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"ve are dealing with the natures of a specially
xemarkable specics."

Gaius Plinius Secundus
(Pliny the Elder) A.D. 23«79
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ABSTRACT

This thesis was based on the zesults of a two yearx
study of the bluefin tuna of COuccpticn'nay. The progxam
was inaugurated im 1943 undexr the anspices of the Depart-
ment of Bielogy, Memerial University of Nawfoundland,

The bluefin was considexed in terms of its moxphelogy,
taxonomy, and merxistic characterissics, the lattez i= com-
pazrison with ether areas of the Atlantic and Pagcific,

The life histoxy of the westezrn Atlantic bLluefin was
described im relatien te its distributioan, feeding migration,
schooling behavieunr and repredustion, 7The importance of a
conpzehengive tagging progzam was emphasised, Rrythrxocyte
analyeis was suggested as a means of sex determimatica,

The age, lemgth and waight inter-relationships weze computed
for 11, 12 and 13 year old bluefin, the age groups predamim.
antly present in NewZoundland waters, Stomach contents were
analysed quantatatively and qualitatively. Related studies
included the analysis of stomach parasites and the deter-
mination of the majoxr feeding pexiod(s). The hydrographic
and metsorological conditions prevalent during the fishing
season were considerxed in relation to dluafin bshaviocur,
digtribution and catch success. NKathods were suggasted to
predict the time of arxival of the biluefin in Conception

Bay and the total annual catch, A log-sheet was prepared
specifically for the bluefin sport-fishery of Conception
Bay, to satiafy totk bLiolegical and commexcial requirements.
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XNTRODUCTION

The dluefin tuxa, Yhunnug gthymnus (Linnasus, 1758, hae been
a topic of scientific, literary and culinery interest for many cen-
turies. The earlicst reference to a study of age and growth of
tuns has been traced to obeervation by Greek fishermen sbout 2000
years ago, and vecoxrded in 2:istotle's “Historia Animalium" (Ball,
1964). Pliny, in the firat century A,D., statss that the multitude
of dluefin which met the flest of Alexamdar an ans cocazicn wWase 60
vast that only by aduvancing in battls line was it able to cut its
way through the school (Mowbray, L., in Fighing the Atlantic by
Farrington, S.K.p Jr., 1949). The fizst known cookery book,
that of Apicius (first century A.D.) @xplains hor %0 cook tuna in
imparial PRoman style: BReka {t and cover it with herbe, oxdons,
vinegar, honay and "liquamen", the lztter made of smell fish
saaked for months in brine (Flacer gnd Rosenuead,; 1558).

In tha 20th century (A.D,.), the worid tuna fisherfes (Tunas,
Jonitos and Skipjacks) aro rapidly expamding and since 1945 have
approximatoly doubled evary decade, with some 1,043,000 metric tons
beinc landed 4n 1962 (McKemrzie, 1965). This quantity 14 less than
3% of tha world ¢total catch of £ish, which vas nearly 46,000,000
natric tons (live welght) 4in 10562 (FADQ Yesrbook cf flshery Stntige
tics, R963, Vol. Lo, Tomm, 1964). Housver, in monetary <erms the
tunas are one of the most valuable grocups of fish caught, Chanman

(1962) has nradicted that the world tunn catch will reach about
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1,500,000 matric tons in 1970, To achieve thig figure, now ox
partially develoned tuna resources, such as those in the North
Went Atlantic, must be daveloped because sone existing tuna
fisheries have already exceskled or ars cloez to thelir maximum
sustainable yleld (McKenzia, 1968). During the period of 1954
%0 1963, the bluefin comprised 10.8% of the world landings of
tuna (Tunne, Bonitos and Skipjacks), with annual catches excead-
ing 100,000 matric tone sinoce 1040 (MO VYearbosk of Flehexy
Statistics, 1963, Vol. 16, Rome, 1504).

The commercial tuna catch (mainly bluefin) of the Cenadian
Atlantic Provinces is comparatively emall, with landings in the
1953=1962 period varying from 40-100 metric tons anmually (FAC
Yearbook of Fishery Statistics, 1963, Vol. 16, Pume, 1964).
Practlically all comnercial fishing for dbluefin on the Canadian
cant conat g locatad In Lungiburg County; “ova Scotia, where
trape (nadragues), harpocns and long lines ere comonly used,
he conversion of the swordfigh fighery from harpoons to longlines
in 1962 increased the incidental catch of tuna, In 1963 and 1864
the lan@ings of bluefin ircreased rapddly to 318 amd 565 matric
tons respaeetively, mainly as a result of the introduction of two
nincty foot purse seiners (Blue Later and Gxeen water), onerat-
ing Lrom Campobello, iew Mxunswick (Hamre, Lozano, rodricuaese
toda and Tieus, 1966 and Tibbo, 1967). rFor a detailed rcviev of

the lorth VWest 4tlantic funas, borndtos and their Jfstery, sec
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McKenziae (196S).

In addition to commerxcial filsheries, bluefin sport-fighing
is of incxessing economic valug. According to Louls Mowbray
(quoted in Farrington, S.K., Jr., 1949:204), the financial gain
dorived from the promotion of game fishing has probably a gireatar
distridution throughout a community than that derived froa purely
commercial operations. In the Maritimes, bluefin spoxt fisharies
are oaxried out in Cane Avetan, Halefax: ond Warmcuth Counties of
Nova Scotia, dut of particular renown is the Soldier‘'s Rip off
tedgeport. The first of many International Cup Matches was held
there in 1937 between teams representing the Iritish Empire and
the United States and was & regular event until 1938, In later
years the large bluefin appesred to have moved to other areac,
notably Conception Bay, Nowfoundland (Figure I)., In 1936, the
Hewfonndland Tonwlse Dovslopeeut Cifice purchased two tuna bBoats
and engaged experienced Nova Scotian guddes in an effort to de=-
valcep bluefin fighing as a sporting attraction. The success of
this venture is claarly apparent from the catch statistice
{Appendix I) and the fleet of thirty privetely owned tuna chare
ter beoats which fishod Conception Bay in 1967. Bonavista Bay
and in particular Notre Dano Day are also proving to Bo suscesoce
ful fishing arcas. Uunorous Nationni ond ciub tournamonts which
attract the world®s most experienced <deep sea anglers, are held
amually in Oonception May. The vicgepresident of the hewlounds
land Tuna Agsociagion, ir. C. M4ilyazd, vac salected as a menber
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of the Canadian national team which capeted in the 1967 Intexe-
national Qup Match (re-aatablighed since 1965) hald at wedgeport.
The Provincial Govearnment of Newfoundland has offexed 1000 dollare
for a tuna walghing 1COC psunds or wore. To date the reward has
not been claimed although bluefin of that siza are undoubtedly
present in Newfourdland waters Quring the fighing season (mid-
June to mid-=October). A nots in the “estern Star of August 31,
1017, is of intearest:

"Yaaterday we wexre shown part of a 1000 pound tuna

caught by A.B. laxrding at Bonne Bay as reported in

our last weel:'s Lisswe. Mx. Haxrding 4s ®0 e cone

gratuiated on his saterprisze in the introduction

of this now sport on the west coast of Newfoundland.”

"Our coastal watars abound with the elusive tuna

and we have frequentiy wondered that such exquisg-

1te sport which they affoxrd had net been previocusly

participated in by some of our local oxr visiting

spoxrtamen.”

A blunofin woscsveh nrslisct Contazed 6a Conception Bay was ine
augurated in 1968 by the Dapartment of Blology of the Memorial
University of lewfoundland, and with the financial eupport of tha
Department of Econocmic Development, Provincial Government of
lewfourdland., 7The project was ravised ami considerably expanded
in 1966 by the author, under the supervision of Dr. C.\l. Artrcws,
Professoy of Blolegy, amd formo the basis of ¢hig thesis,

Fozr o duration of tho 10606 RMluefin seagon the author uwac
appointed by the provincial govermment as the wvharf supervisor

at Leng Fomd, !tamuels, 36 miies from S€. Johnts and ¢he contzd

of funa boat cperations in Conception Doy (Flouxe 2.) This ape
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pointaent considerably aided the collection of data and the
nacessary liaison with mesmbers of the Newfoundland Tuna Fishing
Association. All morxphomstric and msristic mesasuremsnts and
counts were mads of each bluefin after its official weighing=in
on the wharf and each was tagged fer later identification. Blood
samples were taken when zroquired. 7The official log-sheets,
from which a great deal ¢f valuanble data were cbtained, were
collected from oy boat ocxews as regularly as possible. Obvious
discrepancies were immsdiately clarified in consultation with
the relevant crew, On the caapietion of the day's operations,
the catch was collected by truck and transported to Arctic
Fisheries Ltd,, of Dilde, Trinity Gay oxr to Bidgoods Ltd,, of
Petty Harbour. In most dinstances, the stomach, gonads and a
wartebra of each fish (identified by the tag attached at Long
Pond Wharf) wexe placed in a plastic beag by the factory stafd
and lopt in cold atorage. Ihese specimsns were collented by the
author and preserved in 35-10% foxmalin within a plastic lined

10 fi, x 4 3. x 3 £t, water=proofed box,

Hyadrographic surveys of Conception Bay were mada on two
chartered ineghore fishing vessels. In addition, watar tempere
cfurc and motcoxologlesd deta frem the Conccption ares wEEO
eordes shroughouts the biuofin cescon., Thic ipformstion was
corxelated, where peososible, with ¢ho prosencs or abssence of
bluefin ond thelr behaviowz.



