic, the periods of ébundancé
coincide with abundant fluvial ébhtributions; Engraulis and
Trachurus thrive in more stable oceanic conditions, seo that
serious competition is oniy posSible with older sardines. Lastly,
he says that these fishes{ rather thap being true competitors,
play the role of indicator ofganisms.‘

Considering the problem from the point of view of food
competition, taking'as a basis the éapacity for retention of
préy through.the filtefing;action of the gill rakers we see, in

Figucre 25, that on the Galician coasts the adult sardine has a

. clear advantage over the other species considered. In Tables LVII,

LXVIII, LXIX and LXX, we note the frequencies of,separations in.

A corresponding to the size classes studied. However, the : /498 -
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anchovy and the young horse mackerel mayvbecohé competitors,

and the latter may competé'wiﬁh the sprat,'in spite of the fact
that the sprat has a,SMaller sepafation.bé£ween‘spineS'than the
horse mackerel aﬁd the anéhovy. The data given below indicate
theiaverage separatioh between gill rakers (in_«) in size |

groups of 100, lSO'aﬁd ZOO.mm. LT, ahd more_clearly illustrate what

we have just said. The figures in brackets were calculatéd~by

extrapolation.
“Size Class Max. and Min. Size
LT in mm,- Separations - Hanges
Species Aver. Separ. Encountered Studied
. N elin A n e LT mm.
100 150 200 )
Sarding pilchardus . . 280 258 269 135-345 85-235
Spratius sprattus . . . 271 390 (18h 245-420 00-155 .
Engraulis encrasicholus . 333 453 (58 285-620 100-185

Trachurus trachurns . . 303 105 595 225-600 L F0-2925

The average maximum‘separaﬁion between spines in large-size
sardines (200 mm & LT) is lower.than thekaVerage separation
between the spines of the.young>sprat (100 mm. LQ), which
on the Galician coasts is, of the peLagié species studieé,
that which follows the sardine in filtering capacity.

A rapid review of some of the works published on the
contents of theidigestive'tract-of the pelagic species which may
enter into food competition, will pefmit us to better ascertain

the role played by the gill rakers in the diet. On pages 493-494,

we already referred to this factor in Sardina pilchardus, the

behavior of which varies noticeably from one geographical region
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to another. The spraﬁ of thé Baltic (Sprattué-spbattus).feeds‘
particuiarly onléqbépods.and,cladocerans;'in‘summef it egts‘at
uight and in autunn in the daytime (MANKOUWSKI, 1947). That
of* the Mediterréhean coasts; according to VIVES &.SUAU (1956),
CAUTIS (1958) and DIMOV (1961) feeds mainly on'copepods, which
constitute up to 95% of the diet; like the sardine and the
anchovy, the_Méditerranean sprat feeds mainly during early
morning and at sundown (DIMQV, 1961). The herring (Clﬁpea~
harengus) feéd:essentially on copepods and their larvae on
teleosts:‘ Ammodytes, gadids and clupeids (RICE, 1963). The

anchovy (Engraulis ecrasicholus), when'found in subsurface

watefs, feeds preferably on copepods, mysids and larvae of
crustaceans (FAGE, 1911). NIKOLSKI '(1957) mentions that the
diet of_the anchovy of the Azov sea generally comprises 60% ‘
.popepodé, 20% polychetes and 20% cirripeds and, in the Black. Sea, Z&ng
35%—55%'copepods, 19%~35% larvaé of decépods and thirdly,

lafvae of mollusks. OKUL (1940) Has encougtered up to 11%
thtoplanktoﬁ in the stomachs, and this was also mentiohed by -
FAGL (1911) in regard to.the_ahchovies which live ﬁeap sea

bottom and MILANDA (1931) in regard'ﬁp those of the MAlaga

coasts, in the stomachs of which - he says - he encountered
copepods all year round, diatomé ffqm‘January to March, and larvae
of decapods. |

In the 'stomachs of the horse mackerel (Trachurus trachurus)

MIRANDA (1930, 1931) in August encountered young anchovy forms
from 20-30 mm. long and in October, large quantities of larvae

~of the sume species, which were smaller in size; in July sardine
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larvae, in addition to schizopods, larvae of decapods, amphipods
_and larvae of f;shes. ANADON (1960) mentions that the horse
méékerél seems.to feed only in the daytime, since the specimensv
fished at dawn had empty stomachs and full intestines, while
those baught in the early hours of the evening had full
.stomachs.  According to LOZANO (1952), young horse mackerel

. are exclusively plahktivorous, whilé the adults also feed on

fishes, avove all on pelagic species: Engraulis, Scomberesox,

" Ammodytes and Argentina.

J;asfly,_the horse mackerelbof the English coasts studied
by STE*LN~(1949) give indications of having a very different
diet depending on whether the schools come from catches made
near sea bottom -or tﬁose méde.in subsurface waters, and also
depending on the time of‘year. According to.said author, the
small quantitiés of phytoplankton bresent in stomachs could
only have been introduced by~filtration;'while larger prey are

caught in a selective manner: Maurolicus and young fish forms,

especially of C.upea, Ammodytes and Onos, together with large

larvae of decapod crustaceans such as Corystes and Pdrcellana,

constitute the main food of this species. In the area of
Blanes, BAS (196C) has encountered in their stomachs Ammodytes, .

Engraulis, young fishes (possibly Sardina), Aristeus, tube

| worms, amphipods, etc..and in the stomachs of the horse mackerel
of the coasts of Castellgn, ANDREU & RODRIGUEZ-KOUDA (1953)
mention the presence of remains of Sardina andAEngraulis and

larvae of Sardina.
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MUZINIC (1960)'wés able to demonstrate experimentally that
sardines; in“ﬁhe:presence of.anchovies,,séem°tb keép to a more
‘pefipheral-poéition, though this fact did not.alter_the.feeding
. habits of the former, in spite of the fabt that the aﬁchovies
are more voracious; they seem to form larger circles in the
presence of horse mackerel.

From the works reviewed, we may concludé: 1. that the
éprat, herring, anchovyAand young horse mackerel are’essentiallyl
éOOplanktOp eatersj 2."£hétvthe adult‘horse mackerel and mackefei
are still occasionélly-filberAeaters, the latter being able to
retain small preys sﬁch as those constituted by phytoplankton, a [QQQ,
vegetable species which are also found 6ccasionally in the stomachs‘
of the anchovy. It is difficult to see how fishes having theif.
£1ll raker Spinés so widélyASeparated can filter such small
organisms, unless their teéth are very long and are especially
equipped for this, aspecté whicﬁ‘have not been stﬁdied;

VIVES & FRAGA (1961) and VIVES (1962) have encountered a
very good balance betweeﬁ solar energy and sardine fishing in
the areas of Galicia and Portugal; which serves to demonstrate
that as primary filter eaters, they are not affected by food
competition in.high production areas. Greater ﬁmportance could
be attributed to the predator~prey relations of the mackerel,
thelhorse mackerel and the anchoVyAwith t he safdine, as well
as the mackerel and the horse mackerel with the anchovy, énd
‘herring-sprat in those areas where these spécies form part of

the same ecosystem.
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Fig. 26. Spawning perlod of four pelaglc species of the Gallclan

coasts, according to different authors; Sprattus
sprattus (ARTE, 1956); Trachurus trachurus (LOZANO,

1y52; ANADON, 1960); Engraulis encrasicholus (ANDREU
Unpublished-ddta) and Sardina pilchardus (ANDREU,

1955 .b). : . . ' -
Horse mackerel: simple bar, large-size pelagic fishes -
(ANADON); crossed bar, pelagic fishes (ANADON) and
fishes caught near sea bottom (LOZANO). '

As regards the spawning period of the different pelagic.
specics of the GaliCian coasts, Figure 26 demonstrates that the
sa“dlqe has an advantage over the others, whlle the sprat -

aCCOPdlné to MUZ iNlC (1958) - would seem to be 1n_a.weaker

position in the face of possible competition.from the others.

Actuaily, the size of catches - as has already been pointed

out‘by some of the authors cited - is a weak basis for establish- °

ing correlations and diScoVering possible alternations, since
frequently there is interference caused by falsification of
statistics by market demands or simply because of t he greater

or lesser accessibility of the schools.
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5. GILL RAKEKS AND SPECIATION
We have'&éménstrated in previous chépters.that the increase
rate of the number of gill rakers (and conSEquently,vthe

sepafatioh between“spines) is a strongly adaptative neotenic

.character in populations of Sardina pilchardus‘of‘the different
geographical areas studied. And that the plasticity of this
character becomes lessened as the increase rate of the number

of spines decreases. It is practically constant in adult

individuals of closely related-species such as Sprattus sprattus,

Clupea harengus, Engfaulis~encfasicholus.and other pelagic

~ fishes (hprse mackarei, albacore, tuﬁa, etc.) as more o mplex

" trophic-levels are reached. . | |
Some éuthbrs have atﬁributed the variation in tﬁéxnumber.'x

'of*giii rakers to the simple'actioj of,temperéture. Thus

McHUGH (1951) says that in the Engraulis mordax mordax of the

California coasts, ‘the averége ﬁﬁmber'of gill rakers, in fishes
of "'equivalent size, decreases régularly frdm north to Soqth,

and concludes that the aVerage»yearly temperatﬁre must Be.taken
into account if we are té éxplain this variation. LETACONNOUX

(1954) mentions that, in Sardina pilchardus, the number of gill

rakers increases and the number of vertebrae diminishes as

water temperature rises, - LEE (1965 b), also in relation to

Sardina pilchardus, says that in the Atlantic, the number of |

- gill rakers diminishes very noticeably'ffom south to north

(he éompares the sardines. of Cape .Juby, Vigo and Cornwall),

the increase being very rapid in relation to size, while in the

. Mediterranean - he claims - this increase is- less rapid than in
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the Atlantic. »ALONCLE (1964), in Trabhurus, found thatla_higher_'

temperature corresponded to a larger number of gill rakers.

ROSSIGNOL (1959), who has studied the Sardinella aurita of the

‘Medltcrranean and French Equitorial Africa, was able to ascerta1n~

that the Mediterranean variety has a larger number of gill

- rakers than the Atlantic variety in spite of the fact that the
water temperature is the same, or even lower than, that of the
Atlantic aréa studied by him; he’concludes'that ﬁhe variation

in the number of gill rakers is not a result of environmental
cohditidns acting directly on this character, bﬁt'rather dépends'
on>the living conditions of the organisms which frequent this
environment. BE&RY & BARRES (1963) were able to'demonstrate.

that the species of the genus Opisthonema which live in

colder'waﬁers tend to have a smaller number of gill rakers
than those which live in temperate wateré. In view of the
results noted By the authdrs cited, with the exception of the
first, Concerning-Engraulis; in all cases a higher water
temperature would appear'to correspond to a larger number of
gill rakers., |

In Sardina pilchardus, in spite of the partial results of

LETACONNUUX (1954) and LEE (1965 b), this does not occur, as may

be concluded fromthe simple observafion of Figure 23. In this
fioure, we see a.graphic representation of the mean values of |
the number of gill rakers in relation to.size, as well as the
curves calculated for each one of the 15 geographical areas

studied. Limiting ourselves to the sole Atlantic region, we




~116-
can see that there is no relation to latitude: = the sardines of
Madeira and the Canary Islands, which represent the lowest .
latitudes studied; correspond to the curves showing the lowest

. humber of gill rukers. However, the curve - of the sardines of

Casablanca, at a. latltude not much higher than that .of Madeira,

occupies the other end of the figure, with the largest number of -

gill rakers encountered. The Azores curve seems to d igress
breatly from those of SanlUCar de Barrameda and Lisbon, in'
spite of the fact that the three localltles have the same .
latitude. Llsbon,‘Oporto Vléo and Maumusson w1th quite
different latitudes, show very similar curves, while the curve
of Santander is separated>ffom and below the preceding ones.
The area between Madéira, Cape San Vicente and the Mdroccéﬁ
coast, beginning at Cape-Juby, and the Canarﬁ Islands, is known
as a region of perménent negative thermal anomalies (ERIMESCO,
1966, Bull. Inst. Pich. Mar. Maroc, lk: 8-28), however it is
on the Moroccan coasts that the particular hydrbgraphic. |
conditions can sustain sﬁecies of ‘the temperate gzone, boreal

and sﬁbboreal,-such as for example Ostrea edulis and Homarus

- vuigaris (FURNESTIN; 1948), while the Sardinella aurita, tropical

and subtropical species, abounds on the coasts of t he Canary
Islands, though it occurs.only irregularly along that of
Morocco. These northerly hydrographic conditions are supposedly

what led thé Sardina pilchardus to acquire the strongly neotenic

character of its gill rakers from the protosardine or primitive
sardiie, while its vertebral mean is the lowest of the Atlantlc

.cllne, that is to qay, the most southerly. Another interesting

L L T e e B e
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case is that of the Santander sardine, of which the curve, as
we have seen, is below the set of curves representing. Lisbon,

Oporto, Maurusson and Vigo, In this regard, we might mention

“the meridionalization:of the bottom of the Bay of Biscay as -

regards the Gélician coasts, noted by FISCHER—PIETTE (1957;
P. Inst. Biol. Apl., 26: 35-40). However, these two cases -
above all the first - and perhaps some others which might be

encountered, .cannot permit us to generalize as to the effects

of temperature on the increase-raﬁe of the number of gill rakers.

We believe we must consider other, much more complex, ecological
factors,in particular those connected with adaptative -phenomena

and especially w1th the optimum utlllzatlon of avallable food.,
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Fig. 27. Ratio between the increase rate of the number of
£11l rakers and the vertebral mean in sardine popula—
tions of different geographical areas.




An argument which further supports Whét we have just said
is provided by Figure 27. In Figure 7, we saw that the vertebral.
mean shdwed pwo,verywdistinct 1atitudinal'clines; oné in the

Atlantic and anothér in the Mediterranean. In Figure 27,

though at first sight it seems poSsiblevto note a certain

negative correlation between the increase rate of the number of

gill rakers and the vertebral mean, i1f we separate on the one -

~ hand the points corresponding to the Mediterranean sardine and

on the'other, those of the Atlantic sardine of the continental
shelf, we see that th;s correlation is not to‘be‘found-in_eithef'

one of them. In the first casé; the points more or less follow

~-a line parallel to the axis of abscissa and iﬁ the sécond,

ancther practicaily parallel to the axis of ordinates; We ﬁhus
see:that, though in the casé'§f:the vertebral mean, the number
of verﬁebrae increases as the pemperatufe decreases, we
cannot’ generalize and say that the"opposite occurs Qith'the
£1ll rakers. A

- SVARDSON (1952) has studied the gili rakers of 94 natural

populations of fresh-water coregonids of Sweden. In crosses

Awith progenitors having a known number of gill rakers, in 12 cases
'this number remained fixed or the offspring differed fromt he

parents by only two units. According to said author, the number . /504 -

of ;;ill rakers ‘is regulated by polygenes and it is the only

character used up until now in the coregonids, of which the

‘variation has a proven hereditary basis. The nongenetic

variations - he adds - are either very slight or nonexistent.
In the case of the clupeids, the comparative study conducted by

CQTPIGLIA on the shad of Cerdeﬁaisareally significant. This
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author has studied the free'migratory‘form of.glggﬁ of the
Tirso River and thdt which, for 4O years, remained isoléted in
the artificial lake of Omodeo. While some somatic.charactérs
‘ of the isolated shad have changed conSiderably, the number of
£1ill rakers has remained practically constant, in,spite of the
fact that lake fishes are considerably smaller in size than
- river fishes and in spiﬁe of t he marked QOrrtrastbetween the
abiotic factors of the lake and those which the free form
encdunters'in oben sea. -, The average numberiéf gill rakérs of
the first gill arch encountered by COTTIGLIA in'thé isoléted
form was L7.9 (mode»50; maximum variation L0 to 54) énd in the -
migratory form, it was M - 46.7 gill rakers (mode 46, maximum.
variatién 42-50). The difference in the}means is only one
whole ﬁumber, which indiéates slizhtly more;than:Z%, practically
discountable in a character of this‘natﬁre, which incréases
with-the size of the fishes.