SBCTION X

DESCRIPTION

¥orpholeqy

The bluefin has a robust, completely scaled, fusiform body
about ons fourth to one sixth as desp as it is long (Figure 3).
Fron the shouldexr region, merieed by a corselet of laxrge scales,
the compressed body taners anteriorly ®n o padnted snowd and 556
toriorly to a slender caudal peduncle which bears a strong median
longitudinal keal on either side. The triangular first dorsal
fin, composed of 13 oxr 14 spines, tapers backwards from the first
spine. The posterior margin 1g slightly concave and is alunst
confluent with the second dorsael fin., The second dorsal fin
(about 13 rays) and anal f£in (12 rays) which are similar in ap-
DRATraANCy. ars noatarinrle doonly CONCETVE anu CapEr O singpiy
pointed apices. 7There aze usually 9 or 190 dorsal finlets and O
or 9 anal finlets. The lunate cawdal f£in isg iaflexible with
shaxply pointed lobes. The scimitar-ghaped pectoral £fins arxe
inserted approximately level wvith the oyes. The pelvic fins are
of moderate size and are ingerted dDelow the pectozxal origin. The
pacteral and polvie fins can be flatteoned imto ghallow deprese
elons ard tho Zirst dorsal iz con Bo foldad completely into a
aroove, shis considerably reducing locomotory zepistancg.
{Chrenboun, 3936; Digelow and Schresdoer, 2983; Tlows, 19623

alenzig, 20633 Tibbo, 18567).
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FIGURE 3

THE BLUEFIN TUNA, THUNNUS THYNNUS (LINNAEUS)



size

The bluefin, the largest menbor of the family Scombridae, is
considered to reach a maximmnm weight of 1600 pourdds (Bigelow and
Schroedar, 1953) to 2000 pounds (McKenzie, 1965). The probable
length at this weight would be 14 feet (427 <) and the age 20
years or more.

The most camon gi~es in the western torxrthk Atlantic (Mctenczie,
1965: Tibbo, 1967), and specifically in the Newfoumdiland ares, are
400-600 pounds ("giants") and S0-150 pounds (*'jumpers”"”). However,
all other weight categoriez have been caught or observed in
Conception Bay, except the vory young (less than SO poumxis).

Since the introduction of bluaefin sport ffighing in Concepe
tion Bay 4in 1956, the maximm and ninimm individual catch
weights have been as indicated in Table 1I.

Table X
Ihe HMaxdmm and Mindmum Catch teights, Conception Bay, 1956-66
Lightest

Xeox iicavicst (pouixis) {pounds )
19s8¢ 765 (unofiicial world recorxd rfor 19596) 620
1957 071 {world recoxd for 1957) co2
1950 797 {(wvordd recoxd for 19538) 529
4956 757 aaiks!
1265 764 274
lo6d 824 72
ies2 724 305
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The Maxdimuom and Minimm Catch ‘l‘bigﬂt&. Conception Bay, 1936-66

Lightest
Year Heaviest (pounds) (pounds )
19684 790 885
1968 732 347
1966 728 336

The present world record Lluefin, taken on rod and reel,
weighed 977 pownds and was cawght in St. Ann's Bay, Nowva Soctia
on Septembexr 4, 1930, In this category of game fishing the aaxi-
s breaking strxain of the fishing line is 130 pourds, as atipu~
lated by the International Game Fish Asscciation.

Accoxding to newspeper reports, a 1600 pound blusfin was
haxpooned in the Gulf of Portland, Maine, (Crane, 1936). Sella
{(1931) refors 2o a tuna of about 1300 pounds which wag apparently
caught off Marragansett Pier, fhode Island, in the late 19th cen-
tury.

Sella (1932) stated that in the Mediterrancan the bluefin
ranches a wolight of 530 pounds, but weights as high as 1595 pounds
have been recordad in the esstern Mecdid¢orransan (Haeldl; 1838),
end Akyuz and Azetz (1957) refer ¢o a 924 pound dtunn landed at
Istanzul., Howgver, in the weplern Moditorzamean and off tho
Californin coaet, Diuefin amo roroxtctly omallcor (Blgelow and
Schroedar, 1953).
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Colour

The following description of the colour of the bluefin {is
based on accounts by 'dchols (1922); Bigelow and Schroeder (1953);
Ehrenbaum (1936); Crane (1936); Mather IIXI (1959); Tiews (1962):
McKenzie (1965); Tibbo (1967) and on the author's observations,
It is rather more of an approximation as the colouration of the
bluefin varies considerably and the hues are often very subtle.

Body: The adult living bluefin is doxsally a dark metallic
blue with a green«grey sheéen, The cheeks are silvery and the sides
balow the lateral line are silvery-grey, merging into a white belly.
In small indivicduale there are conspicuous white vertical bars

and gpots along the sidaes, these graduslly disappenr with age.

Fins: The firet and second dorsal fins are grey-black; the
dorael and anal £inlcts are yellow with daxk borders: the pectoral
and ventral fing are greys=black above and silvery=grey below; the
anal fin is silvery-grey and the caudal £in is dark grey=blue,

The colours fade and change rapidly after death and exposure
to air. In addition, the depth that a tuna has been inhsbiting
influences the colour., threndawnm (1924) and frena {1959) sucgest
Thot ¢the dagler tukas have recently coorgod from great deptho
while the 4ght esloured €ish hove booen swimming in ouperficicl
layers for sufficient time o adapt €c the increased light radie=

<icen,

&
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Transient vertical bazrs observed on recently caught southern

bluefin Thunnus maccoyii, (Serventy, 1956), may have been initia-
ted by food stimwli (Magnuson, 1962),.

Disti shing Features

In addition to colour, the following easily observed charace

teristics are peculiar to I. thynnmus and may bs used to identify
the species:

1. The pectoral fin is shorter than in any othaer tuna,
and only extends to the posterior margin of the
firat dorual.

2o The posterior margin of tha first dorsal is only
slightly concave in comparison to the othor tuna

spnecies,

3. The vent is round in contrast to the oval vent of
the Bigeye (Thunnus cbesus) angd the Yellowfin
(Thunnus albacares).

4. The f£first gill arch has a total of 31«43 gill
raliorc, the highest mmbor cncountered in the

gerzis Tohunnic,.

5. Ventrally, the three ddver lobes arxe otriaged

and are distincetly oeparated by cleflis,.
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A8 we@ll as these characteristics, other less apparent dig-
tinguishing features are discussed by .atson (1962) and Gibbe

and Collette (1966).



SBCTION I

SYSTEMATICS AND NOMENCLATURE

Taxonomy

The most recent systematic interpretation of the suprageneric
reletionship of tunas and mackerelelike fishes by Gibbs and Collette
(1966) places &ll of these fishes in the family Scombridae, hence
substantiating the views of Regen (1909), Starks (1910), Fraser-
Brunner (1950) and Collette and Gibbs (1962), Alternative intere
pretationg have been proposed by Kisbinouye (1918, 1917, 1923),
Takahashi (1924, 1926) and Berg (1955),

W“ithin the family Scombridee two subfamilies are tentatively
recogniged (Collette and Gibbhs, 1962:1):

Yeese the Gasterochismatinae (which may perhaps have to
be split off as a senarate family) and the Scombrinae,
+dthin the lattar ¢thers are TWo LA joX GIows 0L genera,
the more primitive ones (Scomber to Acar dum) which
lack o bony caudal keel and have a ca notch amxi the
mora advarced ( sarda to Thunmus) which have a bony
cawdal keel and la a caudal notch. Both these groups
can be further eplit into smaller groups of genera:
Scomber (about two spacies) amxi Rastrelll (one or two
@5 ); Scomboromorus (nine to fifteen species) and

the monotypic Grammator ond Acantboe#m; SGymno=
sarda (one or tuo gpeelss) and the WOBOTYpiC Orcynopsis;
Sardn (¢wo to five species); suxds (probably two species);

Cuthynnus (two to five gpocies); and the monotypic
dlothunnus; and Thunms (six specles)ts

]

head

Ten generic names and ¢thizxtywsceven specific namesg have buen
variocusly applicd to the sceven noninal speclos (Teble 2) 4n che
gemilz ZThunnus bacscd on anternal morpholeoglcal and laternal anae

AR T

onical characters (Gikbs and Colleeta, 19060).
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Table 2 The Seven Nominal Species in the Genus Thunnus

1. Thunnus thynnus the bluefin tuna: cosmopolitan.

2. Thunnus alalunga (Germo Jordam) the albscore tuna: cosmopolitan.

3. Thunnus obesus (Parathunnus) the bigeye tuna: cosmopclitan.

4, Thunnus albacares (Neothunnus the yellowfin tuna: cosmopolitan.,
Kishinouye)

5. Thunnus atlanticus the blackfin tuna: western Atlamntic.

6. Thunnus tonggol (Kishinoella the longtail tuna: Indo-westein
Jordan and Hubbs) Pacific.

7. Thunnug maccoyii the southern bluefin tuna: South

Pacific and Indian Oceans and
north west Australia.

Other authors recognise alternative genera or subgenera (in
parentheses above) on the basis of meristic and/or morphological
considerations (Jordan and Evermann, 1926; Godsil and Byers, 1944;
Godsil, 1954; Fraser-Brunner, 1950; Rivas, 196l). HLowever, accord-
ing to Rivas (1951), deSylva (1955), Iwal, Nakamura and Matsubara
(1965) and Bibbs and Collette (1966), the subhdivision of Thunnus
into genera or subgenera is an arbitrary matter and also obscures
the close relationship among the specles.

In relation to spacies interxpretation, Ginsberg (1953) and
Godsil and Holmberg (1950) propose that the various bluefin (Thunnus
thynnus) populations should be differentiated at the specific level:

Thunnus thynnus, eastern Atlantic; Thunnuo secundodorsalis (Storer),

westarn Atlantic; Thunnus saliens (Jordan and Evermann), castern
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Pacific; Thunnus maccoyii (Castelnau), Australian bluefin, Serventy
(1956) disagreas amxi suggests that bluefin comprise six isolated
populations within a single world wide specics., Jonee and Siles
{1960) and Collette and Gibbs (1962) agree with this interpreta-

tion but propose that a distinction be made between an Atlantic

subspecies (Thunnus thynnus thynnus) and an Indo-Pacific sube
species (Thunnus thynmus orientalls). !iowavex, Gibbs amd Collette

(1966) recognize (reluctantly) Thunnus maccoyii as a separate
species based on the position of the first ventrally directed
parapophysis (on the 9th vertaebra in Thunnmus maccoyii, as opposed
to the 10th in Ihunnus thynmus) and the colour of the {leshy caudal

keels (yellow in Thunmus maccoyii, darxk in Thunnus thynnus)e.

within the Atlantic subspecies bluefin of the eastern and
vestern Atlantic possess minor meristic differences and prcbably
reprasent distinet breeding populaticns at the racial ox subspecie
ic level (Hvas, 1954db). Mathor is in agreement and states that,
“morphonetric and moeristic comperiscns botween samples from the
two areas (Vestern aml Zasteril Atiantic) have failed to show gige
nificant diiferences or complete sinilarity", (Mathor III, 1962b:8).
Tne discovery of spovning grounds in the western Atlentic aiso suge
gasts the independence of the western and eastern Atiangic populae
Ciong (Rivas, A954a),

Thvs, ¢he Atlantic bluefia tune moy be classified as follous:

Paylen Vertebrata

Subohyioem Craniata



Supexclase Gnathostomata

Series >isces

Class Csteichthyes

Subclass Teleosted

Order Parcomorphida

Suborder Scombroddea

Family Scombridae

Subfanily Scombrinse

Genus Thunmus South, 184S
Specics Thunmis thynmus (Linneeus), 1758
Subspecies Thunous ghynnus ghynnus

For a datailod survey of this gubject seec Gibbe and Collette (1966).
Meristic Chawactors

Gibbs anxd Collette (1966) fourd thc mumber of gill rakers to
be the only merigtic charancter valunble in genarating cpecies of
Thunms. The Thunnus thynmigepaccoyii commlex hag the greatest
manber of gill rakers in the gomis (3l=43), and its three nenbors
can be distinguighed by their meons and modes respectively: Atlantic

38.9 (39), Pacific 35.9 (35), Thunmus maccoyil 23.7 {(34).

The author countad the fizat arch gill ralwers of 1S5S0 Yglant!

bluefin caught in Conception Bay. o faciiitate ¢he count i¢ wao

nococcary 90 Cniarge ohe opercular onening dorcally by means of o
hacliesaw Scc fpzendin 2). The results, in comparigon with these

of ogher wogliors, are procented in Tables - and 4.




«23=

Table 3 r Lower G111 Rakey Counts of
- A n

i

r Gill Raker Counts (Laeft S Lower G111 Raler Counts (Left Side)
lo. of G111 r Workexs*® No. of Gi11  Other Lorkexs®

Takexs Lest A ¢ Author Rakers Cest Atlansic Author
9 1 - 21 = -
10 3 - 22 - -
11 7 5 23 - 2
12 50 27 24 26 7
13 130 72 25 78 56
14 85 &4 26 o8 57
15 7 2 27 43 206
16 —_— —_ - -—b -1
n = 253 n = 150 n = 253 n = 150

Xw 12,97 X = 13.07 X = 25,72 X = 25.69

® Crane, 19363 Rivas, 1955; lather, 1959; !llather, 1959 counts by
Dr, R.H, Gibbs, Jr.p, et al

y



Table 4 To 1 Left Side) of
A n
h g 1 3
ol - e otlangds” | ames
34 3 - 1
3 2 4 1
36 12 8 4
3 32 <0 16
38 63 88 43
59 102 105 44
40 0 74 23
41 29 36 16
L 4 7 2
£ -2 ) —
n o 288 n e 266 a = 50
X = 38.8 X = 358.9 X = 38,76

I Gibbs and Collette, original data; Ginsvurg, 2953; Godsili
and ilolmberg, 19503 Mathex, 1962a,

(3

Gibbs and Collotts, original daga; Tching, 1957; Talbot,
3%4; 1'3.0‘-‘.153 1962,

4 ptatiotical comparicen of the cuthon®s and other wworkers® dato
showed 20 significant diffarencas.
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Tiews (1957) analysed the frequency of combinations of gill
rakers on the lower and upper limb of the first gill arch in 232
North S@a bluefin, The author similarly analysed 150 Conception
Bay bluefin (Table 5). The Conception Bay results, in contrast
to the North Sea data, indicats a greater percentage of bluefin
having the two mogt common gill raker combinations 25 + 13 and
26 + 13, The asymmetry refaerred to by Tiews (1957) between
right and left sides of the first alll axch of Nowth Sea dlusfin
is most evident in the Conception Bay results in which the two
nost common combinations are in fect rxrewversed, Six combinations
refarred to by Tiews (1957) were not encountered by the author
and five combinations present in the Conception Bay results were
not present in tha North Sez results,

Although this comparison reveals considerabla diaparity between
the North Sea and Conception Ray resules, 2o small nwaber of biuce
fin analysed limits any meaningful taxonomic conclusions, particue
larly as consideration of other indicaes strongly suggests a single
Atlantic species. Howaver, Jurther data of this nature may pro-
vide a distinction at the raciel or sube-racial level,.




Table 5

No, NO o No, Sea Sea
1 28 13 38 i18.1 21.3 16.9 18.0
2 26 13 39 16.0 19.3 16.5 28.3
3 26 14 40 15.4 11.3 14.2 8.7
4 25 12 39 10.7 7.3 12.4 4.0
L 24 13 37 7.8 2.7 7.8 3.0
6 27 14 41 5.6 10.0 6.9 4.7
7 23 12 37 3.9 7.3 5.2 10.7
8 27 13 a0 3.8 3.3 5.5 6.0
9 24 12 36 . 1.3 0.9 2.0
10 24 14 38 3.0 0.0 3.8 0.0
i1 26 12 38 3.0 6.7 2.2 7.3
12 23 13 36 2.2 0.7 0.9 0.0
13 2 18 4) 1.3 0.0 1.3 0.0
14 27 is L 1.3 0.7 1.7 0.6
A5 25 23 36 0.9 0.7 0.0 1.3
16 25 15 <90 0.9 0.7 0.9 0.6
1?7 27 12 39 0.9 2.7 0.4 3.0
ig 2 13 385 0.4 0.0 0.0 0.0
10 23 i2 35 0.4 0.0 0.4 0.0
20 27 12 38 0.4 0.7 0.0 0.0
21 28 13 Q1 0.4 0.7 0.4 0.0
22 24 .4 25 0.0 0.7 0.¢ 0.0
23 24 a8 3¢ e.0 0.0 G.4 G.0
o8 =7 a6 L5 0.0 0.0 0. 0.0
25 23 31 34 6.0 0.7 Q.0 0.0
a6 20 23 37 0.0 0.7 C.0 2.2
27 28 4 &2 0.0 Q.7 0.0 L.=
28 29 i3 e 0.0 0.0 C.0 0.6
29 z29 14 25 0.0 C.0 0.0 0.6
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Nomenclaturo

Sintesis and Bellon (1954) and Rosa (1950) provided the follow-
ing 1ist of vaild sclentific synonyms for Ihunnus thynnus (Linnaeus),
1758:

1. 2amnos Aristoteles
2. Cxcynos Oppianocs
3. "elandrys Atenoo

4. Scomber pinnulis Artech 1738
S. Scomber thymmis lidnnacus (original description) 1758
6. Thynmus thymus Cuvier 1817
7. ZThynous nediterraneus Risso 1826
8. Ihynmus wulgeris Cuvier and Valenciennes 1831
9. Thunnus brachypterus Cuvier and Valencienncs 1831
10. Thunmis brevipinnis (?) Cuvier and Velencicennes 1831
11. Thynnus coyetta Cuvier and Valencicmnes 1831
12, Thunnug yulgaris South 1845
i3. Ihynms brachypterus Rosenhauexr 1856
i4. Ihyanus alaloigae ftachado 1857
15, Orcymus thynnus Lutken iseo
16. Czcynus thynnus Joxdan ami Gilbert ies2
17. Albocora thymnus Dressler and Fester 1889
is. Thunmus thymmug .Jordan and Cvormann 1£96
1. Thunnus cozxetta Jordan anki Evexnmann 1626
20, Thunmus salfens (?) Jorxdan a:mx] Lvernann 1926
22, Thuenus suobulatits Joxdan angd Cwermann 29206
22, Jhunens (7.} fhynnus FracereDruanez 1950