We already.mentioned in the preceding chapter that
DA FaANCA (1959) had used the £ill rakers to separate tﬁo
subspebies of Trachurus. This charaqtér has -served as a basis
for the separation of species of the genus Alosa, since the
other differential characters ére_not very distinct. Something

similar occurs with the thread herring (Qpisthonema) where,

according to BLulY & BARRET (1963) there are only minor
morphological differences between the five species investigated,

so that the practical differentiation of the species (one from

et seb el e kel ol féne
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the Atlantic and four from the Pacific) is“Bésed on the
geographical éfea-in which they are fpund; togéther with the
graphic from of variétion (profiles) of the number of gill
rakers, in relation to size.

Applying.a criterion similar to that whiéh has been used

for the separation of species of the genera Alosa and QOpisthenema,

we, too, in view of our findings, could propose the. creation

of new species, at least for the sardine of Morocco, the Azores,
Madeira and the Canaries, respecting the one proposed - and
accepted by some authors - for the Mediterranean sardine

(Sardina sardina) and keeping the name of Sardina pilchardus for

the European sardine which -occupies the Atlantic continental
shelf. In this way, the genus Sardina would be extended to
include five species, as is the case of the other two genera of

the family Clupeidae previously commented upon. " However, we

feel that in Sardina pilchar@us‘the polymorphism encountered in
the variation of the number of gill rakérs,-in relation<to

size, is due to differences accumulated as a result of hatural
seleétion, differences which weré introduced as the primitive
form of the sardine kept widening its_gedgraphical distribution
and colonizingAnew areasxwhiéh were very different from that in
which the original form had lived. Thus, new physiological

races have been appearing; though it is not possible at present
to‘account'fof speciation through morphoiogical and numerical
changes. It is a well—khoWn fact that frequently differentiation

through isolation radically affects physiological characters.
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6. GILL R4KERS AND ZVOLUTION

In his work on Ecology, Biogeography and Eyolotion,

MARGALEF (1960 b) mentions - as a genéral remark - that the.
geographical distrioution of the prssent species is closely _
related to the past and present distribution of types of éoosystems.
and that'disperSion routes and possibilities of evolution
resulting from the different ecological niches in .space and in
time have been more impoftsﬁt,.in the présent mode of the -
distribution of organisms, than the potential dispersion
capacities of these organisms and oonditions of evolution
resulting from the ffequency‘of mutations and the size of
populations. Ahd he mentions elsewhere.that a frequent
manifestation of polymorphism is the preseﬁce of forms having
different genetic values, in which case, a mechanism is already
introduced which may be used for isolation.

Returning to the sardine, it 1is noted that populations
having a high ihorease rate in the number of gill rakers occupy
geographical régions where there are great ,contrasts in the |
acquatic environment due to the presence of intensive climatic
cycles (sardines of the Bay of Biscap‘ano the Galician and
Portuguese coasts)lor because of prolonged periodic outcropS'
(sardines\of the Moroccan coasts)., In the. former, in addition
to the rapid increase'in the number of gill rakers in relation
to size, we'noted a wide variation among fishes of equal sigze,
especially in ths sardine of the Galician coasts. This variation
is accentuated by the cohabitation, iﬁ the same geographical

~area, of two or more annual generations of sardines, born in
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completely different environments (abiotic and biotic), preserving

their own characteristics ffee-of hybiﬁization~becaﬁse df the
different spawning period. In the area‘of Galicia - and in

the entire Bay of'Biscay_— evolution achieves in time what
M:diterranean sardines achieve in spéce; the Galiciaﬁ coast,
sardings born in colder waters (with high vertebral mean) have
evolved through selection in a different‘ménner (different
“ecological conditions) than those born a few moﬁths later in
waters having a higher_pemperaturef(lower vertebral meén). By
studying the ratio betWeen‘the number of gill rakers and the
size of sardines coming from schools made up exclusiveiy of
fishes of Class-O - befOre they have becomes mixed with

‘ individualé belonging'tb other ége classes - of sardines comihg.
from winter catches (low MV)iand sardines caught in summer
(high-MVi, and caiculating separately the increase rates of the
numnber of gill rakers, we obtain ﬁhe results«shoﬁﬁ in Figure 28,
The allometric constants (exponent "b") are 0,825 and 0,579
resnectively; the constaﬁts mgr 1,169 and 3.75. This indicates
that, in the same fishing area,'therg are safdines with character-
istics showing greater or leséer ecological maturity, relatively
speaking. It is‘very probable that the.CompariSon'of the two
regressions woﬁld not be statistically significant and that the
totality of points corresponds to a single regréssion. However,
we should not be surprised if we encountef a different increase
rate in the number of gill rakers; depending on whether one of
another generation predominates in the adult sardine population,

‘which would be explained by what we have just been saying. In .
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the zone of Eastern Sbain, MARGALEF (lQéB)}stﬁdied the_pelagic’
écoSyStem of a small coastal strip between the Ebro delta and
thé city of Sasunto. He was able to demonétrate that in the.

- northern:portiOn (from San Cérlos to Oropesa) the entire
ecosystem shows less mature characteristics, with greater
prqductioh flpw per biohass unit and greater fluctuations, ﬁhan
in the southern pdrtion (from Oropesa to Sagunto). In the area
where the ecosysten ié less mature - he adds - opportunities
for breeding are better and spéwning and development of the -
sardine take on greater importanée; the spawning period

coincides with the time of year in which the entire ecosystem

shows characters of low maturity (November to February). As we. .

~can see, sardine populations are very sensitive and have a

very great capacity for adaptation to .the different ecoSystems

of which they form part, even during the initial months of life,,

as occurs in Vigo.

The sardines of the Bay of Biscay and those of the Gélician
and Portuguese coasts havé gill raéersiwhich are very close.
togsether, which permits them to utilize phytoplankton to a
sreater extent; therefore, they may- be classed as optional
primary filter eaters. Therefore, comparatively speaking, they
occupy the lowest trophic level which, combined with a greater
production flow per biohass unit, brings about pronounced
periodic interannual fluctuations, fluctﬁations which are often
very strongly felt along the Galician coasts (AMADON, i95h). AOn
the Moroccan coasts, and even on the nearby Portujuese coasts,

.although the sardines belong to as low a trophic level as those

m
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- of Vigo,-théy do not show such marked fluctuations. The

greater increase rate ofihe'head length and the low vertebral

mean of Moroccan sardines, are other characters which lead us

to suppose that these sardines do not adapt to the general

evolution pattern which we have attempted to trace.

70+ » Winter catches .
g L o Summer catches

T ~
L_Vkl 4 1 L L l‘l.l S WS S
) 80 90 100 1100 120 130 140
Fig. 23. Ratio of the number of gill rakers to the size in
' sardines of Class O caught in the Vigo estuary, in
winter and in spring-summer,
Explanation in. text.

Sardine populations showing a low increasé rate in the
number of gill rakers (with greater separation between spines),
like those of Madeira and the Canaries, uﬁlike the preceding
ones, occupy areas where environmental conditions are much more
uniform, forming part of mofe mature ecosystems; thelr feeding

must be predominahtiy'seiective, of the hunting variety.
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The sardine of the Azores differs from those of Madeira .
and the Cdnaries} the increase in the number of gill rakers
in relation to size shows a lower rate than that of the other
regions studied, however on the other haﬁd, the ;rowth of the
arch on which the spines rest shows strong negative allometry,
for which reason the separation between them is much lLower than
what might be. expected going by the low number of £1ill rakers.
For this reason, in Figure 24, the regression curve is situated
between those of Tuﬁisié and Castellon, instead of appearing
above those of Madeira and the Canaries.

‘Mediterranean sardine populations, though td differing /508
degrees, occupy an intermediate position between the two large
groups mentioned in previous paragraphs, however its diet - in
adult individuals - consists exclusively of zooplankton.. In
these sérdines and ver& éspecially in those of the Azores,
Madeira and Canary Islands, the increase rate of the number of

gill rakers in relation to the size, and even the variation in

the number of spines in fishes of equal length, is greatly
diminished; indicating a marked tendency»towards stapilization
of this character, with paftial loss of the pronounced neotenia
which we noted in the southern sardine group.

>'More stabilized sardine populations must logically have
developed from those having more primitive characterisﬁics; the
iﬁitial‘variability has become gradually lessened as tley |
invaded more southerly areas or regions‘with more intensive

seasonal cycles.,
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Fig. 29. Variation in the number of gill rakers of the first
right gill arch of the- Alosae in relation to size.

Taken by FURNESTIN & VINCENT (1958) We have inverted .

the values of the axis of ordinates so that the figure

is more easily comparable with Figure 23, referring to

the sardine. The "white cirecles® Correspond ‘to shad
‘of the Bay of Biscay (Garogne) and the Mediterranean
(noddno) und the "points", te Moroccan shad.

On this basis and applying a modern criterion, we might

imagine that the initial form of Sardina pilchardus was somewhat

similar to thatAQf the more primitive of the two generations
found along the Galiciah‘coaSts, since the other physiological
raceS’ére a typical consequence of Selection re%ulting from-
mutations, in harmony with t he new ecologlcal conditions of the
successive areas colonized by the protosardines and forms-
derived from them.

If this reasoning is correct, it could also be applied to
other clupeids going through periéds of evolution similar to

those of Sardina pilchardus: FUKNESTIN & VINCENT (1958) deny

the validitv of t he species and subspeéies of Alosae described

up to now for the buropean and North African coasts, recognizing
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only Alosa-fallax and Alosa alosa. The others,\écconding to

. - these a'uthors_,_;_should.be considered as "hybrid" forms. (I'J.E, 29.).
In our opinion, the most logicéi thing would be to assume that

there is only one species of shad‘(Alosa.alosa),'that having the

largest number of gill rakers, and-that the remaining species
and subspecies despribed are just so many adépted férms
deriving from it. In any caée,_the*others‘would'almost have
‘attained’the category. of physiolOgiCal<raceé, of which Alosa
faliax would oe the-most Stabié form, with an almost constant .-
‘average number of giil rakérs beginning at.a_length»Of 25 cm.

The same could be said of Opisthonema, except that, in both

cases, there were other clear morphological differences which '

could justify'breaking them down into different Species.

. 7. SUFMMARY. AND CUNCLUSIONS

Sardina pilchardus has mainly coastal habits. Its area of

distribution covers abdut-A,QOO km.'from north to south and

6;@00 km. from east to west., This, together with the variety of
environmental conditions, and particular Coastal and insular
geography,~cause:the'isolation and diveréification of populations.
The main area_of abundance of the speéieé lies off the west
coasts of the Iberian Peni sula, between the estuaries of

La Coruna and Aveiro (Northern Portugal): there are other
important areas off the Moroccan coasts and the Spanish South
Atlantic region (Fig. 2.). Of the total catches, 80% were fished

in the Atlantic Ocean and 20% in the Mediterranean Sea.
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The characterigzation of sardine races and clupeids in

1general,_is one” of the problems which has been receiving special
attention from scientists of the five continents. The new

~serological and biochemical methods intrbduced{have not yet

enabled'uS to make significant progress in this field.

- In Sardina pilchardus; the_somatic characters most frequently

used by éuthorS'invthe eharacteriéation of populations are the
vertebral mean and the cephalic index. The vertebral mean shows

two characteristic-latitudinal Climas one Atlantic and the

otner Mediterraneah (Fig. 7.). However ‘on the one hand this

character because of the great plast1c1ty of the genotvpe has
the serious dlsadvantage of masking authentic hereditary |
dlfzerences which mdy exist. On the othér hand, it is possibleA
to seperate-statiStically - with a high probability level

(§\7 0. OOl) - in a well-defined area (Vigo estuary) the

'verteorai means of Clase 0 sardlnes caught in winter from those

caugnt in spring: or summer. This phenomenon'also occurs in the
sardines of the entire Béy.of Biscay. The ratlo between the
lateral head lenoth in Sdrdlne populations of the different
geographical areas studied and the total body length (Fig. 8.)

- with the_exceptien of‘bhose of Morocco - shows negative
allemetry, the regression curves calculated forming a narrow
ray, which hinders or prevents its use in the characterlzatlon
of pO}ulatlons. No reldtlon has been found between the increase
rate of the lateral head length‘and the verﬁebral mean in the

sardines from the 15 geographical areas studied by the.author.
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» -material taken from 15 diiferent geographical areas which cover

their appearance in larvae 15 mm, long, ‘and their subsequent

129~

Because of the difficulties inherent in thesé two racial

characters - difficulties which are widely discussed’ in this

almost the entire area of distribution of the species (Fig. 3.).

The gill rakers have been studied beginning at the time of

development has been followed, relating the feeding habits of
the larvae and young'formsvtoithe"progressirefdeVelopment of
the filtering apparatus (Fignres 14, 15, 16, l7 and 19).
We have also'studied the arrangement and shape of the gill
arches and the_tongue invthe‘hyobranchial skeleton of the
adult sardine (Fig. 10, 11 and 12) of the Galician coasts.
The.observation of gill rakers'on"adult sardines. has been
carried out on material taken‘from the following 15 geographical o
areas: Maumusson, Santander and Santona Vigo, Oporto, Lisbon,
Sanlficar de Barrameda Casablanca (Morocco), Madeira, the‘Aaores,
the Canary Islands, fugoslav1a Castellon, Alicante, Castiglionef
and Tunisia. We have studied the.allometric increase in the
lower limb of the first left gill arch, the number of gill
raxers, and the'distanCe between spines, all in-relation to the
size of the fishes_(total length mm.). The lower limb of .the
first gill arch increases isometrically With the sardine length

(Fig. 21.) in all the material studied (11 = 0.11.r °*O1%1

= 3012), the sardine of the Azores departing noticeably from

this ;eneral trend, its allometric constant having been 0.7155.
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The increase rate of the number of.gili fakers in the lower
iimb of the first gill arch in relation to the size, calculated
- by the conventional allometric method‘(FigJ 23;); enabled us to.
show that this heriStic character may be used, advantageously,
in the characterlzatlon of populations and 1n addltlon has»
sStrong ecologlcal and evolutlve 31gn1flcance.