In addition, T. thynnue (L.) has ¢he follovlng nglish language
standard cormmon namco

. Bluelfia ¢uan
Se Tuanngy
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The species is also known by a number of English vernacular
names (Rosa, 1950):

2. Blucfin tuna

2. lorse mackerel

3. Bluaerin tunny

4., Tuma

5. Great albacore

6. leaping tunn

7. Glant tuna

8. Great tuna

9. Coamon tuanny
10, Short=firmed tuna




SECTION IIIX

DISTRIBUTION AND MOVEMENT

Horiszontal Distribution

The distribution of the bluefin tuna is cosmopolitan in sub-
tropical and temperate water, extending into the tropics in winter
and as far as the Arctic circle in summer (Mather III, 1962d). 1In

the vestern Atlantic T. thymnus thynnus is found from southern

Labrador, along the Amsrican ssaboard, to Brazil and Argentina in
the south; i.e. approximately from 30 degraes S. to 35 degrees N.
In the eastern Atlantic this species is found in Icelandie waters
(Leim and Scott, 1966) and from the northern coast of the U.S3.S.R.
(Murmansk) along the European coast, throughout the Mediterranean
and the Black Sea and south to Cape Town; i.a. approximately from
30 degrees S. to 70 degrees N. (Rosa, 1950; McKenzie, 1965). Blue-
fin reported in the tropicsl and subtropical mid-Atlantic (McKenzie,
1965), may contribute a third Atlantic population or belong to the
wvestern or eastern Atlantic stocka (Figure 4).

Leim and Scott (1966:292) describe the Canadian distribution
of the bluefing

“The most northerly record is from Hamiltor Inlet,

Labrador, (Backus, 1957). It is reported more fre-

quently from Dildo, Trinity Bay, Newfoundland; also taken

off the east coast of the Avalon Peninsula (Anon., 1932),

It occurs sparimgly ir the Gulf of St. Lawrence at Anti-

costi (Schmitt, 1904); Bommne Bay, Newfoundland (Bigelow

end Schroeder, 1953); at Gaspé and Chaleur Bay (Cox,

1896; staffoxrd, 1912); in the outer estuary of the Mir-
anichi (McKenzia, 1959); and at Malpeque Bay, P.E.I.
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(Stafford, 1912)., Reported from Cape Breton and at Canso,

N.S. (Coxnish, 1907); it occurs more frequently in St.
Margarxet's Bay, N,.S., and along ¢the shores from lLivere

pool to Yarmouth, N.S., Occasionally in the Bay of Fundy,
ustally on the Nova Scotian side; infrequently in
Passaxmaquoddy Bay (Huntsman, 1922); found at Grand Manan
(se.tmm. 1982 ) "

Accoxding to Williameon (1962), there are no reports of bluefin

being sighted in offshore Newfoundland waters or on the banks.

Vertical Distribution

The vertical sovement of the bluefin is probably related to
temperature considerations, food availability and perhaps light
(Blgelow and Schroeder, 1933), Many more observations have been
made on the vertical distribution of the eastern Atlantic bluefin
because of their long established commercial importance, particu=-
larly in the Meditorranean. Pavesi (1889) considered the bluee
fin to ba an abyssal dweller in the wintasr amd a surface dweller
in the spring (when spawning). Roule (1924) classified the tuna
as bathpelagic. In Turkish waters, bluefin are reported at
depths between 24=-45 metres (Iyigungor, 1957), and in Mediter=
ranean madregues (traps) at depths of 10-15 metres (Axema, 1959),
During thair northorn feeding migraticn blusfin are caught by
North Sea hookeande-line fishermen at depthc of 20=25 motres
(Tiews, 19587). According to Tiews, blucfin are usually above
the thermocline, althouch sometimes they go below when feeding
on bottom=iiving Fish., Norxwegian purse seinors only operxate when

tlusfin have been zeported at the curface (Hamrce, 1961). Invese



tigations on the dapth range of tagged bluefin based on pressure
marks on the Lea hyirostatic figh tag, indicate that the bluefin
stock feeding off tho Norxweglan coast during the summer doss not
0o below 250 metres, whoreas the stock seaeus to have a deeper
range during the winter (Hamre, 196S).

On the basis of commercial fishing results for the western
Atlantic and Pacific oceans, the vertical range of bluefin ie
congidered t0 be at least from 0=1%0 metrcs {(Blackburn, 1503)
or 0=200 metres (McKenzie, 1963).

within the western Atlantic population there appears to be
a seasonal variation in the vertical distribution; from 30-200
netres in the winter (except for small imiividuals) and frxom
0-200 metres in the spring and summer. In the Gulf of Maine,
during the bluefin's northerly feeding migration, the shallow
sumaer thermoeline (17-20 metxss) prouably Trestricts the blue-
fin's vertical range (Murray, 1953), but farther offshore the
tuna are usually at depths of 80«90 metres (Crane, 1636). In
the Havana region of the warm Gulf Stream, "glants" are caught
by longlinas at depths of 100-200 metres (Rivas, 1953).

Tiews (1962) suqggests the possibility of a corzelation bee
tueen thoe vertlcal depth diseribution of the bDiucefin and <the
Tangs of Licht intensity o uvhich they ceen ¢o zreact (78=-450
foot candles); 4.0. under masxdoum natuzal fllunmdination {sumer,
noon), 70=450 foot candles cozrespends €0 o Cepth of appronimaes
tely ©0=140 metres in clearcst ccean water and 45-78 metzes in

QAvIreae oscan uatdr.
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Vexrticsl distributisn of all species of tuma larvae in the
tropical Pacific appears to be limited to surface waters above SO
netres (Matsumote, 1938), Nowewver, Strasburg (1960) did obtain
yellowfin and skipjack larwvee between 70=-130 mstres although in
foxr less quantities tham in the upper layers (0.60 metres). The
results of Nakamura and Matsumeto (1966) woxking en the samo
species werac incomclusive, but did not cemflict with those of
Strasbuxg (1960). The western Atlantic bluefin larves are prob-
ably distributed asinilaxly, i.e¢. the majoxity being in the uppex
30 metres of water.

Fatterns of Migration
The information contained in this subseoction was compiled

fxom the observations and research of the following authors:
Crane, 1936; Farrington, 1949; Bigelew and Schroceder, 1953; Rivas,
1954(a), 1984(d) end 1985; Migdaleid., 19583 Mather, 1962(b);
Squire, 1962(a); Tiews, 19623 Willdamson, 1962; McKenzie, 1963;
and Tibbo, 1967. The author has made his own deductions whexe
apnropriate.,

The bluefin changes itz habitat seascnally and at various
stages in ite 1ife cycle. Tho wostorn Atlantic population can
conveniemly be divided into 2 or & (4f “"vozy cmall® are boimg
eonsidorsd) basdc si=c eavegories, cack of which has a diseinct
distributiensl pettern (Flogure 5), Howoever, Shege zenss may

overlep, pazticuinzrly during che smmor when the bluelln
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population iu most concontrated. The size categories are as follows:

1. "Very Small” = less than 5 pounds, less than one yesar old
2. "Small" = 5«69 pounds, 1«4 yaars old
3. "Madiun' - 70=260 pounds, 4-9 yeaxs old

4. "Giant” or "Large" - 270 poundds and over, 9 years old amxi older
The distributional pattern can also be divided in relation to
season (Figuve 5),

1, Januaxy to April < Wintering period (lowest water temnerature).
Bluefin are sbsent from the shelf north of
Cape Hattoras in this period.

2. May to June - Migration period (to noreh ox west).

3e Jaly to GCcotober = Susmer inshore feeding period (highest
water temperature). Southern and oceanic

axevas vizrtually devoid of bdluefin over
3 pournxis,

4. Novenmberxr ¢to
Decenbex - Migration pexiod (to south or east).

"WERY SMALL": In general, bluefin appear to spawn over wide
areas amd for a considerable paeriod of time in tho western Atlantic,
In spite of this, littlie ic known about the "very small? tuna,
Young bluefin (2 months old and appresdmately 25 cm in fork iength)
observed in the Straits of Florxida are probably the regnlt of May
cpavmdng in the sawe arCap as they tork! €0 remain in the vicinity of
the gpavning grounds at icaot for tuwo monthe accozding to Lurcpean
information, Thoy semain in the Straits of Filozida uneil carly in
Lugust angd are thon absent until tovember, which suggests a migrae

tion ¢o morthorn vators and a reture in ¢he autumn.

y
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Juveniles (less than 8 cm long) have been collected near the edge
of the Continental Shelf off the middle Atlantic states late in
July (progeny of '"medium" spawners?). They probably mowve offghore
into the warm Gulf Stream and Sargasso Sea or migrate south in
the fall. Unlike the "small' and "medium”, the "very small" (and
"glants™) are often fourk south of 36 degrees N.during the winter
period.

reMALL": Ths "gmall" Liuedin axe normally the secornd sizeo
category to arrive in northern waters (aftex the '"glants”), and
during the season of maximmm water temperature are most abundant
in inehore waters from Cape Cod to the southwastward, but may exe
tend as far north as wwfoundland. In the wintering period they
are found ipshore as fax south as Cape Hatteras or 36 degrees i,
in offshoxe waters, but as with all gize categorics, the eastern
margin of Seiy vwinter habitat has not been accusately defined.

"MEDIUM™: In June, "nedium'" bluefin in a ripe or nearly
ripe condition have baen caught along the edge of the Sheif and
toward the Gulf Stream off southern New England and the banks.
tiook rates indicate that the medium bluefin scheol-up on the northern
edge of the Gulf Strean, which &5 pare of their wintering arca,
prior to cdgrating ¢o the inshore fecding gronnds (Maye=June). ThO
"mediun’ bluefin are mozroally the lact ¢to arrive (July=i1guot)
and the last to lecave (Cotober-Decambey) the nordhern feeding
greunds, In company uwigh the Yglants® they are mainly distributed

Lfrom castern Long Islond vo tho noxtheast, including fova Scotlan,
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Newfoundioncd and Lobrador coastal waters. Heavy catches are taken
in the South Channel arees, 40-50 niles aanst of Chatham, Massachusetts,
in late suzmer &nd early f£all., It is believed that bluefin use this
route tc enter and leave the Qulf of Maine at the beginning and end
of the summer feeding period. During November anc Dacember the
"mediun" (and & few "small'") again appear to school=up, but at this
tine along the 1000 fathom contour off gsouthern New England, Long
Igland and iww Jjersey. This concentration is in preparation for
ths migration to their wintering area which extends, as in the case
of "small" bluafin, as far south as Cape Hatteras orx 36 dagrees N,
in offshore watexs.

"GIANTSY: From May to earxly .June schools of “"glants' migrate
through the Strailis of Florxida in a northeast direction, During
thiz perdcd they are rarely obsorved to be '"nushing” or "milling,
though orcazionally “smashing®” (sed Page 50). They travel just
below the surfsce at an average speed of 3,5~4 knots and appear to
remain east of the Quif Stream ¢o & point north of Cape Hatteras
(Figurae 6). Time of day does not appear to have any effect on the
fisgh movements in the Florida Strait/Bahoma vregion, but fairly
strong npritherly winds cause tham €o wove nwre slowly (3 knots).
Yodang" tons foeod 14ttle or nog at all during ¢the cxhaousting
spowidng gonson, herce i€ is unlikeoly that¢ ¢hey wonld be capable
of incrensing thoilr nigratory speed in response to the hunger
ardve, ard acoowding to the cvidence ¢hey do not.

“CLant” bluedin arrive in ¢he Cat Cay area in the middic of
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May and aporoximately two weaeks later axe the Jirst to arrive in
Cape Cod inshore waters, a digtance of 1,150 miles. The speed of
migration must, therefore, be similar to that cbserved in the Straits
of Florida, 84 niles per day (5.5 knots). "Giant" bluefin have

nevar been captured or seen botween the Straits of Florida and northe
ern waters., This may be attributed to lack of exploration oxr to

the fact that the bluefin are travellirng at depth, a habit of tuna
vhan in desp wator. They gradualiy migrate north from Cape Cod

into the Gulf of Maine (rxaxaly into the Bay of Fundy), along the

Nova Scotian Shelf and into the Gulf of St. Lawrence, In July

they reach Newfoumndland waters approxinately 4-6 weeks aftor theiy
arrival in Cape Ced. Aesuming a minimum disetance from Cape Cod to
Conception Day of 1000 miles, the speed of migration appears to be
reduced to & foraging pace (20=40 miles per day).

Cuzing thie feeding pexied in the North West Atlantic, “glant®
bluefin tend to concentrate (and provide good fiszhing) in the "Mude
liole" of tiew Yoxrk harbour, ¢the Fhode Islande«flock Isiand area, Cape
Cod Day. the northern edge of Stellwagen Bank, Inswick and Cascot
Bays, Trinity Ledoe, the Tusket Islands (l‘edgeport), St. aroarct?s
Bay, Concenticon Bay, Bonavists Bay ang Hotre Dame Bay, During the
pericd of minimm vater ¢tomperature (Janvary ¢o fnxil), ehe "glants”
may be found cvor nractically nlil of ¢ho blvefin vintering arca
vhich probably ia dolinited by ¢the cdage of the Contincntal Shelf
in the wes? and a rmostilated cagtorn bowder running fxon ¢ho

seutiicastorn acsenor of the Gzand Ramk: €0 mucrde Ricoe and including
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the Gulf of Mexico and the northern Caribbean. Concentrations of
the "giants" have been found {in the northern Gulf of Mexico and
the windward Passage. The spring aigration through the Strxaits
of Florida is probably composed of these bluefin, with the lidnde
ward Passage fish arrivino in the Straits via the Old Dahama and
Santaren Channele (Figure 7, Page 56).

The eastern Atlantic pattern is basically similar and diffexs
only in Gates and sizes of fish ianded in certain parts of the
cycle, which is further evidence for a resident biuoafin population
in otk the eastern and weatern Atlantic (Mather IXXI, 1962b).

Ingging

The tagging of fish, and the subsequent recovery of tagged
fish, 1s the only suxe way of proving migratory routes. It also
provides accurate growth data, verification of ageing techniques,
and is the quickest and most positive way of ddentifying the
stocks aml estimating the effacts of the fishing effort on them.

Bluefin were first tagged (unsuccassfully) by Sella (1929) in
the ecastern Atlantic., He also assembled considerable information
on movements of the tuna by stusying the oxigin of hooks Lound
attached ¢o some of ¢he bluefin, i1.c. hooks of a cartain design
wozre known to bo s@c@lierz. to grecifiec gzeac of the Eurcpaean coasts
hence indicating provious locaticon of the coptured bluefin and
its probablo migration zcuto to the point of recapfure., Russcll

{1924) similarly woslkecd on The origin of hooks, The Horuweglan
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Institute of Marine Reseerch carried cut the first successful
European tagging programme in 1958,

'gstman and Neville (1942) were the first to successfully
tag bluefin in the western Atlantic. They tagged 23 fieh near
long Islamxi, "ew York, two of which were recovered in the same
area two months later.

Experimsnts in marking tunas have been in progress at the
loods Hoie Oceanographic Institution since 19851, Small scale
@perinents with marked hooks and opercular tagse carried out from
1951=1955 were unsuccessful (Mather IIXI, 1960). Type G dorsal
loop tags (vilson, 19S3) were used in ew England waters in 1954,
Tvo reports, including ome return, were obtained. In the same
year the Cooperative Game Fish Tagging Program was introduced
uier the direction of F,J. Mather III, To facilitate the tagging
cf lazge tune, particulariy by nonegcientific personnel, F.J,
Mather I1I, designod the first dart and streanmesr tag, type &
(tather 1I¥, 1960). In subsequent venrs "dart tags" have been
used almost esiciusively amd have undergone various modifications:
A type B dare tag, made of mass produced cenponents redunced ghe
cost., It also incozporated a smaller head to reduce the possie
bility of injuring smnll fish. & type C dazt tag was antrodeced
in 1259, 3I¢ uddlized ¢he same head bBut had a moze conspicuous
yellcw sfreoner. Because of reports of highor recovery zates
obtained by plagticeheaded doze togs (Floy Tag and Marufoctuzing

Company, Scattlo, .achington) used in ¢ho Pacific (Yaraghita and
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valdron, 1958) and in the eastern Atlantic (Hamre, 1959), they
were introduced in the westesrn Atlantic in 1959 as the type D
dart tag, in conjunction with the successful type C yellow streaners.
A type E dart tag with a large double=barbed nylon dart and thicksr
streaner was introduced in 1960 for use on large fish, over 150
pounds (Mather III, 1963).

The number of bluefin tagged and returned during the first
ten years of the Cooperative Game Fish Tagging Program's exise
tence is indicated in Table 6,

Table 6
Mo o

Year Tagged Returned
1954 L) i
1955 229 0
1956 99 o
1957 38 0o
1958 38 o
1959 149 4
1960 232 o)
2962 186 2
1ge2 129 6
1863 222 19
LO6L 571 1048

Pesults

1. Transestlantic lidgrations

Tuo small bieefin tagoed off Martha’s Vinoyard, lMassachusctit,
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in 1954 and recantured in the NMay of Niscay five years later proe
vided the first proof of trans-Atlantic migrations (Mathexr IXI, 1960),
although this migration was enticinated by Sella (1931).

Two "giant" bluefin released in the spring of 1961 off Cat Cay,
Bahanns, were recantured less than four months later off SBeragen,
Norway. They had thus travelled at least 4,200 nautical miles at
an average spead of 35 nnutical miles per day, probably assisted

y tho NoTth Atlantle Drife and the Gulr Stream. They were oxX-
tremely slender on recapture in comparison with the well-fed bluce
fin normally taken in the autumn, These "long-tailed bluefin®
are apnarently not uncommon in liorwegian lateeseason catches
(Mather XXX, 1962c).