Slnce ‘the srowth of the lower limb of the first: gill arch
is practlcally isometric in relation to length of~the flshes, a .
1ar;er increase rate of the number of glll rakers would |
c01n01de with a lesser degree of separation between spines, and
vice-versa. The sardlne of the Azores dlgresses slightly. from
this because of the fact that the growth of the lower limb haa_
strong negative allometry. The filtering capacity of the
eifferent sardine populations (Fig. 2L4.) is_related to the
&ifferent diet of each, leading to the eoneiusion that the
sardines of the Atlantic continental shelf are optionally
phytoplankton—eaters;‘the Mediterranean ones, and those of the
AzoresLare zooplankton-eaﬁers, with no phyﬁoplankton to-be
found in the stomach contents. The. sardlnes of Madeira and the
Canaries, must feed 1n a hlohly selectlve manner, hunting their
food. | - -

\ We have.stvdied the possibile ihtersbecies competition
among four relagic species of the Galician coasts Wthh were
temporarily or a001dentally dlsplaced. The comparison of the

rate of separation between spines (Fig. 25.) shows us that

Sardina pilchardus may compete trophically, and to advantage,

~with the sprat (Sprattus sprattus), anchevy (Engraulis encrasicholus)
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and horse mackerel (ffachurus trachurus), alsojbecause of its
longer spawning périod‘(Figf 26.). The analyses of stomach.
contents made by différent authors on different pelagic species' =
~ show that the mackerel, the horse mackerel and the anchovy may |
have a predator prey relatlonshlp w1th the sardlne, the mackerel‘
and horse mackerel w1th the anchovy, and the herring with the
sprat, ;n those areas where the se species form part ofAthe same
ccosystem. M a |

There are various observatlons on the stronély adaptative
rieotenic character of the 1ncrease rate of the glll rakers in
varlous sardine populatlons studied in the-present work
mentioning that the varlablllty of this character becones

lessened as the increase rate is 1owered. We dlscuss the

-possible influence of temperature on the variations encounteréd,
coming to the conciuaicn that the polymofphism is due to genéetic .
differences accumulated with tiﬁe through the process of
natural selection, differences which gradually appeared as the
primitive sardine (protosardine) began'wideniﬁg its'geographical'
distribution ahd_cclonizing»ﬁew eﬁvipcnments,awhich were

‘markedly different from the original ones. This has given rise
.to different.physioiogical races, but these morphological and
nunerical changes ara not yetvable to justify their Speciation;

We attempt to diagrammize an evolution pattern in Sardina

pilchardus; sardine populations with a high increase rate in
the number of gill"rakers~occupy gebgraphical‘regicns in which
strong climatic variations occur (Bay of Biscay, Cantabrian and /512 ..

.Galician and Portuguese coasts);x'because of prolonged periodic
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outcrops (Moroccan coasts) In the former ‘a51de from the hlgh

rate of increase of the number of gill rakers this number~

varies greatly in fishes of equal size, especially in the sardine

of the Galioian'coasts; their gill rakers are very close together;'

and thev make greater use of phytoplankton,»so'that they ma§ be
classed as optional primary filter eaters.. Comparatively |
speaking, therefore,'they‘occuny the lowest trophic level and,
consequently, are particularly sensitive to interannual finctua—n
tions. The sardines of Morocco, because of the high increase
'rate of.the head length the low vertebral mean, .the low
variation in the number of gill rakers in flshes of equal
length, and the relatlvely narrow range of fluctuatlons digress
from the general evolutlon pattern proposed.. In sardine
populatlons which have a low increase rate of the gill rakere
(withagreater separation betWeen spines), such as.those of
Madeira and the Canaries_(Fig. 23 and 24), nnlike the preceding

~ones, which occupy areas in which environmental conditions are

much more’ uniform, forming part of more mature (older) ecosystems;

their feeding is predominantly selective, as they hunt their
food. Mediterranean'sardine populations;'to_varying degreee,
occupy an intermediate position between the two-aforenentioned
groups.,. These:eardines'and particnlarly those of t he Azores,
Madeira and the-Canaries enow a marked tendency.towards
stablllzatlon of this character, with partlal loss of the marked
neotenia typical of northern sardines.-

More stabilized sardine populations must logically proceed

from others having more primitive characteristics, the initial
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varlablllty becomlnb lessened ‘as they colonlzed more southerly

. , areas, or areas hav:xng more 1ntensive seasonal cycles. 5 Usmg

- this ba31s and applylng a modern crlterlon it 1s suggested that

the initial form of Sardina pllchardus would somewhat resemble

...the more: prlmltlve of- the ‘two generatlons now present alOng the
Gallclan coasts since the other phys1olog1cal races loglcal
consequence of natural selectlon are caused by mutatlons, 1n
relation to the new ecologlcal condltions of ‘the. areas colonlzed B
by the protosardlnes and forms derlved from them.‘ Thls-same~~
evolutlve reasonlng 1s applied to ther clupelds belOnglng to

'%the genus Alosa (Flg. 29 ) and Qplsthonema .where the establlshed

spe01atlon may Stlll lack sufflclent taxonomlc arguments Supportlng :
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e . - ' ’ TABLE I [ 527 |

Annusl Sardine Catches, by Countfies, Expressed in Tonsl

o

1956 1957 1958 1959 1980 1061 1962 . 1969 1964 CAnss

CAlgeria . = ST 4100 6 100 11100 14 600 : 9 200 10400 10600
Be%gium oo 100-- 100100 100 100 : 100 2 '
Ceuts” . . . 600~ 300 300 400v; 300 300 o ot = *
pain., .. 78 300 93 200 98 400 106 000 * 125 700 140 900 . 108 300 124 000 119 400 118 700

rance | . 51200 22400 28600 80 700 31 (XX 38 BT * 35 900 31 0ov 30 100 28°300

%ol}and . : - : 1200 s ? 200 M) 800 200 100

taly. | . o * 31 100 38 600 31 900 83 600 24 500 29 900 27 100 29 600

Melilla . . . 2 900 2 000 1.700 2 000 2 500 3 500 : : : 2

Morocca . 77200 113800 123700 114000 117600 126000 126800 127200 139 700 160 100

" Ci’orﬁl al . 00000 1128000 181500 121400 189800 180400 130 500- 118 600 163 600 148 000
Unite 'fngdom~‘ 6 000 3 000 4 200 8700 . 3000 2 700 2 000 2 (NN 1700 . 1800 .
' Yugoslavia . . = 4800 7100 9400 6 100 9 400 11 (KK 7000 5 000 5 400 LD T00 -

Toral, . . . 821000 . 854700 434800 423100 471700 512887 436 000 . 447800 497 600 482 400

EIORR T T S G V.

1. Data taken from the Statistical Annals of Fishing. FAO.
v Vols.: 7, 8, 9, 11, 12, 14, 15, 16, 18, 20.

2. Data unavailable.

3. Corrected from the "Révuu des, Travaux,'" Vol. 26 (1962).

TABLE IT

Yearly?Sardine Landings_in Spain, by Fishing Regibns
NS ) : . l :

Expressed in Tons

1956 1957 1958 1959 . 1960 - -1981 1962 1963 1964 1065

=8&lear1i‘fslands L .85 " 876 80 . 88 123 BT 69 64 89 200
: anarg Islands . 959 - 805 1066 157 -BaeT . 271R° 2973 4410 7 484 8 860
anta rign . e 835 . 1054 - 8451 . 1478 1797, - 3844 1705, 5014 2629 1620
-pastern opain . U . 4200 4984 . 3254 2 87 3215 - 3387 2630 2820 49208 . 2520
»Ew%%ﬁ@mﬁmm."nm 14570 26298 . 40527 86447 . 47860 27186 . 28782 38761 - 80122
-oout tlantic . ... 20614 87170 - 41148 36055 - 60718 59570 468381 51979 - 40038 47036 .
“ﬁougg Medétg{faneaﬁ :+ 15651 11668 °© 6906. 7826 - 9557 - 13702 12 550 14979 _ 14 846 13 855
- Northern Spain . 16766 22581 16184 - 14431 10820 10282 15785 15775 15342 9308

TofaL . . L. . 75260 93205 98856 - 105016 125778 140900 100270 128923 110882 118 620

1. Data téken from Fishing78tatiStics; Directorate General of
~Marine - Fishing, Madrid. o S
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: . - : ‘ .A'TABLE III

Origin of Matierial Studied (Gill Rakers and Lateral Length of Head)

with Indication of the Number of Fishes from each Locality.

The Size Range;LT mm, is Shown in Brackets.

— No. Gill _ Length  Gill Lengtl
A JL L eng - / Ng LN
Locality R%ljfggs/ Gll%iégch/ Ei%é{' Head /Size
Maumusson 145 (85-2;00) 83 (85-200) 51 (85-200) .145 {R3-200

Santander& Ssntofia 284 (115-2245)

" 983 (115-225)

74 (115-225) 820 (116225

Vigo . 1184 (85.225) 1047 (85-225) 211 (85.235) 1105 R0.738) -
Oporto 378 (128:216) - B6Y (12R216) 91 (128.183) @ (1n203)
Lisban. 484 (89.211) 370 (Q9211) 104 °(89-211) 274 (89207)
Sanlicar 251 (105-175) 248 (105-175) 87 (105:175) 257 I05.175)
 Casablanca 21 (100.190) 21 (100.190) . 18 (100-190) 20 (100-196)
' Made‘j_,f-\a . 148 (100-220) L5 100.290)  74-(100.220) 125 (100-205
Anores . . i (115‘1~95)  194 (115.195) 61 (115105 136 (115-195)

Canaries
. Yugoslavia -
Casfellén‘ “
© . Alicante

,Castigli_dne)’ )

‘funisia .

. ToTaAL:

" 905 (70-220)
64 (105-165)
214 (92,5-162.5)

(49 (130-1957
‘49 (100-175)
70 (120-170)

a0z

(105-1653)

jord
e

214 (92.5-162,5)
31 (1'3'«).1'95.)
42 (100.175)

- 69 (120-170)

220 (T0.220)
64 (105.185)

86 (122.5-162,5) 234 (2,5-162.5)
40 (130-193) '

BT (70-220)

52 (130-165]
12 (10¢-175)

19 (145-170) 72, (120-070)°

. 8618

3345

MEC I ST
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TABLE IV

Vertebral Mean of the Vigo Sardine. Years 1951 to 1955 & 196k

. Date _ . Frequencies N M o o MoOf size
T 49 5 - 51 52 58 b4 ‘ . Min. Mean  Max.
1951 . ‘ :
g October 17 90 7% 6 189 © 51,38 0,60 0,08 0,17 100 (111,92) 200
19y S| 70 485 811 27 804 51,82 0,68 . 001 0,07 05 (106.67) 150
80 > 5 101 1855 1389 -9 -2 . 3401 51,38 0,64 0007 0,036 90 (118.25) 170
1952
19 l*e,bruary 1 983 1865 951 45. 2 8147 ° 51,95 0,63 0005 0,021 85 (110,31) 155
18 March 7 68 50 3. - o128 51,32 0,63 - 0,04 0,18 110 (124,58) 135
24 5 60 .45 8 118 51,47 0,69 0,04 0,21 135 (142,23) 160
a7 - June 9 52 38 1 95 51,27 0,64 0,04 0,22 165 ° (179,06) 225
1 -July: 4 48 57 3 112 51,58  0,60. 0,04 0,19 105 (113,26) 140
8- October b 53 29 .3 90 51,33 0,64 004 - 022 125 (140,48) 155
1958 . A
5 March . o 28 84 5 . 67 . 51,66 0616 005 025 140 (162,76) 190
18 May 2 50 43 1 " 96 51,45 0,56 0,04 0,20 160 (173,85) 200
o7 July 1 25 ‘53 18 - - 92 51,85 048 0,38 0,17 110 (128.79) 140
5 -August: : 8 83 &5 5 96 51,64 0,63 0,04 0,20 90 (111,27 130
13 > S 1 25 60 13 . - 99 51,86 071 0,05 0,24 105 (126,15) 145
. 25 > S 1 2 7 148 . 5188 . 0,66 . 0,07 0,33 115 (126,77) 140,
g oeptember 5 .26 54 7 92 51,68 069 005 0,24 125 (186,61) 155
so.October 1 g 40 48 9 101 © 51,50 0,81 0.5 0,25 125 (188,43) 160
4 December 1 32 48 6 87 51,68 0,62 0,04 0,20 95  (128,87) 145
19 .» ‘ 4 88 50 b g7 - 51,58 0,66 0,04 020 120 (182,50) 160
. 80 » 8 25 - . 48 5 76 51,66 © 0,66 . 0,06 025 120 (181,41) 145
. - o
1954 B , . _ , .
19 January 1. 47 36 3 87 - 5L47T 050 004 020 120 (13167) 150
s .February .3 35 36 2 . 76 51,49 0,62 005 0,25 180 (140,26) 180
2 March - b 4 34 3 ' 86 5140 066 005 - 0.25 115 {137,31) 150
1112 . March - 9 .7 66 6. ©15% BL4A5 0,67 0,04 0,20 . 120 (187,60). 225
7 April . 41 4 2 1 88 51,51 066 005 0,25 145 (157.10) 190
4 » o 5 50 4, 1 - 96 51,88 NG 0,04 0,20 45 (153,80) 165
22 .June 10 146 187 8 296 G145 oan o 0,02 0.10 80 1101,55) 115
24 » . .8 69 63 140 . 5189 (ENDIES .03 0ty 7 85 (101,54) 120
Cag July B RN RS YO : §h5 Al 08 006 na0 115 (126.1R; 140,
s August R R SR ¥ B ool g 005 TR an OF Gl 12
3 December . ¢ = w  n B 177 5l42 0Sy 0 005 140 . Jdbud lbu
1955 " ‘ ,
. 8 February. 2. - .38 . 438 5. 88 51,60 0,64 005 025 115 (128,69) 155
22 March 1 400 53 B .97 L .5L60 0,57 . 0,04 020 130 (144,90) 170
.81 4 88 . 47 1 80 51,50 0,66 0,05 0,25 140 (149,05)" 170
o 14 Aprll 6 46 39 -3 ‘94 © 5141 0,66 0,05 025 165 (188,19) 210
S ' R Y 46 . 34 4 . . .88.. 5143 066 005 = 0,5 155 (164,94) - 180 -
. 25 Mdy ‘ 4 .57 . -84 1 9 51,88 0,57 -0,04 0,2 - 170 (190,36) - 225
: -~ 15 June 7...57 - 18- 2 ©.79 .- 51,13 058 004 020 - .90 - (109 05)' 140
: ¢ 1964 o o S - - ; S :
- - 8 December 5 ‘62 - - 40, 17 108 51,84 058 004 018 . 190 (207,5 ) 225
L. 12 ol -0 e 88 .2 . 0767 bL,26 066 .. 0,06 0,25 115 (140 ) - 185
20 » R ‘ o > - o L 148 s (160 ) 175
N v . w o oSN ... liatesnises aon
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TABLE V

Vigo Sardine

Vertebral Mean by Year

'\ Year *» of Frequencies
i - - : . .
| W 500 b1 52 53 . 54

SR N V'

. : . : o N
1951 0,13 8,19 54,19 8849 093 004 4484 51,34 061 0,006 0,08
1952 0,02 848 98,15 81,57 1,70 0,05 8620 51,26 0,63 0,006 0,08

1958 000 2,82 9560 5856 7,90 . 1025 51,66 0.06 0018 - 0,06
1954 . 8,95 4937 4482 227 007 1365 51,28 061 0,01 0,05
1955 . 443 50,94 41,61 3,00 632 51,43 068 0,01 © 0,00
1964 622 5778 8555 044 . . 225 51,80 0,58 0,026 0,132

Total 001 627 53,12 #842 2,08 0,04 11851 51,36 064 0,004 0,02

MV : Bl of

/531
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Dlstrlbutlon of Frequen01es of Vertebral Means Obtalned by Different Authors

" on Populatlons of Sardina pllchardus (Walb)

-G91~

. ‘c »-""‘ ,"’ - '
S0 S Gy ) - : e A O — o S /) } ) 1)) R
89 0§ U85 §3%, ¢ 5 8B 85 g e & T2 % %
HE 8 g .o Hon % g o8l g gl g 5.8 . & T ., E£E5F 5 4 2
= T T 0 g0 s : g pm. '8 . @ IR o S8 2 g T o 0@ S
B R B K5 B Y g o T 5 82 d & R @ & TS £ 2 P 0 2 % 3 g
RE & T AR gm0 F P 4 A 408 s 48§ % 3 2 498 2 & & &
= SR ' = . : T - = - T 5 B - ,
« . 4 . . . . »
. . "8 ) . <L .