In contrast, two bluefin tagoed in Mane 1960 off Cat Cay,
Bahamas, were recaptured and were in a vell-fed condition two
years iater off tomwmy (2ergen and MNarvik) indicating that they
had narticipated in the summer feeding in European waters and
therefore had crossed the Atlantic in an earlier seacon.

Another bluefin tagoged in une 1962 off Cat Cay, Bahamas,
was recaptured off DBergen a perxe SO days later having travelled
at an avezage speed of more than 80 nautical miles per day. Thus,
of ¢he 77 tunn ¢tagged off Cat Cay botween 10680-1062, five transe
Atlantle recapturcs were zesorted {(moze than €5), dndicating that
a large fraction of the "glaont” biuefin passing the Bahamns in
those yecazo mlgrated to lorweglian watcrs, ragther than ¢o the

northuostorn A¢lantic coasctal waters (Mather IYY, Cooperative

2

»

Moch Tagoing ProgEom, [oV. O, 1862). Tho reveose countere
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current migration from the ecastern to the western Atlantic has not
yet been demonstrated but in the MNoxth Pacific vherc the current
petterns are similexr to those of the North Atilantic such a nigrae-
tion has been reported: Three bluefin tagged off California were
recantured in Japanese wvaters (Orange and Fink, 1963; Anon., 1964).
Moch more tagging will be required to determine the degree of
eastern arxd western movenent,

2. wstern Atlantie Wigraiions

In genexal the number of returns is etill too small to be of
conclusive statisticnl significance (Mather ITY, Cooparative Game
Fish Tagging Program, Dec., 1963). lowever, tag returns in cone
junction with fighing results and exploratory surveys (reports
of the M/V Delaware Cruises, Comm. Fish., Rev., 19(S): 08«29, 19(8):

2729, 1957; 20(7): 35«36, 1958; 21(4): 46~47; 21(7): 4041, 1959)

have indicated the probabie lezation of the varicus &ize grouns at
different times of the year (see previous subwgection). The need
to t20 a larger cample in future years 1s obvious,

3. Fishing Moxtality

fin overall 18% tag xeturn in 1964 confirmed the very high
fishing mortality sugcested by ¢the 1963 results. This drastic ine
The concentration of the entire northuestern Atlontic ctock on
the continental ghelf in summer makes thenm highly vulnerable o
thic technique of cxmloitation, AC ANy 06 SOVen ags gooups avae

fished by soincrs, o fact vhich, in conjunctlon with ¢he high
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rate of bluefin attrition indicated by tag returns, indicates that
the northwestern Atlantic bliuefin resource cannot stand unrestrice-
ted exploitation (Mathaer IIX, Cooperative Gamne Fish Tagging Pro-
gram, July, 1963).

4. Growth

Feliable esize information is scarce because of the difficulty
of obtaining accurats data at both the time of tagging and at the
time of recapture., Length and weight data can only be estimated
when taggingbluefin caught by rod and reel sport fishermen, be-
cause of the difficulties of dealing with such large, powerful
fish,

4 total of 177 bluefin have been tagged and raleased in Cone
ception Bay, Newfoundland, the majority by w.,K, Carpenter of rort
Laudexrdnle, Florida, President of the International Game fish

{ssociation, b returns have been renorted (Table 7).

Table 7 The umiber of Bluafin Taggecd in
Ooncmgtion Bay the Years
1962«1986
Yaaxr NOo Tagged
1962 z
15032 2
1c64 G2
16585 GO
2866 als )
Total: 177

Sheed and Endurance

& fich'% swimming seyle ic a funciion both of its chape and



of {ts innmer structural plan,

"In free=swiming species the body approximates the

theoretically perfect streamlined form in which the

greatest cross section is locatad close ¢to thirxty-

six percent of the length back from the anterior

tip (the entering wedge), and the contours sweep

back gently in the tail race.” (Lagler, Bardach

and Miller, 1962:52),

The blwefin, conforming to these specifications, is one of
the swiftest and widest ranging fish in the sea, being hydro-
dynamieally equipned for spesd and endurance, According to
Kawada, Tawara and Yoshimuta (1938), the bluefin‘'s speed varies
from one to ten knots but is normally about five knots, However,
this species is capable of bursts of great speed, Harxrlan Major
is reported to have clocked a fifty pound bluefin at 44 knots,
using a special speed-msasuring device attached to & rollex on
his rod (Anon., 1967). Frictional resistance ie reduced by the
stresmlined contours of the bedy, the smcoth skin surfece and its
construction, i.e. oily tissue sandwiched dbetween layers of cone
nective tissuc which possibly act as a "turbulence damper."

The body muscles comprise nesrly three-quarters cof the weight
of the bluefin and are arranged 80 ac to transmit most of their
pull to the slim cawdal peduncle and hence to the inflexible,
lunate taillefin which provides vizxtually all of ¢the thruse, 4.8,
there are no waves of floxure moving down the bedy as in pany
fishes, The hich aspeet ratio (fin span: f£in cren) of the taile
fin reduces drag and is partly respeonroible for maocive thrust

potential (Morohall, 1965). In zdditicn, large articulating
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processes on the closaely but not rigidly interlocked vertebrae
are thought to be associated with the bluefin's speed (Yapp, 1965).

The endurance of the bluefin is associated not only with its
heavily muscled body and its shape but also with {ts ability ¢o
renove and oconsexrve energy-releasing oxygen from its enviromment.

A litre of well eerated water contains no more than 10 cc. of
oxygen; to compensate for this relative shortage of oxygaen, the
bluefin has a sophisticated respiratory systan. The most impor-
tant adaptations arxe:

1. 7The mouth and gill chambaers remain open during the
relatively long pauses betwaen successive inspiratione, hence naine
taining a continuous flow of water over the gills and thus enabling
a nore thorough removal of dissolved oxygen (Marshall, 1965). If
bluefin arxe prevented from swimning f£reely they die from lack of
oxXygan.

2. The large surface area of the gills promotes gaseous
exchange (Marshall, 1965).

3. & large powerful heart weighing relatively nearly twice
as ouch as that of the Atlantic mariin (irummhol-, 1080}, Laclili-
tates gasccous cxchange amd distribution.

Lo o high porcentage of zod ousclo £ibzes in ¢he oyotencs
contain the oxygen retalning pignent oyoglobim (Fazshalld, 1965).

S. The provisiocn of a swin bladder ond buoyant olls reduces
the amcunt of cnorgy wilch would othorvice Lo requized ¢o countar

the biucdinf’ tondency oo cimlz (Marchall, 126S).
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The above phenomens are all associated with the ability of a
1S-yeax=0ld bluefin to travel an estimated one million miles since
its birth. They also help to explain the laxge sizes attained by
bluefin, as the maximmm growth of fishes is likely to be limited
more by the oxygen=catching capacities of thaeir gills than by
surface erea of alimentary tract that is available for the ab-
sorption of digested food stuffs (Fry, 1957).

Schooling

Accozxding %o Breder (193%59), schooling is characterised by a
group (school) cof fish swimming together on parall:l courses with
a relatively fixed distance batween each imddividual and with nege
1igible indepemience of action, The distance batween individuals
is evidently maintained by a proccess ©f attraction and xepulsion,
the attraction mediated by vision, amxl the repulsion by water
movenent, sound,odour and taste in addition to vision (Breder, 1954).
Marshall (1965) suggests that the lateral line organs and tho pro-
duction of swimming disturbances of similar frequency by likee
sized fishes may also aid the schooling process.

Ag will be apparent from tne description of their migratory
habits, the bluefin is a pelagic marine schooling fish, as ara
all scoobrids othor than ¢he wahso (iagnuson, 18062 ), ard ouc of the
greatest cceanic wanderers. The number of these allelomcmetic
creatures in a school tends to vary inversely with the size of the
indivlduals (Scacecini, 19593 Cranc, 1936; aArcna, 1959; HMataer III,

1962b; DRigolow and Schrecdor, 10533 Tibbo, 1967). Schoolo of
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laxge oxr "giant" bluefin (270 poumis and over, 9 years old or
olcder) rerely exceed 100 individuals and usually numder 6 to 10
figh, In contrast, schools of "medimm" bluefin (70-269 pounds,
4-9 yoars old) may mmber 1000 or more individuals amndd "emall"” blue-
fin (3=69 pounds, l-4 years oid) may include several thousand
members (Mather IIX, 1962b; Bigelow and Schroedex, 1953; Tibbo,
1967). The very large fish arxe usually solitary (Crane, 1936).
Toe injegricy of size of a school's mambers may be relatad to
swimming speed (Brock, 1954), i.e. small fishes will not be able
to Jwep pace with larger and faster moving individuals., Tiews
(1662) suggests that the combined influence of temperature and
salinity (density) is responsible for this segregation.

Schools of different (inter-school) but uniform (intra=-
school) sized fish may live togaetber (Scaccini, 1959) and, if a2n
irdévidual school 16 composed of mixed sizes, the smaller fish
frequently swim above the larxger oneca., Thesae stratified schools,
narticularly relavant to the medium sized and the smaller blua=
fin, nay extend over a much greator area than is indicated om the
eurface (Mather IIX, 1662b). Tuna® of similar size but of dife-
fezent gpecies may school togethor, @.9. bluefin and gkipjack

{(Katswmioms nalanis) in norghorn waters or bDiuefin amnd blackfin

{(Thunnus atlanticus) in coughexn wators (Mather IIX, A962Db).