0,68 - . : 'éf 8 K . . : .
50,73 _ oo ) 1. . . .
50778 ,‘ J . . . -
50,88 o ) . . 2
:50,88. - - . : ) . 2
'50,08° ) o 1 . 2
50,98 - 2 1. .5 - . 1 o .
51,08 . 5 . 22.7 0 4 . 2 1 . . 3 .
51,08 - & . "1 35 . g ) 8 . . .

51,13 9 3. 91 g ) 1 12 oo 2 1

51,18 9 11 83 4 g 1 s . )

61,98 . . . . . S Ul 20 .50 .. S ) o . ] ) 23 . 8

51,28 R . I | AR | 36 7. . . ) 7 ) . 3 8 . 13 . 5

51,88 N . Lo 18 24 8} 4 .. 3 37 1 14 .8
51,38 . C L. o 19 29 5o 1. ) . 8 1 17 2 .

71,43 e . .. ; 15 14 1: ¥ U | 2 6. 8 15 4 .

51,48 W 2 : , . -2 6 6 N 3 3 11 6 6 3 .

51,53 . 1 . L1 3 3 8 6 30 1 7 4 1
51,58 . 1 . . . 4 31 1 i 27 4 3 . .

51,63 . . 3 ) . 1 2 ! 9 45 11 8 27 9 .

1,68 . 1 . p 1 6 . 4t 6 6 5 7 -

51,73 . 1 4 1 . 1 . 41 1 . 6 2 1

51,78 . . i 1 1 3 . 18 4 1 -2 .

51,88 . 1 2 . .5 1 1 9. . 1 1

51,88 . 1 5 4 1 3 2 : 1 1

71,93 .o .2 .1 . 4 8 6 ‘1 ‘ 1 .

51.98 2 4 1° 4 6" 7 . . .

52,03 1 .6 6 8 3 6 .

52,08 1 8- 3. -2 - 2 8 .
152,18 1 8 . 1 " 2 6 , .
‘52,18 . 9 15 9 . 1 7 . :

i 52,23 4 4 K, 12 . 6 . .
. 52,28 . 6 n 1 4 . .

. 52,38 3 4 6 5 : :

. 52,88 1 3 2 1 . .

. 52,48 -1 2 . R

. 52,48 3 3" . 1

$ 52,58 . o1 . .

N (MV) 9 62 .. 79 0 - 24 80 144 142 319 a3 11 3 2 1 15 193 19 88 148 52 . 141 13 15 10
M 52,02 52,10 52,03 52,15 51,99 52,01 51,33 51,32 51,17 51, 10 50,54 8063 51,63 513 5128 5166 51,65 . 51,58 51,58 51,57 51,20 51,46 51.28 50,95
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TABLE VII

Sardines of Maumusson and Les Sables d'Olonne

Variétion in the Length of the Head in Relation‘ to the Size

(Total Length) of the Fishes

Length

engt » ‘Size Groups, LT in mm,
ad - ’ 3
OS85 900 ws 100 105 110 C 1MG- 120 . 1 Jlw 145 T30 155 L 185 190 195 200
19 1 1 4 . . . : e , ‘
20 . 8 u 9 . ) : ' . : ’ :
21 o1 3 . - . N . : . '
22 A S : - : L :
23 s 2 6 5 1 ' » L '
24 ) 4 1 8 s , : '
24 08 i . . .
28 2 8 3 : : : :
27 . . 15 1 .
E ' £ o . ) . . .
29 ) Y5 1 - : ) : :
80 . ' . 2 1 . . .
81 . ' 1
5 ' ; . ) . L
"'. 53 : : A T
- : ; ) L :
- , | T T
37 . . ' - 1 1 2
N1 4 16 8 8 10 20 . 24 o . 18 1 5 2 .. 2 2 P 2
M 18,0 10,7 198 214 22,7 234 241 260 . 248 .~28.3 28.0- 80,6 805 34,0 86,5 86,5 87,0
\ .




TABLE VIII

Sardines of Santander and Santona

Variation in the Length of the Head in Relation to Size {Total Length) of the Fishes

4 i - e T — T
Length o o -+ Size Groups, LT in mm. .
Heﬁn@ 115 120 125 130 185 140 145 150 155 160 165 - 470 175 180 185 1oy 195 200 205 © 210 215 . 225

5 .15 5. 10 .. . L

®

s e MmO,
®
»

&

ey

w
.. whRa.
LY

R N
RN L L e e e s e e

v s D
B Y - N

(- XV
e o v e e i e e e e

TN Y T W I

“ 4 e
-
[°

PR - - 3l B e
>

.
.
5
:
[X)
R - N IR

R ; | e g
{4l : ' Lo co 4
42 . , R : ) . .1
N - 8 14'- 8. 82 34 .3 8 2 T 8 5 ¢ 15 100 ‘15 12 8 8 9 -8 1. 1
M - 228 288 250 257 271 279 287 29,7 304 818 316 324 335 843 352 368 87,9 883 8%1 80,9 42,0 . 440 |
|
%
|
-




Variation of Lensth of Head in Kelation to Size

-

Td!gix

Vigo Sardines

(Total Length) of Fishes

Length

cize Groups,-LT in mm.

Head
mm 80 85 90

95

100

105

110

115 120 125

s,
130 135 140 145 150. 15 160 186 170

175

180

185 190 195 200 . 205 210 215 220 225

[
e o}
AP N

B EBSLSEEEEES8RSLE

o
-3

e
W W ™.

13

[

10
10

o .

9
29
36

v

15
29

38

19

10

6 1
24 13
36 35
31 38 6. - .

14 49 12 9 .
5 82 12 5 5
6 16 2 10 -

(5,
. W

00 © =1 8 BN K.
P N - NN

5 .
TR -

o

Y e

U .
[
-

Sl B0
ae
::\e,.o"m.

-

KOO >DPDe
W .

WY
Hmm_:o.gp-‘
li-l.wh-*)h_w

S L

1007

=

16

20

25

21,

32 24 64

81

106
159 188 19,1 19,6 20,9 21.6 228 24.0 252 26.4 26,8 27,83 28,4 209 30.7 312 321 522 8438

16 174 58 52 80 27 28 25

28 37 21 ; 1 .
365 87.4 - 734 38.9.39,5 405 405 41,0 437 . 48,0

22 22 “'20 1 1 8
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. . | :  TABLE X | /538

" Sardines of Leixoes

Variation in the Length of the Head in Relation

to Size (Total>Length)oftthe Fishes

— Heaq —
Length ___ Size Groups, LT in mm.

mm 198 - . 189 144 150 155 . 172 178. 1A3 189 104 200 205

2 1 . 1

8% . . 2 1

1 - . . 1 2 .1
82 . . . .2 ..8

88 . . . . 8 1
. . . .1 2

8 . . . . 1 1 . . s 2

'l.- A 868 I . . . .o 8 2 .

; A . . : . .0F 41
88 R . ... 1 8 38 1
® . . . . . . o1 .4 s
T O S
41 i i 1 1.

70 S SRR |
. T
S O U
N 1 . ¢ 5 13 .5 . 1 1B 1 1L 5 3§ 1

M 200 . 800 31.2 826 334 . 29,0 86,1 374 89,1 402 48,8 42,0
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TABLE XI

Sardines of Lisbon

Variation in the Length of the Head in Relation

to Size (Total Length) of the Fishes

Head

Size Groups, LI in mm,

Length

11 116 122 128 188 189 178 183 189 194 200 205

19
20
21

B D W O .
N b
=) e

[ I

for i1 §
T O e
Yt

198

26 - 26 24 25 26 2 . 3 - 24. 22 . 19 12 4 2 2 2
28,2

229 24,0 27,2 858 87,8

25,6

20,1 20,8 21,6 21,2

38,4 . 890 405 41,5
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TABLE XII

Sardines of Ayamonte and Sanl{icar de Barrameda

Variation in‘the Length of the Head in Relation

to Size (Total Length) of the Fishes

Head
Length

Size Groups, LT in mmn.

o

106 110 1157 120 125 130 135 140 145 150 155 160 165 170 17

22
23
24
25
26
27
28

81
82

84

—
.
o o &7
P .
[ -]

21 7T 1
14 4 7.

- ™
[e~
ot

@ o
o

[ =]

bk

T @

ot

I

@®
o .
[

(=4
B =3 W . .
—

(=

.
o
D
@w
‘*'
—

8 10 15 .49 41 32 28 1 17 15 11 10 - 6 2. 1
223 282 242 251 262 268 279. 282 203 809 815 521 383 M5 840

tamer o

/540
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TABLE XIII

Sardines of Casablanca

Variation in the Length'of the Head in Relation

to Size (Total Length) of the Fishes

:ngggh ' Size Groups, LT in mm,

mm_ 100 110° l_ 120 . 130 140 150 160 170 180 190

27
28
29

a . L : : . . 2

N p) 2 -2 2 3 2 2 2 3 2
M 210 23,0 245 275 207 82,0 885 810 99,0 41,0

K
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- . ‘ ' TABLE XIV

Sardines of Madeira

Variation in the Length of the Head in Relation

to_Size (Total Length) of the Fishes

Head . - : -
.ength- — _ :
mm 100 105 110 115 120 126 . 140 145 150 156 160 165 170 175 180 185 190 195 200 205 210 216 220

Size Groups, LT in mb,

2 1

21 1 . )
22 . 1 2
23 . .3
24 .
25

26

P L
ot
o b e, L,

I o2 2

s . . X ) : 11
82 . S L A, .
88 . R . S L ... 8

- Cte . . e .

[
i

PO L P
— b0

w . LDt s

e . L
[

Y el ) ) L. : ) L ) ) L ) i .2 5 .
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TABLE XV

Sardines of the Azores

in Relation

to Size (Total Length) of the Fishes
Head . . o I
Length i‘Slze‘Grouns, LT in mn,
mr 115 120 125 185 140 155 160 165 170 175 180 185 190 195
25 2 .
26 6 .
27 1 .
28 11 . .
24 ~ 6
31 . 2 6 2 v
32 T 15 3 4
38 5 18 )
34 - 1 1 5 4
"85 - 1 8 2
36 1 . 8
87 1 1 .
38 1 2
N 6 1 - ‘11 6. ‘2 18 28 24 20 8 4 4 2
M 25,0 260 27,0 810 315 322 W28 383 346 36,3 88,0

5,

28,0 20,0

36,8
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TABLE XVI

Sardines of the Canaries

Variation in_the Length of the Head in Relation

to Size (Total Length) of the Fishes

nead-
Length
mm

Size Groups, LT in mm,

‘210

220

18
14

16
17
18
19
20
21
22
23

27

o O

7 .80 % 100 - 110" 120 130 140 150 160 170 180 190 200

- TR
[

2 .
0 1

6.
4

I s

LY
s W~I Y. . .
S

- R

e

1 15 15 10 15 15 % 22 8 12 15 1w 1 12
143 WA 175 199 $31 282 UJ M9 200 M4 380 A 05 WA

16

40.4

42.2
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Q9 | TABLE XVII

Sardines of Yugoslavia

Variation in. the Length of the Head in Relation

to Sige (Total Length) of the KFishes

- Head ~ Size Groups, LT in mm,
Length — —
mm - 106 115 125 185 145 135 186
21 { .
g . 4 0
23 L4
24 S K
25 T 4
% - : N I
_ oo S RS
: " 98 . A B 3
‘l’- o o w 3 P
i : o om L e
32 2
; N 10 1 1 100 10 10 4
M 214 220 29 256 11 83 81
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. . | : TABLE XVIII

Sardines of Castelldn

Variation in the Length of the Head in Relation

to Size (Total Length) of the Fishes

" Head ‘ .
P - - Length — - -
) mm . 925 975 . 107.5 . 17,6 1225 1275 182,56 1876 1426 1475 152,6 157,56 162

dize Groups, LT ir mm.

1y 3 2 . S . : .. ; T .

21 . . . . .

22 o . . 4 . . 1 .

23 . . . . 2 9 . .

24 - . . . . . gl 16 8 5

25 . . . . . . . 16 13 . .

26 . . . . . . . 3 7 W .5 i

27 . . . . o . . 11 19. 4

28 . . S . . o I- 3 16 . .
9 . - . R . . . . . . . 1 8 - A 2

e

! 80 . . A . . . o . . p) 10 14 .
b . B | ) . . . e ‘ . . .5 7 3
j N 82 . . . ) . . . L - . N . 5
| TN 8 8 . 8 . 6 o5 27 26 25 .28 . 80 24 23 8
‘! M 100 198 . 215 . 283 286 248 251 285 -270 W3 w0 302 A8
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TABLE XIX

Sardines of Torrevieja (Alicante)

Variation in the Length of the Head in Relation

to Size (Total Length) of the Fishes

" ~THeaqg = — -
Length Size Groups, LT in mm.

mm 180 . 140 . 150 . 160 165 170 175 180 185 190 195

25
28 4

-

- T
2 . .
80
81
82

T )

2
R o

—

[

—

—

N 7. 1 .-9 . 9 2. 6 1 6 2 71 2
M 25,6, 280. 204. 322 325 827 840 87,7 340 857 85,5
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TABLE XX /51,8

Sardines of Castiglione

Variation in the Length of the Head in Relation:

to Size (Total Length) of the Fishes

Head : Si s . .
NOE - ize Groups T
Length _ H P ,.Ll_ln.mm: .

mm_ 100 105 110 115 120 . 180 185 140 145 130 155 180 © . 170 175
91 1

22 4 ) 1

23 1 1 4 ) .. )

24 .. ) 1 1 2 . 1

25 ) ) A B .

26 o . . ) 1 . . 1

27 ) . ) . . ) 2 . } )

28 ) . ) ) . . 2. ) 2 S

20 . ) S . . 1 1 1 )

30 . . L. L . . 1 ) 1

51 . S ) ) . . . ) P) .
- 88 . ) . . ) R ) ) . . 9

B84 ) . T ) ) ) ) . t B 1

[ 2 L . ) X . i X . . 1 1

N 6 1 5 1 5 .5 1 8 5 8 2 3 A 1

M 22,0

280 23,0 240 248 . 268. 26,0 268 286 808 80,5 83,3 . 87,0 87,0

LA et s e e e
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TABLE XXI

Sardines of Tunisia

Variation in the Length of the Head in Relation

in Size (Total Length) of the Fishus

Head - o Size Groups, LT in mm,
Length

mm 120" 125 180 185 140 145 150 155 160 . 170
24 4
25 8
26 L9 4 16
b 1 6 6 1 1
28 A . 3 3 3 3
29 . .. . . 3 2 3 1
80 ‘ ' 1 2
81 . . S . 1 o1 1 . .
82 : : . . . . . . Y
B : : : : . S .
N 4 1B 10 10 10 w5 6 32 .g

M 240 258 266 27,2 267 287 284 207 300 . 825

49
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. B B TABLE XXII

Sardines of Maumusson and Les Sables d'Olonne

Variation in the Length of the Lower Limb of the Gill Arch

(Ceratobranchial + Hypobranchial) in Relation to Size of the Fishes

Léﬁggﬂ ' ' _ Size Groups, LT in mn. _
" mm 85 90 95 100 105 .110 115 120 .180 . 140 145 . 155 . 185 1wo 185 200 -
10,0 1 2 ) S . . . .
10,5 . b 1 : ) -
11,0 R 1 Y 5 .
11,5 2 1 . “
12,0 . . . . 1 2.
12,5 R ) ) 1 21 . .
18,0 . .. . 4 7 2
13,5 R . . . . 2 7 2 .
14,0 3 1 1
14,5 1 1
"15,0 1 3 1
o 17,0 . . . . . . . . ) . R S 1
‘l' 175 ) . . . . ., . . . . O . 1
205 - . . . . . ) . . . . . . . . .. .
P I RN . . . . . . S R : . . . .1 .
a1,5 . . . . . . . : . ) .o . . . 1 1 1 .
22,0 - . .o . . o . . . . . . . . . . 1
22,5 . . . . . e . Lo . . A ) . . ) 1
28,0 . . . . ) . . . . . . . . . . . . 1
N 1 8 1 8 8% 10 20 ¥ 5 ) 171 . 2 . 2 2 2 PR
M 10,0 108 107 11,1.120 138 183 184 M7 . 150 170 . 172 . 20.0 242222 22.2
. . L
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TABLE XXIIT

Santander and Santona

Variation in the Length of the Lower Limb of the Gill Arch

(Ceratobranchial + Hypobranchial) in Relétion to Size of the Fishes

Toaieend
LU

Length

mm

Size Groups, L1 in mm, -

115 120 125 180" 185 140 145

150

1585

160 165

170 175 180 185 190 195 200 205 210 215

225

12,0
12,5
18,0
18,5
14,0
14,5
15,0
15,5
16,0
18,5
17,0
17,5
18,0
- 18,5
10,0
19,5
20,0

20,5
} 21,0

21,5.
22,0

23,0
23,5
24,0
24,5
25.0
. 25,5
26,0
28,5

.
NN NS
R <35 T N

o

NS -,
<
B

6
Q9

ST BT . e .

R N I

o -,

P el R T T

B L
o A 2 ;:fal P
N A e e

.‘.{-:;'»'-..-...

—
Pt DD b b . . . . . .,
(S

e
L=
—

“N.
M

.3 14 925 2 21 27 82

12,7 18,8 14,2 142 152 158 16,5 17.2 17,5 175 18,4 . 185 19,6 20.2 20,8 21,4 22,1 23,4 24,2 250.25ﬁ

20

5

6 4

0 13 11 16 12

7 8 8 8 1
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sardins of Vigo

Variation in the Length of the Lower Limb of the Gill Arqh' (Ceratobranchial + Hypobranchial)

- A : . in Relation to Size of the Fishes
E Le;gtl;)h' : — : - —— Size: Groups, LT in mnm.
. mm 85 90 96 100.106 110 15 120 136 10 W6 W0 W5 150 . 135 1e0 185 10 175 180 185 100 195 200 205 210 3215 220 235

.

e U L e
. 2 T,

I3

C14,6 . . . . .o
15,0 Do . . . .
185 .. . .. . .. .
- 16,0 . R . . R |
16,5 :

17,0

L1715 . . . ) . A .
18,0 } . . . . s . . . .
18,5 . . . . . .
190 . L . - . . . .
195 | . . .. ) . . . . . ..
20,0 Lo . ; . . . . . ..
20,5 . . ; . . . . . . . . .
21,0 . . ) ) . . . ) .. .
21,5 . . . . .. . . . ) . .
22,0 . . . ) } . ) ) .. . .
22,5

23,0

23,5 .. . ) . . . . . . . ) o ‘ ‘ ]
24,0 . . . . P ) . . o » ‘ . : . 1 1 8 1 9

, 24,5 . . . . . . . e . i _ _ _ _ ' _ . o ] 9 ) ) )
3 25,0 . . . - . . . . - . . ‘ . ) L ) ) B . ) . 9 3 2 . 1.

-,

S0 - . 11 4 1. . . . .
.-108 - - .- '8 -5 1 1 . :
S § ' R . 9 18 6 2 _ .. .
B ¢ ¥ S i1 & 1 . S
c130 .. . 1 8 7 1 8 . I
2125 . . . o2 2 . .. . . ’ )
180 .. . . 1 8 11 18 . 5 N FE ’ )
18,8 . 1 5 4 .
-14,0 . e 7 28 ’
1
2

[ et
Ot DX -3
o SER R . ..

-£8T-

L aBEEBaw, ..

:LS;S&EQ;[
2R S, .

[
»

whEERBan. m. .
D bt
[ = SN

-

»

Ll 4

[T

ot
o

W Ut 0D ke Oy
[
L

[ < VI

RO BNO
[ S X1
[
| S
e
[y

«®

W

; 26,0 C e e . 1

; . s . :Z; .. . . . . - . . . . -

: 265 . . . :%& 1

Sy : : z :

27,5

116 2 19 21 19 28 8 - 70 86 120 185 186 - 101 - : ' ' :
, . : 45 22 P8 25 28 923 14 12 6 6 5 9 2 8 1
80 100 10,7 11,0 115 121 128 136 146 182 156 16,1 167 1T 15, g5 183 100 20,1 20,7 20,4 224 24 28,6 24,1 249 250 215 250
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TABLE XXV

Sardines of Oporto and Leixoes

Variation in the Length of the Lower Limb of the Gill Arch

(Ceratobranchial + Hypobranchial) in Relation to Size of the Fishes

Limb ' ' Size Groups, LT in mu.

Length =
““min 128 188 139 144 150 156 161 166 172 178 183 189 194 200 205 211 216

14,5 1 . . . . . .
15.0 ] 4 2 . . . .

15,5 2 1 . . . . .

16.0 2 8 5 5] 1 1 . o

16,5 . 3 2 7 2 1 . . .

17,0 1 8 30 21 9 4 1 . . .

17,5 . . 2 16 7 . . . .

18,0 . . . + 18 27 16 . . . .

18,5 . . . .. 3 9 5 4 - . .

19,0 T . Lo 2 17 19 A | . . .

19,5 . . . . . 1 6 1 2 . . . .

20,0 L. . . . . 1 2 4 4 . ) . .

20,6 . . . 1 . 1 1 . . .

21,0 . . . . . S . 1 .1 4 3 .

216 . . . . . <. . . . . . 3 1 . .

22,0 - . . . . . R Lo . . 1 3 2 2 1

22.6 . . . . . . . . . . .08 5 2 .

23,0 . . . . . . . . . S 1 2 b .
- 28,6 . . . . . . . . . o1 . . 4 .

24,0 . . . Lo . . . . . . 2 1 .

24,5 - . 1 .

25,0 1 3 2

26,0 . . . . - . . . . . . . ' . . 1 . .
26,6 . . . : . . - coo . . . . . . : 1
27,0 . .. . . . . . . . . . . . ) . 1 .
* N 14 17 17 48 638 78 57 15 9 . 1~ 8 14 15 14 5 8 1

M 152 159 164 169 17,6 181 185 190 199 205 222 218 223 28,2 246 25.7 26,5
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TABLE XXVI

Sardines of Lisbon

Variation in the Length of the Lower Limb of the Gill Arch

(Ceratobranchial + Hypobranchial) in Relation to Size of thc Fishes

Liimb -
Length

Sizée Groups, LT in mm.

9,0 -

10,0
10,5
11,0 -
11,8
12.0
12,5
18,0
13,5

hohohon:

b2 b 'v-v-‘-v-u-u,u;-u’-n—}
55.‘“88@@@@5‘ XIS
oot omomemiomiomo

B
St
St

!

B RO WD
&R 8

U
; .
1

c =-OBEO.

1
P
1
6.
8

s s s e e e s e
.

s RN OE® e,

L Ro;®. .,

ot
P
-]
[y

o
13
. e B D . k. . . .
o0 SO
BO b O DD
c G, RO L . .
[y
RN, . . .
P N SN S AR . . .". .
. »-;a»-:.wn-acowr-n. ..
Pk

PR ISR
b

tmd . h e e e s e s h e e e e e e e s e w

O I T N

Tom 59 94 100 105 111 116 122 138 188 189- 144 . . 156 161 166 173 178 183 189 194 200 206 211

3.
1

N
M

5 28 22 20 22 28 21 46 41 88 19 .11 10 5 10 8 14 9
99105 11,1 11,9 12,6 188 18,5 151 157 159 16,7 . 180 183 194 19,7 209 214 228 23,1 24,0 244 2

8 4 .12

R
55
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TABLL XXV.I /556

7
Sardines of Avamonte and Sanlucar de Barrameda:

Variation in the Length of the Lower Limb of the Gill Arch

(Ceratobranchial + Hvpobranchial) in kelation to Size of the Fishes

Limb Size Groups, LT in mm. .
Lengbh 105 10 15 120 12 10 185 140 145 150 15 160 165 10 175

12,0 2 . .
12,6 . 2 1
13,0 1 . . .
18,5 . 4 . . . 2
14,0 . .
145 . 1
15,0 ' :
155 . .
16,0 . ) ) . 10 19 4
16,5 . . ) . 1 2 12
17,0 S . X . 2 13
17,5

18,0

18,5

19,0

10,5 . . . . . . . i .
F20,0 0 e . . . . . .2
20,5 . . . .. . . . | ) . .
21,0 . . . . .. L. ) . . 11 1
216 . . . . . PR o L . ) 1 )

o
ETR N S
—
1Y)
o s D .
[l ] -
P
3

w0 .

N 8 9 18 44 40 38 8 ¥ 15 16 10 10 4 2 1
M 123 188 144 148 158 159 166 164 175 188 180 194. 205 200 210
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TABLE XXVIII

Sardines of Casablanca

Variation in the Length of the Lower Limb of the Gill Arch

(Ceratobranchial + Hypobranchial) in Relation to Size of the Fishes

Limb - Size Groups, LT in mm,

en ) . } }
L xghtllh 160 110 120 180 140 150 160 170 180 190

12,5 1.

14,0 1 1

14,5 S | .

15,0 R 1

15,6 L. 1

18,6 . .

170 . ) . 1

18,0 ) . ) ) 2

18,5 . . . . . ) 1

19,5 L ) . . . 2

20,0 . . R | '

22,0 . . . . . . 1

22,5 . . : B .1

. 285 . : . : . . . 1

. 24,0 . . . ) . . .. 1

84,5 . . . ) . . . 1

- 95,5 L ) L i ) . i 1
26,0 L |
N - 2 2 2 2 3 2 2 2 2 2
M 182 142 152 187 187 19,5 202 ~ 980 242 257

/227




- Sardines of Madeira

'Variation in the Length of the Lower Limb of the Gill Arch (Ceratobranchial + Hypobrénchial)

in Relation to Size of the Fishes

 Limb S - ~ Size Groups, LT 'in mm,
.Length - — ' - » s .
L ng?ni}n 100 105 110 115. 120 125 . 140 146 150 155 160 165 170 175 180 185 180 105 200 205 210 215 220

A\l

“ 13,5 L1 4
‘18,0 A | . .. -
16,5 . ) .1 . . o e .. . . e .o . . . .
S T S T
155 T T
16,0 e T 1
o185 . e . . . .1 e e e e e e
B8 S PR R SR BT
75 . . . . . B . . . . . 11 . . .. . e
- 18,0 . . . . : . ) . . B 2 5 1 . .. . . .. . .

~8T-

190 . . 0. , .
19,5 a . . . . ) . D0 . .. 1 1 1
20,0 . . g . ) . e .. 1 1 2
205 . e .
21,0 S e e R ‘
215 . . A T
22,0 '

22,5 C e e e . . . .
23,0 L e . |
23,5 ) ) . ) . . ) . . . . . . . . . . R . .
24,0 T .

(2]

[ VR S S

-1
[
[\

G o =
-.u )
(5]
L ]

W s O

N 2 1 5 6 1 8 . 2 2 1 6 % 4 ‘6 3 3 7 4 13 14 14 28 18 2
M . 117 125 126 181 140 140 . 162 185 165 178 178 179 191 105 109 201 205 205 221 218 227 230 232
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TABLE XXX R /560

Sardines of the Azores

Variation in the Length of the Lower Limb of the Gill Arch

(Ceratobranchial + Hypobranchial) in Relation to Size of the Fishes

Limb Size Groups, LT in mm.
I“erﬂ§§}1115 120 125 . 185 140 . 155 1860 165 170. 175 180 185 160 195
14,0 1 1 1 . . . .
14,5 1 . . S
15,0 . 4 6 8
s .. | 1
16,0 - 1 2 6 3
185 . . 1 . . 1 .
17,0 A . . 1 2 . . .1 .
17,5 . . . . S R | 5 P 1
18,0 . . . . . . . 1 4 5 3 .
- 185 . . S .. . . 4 8 6 3
- 190 . . o . . . . 6 10 9
19,5 . . e o . . . . . 4 3 1 )
'l' 20,0 . . . . . o . . . . . 3 5 2
N 20,5 . . . . . . L . . . . . '
L0 - . . . L . ) . . . .2 1 . g
a0 - .. L. .. . L. . .. 2 1 . .
21,8 . .. ) S . . . . . .. . . 1
22,0 . . T . . . o . . . B . . 1 . 1

N £ e .1 .u 6 . $ 18 22 24 2 8 8 ‘ 2
M 148 150 153 . 158 164 . 174 180 184 188 1v3 203 208 208 218
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® - : TABLE XXXI

Sardines of the Canaries

Variation in the Length of the Lower Limb of the Gill Arch

(Ceratobranchial + Hypobranchial) in Relation to Size of the Fishes

Limb : - Size Groups, LT in um.

B
E]

Length. )
70 80 90 100 110 120 130 140 150 160+ 170 180 190  200. - 210 280

033
[=X- -1

“

-

[Ty Ry
R R )
B R oy

et et Pt
[V-F - Ne-
e L

. RO M. L ., L e

12,07

. OB, L .

it et
W o
oW
. D,

. @R, . . . .

17.0

[
=)
>
e . R ROONE. e e e e e e e ..
RO . . . . . . . .

. 19,5 . . T .
20,0 . . .-

‘_‘ .
o
b e e e e e e e

21,0 . . . N s . . .. .

21,6 . . . . . . . . .
T 22,0 .o . . o . . - i

22,6 . . . .o . . .. . . . . .
280 . . . . . .o . . . .
28,5 . . . .- . . . . . . .

- L. B
B . -

s W=D
=]

25,0 L . . . . . : S S 1

SN ¢ 11 12 10 4 15 1B 2 15 12 - 14 18 11 12 15 5
M .78 04 98 108 11,9 129 188 -147 164 174 190 198 207 216 225 235
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TABLE XXXII

Sardines of Yugoslavia

Variation in the Length of the Lower Limb of the Gill Arch

(Ceratobranchial + Hypobranchial)‘in Relation to Size of the Fishes

Limb
Length
mm

Size Groups, LT in mm,

105 115 125 185

145 155 165

10,5

11,0
11,5
12,0

12,5

180

. 18,5

14,0

. 14,5
' 15,0

15,5

. 8.
4
2 1
1 7 2
' 1 2
1

o S S~ -

10 10 . 10
10 12,1 127

C10

13,6

10 10 4
48 16,0 17,3
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. - , , o TABLE XXXIII /563

Sardines of Castelldn

Variation in the Length of the Lower Limb of the Gill Arch

(Ceratobranchial + Hypobranchial) in Relation to Size of the Fishes

Limb . Sige Groups, LT in mm.

-Legl%f:h

02,5 915 .. 1075 . 1175 123,56 1275 1828 1875 1425 1475 1625 167,56 1625 .7

100 2 . o . . e . .

10,6 1 Co . . . e . . . R .

11,0 . 8 ' . 8 : '

120 . . . 6 . .

12,5 - . L. L . e

13,0 . e . 4

18,5 . .