Schools of surfnce awimsoing bluefin in the northwastern Atlantie
exibit throo common behavicur patterns (Murray, 19553 Mashoes Iil,

A222bp MoKemnzie, 196S; Tikdo, 1867).
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1. PUSHING: This occurs when a school ig swimming in the
same direction (3-8 knots) and naaxr the surface (ofien finning,
i{i.2. showing upper caudal lobe, second dorsal fin and occasionally
the first dorsal if a directional change is involved) and creating
a frontal wave (See Appemiix 2),

2, MILLING (Breezing): 7The school remains almost stationary
but the individual fish moves at randon causing a surface ripple.

3. SASHING: This pattern, which lasts 30 secomis oxr more,
ocours when the fish are feeding ravencusly and creating a great
deal of turbulence,

Surface swimming bluwefin axe noted for their habit of jumping,
either singly or in schools, and as cbserved in Conception Bay
may do so whether pushing milling or smashing. They normally re-
enter the water head first but larger tuna may belly-~flop (Mather
11, 1962b; Bigelow and Schroeder, 1953).

Tuna probably disperse in absolute darkness although moon-
light can be axpectad to provide enough light foxr schooling
(Magnuaon, 1862).

The pdvantages of schooling appeax to be fouxfold:

ie Propagation of the gpeciecs, i.c. o school is a potential
steck of bresging £ish oven it 42 nevey neeto othez schools of ids
ounr state of matuzity.

2. Protection against predation. EBrock and Riffenburgh
(1060:227) treated the problem nathematically and sumunrised thelrx

firdivegs as follows:
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... the frequancy of Gatection of prey by a predator
1s an inverse function of the mmber of echooled or

growped prey. The quantity of fish that any predator
can consune on any single encounter with a school of
prey has some average limit, and once school size ax-
ceads this quantity, further incresses in school size
roduce the fregquencay of predator=prey e@ncounters withe
out necessarily changing the quantitly of prey cone
sumad on the occasion of each encounter, which in

tuxn may reduce the rate of consumption of &2 prey

spacies by a predator.”

It should be noted that although the bluefin is considered a
predatery species, fox much of 1te 1ise span it is a prey species
also. In Newfoundland waters bluefin are preyed upon by killer
wvhales (Oxcinus orca). Other predators include a cetacean called
"Blackfish”, (Mather, 1962bh), the swordfish (Xiphiss gladius) and
the toothed whales (Phocsena comaunds and Globdcephalus melas),
(Fradie and Vilela, 1960). Vhen bluefin attain sizes sufficiant
to ronder them largely imrxme to predation the schools foxrmed
are iess atshie than for younger and smallor £fish (Brock amd
Riffanbargh, 1960).

3. Sette (1950) suggestod that schooling of predators moy
also agsist in the capture of prey. Olsen (1964), by reference
to the Roopman Theory of Seavch (Foopman, 1956), showed ¢this to
be due ¢o the increase in guept path achfcved by a school. Thus
in ¢ho occa, vhero sight ranges ave shorg, echooling o advantageous
©0 both prey and prodatos.

4. Groeps of fishes (schoois ) anpeaz ¢to fect nmore zeodily,
dcown poze gulchly and possess o botter mezmory than igolated ins

dividunls of ¢he camo cpocics {tazshall, L86S5).



SECTION IV

REPRCDUCTICON AND POPULATION STRUCTURB

Spawning and Fecundity

The sex of the bluefin has only been determingd gsuccessfully
by gonadectomy ox, in the case of young figsh, by histolopical ex-
animation (Vilela, 1960). Depending on envirommental conditions
and food supply, the eastern Atlantic bluefin reachoes maturity
at the age of 2=4 years (Sella, 1929; Lo Gall, 1954: Frade and
Vilela, 1960) and the western Atlantic fish at the age of 4-5
years (60-90 nounds), ( f1lliamson, 1662),

Jluefir are considered to spawn fractionallv during one
period of the year (fanzo, 1910; ~rade and lanacas, 192Z; vilela,
16603 :ivas, 1954b), althcugh they have rarely been observed mate
ing, It is believed that individual pairs roll around and touch
their ventrzl surfaces, et vhich point the eggs and milt srxre ra=
lersed (Heldt, 1922; Selle, 1911), This oparation is considered
to occuy at cepthis of 10 matres in shallocw or deep water (leldg,
1022)s 7 report of the courtship and mating of another tuna, the
Pacific bonito, is in basic agresemcnt vith this desexiption (Manarx,
1965:21):

"tf2er o bricf ccurtship, the male and female icave the

cschool., The female swinms in 2 tight circle as she oxw

trudes the cggs. The malo follows her exwding milt. The
procaess ig brief, lasting 1 oxr 2 minutaes,"

Bluefin fecundit¢y has buzon Rittle studied and the results of

theee fow studies are conflicting. Frada (1950) xeportc an
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eastern Atlantic bluefin, approximately six yaars old, bearing
a calculated total of 9,360,000 eggs. Williamson (1962) states
that a 600 pound tuna (approximately 13 ysars old) will produce
about 1,000,000 eggs and accoxding to McKkenzie (1965), laxge
femnles may produce up t0 1,000,000 eggs. The externally fere
tilized eggs ©of the western Atlantic bluefin axe spherical and
txangslucent and are covered by a thin smooth membrane., Their
diameter ranges from 0.7 = 1.1 mm in contrast to 1.0 = 1.12 mm for
Mediterransan-bluefin eggs, a phenomenon which is explained by
the higher temperature (6 degress -~ 8 degrees C) of the western
Atlantic sqQawning grounds (Rivas, 10242},

According to work carrxied out in the Mediterranean (the breed-
ing ground of the esastern Atlantic population), the bluefin de-
velopes a hich degros of sensitivity to salinity azd temperature
during ths reproductive 2eason, The eastorn and western Atlantic
populations are prodbably analogoues in this respect, although the
preferred temperxature (and salinity?) valuwes appear to differ.
Breeding fish seeck the warmer and moat saline waters (koule,

1924) and spawn at the tinme of maxxdmal incremse in temperaiture
(Seilap, 19031), In addition, the surface temperaturce and salinity
requiremants of the emall dura (23 dogrees - 25 degrees C and 38.2 -
38.5%) diffor from thosc of laxge ¢tuna (18 degrees - 22 degrees <
and 37,2 « 37.8%), (Sclia, 1921), witk an overall aveorage texperas
ture of about 20 degrees C (Roule, 1924), In compaxicon, the sure=

faco temperature of ¢ho wostorn Atlentic spawnimg grounds (Straits
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of Florida) range from 24.9 degrees - 29.5 degrees C (Rivas, 1954a).

Knowledge of the esstern Atlastic spawning grounds and breed-
ing season is considerably more extensive than of the western
Atlantic. Rivas (1954a:303) xeports:

*The known Eusopean bluefin spawning grounds comprise
mainly the central Maditerrangan (Roule, 1924) and the
breeding seseon extends Lfrom late April throcugh about
the middle of July (Roule, 1924; Heldt, 1926; Sanzo,
1929). The ripening of the gonads begins about late

April and early May in wvarious parts of the Meditere

ransan (Foenla, 1034), A¢ ¢$his tiss, e <ish echool

in great numbers and form shoals composed sometimes

of several thousand individuals which then travel to

the spawning grounds where they arrive during the last

two weeks of May. Secxual maturation s now completed

and the actual spawning takes place during the months

of June and early July."

Possible gpawning grounds and/or breeding grounds for the
western Atlantic bluefin have been a subject for much speculation
(Sella, 1931; Heldt, 1931; ‘estman and Neville, 18942; Mowbray,
1949), iouwsvsr, Rivas (1554a) was the first to provide gvidence
to indicate a spawning ground in the Straits of Flozrida. "Giant"
tuna cought off Bimini and Cat Cay in May and Jane have probably
spawned (according to evidence based on gonad condition) south
of this region, possibly as early as April and early May (Bullis
and Mather IYXI, 1056). Spawning in the Biminl orca doss not appear
%o begin until carly fhy nor ¢o extend boyond the middilce of funo.
The latter cbsorvation ic bosed con dicappearvance of the adults at
thic time eond on the growth rate of the young bluefin (Rivas, 1954a).