. 14,0 Co e . 13
- W5 - e et . 6 :
P 15,0 » S . . S § 131
_ S L1585 . : P e A |
. 18,0, o . . .
_ 18,5 : C . . . e :
: o100 e e e . e e 1
175, . . .o e . . . :
18,0 o . . e . 3 1 T
18,5 e e e co L e 1

TR W .
BB

10,

QR @ .
F-
=

'S
BO D v =] .
b

‘N 8 8 . 6 .. 86 21 25 21 28 21 20 20 19 6,
e M 102 11,0 . 130 . 128 133 140 " 144 146 153 158 16,6 . 17,0 174
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TABLE XXXIV

Sardines of Torrevieija (Alicante)

Variation in the Length of the Lower Limb of the Gill Arch

r.vi ¥

{Ceratobranchial + Hypobranchial) in Relation to Size of t he Fishes

Limb 130 . 140 . . 150 . 160 165 170 175 180 185 190 105
Lqugh Size Groups, LT in mm,
14,0 . 5 . e
14,5 1. i : .
150 - 1 o1 3 .
15,5 1
16,0 2
. 18,5 . e 1 - )
- 17,0 ) .. . 2 4 ‘ 1
175 ‘ -, . 2 1 1 .
18,0 2 1 |
18,5 . . i . . 1 . . 1 : .
19,0 i . . Co . i 1 . 1 1
10,5 . . . S S S 1 12
20,0 - . . . . . . . 1 1
20,5 : ‘ . . . 2 )
21,0 1 1
N 7 R T 9 . o, 2 6 1 6 1 7 2
M 142 . 150 . - 159 . 175 117 182 185 193 105 200 20,0
. -

/564




" Variation in
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TABLE XXXV | ,

~

1
[

U

Sardines of Castiglione

the Length of the Lower Limb of the Gill irch-

(Ceratobranchial ~+~ Hypobranchial) in Relation to Size of wLhe Fishes

Limb

Lé£§th

Size Groups, LI in mm,

100

1056 110 115 120 180 185 140 - 145 150 165 160 170 175

11,0
11,5
12,0

- 13,0
13.5
14,0

15,0

15,5 -

8

16,0

16,5
17,0

17,5

18,0
18,5
16,0

T 19,5

- 20,5
" 21,0

[ V]
-

1O bk e
ot

N
M

11.4

1 ] . 5 1 3 5 3 3 3 . 1 ‘1
15,0 15,7 16,4 16,7

1 5

120 121 180 134 18,2 193 21,0 19,5
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TABLL XXXVI

Sardines of Tunisia

/566

the Gill Arch

Variation in the Length of the Lowér Limb of

(Ceratobranchail -+ Hvpobranchial) in Relation to

Size o1 the Fishes

Limb . Size Groups, LT in um.
Length . _ :
mm 120 125 130 185 140 145 150 165 160 . 170
12,0 1
18,0 3 2 1
18,5 1 1 2
10 6 b 4
14,5 1 3 ) 1
16,0 1.1 2 6 9
15,5 1 9
16,0 2 1
70 . . . o232
17,5 L . R . R | 1
18,0 L R RS | 1 3 1 .
185 ‘ ' 1
19,5 1
N - 5 10 10 ,9 10 10 5 -6 2 9
17.7 19,0

M 129 13,8 189 - M4 M9 158 170 176




. o o TABLE RXXVI bis

Variation in the Length cﬁ' the Lower Gill Arch (Ceratobranchial + Hvpobranchial)

in Relation to the Size (Total Length) of the Fishes

of All Material Studied from the Different Ar'eas of the Atlantic and the Mediterranean

e,

Size Groups, LT in mm,.

r 70 . 80 85 90 95. 100 105 110 115 120 125 130 135 140 145 .150 155 160 165 170 175 1% 185 190 195 200 205 210 215 226 225
7,0 1

7,5 8

8,0 4 .

9,0 .. 1 6 1 3 . . . . . . . S S s S e

9.5 . 2 . 4 . . . . - c .. .

10,0 . 8 1 28 14 3 . )

10,5 . 6 17 7 4 . : ; . . . . . . . . . IR .. . . . . . .
11,0 1 27 39 14 3 . . . . L. ) . ) . .. Lo S . . .

15 2 10 12 6 1 ) . o . R ] . ) ) . .. . . . . . .

12,0 1 9 24 31 18 3 2 . . . : . . . . . . . . .

12,5 . 1 4 19 8 5 4 1. i
18,0 - . 4 19 39 42 17 6 2 . . . L . D .. . . . . L
13.5 . . 8 15 17 11 7 5 1 . . . . . . . L. . . . . -
14,0 1 1 12 .2 45 8 2 13 -3 o ) E .. . . . . . . o
14,5 . . 2 5 15 15 31 18 1 4 ) 3 ) . : . . -
15.0 . . . 5 27 45 8 8 52 21 7 . . . . . . . .
15,5 . . 1 5 11 23 42 27 14 5 3 . o . . - . . . B
18.0 ) 1 20 52 69 95 . 687 28 10 ‘1 1 . . . . . . . . .
16,5 2 5 98 923 42 2 7 5 . . . : e . . . . -
17,0 .8 21 35 114 62 31 24 4 1 . . . . . .
17.8 4 17 - 40 21 15 5 1 . . . . . . .
18.0 24 55 60 37 12 6 1 1 . . . . . . .
18.5 3 1 16 15 7 5 1 3 . - . . . . -
13,0 1 6. 8 81 20 18 5 E 2 1 1 . . . .
195 3 3 9 4 1 9 6 2 73 . . . . . .
20,0 1 1 3 7 18 18 .14 BT & 6 . . . . . , .
20,5 . 3 2 8 9 v 5002 . 1 . . . . .
21.0 ) 4 7 3 11 11 18 12 6 2 1 ) . ..
21.5. . 1 1 3 2 4 4 3 . . . .
22.0 1. . 2 3 K 7 8 14 8 13 2 . .
22.5 . 1 3 8 5 5 8 ¢ 2 .
23.0 1 . 1 2 13 11 7 3 19 5 4 .
28,5 . 1 1 ) . .4 1 3 1 32 .-
24,0 . 1 2 5 7 17 38 38 .
45 o 1 - . 2 1 2 . .
25,0 . 2 .1 8 2. 1 -1
25,5 1 . ) . ; .
18,0 1 1 1 .

28,5 .11

27,0 2 . .

27.5 . 3

N 9 1.2 87 61 70 62 89 99 144172 254 279 262 810 247 189 149 77 78 B8] &8 42 61 46 51 36 59 16 10 1
N 7.8

9.4 9510010,7 11,2 11,7 12,5 182 189 14,5 150 155 158 16,6 17,8 17,9 18,3 19,0 19,6 20,0 0.4 21.2 21.7 22.1 22,6 23,5 23,3 23.5 24,6 250
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TABLE XXXVII

Sbrat of Vigo

Variation in the Number of Gill Rakers in Relation

to Size (Total Length) of the Fishes

'é?ii Size Groups, LT in mm,

Rakers 9 9 100 106 10 115 120 135 180 185 140 146 150 165
I L ) S . : . P . . . )
38 . - . . 1 3 1 R | . . ) .
84 . R T | 4 T 8 2 . -
35 ‘1 2 1. 3 11 5 8 2 4 . 7 1 .
36 . 1 8 1 11 8 2 1 1 4 3 . 1
87 1. .1 4 ) .1 101 e . . 1 )
38 . a 1. ) : . . 1. 8 ) .
39 ) ) . 1 1.1 o .
40 _ 1 . . . :
N 1 4 8 5 14 8 18 6 5 9 8 15 2 1
M 3,0 857 865 86,2 8.3 850 548 857 454 859 856 857 860 860

TABLE. XXXVIII
Anchovy of Vigo
Variation in the Number of ‘Gill Rakers in Relation
to Size (Tutal Length) of the Fishes
No. Size Groups, LT in mm,
Gill - ‘
 Rakeprs110 115 120 125 180 185 140 145 150 165 160. 165 170 175 180 185
82 1 . . 1 . . 1 ) R ) R . .
83 S . ) 1. 2 . . . 1 . 1 1 . )
84 . . . A 7 . 5 1 2 2 1- 1 1 . X
35 A R 107 7 4 9 4 4 4 3 3 . 4 . .
36 2 2 7 5 21 12 16 8 3 3 1 9 10 3 . 1
87 ) 8 2 11 18 186 0 8 17 1 6 5 9 3 2 )
88 . 8 4 11 928 10 1B 12 2 4 4 4 . :
89 . .8 10 15 1 5 . ) . 2
40 . 1 8 8 1 . . 1 1 1 )
41 . j . 11 . . . 1
N 2 7 17 81 € 87 81. 57 48 12 1 2 81 18 2~ 1
M 36,0 857 862 8568 867 872 872 569 57,1 857 864 566 0866 550 BTO0 860




. -' : L | - I‘ABLL I)( o o S ¢

Horse Mackerel of Vigo K - ‘ S

Variation of tne Number of Gill Rakers in Relation 11e) t,he Size (Total Length) of Fishes - o

Lo

s ’v j ] " .
Sin mm, T y
o 75 80 85 90 95 100 105 10 I15 120 125 180 16 180 . 170 175. 180 185 160 185 200 206 210 . 220 225
‘.. ) . ,,' . 1 _./ ) . . N ‘A.‘
1 . 8 2 1 1 ~la 2.2 1
2. 4. 1 2 .8 4 2 2 CLET 2 1 11 1 |
12 1 4 171 11 4 1 4 2% 2 2 3 1 i1 8 3 .
12 2 a3 1.2 2 18 Lia s 1 2 1 3 1 1
1 2. 3 5 41 1 s 5 3. 03 . 11 3 1 !
DL 5 8 2 5 8 8 30 .4 L2 v 1
1 1 o : . 1 .
: 1
1 9 6 10 10 10 10 15 11 9 10 12 2 14 1B 187 10 6 .1 2 1 4 -5 11 6 6 6. . 1,1
4'0'0 425 438 44,2 44,1 4358 ‘453 455 448 451 450 455 44,9' 45.1 45,5 14,5.6“14 448 44.7 . 45,0 43,5 43,0 44.2. 452 446 43,8 445 44.7 . 47.0. 45,0
1
e
~c
o




-199-

. : TABLE XL
@

Sardines of Maumusson and Les Sables d'Olonne

Variation in the Number of Gill Rakers in Relation

to the Size (Total Length) of Fishes

5

Noéiii. . ’ o Size Groups, LT -in mm.

Rakers 85 90 95 100 105 110 115 120 . 180 . 140 145 150 155 . 185 180 195 200

49 )
50 1
51 )
52

53 °

54

55

56 . ) )
5% . . . 1.
58 . o
59 . ) .1
60 .

61

62

» bt ped pmd

— b B D =
L s,

[
RO, . . . ., .
i
L Y O
—

=

e T D,
TR DIRO. L L L
Ly .'- . . - .

. W

S
o

s b e B 0D .
o

(=]
38
o
— RO bt ek B B O e

1 8 18 8 8 10 2 24 . 81 .14 1 4 2 .2 .2 2 2
hii 50,0 500 52K K34 5RO K5 402 62.7 . A4 (At A B A W S A [




TABLE XLI Sardines of Santander and Santofia

Variatioﬁ in the Number of Gill Rakers in Relation

to the Sige (Total Length) »f Fishes

-
~200-

225

Noi Size Groups, LT in rm,
ok s 115 120 125 180 185 140 146 160 155 160 165 170 175 180 185 190 105 200 205 210 215

"6

[S- I SR N
2
—

)

e
N e DD WO DD O e W GO e D)
St
[ rS
W O x DO e e DD D W
™o
Pt b et
- = D B —
—
no
—
-

o

(-]
R - = T o W Y )

I S R TR
[
—

.
.
.
.
o
O e e e e

54,7

14 25 -9 .27 97 82 2 5 6.5 10 18 11U 18 12 7 8 8 8 .1

55.5 57,3 57,5 58,0 68,4 658, 68,4:.68,0.66,0.67,6::70,8-.69,8 :70,4: 70,8 T4;1 “74:37 77,0 ‘84,6 845 8.0

1
_ o
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e s ®
Sardines of Vigo
Variation in the Number of Gill Rakers in Relation to Size (Total Length) of Fishes
' Noe of - ' ' , o Size Groups, LT in mm.
Pg;i—% s 90 .95 100. 105 110 115 120 125 130 185 140 145 150 155 180 165 170 175 180 185 190 195 200 205 210 215 220 9225

47 1. . : } ) . . . . . . ) )

48 L2 1 . . . . . . . . . ) . ‘ ; :
45 1 1 1 . I . S . . . . : :
50 - 2 4 2 . . L. . . . . R . . i

51 1 1 . 1 . . . . . . . : ' . 3

52 8 4 8. 3 . . . . . . . . . . . ) )
58 2 3 2 2 3 . ) . . . . . R : )

~. 54 2. 1 4 -5 2 2 . . . . . . . . . . :
55 . 8 1 8 2 1 . ) . . . . . . ; :
56 .1 2 &4 2 oz .1 1Y .1 . . . ; :
57 .1 . 3 2 3 1 .1 . . S . . . : :
58 . . .08 3 2 2 1 . .. . . . . , : . :
59 . . .02 1 1 2 .8 1 . : . . , : :
80 . 2 2 3 71 3 2 2 3 . . . 1 .. _ ) ; :
61 . 8 4 4 4 7 3 4 3 2 . i . . ) ; ;
62 . . .1 3 10 6 9- 4 4 - . . . . L : ; :
83 ) 202 9 12 1B 7T b5 . . . . : : :
84’ . . .3 5 9 2. 9 10 2 1 e . . . . :
85 . 2 14 15 12 12 8 5 1 .11 .. , . ) : :
66 . ) 213 16 18 11 10- 4 A | A e ) : :
87 . . . .12 1 18 2 1 5 1 S JoE . . .

68 . 3 9 17 17 16 -9 3 17, 8 . . a ) )

" 60 ) 3 13- 8 12 12 5 3 2 1 2 1° 1. | 1 ' :
70 . . . .10 18 14 2 9 3 4 2 . S 1 _ :
n . 1 4 '8 7 11 6 6 2 4 1 . 1 2 11 _ :
79 . . . 4 4 9 8 g 10 2 . 8 1 . 1 K 1 ) )
8 . . . ] . 1 1 5 5 -6 12 7 '3 2 8 1 2 1 2 ) ) :

74 ) . ; 1. 3 13 13 8 1 4 1 4 1 i 2 1 ) ) ) ;
.5 . . . . 2 2 5 8 8 2 6 3 2 1 i . : ) ] : :

76 . . . . .1 4 -6 .1 6 8 4 & 3 .1 . . .

77 . . . 2 2 4 3 1 1 5 1 2 11 1. . 1 )

8 . . . ) .12 .1 8 38 1 _ . .-1 ) . .

79 .. . 2 1 1 . 1 1 1 3 8 1 1 2 . .

80 - . . . .1 . 838 1 38 3 . 4 1 A | ‘ i
81 . . .. 3 1 2 S T | 1 L
89 - . . . . . 2 . . . . i 3 2 1 1 1 i i
83 . . 2 1 . 2.1 2 1 1 1 . . 1
84 . i . 1 1 1 i 1 . 1 2 L
85 . . . : 1 . ) 1
86 . . 1 . 12 .o S | R
87 . . . . .

88 . . ) 1 .

90 . . . 1 .

91 . . . 1 2 _

92 . . 1 1 .

98 . . . . . X . 1

N 1 14 20 19 23 19 93 28 81 .128. 151 148 157 101 45 24 39. 81 29 26 1§ i9 10 11 9 10 S8 1 3
M 49,0509 528 52,9 549 56.8 587 61,9 644 658 66,6 674 691 71,2 725 73,1 74,0 755 764 77,2 ‘78,1 802 789 778 78,0 86.3 81,7 92,0 87.0
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TABLL XLIII

Sardines of Leixoes {North of Portugal)‘

Variation in the Number of Gill Rakers in Relation

to the Size (Total Length) of Fishes

Ngilif . - - Size Groups, LI in mm, .
Rakers 128 188 189 144 150 . 155 161 166 173 178 188 189 164 200 205 211 218
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N M 17 19 & 67 T4 51 15 9 i1 8 .14 15 14 b 3
M 658 672 690 604 71,0 721 788 129 769 750 833 79,1 803 816 848 91T 930
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TABLE XLIV

Sardines of Lisbon

Variation'in.the Number'of Gill Rakers_in Relation

to the Size (Total Length) of Fishes

Gill-

Size Groups, LT in mm.

94 100 105 111 116 122 +128 188 180 144 150 15_;5 161 166 172 178 183 189 194 200 205 211

Rakers
A5
8

50
51
52
1]
54
55.
58

&
3
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TABLE XLV

03 . / .
Sardines of Ayamonte and Sanlucar de Barrameda

Variation-in the Number of Gill Rakers in liélation

to the Size (Total Length) of Fishes

No. of . Size Groups, LT in mm,

- Gill =

Rakers 106 10 115 1200 125 . 180 185 © 140 145 150 156 160 165 170 175

57 1
58 .
659 1
60
61 .
62 1
63 .
64
85
66 .
67 . 1
68 - .
69
70
71
72
73
74
75
.8
oy . . .. . .
.. . . . ) . 1

. S RD e, L .
S
B2 . o« . e .

SO, . .

> TUDD = 1D .

[
B B et et
s
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o et
T I N DR X )
WIRO G L
. H)—l‘)—‘l@)—‘l\:b—l&.‘,b—.l;—ll—l. e+ o e = s
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D e e e e e e e e e e
ko fd . e I

© ek e et DO RO B e D O RO RO RO G0 . et bk et

LR e BT L e O
TSI
. DO et bk DD B bt o
. ’-‘l\:!)—‘:;:!\:)t\?-;n

b
I S S I
-

—

80 I Z : . : . ‘ : S .8
81 ) . : . . : : .8 \ , ) . ) .
82 . . . . . . . . . . . . . . 1
88 . : : . . . . . . . A . .
84 . ‘ . . : . L . 1

N 8 .0 13 45 41 - 8 s 17 18 18 10 10 4 2
M 508 630 680 662 672 689 706 609 781 731 788 758 990 T80 R20
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TABLE XLVI

Sardines of Casablanca

Variation in the Number of Gill Rakers in Relation

to the Size (Total Length) of Fishes

No. of

3ize Groups, LT in mm.

Gill

‘Rakers 160 110

120 130 140 150 160 170 180 100

61 1

o4 -

o 1 1
" S
%

7 I
79
81
84
88
87
88
90
92
93

N 2 2

2 2 . 3 2 2 2 2 2

M 64,0 69;0 .87,5 76,0 80,7 84,0 820 855 91,0 945
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. : B TABLL XLVII

Sardines of Madeira

Variation in the Number of Gill Rakers in H;iation

to_the Size (Total Length) of Fishes

No. of : Size Groups, LT in mm.
Gill, : -
Rakeprd®@ 105 110 115 120 125 . 140 145 150 155 160 .165 170 175 180 186 190 195 200 205 210 215 220
45 1. .
46 A T S |
47 1 :
48 p 1 Y
49 ' 11 1
50 2 1 .1 1
51 S T | 2 1 | 1 :
52 1 2 ; 1 ! 1 N
53 1 12 21 .2 121 1
54 . . 1 1 1.2 1 1 1 1 I
56 - . 1 1 i . 1 B 2 4 6 §
56 . 1 1 52 6 &
51"; : 1 2 4 1 4 v
- 58 . 1 11 11 41
S8 1 1 1
- 60 . . 1 1
l-'_‘N 2 .1 & 6 1 8§ . 2 8§ 1 6 8 6 & 8 B T 4 1B M 14 ® 1B 2
M 46,0 46,0 484 W0 520 S0 . - 520 51,7 540 50 628 $9.8 540 560 568 541 540 648 56,0 &E 555 555 5B
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TABLE XLVIII

Sardines of the Azores

Variation in the Number of Gill Rakers in Helation

to the Size (Total Length) of Fishes

. Sigze Groups, LT in mm,

No. of

Gill y35 120 123 185 140 . 155 180 165 170 175 180 185 190 195
Rakers
49 ) 1
51 1 .
54 1 1 1 4 .
55 3 1. . 1 1
56 P 1 2 3 3 4 1
57" 1 1. 6 ) D) 2 9 3 1 .
58 1 1 1 3 3 3 2 . 1
59 - ) 1 1 . 2 5 4 5 2 1
60 2 . 1 1 2 5 ) .
61 ' 1 1 5 2 7 1 . 2 .
62 . 1 2 1 1
] 1 . 1 .
64 . . . . . 1 . . 1
N 2 ¢ nm . m & . 2 18 21 W 1 8 8 4 2
M 555 553 8756 . 567 583 . 590 584 590 588 b04 600 62.0

597

8.8
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TABLE XLIX

Sardines of the Canaries

Variation in the Number of Gill Rakers in Relation

to the Size (Total Length) of PFishes

No.. of . Size Groups, LT in mm.

Gill . ' :
Rakers™ 8 90 100 110 120 130 140 150 160 170 180 190 -200 210 220

87

39
40
41
42
43

P DD et OO et
[y

e

45
46
47

e

o ek
L WO, . . . .

38
3 3

o, .
[

9 . . 1
0 ) : :
59

B T R L S

. .

3 3

ROBOBS . . . .« . . e e e e e e e e e

56
57

S
B I O e

59
o1 : : S e : . Lo . : : .1

e BODD e o et DD .
e DL BN EDI -, .
L A G DO SO s bk e e o
bt DO O et BO bk P ok . (o
e 32 DD DD DD e

et SO et o
o B e,

9 1 13 10 14 15 18 % 1B 12 14 16 1 13 15 5
M1 454 438 166 488 4903 502 517 528 549 560 550 56,8 0569 57,8 588
39 - 3 : .

Rz
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TABLE L

~Sardines of Yugoslavia

Variation in the Number of Gill Rakers in itelation

to the Size (Total Length) of Fishes

No. of Size Groups, LT in mm.
Gillk -
Rakers 105 115 125 185 145 155 165
48 1
47 2 . .
48 1 3
490 ) 2 2
50 2 1 . )
51 2 1 9 . 1
52 1 1 2 1 1
53 1 3 1 1 1
54 1 2 1 2 4 1
55 1 S
58 ) 2 1
58 2 3 1
50
61 1
62 1
N 10 10 -1 . 10 .0 10 . 4

M 499 51,0 512 512 54,9 - 56,1 58,5
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TABLE LI

Sardines of Castelldn

Variation in the Number of Gill Rakers in Relation

to the Size (Total Length) of Fishes

No. of . Size Groups, LT in mm,.
Gill 025 07,5 . 1075 . 17,5 1225 127,5 132,5 1875 142,6 1476 152,6 157,56 162.5
Rakers .
48 9 ) . 1 . ) ) ) . .
49 1 2 .2 . 1 3 . . . . .
50 . . . . 3 1 . 1 . ) . )
51 1 2 3 b 4 4 1 1 2 N
52 - 2 2 6 5 4 ) 1 4 ) 1
53 1 1 4 2 5 5 ) 5 1 . .
54 . 1 1 2 1 4 6 2 2 ) .
56 . 1 3. 3 5. .5 2 4 9 1
56 . . 2 2 7 1 7 5 43
57 . . 1 2 ; 5 6 9 .
58 1 2 . 1 . . 1 Lt I 9
* 59 . . . . 2 . 1 4 )
80 . . 2 1 1
61 1 )
83 1
N 8 8 . 6 . 8 20 25 21 28 27 29 21" 19 6
M 48.3 56,5

49,7 . 50,5 . 52,2 62,1 528 535 b4.1 558 5532 654 56,7
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TABLL LII

Sardines of Torrevieja (Alicante)

Variation in the Number of Gill Rakers in Relation

to the Size (Total Length) of Fishes

No. of - Size Groups, LT in mm,

Gill .

Rakers 180 . 140 . 150 . 160 165 170 175 180 185 180 195
54 8 . 1 . . . ) .
55. 1 . 1 1 . . ) . .
56 1 1 . ) 1 . . .
57 2 . 2 1 1 1 . , )
58 . 9 1 ) . . .
59 1 ) 1 1 )
60 ) 2 2 . 1 1 1 o
61 . 1 ) 1 2 1
62 1 ) . 1 . .
63 . . 2 . 1 .
64 1 . . 1 ) D)
65 ) . 2 )
66 1 . . )

o7 . 1 .
- 88 1 . 1

72 1
N 7 1 . 8 . 9 1 6 1 6 °© 2 6 2
M 558 56,0 575 . 610 570 598 590 .63,0 620 625 645
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TABLE LIIT

Sardines of Castiglione (Algeria)

Variation in the Number of Gill Rakers in telation

to the Size (Total Length) of Fishes

No. of

Gi1l . . 'Size Groups, LT in mm.

Rakers 100 105 110 115 130 . 180 185 140 145 150 165 160 170 175
49 - 1 - . ; ; . . .
51 . 1 . . L g .
52 . . 1 . . . . .
53 1 i . . . . . , ) .

54 . S 2 1 ) . . . ) .
55 1 . . . 1 . . . L .
56 1 1 1 1 .. . . . . .
57 1 ) i ) 1 ) 1 1 ) - -
58 . . 1 . ) 1 ) ) L
59 . . 1 . 1 1 1 . . .
60 1 ) A 1 . ) . ) -
61" 2. . - 1 . . :
62 ) ) 1 : .
63 . 1 "1 : 1 i X .
84 . . . . . 1
67 . . ) 1 . : '
) 1 ) .

) . . . ) 1 )

70 . . . . . . . 1
™ . . : . . . . 1 :

N 5 1 5 1 5. . 5 1 3 5 8 3 8 1 1
M 550 840 556 520 872 576 890 578 610 590 597 693 70,0 64,0
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TABLE LIV

Sardines of Tunisia.

Variation in the Number of Gill Rakers in Relation

to the Size (Total Length) .of Fishes

No. of Size Groups, LT in mm,-

Gill : .

Rakers 120 126 180 185 140 145 150 155 160 185 170
51 2 . .
52 8 2 1 X
538 1 2 1 2 1 1 )
54 1 2 2 1 1 1 1
55 2 1 8 4 ) 1 1 .
56 1 1 1 12 1 1
87 1 1 . 2 1 2 1
58 1 1 1 3 .
59 1.1 ) 1 1
60 1 p) .
61 1 . 1
N 5 10 10 10 W W 5§ 6 2

52.8 54,8 55.0.55,5 552 56.6 56.2 67,5 59,0 . 58,5
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TABLE LV

Sardines of Maumusson and Les Sables d'Olonne

Variation in the Separation Between Gill Raker Spines

in Relation to the Size (Total Length) of Fishes

Micro - Size Groups, LT in mm.,
Divae & _ Lo . e
85 90 95 100 105 110 115 120 . 130 . 140 145 150 155 . 185 190 195 200
12 180 2 1 .
1319 2 4 3 . ..
14 210 6 9 10 3 1 .
15 25 . 1 109 4. w0 . ..
6 240 . . . 8 . 8 18 14 . 3
7 %5 . . . . . 1 9 5 8 , :
i8 270 . . . . . . ) .1 .2 . . o2 2 .
19 0285 . . . . . . . . . .. . 1 L 3 . .3 2 2 .
20 800 L 14 3 8 5 5
21 815 1 8
t N 4 12 16 24 13 3 82 1 . 13 . 4 4 4 4 . 8B 8 8 B
M div, 12,5 18,6 14,1 14,7 147 154 160 168 . 168 . 185 183 IRE 0 . 191 104 199 204
Mo 188 204 ;2 81 M 2/ 240 U5 . WA . I ¥B 268 MO W MR AN 3%

857 a5y




TABLE LVI

Sardines of Santander

Variation in the Sppargtion between Gill Raker Spines

in Relation to the Size (Total Length) of Fishes

Size 'Gr‘oup's‘;' 1T in mm

115 120 125 130 185 140 145 - 150 155 160 165 170 175 180 185 180 195 200 205 210 215 225
6 7 5 . 2 2 .
5 5 5 9 2 5 8 4 . R . .
1 4 6 4 9 7 7 12 4 1- 2 1 1 1 . . .
. 3 3 2 1 6 8 10 3 8 2 . 1 2 1
. . 1 5 5 8 8 1 5 8 6 12
. 1. i 5 5 - 4 3 5 6 6 . Ilc
"o 1 5 7 2 2 4 4 2 —
. 3 1 : 1 2 ..
, - - - — - i
. 12 18 16 16 16 16 18 16 4 . 8 16 16 16 18 18 16 16. . 16 24 4 4
" M- div. 16,6 16,8 17,1 176 178 17,6 17,6 17,7 180 . 19,0 19,3 192 20,1 2,1 21,2 21,2 205 20,5 207 220 23,5
M e 2490 252,0 2565 264,0 267.0 264,0 2640 2855 270,0 8375

285,0 289,5 288,0 801,5 801,56 818,0 3818,0 3807,5 807,5 310,5 8300




TABLE LVII

Sardi neé of Vigo

Variation in the .Separation Between Gill Raker Spines

in Relation to the Size (Total Length) of Fishes

Size Groups, LT in mm, .

85 90 95 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200 205 210 . 225 . 285
1150 1 1 .
185 . 1 3 1 . ' AN
180 2 2 1 1 ) .2 . .
195 1 -5 . .4 3 1 1 38 . . . oy ‘
210 7 5 7 2 4 1 1 8 10 6 5 . 1 . . .1 =
225 2 10 5 8 1 . 5 14 17 11 17 7T 4 2 . 1 L 12 . L
240 . .7 5 5 9 6 1 21 .25 16 21 21 7 4 -2 6 5 4 4 1 |
65 1t 86 6 9 4.8 °10 81 2 15 ¢ 8 6 9 1 1 .6 5 & 3 4
270 . 4 1 2 4 1 7 10 12 11 M4 1 7 9 4 .1, 4 T 2 4 . 8 .
285 1 ‘- 2 1 7 5 6 20 6 5 1 2 8 2 4 2 8 1
800 4 1 1 7.2 1 14 3. 3% 4 38 8 2.1 .
315 . 1 3 4 1 4 2 . . . )
830 ' 1 B L S 2
345 : . . . . . . 1
12 24 2 16 36 24 16 16 56 64 76 B4 56 40 28 36 40 44 82 16 30 W 8 M 4 186 . 4 4
div. . 137 187 1517158 144 161 16,7 155 157 15,6 16,1 18,5 16,6 17,2 18,0 18,0 18,3 18,1 19,0 19;1 177 188 18,6 179 185 189 . 21,5 21,5
206 206 227 230 216 242 251 233 236 234 242 248 249 258 270. .270 275 272 285 287, 206 282° 279 260 298 284 . 328 323
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TABLE LVIII

Sardines of Oporto

Variation in the Separation Between Gill Raker Spines

in Relation to the Size (Total Length) of Fishes

Size Groups, LT in mm.

Micro.-

Dive » Tlog 188 139 144 150 156 101 168 172 178 188
4 20 . 1 X
i 235 8 8 1 1 2 .1
1 240 6 o 6 10 7 11 7T .2 2
7 265 e 8 8 1 1 1 11 .2 7 -, .
270 g 2 6 12 10 14 14 6 10 .
w285 1 2 8 9 W 8 I 4
P800 1 4 8 7 8 6 1
= 815 13
. 8% 1
N -16. 16 20 - 52 64 60 56 86 82 4 8
Mdiv. 160 167 172 17,5 179 17,7 180 189 181 19,0 19,0

M p

240,0 250,56 258,0 262,5 268,5 265,56 270,0 288,56 2715 285,0 285.0

&




o
TABLE LIX

Sardines of Lisbon

Variation in the Separation Between Gill Raker Spines

in Relation to the Size (Total Length) of Fishes

Micro. Size Groups, LT in mm,
cDive s 89 94 100 105 111 116 122 138 188 189 B4 . . & 161 166 172 178 183 189 194 200 205 211
12 180 . . 2
13 195 1 1 . 1 2
14 210 8 4 6 7 3 S 1 . : : ,
15 225 6. 4 5 3 . 4. 8 1 2 11 : : . N
16 240 1 5 3 9 16 13 8 6 3 1 .12 : 11 . @
17 255 3 8 7 9 10 1 4 4 4 & 3 1 3 1 .2 2 !
‘18 270 6 1 8 8 8 6 2 3 7T 1 1 6 5 . 2
1 285 2 2 1 3 2 6 4 2 4 6 8 3. 6 1
20 300 . 2 8 2 5 3 5 4 5 7
21 815 31 i1 11 -8 1
22 . 880 4 1 13
23 345 . 1
N 16 16 186 16 16 18 186 48 33 82 1 .- 1 16 16 16 16 16 16 16 16 16 16
M div. 144 150 145 149 155 162 164 162 160 164 187 . 178 17,3 180 188 187 186 199 192 186 199 197
M u 2160 2250 2175 2235 2325 48,0 2460 2430 MO0 ke 2305 267,0 2595 270,0 282,0 2805 279.0 208.0 288,0 2790 2085 2055
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TABLE LX

Sardines of Ayamonte and Sanliicar de Barrameda

Variation in the Separation Between Gill Raker Spines

in Kelation to the Size (Total Length) nof Fishes

-Micro.

.

Size Groups, LT in mm.
I)]'fﬁ‘ " 105 110 115 120 125 180 135 140 145 150 155 160 185 170 175
11 165 1 . .
12 180 . . 4 1 . 1
13 195 1 1 .6 1 3
14 210 5 4 2 7 1 2 .
15 225 4 1 6 6 8 3. 2 . .
16 240 2 7 5 12 30 10 8 4 4 .
17 255 1 2 5 8 10 15 14 13 1 ) . .
18 . 270 2 8 7 11 9 8 4 : 5 .
19 285 1 3. 5 6 11 11 5 1
20 800 1 1 1 p) 6 4 3
21 815 2
22 880 2
N. 12 .24 20 40 48 82 32 82 82 16 16 16 16 8 4
M div. 14,68 151 145 152 159 159 168 174 176 184 188 189 101 7 197

219,0 2265 21756 228,0 288,5 2885 252.0 2610 2640 276,0 282,0 83,5 2865 B80S 2055
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TABLE LXI

.‘Sardines of Casablanca

Variation in the Separation Between Gill Raker Spihes

in Relation to the Size (Total Length) of Fishes

Micro.- . - Size Groups, LT in mm.

YLV 100 110 120 130 140 150 160 170 180 190
18 195 . 2 .
14 -210 4 1 . .
15 - 225 2 11 8 3 .
16 240 1 4 . 8 2 o .
17 255 1 2 5 2 2 1
18 270 . . 1 1 2 2 2
19 285 . . 1 1 5 8 8
20 800 1 1 2
N 8 8 4 4 12 4 .8 8 8 8
M div. 149 149 17,0 152 163 165 17,0 189 18,0 188

Mp 228,56 223,6 255,0 22R,0 24,5 247,56 255,0 288,5 270,0 2820

vi




TABLE LXII

Sardines of Madeira

Variation in the Separation Between Gill

Raker Spineé

in Relation to the Size (Total Length)

of Fishes

10 115 120 125 . 140 145 150 155 160 165 170 175

Yige :Groups, LT in mm.

100 180 185 180 195 200 205 210 215 220
6 6 .
10 5 4 | L
4 i -
. Y}
1 4 1 . . I’_\:
o 2 2 1 . !
) 8 4 7 .8 . . 1 )
3 1 3 5 5 2 1 3 1 3
4 2 7 1 8 8 5 ) 2 1
3 3 1 -2 2 5 2 . .
1 6 bt . 1 1 .
: 1 2 3 2 bl 6 . 2
1 1 | D 4 4 4 3
1 3 1 2 4 2
1 8 5 1
ag 495 v i
'K: . 6 16 . 19 s 12, 4 16 8 16 16 12 - 12 12 12 20 16 186 18 16 8
M div 185 196 200 20,0 212 941 237 9240 246 250 2.1 2.1 262 258 27,2 278 242 285 207 300 314 302
. . ¥ ) . =\ ‘ ) e e v o0 - - - P - ’
e i 0000 S00.0 3000 3180 4615 3555 860.0 8690 765 3765 4915 B93,0 387.0 408.0 4170 4230 4275 4455 4500 4710 4580
#® R 34, f 54 .
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. I k : TABLE LXIII

Sardines of the Azores

Variation in thg Separation Between Gill Raker Spines

in "Helation to the Size (Total Length) of iishes

Size Groups, LT in mm.

Micro. i
Dive « 115 120 125 . 185 140 . 156 160 165 170 175 180 185 10 195
17 255 1 . o .
18 270 3 3 4 . 3 2
1y 285 . _ 7 2
20 800 " 7w Y 8 1 ) 3 1
21 815 4 7 3 6 L6 : :
22 380 1 4 8 M 12 8 4 2
28 845 : : . : . . . 2 3 i R 8 ; 1
24 860 : . ‘ . . . . : : 16 5 ' ! 7
9% 975 o : : R : : : S 3 5 2
26 800 . : : . : : : L . : .13
‘ 27 405 ‘ 12
X 4 16 2 .U 20 : & 16 28 3 i 0 18 16 8
M div. 178 198 198 . 195 202 . 2L4 218 217 224 ¥25 234 #1206 289
875 3510 MR15 690 3565

M oa 267.0 26805 2805 . 2025 8032 . 3214 827.0 4255 3360 48
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TABLE LXIV

Sardines of the Canaries

Variation in the Separation Between (Gill Raker Spines

in Relation to the Size (Total Length) of I'ishes

Ticro. ] - Size Groups, LT in mm.
I):F"' " 70 80 90 100 110 - 120 130 140 150 160 170 180 190 200 210 220
14 210 2 ) .
15 225 B 1 1 .
16 240 6 5 7 . 1
17255 9 4 2 2: . .
18 2 1 4 7 6 2 4 2
19 265 5 5- 8 4 3
200 300 2 2 4 8 16
21 815 1 4 1 . .
22 330 1 4 6 A .
23 845 1 7 7 1
T24 860 2 4 1
25 875 2 11 1 )
26 390 2. 3 K| 4
27 405 5 2 4 1 1
28 420 6 7 5 1 1
29 | 435 1.2 6 6
30 450 9 4 6 4
Bl 465 1 2
N 16 16 16 16 16 16 16 32 16 16 16 16 16 16 16 12
M div 152 16,6 16,7 18,4 18,3 104 19,2 202 22,6 ‘238 251 27,0 97,7 22,6 294 20,1
M n 3765 4050 4155 429,0 4410 4865

228,0 249.0 2505 276,0 2745 291,0 88,0 303,0 ¥89,0 357,0
- ‘ <
P
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TABLE LXV

Sardines of Castelldn

Variatiocn in the Separation Between Gill

in Relation to the Sige (Total Length) of fishes

' Size Groups, LT in mm.

Micro.
Dive w995 127,65 132,56 1387,5 1425 1475 1525 157,56 1625
17 o255 7 1 i
18 270 3 6 2 1 .
19 285 5 10 5 5 3 .
2 300 . 5. 6 7 9 2. 1
21 815 1 3 2 3 7 3
22 330 1 1 5 6
28 345 2 6 4
24 360
25 875 1
N 6 16 16 16 16 16 16 16 ' 18
Madiv. 181 186 104 189 198 20,1 214 221 222
M

271,56 279,0 2010 2835 297,0 801,56 321,0 8315 8380

Raker Spines
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TABLE. LXVI

Sardines of Torrevieja (Alicante)

Variation in the Separation Between Gili Raker Spines

in Relation to the Size (Total Length) of Kishes

Size .Groups, LT in.mm.

M u 288,56 . 208,5

TABLE LXVII

Sardines of Tunisia

_ Micro.
Div. 130 . 140 150 . 160 165 170 175 180 185 190 195
18 270 4 . 1
19 285 9 5 4 . 4
20 800 3 7 10 . 15 . , .
21 a15 4 8 11 : 3 4 3 1
22 330 6 5 3 10 1 5 . 6 2
28 345 2 6 ' 5 4 4 3
24 860 1 6 . 4 4 2
25 875 p)
26 - 890 4
a7 405 1
N 16 . 18 32 . 40 8 23 4 20 8 24 8
M div. 18,9 : 19,9 20,7 . 208 21,1 21,9 21,2 221 285 235 227
810,56 . 812.0 316.5 828.5 818,0 8815 852,5 352,5 3405

Vafiatioh in the Separation Between Gill Kaker Spines

in Relation to the Size (Total Length) of Fishes

. Micro.

Size Groups, LT in mm.
Div. ., 45 150 155 160 .10
20 800 2 .
21 3815 8 ] 1
922 830 8 6 10 3 2
23 . 845 1 4 8 4 i
24 360 1 2 5
N 20 19 20 8 . 8 -
M div. 21,5 21,7 236 224 . 284
322

5 870,5 8300 3360 . 851,0
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. . ‘ ‘ : TABLE LAVIII

Sprat of Vigo

Variation in the Separation Between (ill Raker Spines

in itelation to the Size (Total Lern:th) o1 Hishes

Micro., - Size Groups, LT in mm.
Dive » g0 o3 100 " 105 110 . 180 185 140 145 150 156
15 225 1
16 240 - ) . .
17 25 38 ¢ 6 2
<18 270 1 5 0 3 5
19 285 2 2 7 5 1

20 300 . .. 3 8 4 . . .
21 315 ., . . 1 92, . 1 1
22 830 . . . . . . 1 3
23 845 . . . . . B 2 7
L2 860 . .o . . . . 4
©,.25 818 - :

26 . 890

27 405

[l -
20 B PO e .

[ =R

o

. T T T

N 4 20 2 16 1B . 4 16 16 8 4 4
M div. 17,2 170 181 18,9 19,2 . 222 227 245 23,0 26,0 27,2
M x 258,0 255,0 271,56 268,5 288,0  .° 338,0 40,5 367.5 558,5 890,0 408,0
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TABLE LXIX

Anchovies of Vigo

Variation. in the Separation Between Gill Raker Cpines

in Relation to the Size (Total Lenvth) ol i'ishes

333 . 878 360 401 396 48T 418

482 465 453 4TT 470 625 564 546

Micro. - Size Groups, LT in mm.
Dive w Tioo 105 110 115 120 125 180 185 140 145 150 155 160 165 170 175 180 185
19 285 . ) S . . . . .
20 300 , _ 3.0, . ) 2 . .
21 815 1 . . ) . 1 . .
22 830 1 . . 2 . 4. .
23 845 2 . . . 1 . .
24 860 : 2 . 1 ) 2 1 .
25 875 302 . . 5 - 2 2 2 1
26 390 2 1 L . 3.1 1 :
27 405 1 3 3 509 2 4 1 . .
28 420 . . 78 9 1 5 . 3. . . .
29 485 2 8 8 3 6 1 4 4 1 . . .
30 450 1 1. 3 1 7T 6 4 1 . . .
31 465 T L. 3 4 3 6 3 T 1 . .
32 480 1 3 T4 1T 49 1 . . . .
38 495 - 2 204 40 6 8 ) . . .
- 34 510 2 1 1 6 2 4 2 2 : 1 . ,
L 35 525 1 1 S T 1 1 6 4 3 .
. 36 540 . 12 .. 1 1 2 1 .
37 555 1 . 4 L . :
.88 570 | 3 1 4 -1 2
. 30 585 . 1 4 1 1 2
40 800 1 1 2 ) 5 .
41 . 615 1 LR .
42 630 ) : 1
N 4 .8 12 4 B 44 86 44 4+ B6 B2 86 20 16 16 12 4
oM div. 222 .0 252 24,0 26,7 26,4 291 275 288 #1.0 302 818 81,3 850 876 864 383 885
M 515 578




TABLE LXX
i , .
: Horse Mackerel of Vigo
K] . . . .
! - Variation in the Separation Between Gill Raker Spines
Il I3 .. - . i 4 < .
% . S in Relation to the Size (Total Lengtn) of Fishes
Micro. : Size Groups, LT in mm.
Dly. £ a0 75 80T 85 90 w5 1 15 110 115 120 125 180 135 140 145 150 155 160 . 170 175 180 185 190 195- 200 205 210 . 920 925
15 225 1 . 1 . )
1B 240 2. 1 1 . .
i7. 255 1 2 4 , . .1 : _ .
8 210 . 5 2 6 & 1 1 1 . . ..
19 285 3° 6 6 5 3 5 4 .2 2 1
20 800 1 2 2 4 1A T3 5 1 1 -
T3l 815 12 2 2 .4 4 83 1 ,
- 92 880 1 9 6 1 4 3 3 5 4 . . ) 1 )
So28 345 4 3 . 2 2 4 . 1§ s : L , ,
24 360 2 3 i 8 .2 2 1 1. 2 ) .
95 875 1 1 3 2 4 5 1 2 4 2 1 o
26 300 . . . 2 3 2 7 7 8 1 ) Y .
27 405 ! 1 1 4 6 8 2 2 A U
28 . 420 . L A . . L . . . I T 2 8 8 . 4 S
29 435 . . : : . S S A 3 3 & 4 S
30 450 o . A A A . . 1 2 2 .8 2 8 !
Co%1 485 .. . : . . . . S . . . . 1 1 2 2 I
= 32 480 . . . o A A . A S A . ‘ .- 1 PR 1
Fles aes - R T 11 ‘ i ;
. 34 510 ; 2. i y ;
85 525 S . 3 . L ;
. 38 540 1 1 9w 3 I 4 ] ) 1 ;.
o 1 P 1 '
- 38 570 1 12 4 | 50002 A .
. 30 585 .2 2 2 1 23 ] 1
.40 600 . S : . ‘ ) : A S S 1 !
L4 615 - A S . ‘ . ‘ ) 511 1 )
42 . 630 . . . - . . .. . . L . N . . . . ] 1 2 9. 9 1 5
43 645 . . . . : E . , . e, Sy " :
s 815 . - S .v : . . . . o S S . A e
: - e g -
) . - by
N 4 12 16 16 16 2. 16 16 16 20 200 20 16 187 16 28 20 24 20 . 4 g e : :
M div. 160 181 18,1 19, 197 217 202 20,1 22,1 21.6 222 282 260 280 262 27.5 27.0 80,2 30,4 . 31,0 332 aé,ﬁg’,o .%s‘f.v s?é}'z ‘3?927 3235 ;?33 ' 337 a?rz
¥ 3 . . ane ; - P . £ . - . ’ ' . i B 4l RAEE B
| M 240 272 272 ‘237 206 326 303 302 332 324 23\3 248 390 420 m “.4113 405 453 456 . 465 498 551 585 596 581 508 578 597 . 551 566
I - : ‘ ‘ 1
‘ ; ,
o
: xR
) S o n .