Kzummhol:z (29S9) provided additional cvidonce when he detere

nined the sex of 7 bluefin caught botween 'y 19=23, 19506, near
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Cat Cay. All were "giants', their sires ranging from 223.5 -~ 254
cm and 361 - S62 pounds. The ovaries of the two females indicatec
recent spawning. The testes of all the males contained mature
spem and their comdition indicated that they had already spawned
or were about to do so at the time of capture. Further examina-

tion of adult gonads and the analysis of the stomachs of predacious

fishes (eg. Coxyphaena) for juveniles, has shown the full extent
of thias spewnding oran 4o BS fram Gube along the eastern edge of
the Florida current to the westaern edge of the Dehamas. The most
active spawning appéars to occur in Moy, frcm Riding Rocks to
Bimini, along the western edge of the Great Bahamas Benk (Rivas,
1984b), (See Figura 7). Only large individuals (300=-700 pourxis)
have been observed in this spawning zone, hence mature figsh below
300 pounds must spawn indepemiently (Rivas, 1954b). Larger tuna
{ocver 700 pouikis ) are thougnt to spawn far to the scuth in the
warn waters of the Gulf of Mexico and Caribbean in late April to
early June. The medium-sized fish (less than 300 pourkis) probe
ably spawn from late lMay to early July farther to the north in the
warm Guilf S¢ream and Sargasso fringe, between Florida and iew
England {rather III, 1662b;williamcen; 1962), Thus, the larger
the tunn ¢he Farcher south it opauns and at an carlier ¢time in the

year {iicilcnzie, L0568).

Lazval Staaes

The larvas of Thunnus specics arxe very difficule to scparale.
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They are characterised by the preoparcular spinescenca, the number
of vertsbrse (39), and the black pigmentation of tha firxst dorsal
{in (Rdvas, 1951). Embryonic and juvenile life has been studied
mainly in the eastern Atlantic population (Lhrenbaum, 1924; Sanzo,
1932; Dieuziede, 1951; lioxovic, 1961; Scacecini, 1968; Dicu=ziede
and Roland, 1955).

Information concerning the diet of larvae and juvenile tuna
is limited to eastern Atlantic pcpulaticas, in the licdigerrancan
(Oren, Ben-Tuvia and Gottlicb 1959):

Larvae (less than one year old): Decapod crustaceans and

euwphausids (2873); amphipods (283); fish (20%); cephalopeds

(18%); stomatopods (25%); heteropods (15); tunicaxes (15).

juvenile tuna: Fish larvae (including bluefin): young

clupeids e@.,g. Sardinia nilchardus.

Sex Ratic

During the Bahama bluefin tuna season, in May 1952, 195Z and
1954, the gonads of $5 individuals ranging from 19%.7 = 255 cm
(fork langth) and from 297 « 7456 pounds in weight, were exami:.ed
at Cat Cay (Rivas, 1954a). The females cutnunbered the males by

at least 2:1,

vear onth Total Mo, Numbor & Pgrosnt
Examinecd Males Feamales

1952 May 35 10(295) 25(725)
105z way z1 S(26%) 23(7455)
1954 Mey 29 11(3a5) 18(62%)
98 20(318) 0656(69%)

Bullis and Mather IIT (1956) cranined i3 blustfin £roa €he
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northern Caribbean Sea, the ratio in favour of the females ine-
creased to 3:1. The fish ranged from 209 - 245 cn, with most of
them near 255 cm (fork length) or about 470 poumis in weight.

Years Month Total No. Number & Percent
Examt ned Males fenales
1958 &pxid 13 3(23%) 10(77%)

Kzrumnholz (1959) determined the sex ratio of 7 bluefin caught
near Bimini (Bahamas) betwesn May 19 -23, 1956. Their sizes ranged
from 223.5 - 254 cm (total length) and from 361 - 562 pounds.

Years Month Total MNo. Mpsber & 2ercent
Exarnined Males Females
1956 May 7 5(718) 2 (29%)

Because of the limited munber examined the ratio in favour of
the males camot be considered significant.

However, in the northern feeding orounds, the sex ratioc ap=-
nears to alter radically. Crane (1936) studied 30 bivefin canght
off Portland, aine. Thedr sizes ranged fram 104 « 245 am (standaxd
length) and from 65 - 800 pownkds. All of the fish vwecre males and
five of the largest (700 poumis arxd over) had breoadly distended
sperm ducts and spent testes. In the other 25 biuefin the sperm
ducts were slender ant the testes were fary from being in a brecde

ing congition.

Yeax Month Total lo. ~Ezmber & Pezrcent
Exanined aleg renales
1936 july 0 30(R00L5)  O(Gs3)

Rivas (1954a) ciamined © "glant!” tuna Lron tedgeport, cva



Scotia, their sizes ranging from 208.9 - 253.4 cm (fork length)

and from 380 « 701 poumxis., All were male.

Year Month Total No, Number & Percent
Bxanined Male Female
1952 Cct. 3 9 7(78%) 0 (0%)

and ;953 Aug. 7=10 2 unidentifiod (22%)

The results of the sex ration detearminations in the Caribbean
and in the Bahamss are substantiated by the finkiings of European
workers in the analogous region of the eastern Atlantic (the
Mediterrancan and Iberian Atlantic), Frade (1930) found in 1933
and 1934 that from a total of 8,988 bluafin analysed, 57% were
female and 43% were male. The sax ratio of fish going to (May -
June) or coming Lrom (July - August) the central Mediterranean
spawning grounds is considered to be constant and of 787 bluefin
investigated from 1958 « 1960, approximately 38% were males and
62% were feaales (Vilela, 1960)., Of a total of 1,111 bluefin
caught on the Portuguese coast from 1958 « 1961, 36.9% wexre meles
and 63.1% were females (Vilela and Monteiro, 1961). Rodrigueze
Roda (1960) analysed 607 tuna caught off the south Atlantic
coast ©f Spain during the years 1956 - 1958, Heo found that 64.5%

were female and 35,5% were male,

CONCEPTION BAY

Sex Detormination

Materials and Mggthodo

1. Gonodectomy
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The author examined the gonads of 106 bluefin caught in
Conception Bay from July 2C -~ September 19, 1966. Their sizes
varied izom 2311 « 254 cm (fork length) and from 336 - 695 pounis.
The males were readily distinguished from the females by section-
ing the gonads. The spent male testis was triangular in cross
secticn with a small duct and blood vessels running along the
margin of the orxrgan (Figure 8A). In contrast, the ovary of the
spent female was round in cross section and 1ts diamster was
considerably larger than that of a testis from a bluefin of simi-
lar length. The ovary tewied to be flabby, partly due to the
large cavity along its length (Figure 8B).

2. Erythrocyte Analyuis.

Pifferentiation of male froa female avian erythrocytes was
demonstrated by the use of lysin present in the lectin extract
of chestnut, Aesculus hippocastnum, (Cohen,nodate ). Male cells
were more readily lysed than female cells, confimming a similar
obsexrvation by Borel (1962). DPr. Cohen (Toswell Park Memorial
Institute) the author of the above mentioned paper, kimily
analysed samples of blood from Concoption Ray ¢rna in an attanpe
to similarly differentiate the sexes.

The Diluefin dlood var obtained as followg: SZach fich vas
sugpended by its caugal £fin and an anteriore-ventral incislon
mace with a knife. Bloed was inig¢ially allowed to fiow freely

to avoid possible contamination with residual surface water.
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Anproximately 20 cc of blood vias then collected in a glasse, screw
tonp vial., The vial was apprcpriately labelled and stored at S de-
grees C prior to express ailr transpert in insulated containers to
the Roswell Tark ramorial Institute, Buffalo, ew York. All of
the samples arrived in a partially hemolysec condition so prevente
ing reliable annlysis. The addition of appropriates quantities

of Heparin Sodium by the author did not overcome this praoblem.
Muture camnles will be collected according to the methods recome
nended by Fujino (1967), and hopefully fram fresh specimens. The
blood sniples taken in 1966 were obtained from bluefin which had

been dead for as many as nire hours,

Results
“hen the data were considered by monthly intervals it was
apparent that the nales outnumbered the females by a ratio as

high as 3:1 and by an overall average ratio of slightly less than

211,

Yeax Month Total YNo. rumber & Perxcent
cxanincd Male Female

1966 July 68 28(56%) 30(4d%)
1266 Aug. 28 22(79%)  6(21%)
1966 Eeav. 10 7!7 ’3[ 2(30%
? 106 67 (63%) 39(37%)

fccozding to these results there anpears o be a reversal of ¢he
sex ratio when considering the western Atlantic bluefin in its
southern habi¢at (ay) and in itec northern feeding gzounds (July -

Ceeoher,
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To date the author has been unable to find any data concexrning
ths sax ratio of the eastern Atlantic bluefin during their feeding
period in the Noxwegian and North Sea, 1i.6. areas analogous to
Nowfoundland waters. The Conception Bay results, thexefore, can-
not be substantiated by comparison with northern Buropean deter=-
minations, In gddition, becausa of the inadequate sampling period
{1966 season only) and the limited mmber of sex-determined bluafin
{106) 4t would be unwise to spaculate as to possible rassons for
the indicated sex ratio reversal. However, the selectivity (if

any) of rod and line fishing at the various stagaes of the bluefin

life cycle should be considered,



SECTION V

AGE AND GROWTH

As noted in the "Introduction," the earliest reference to a
study of age and growth of tunas (probably bluefin) has been traced
to obsexvations by Greek fishermen about 2000 ysars ago (Bell, 1964),
but only in the last decade has much e@ffort been directed towards
this phase of tuna researck. Three major reviews have been pub-
lished in this period, Hayashi (19S58) on Pacific tuna stocks,

Bell (1964) on world tuna stocks (including biuefin) and Shomura
(1966), also on Pacific tune stocks. Hamre (1962) reviewed the
methods uged and results obtained in estimating vital statistics
of tuna populations. The ageing techniques are common to all tuna
species: rings on haxrd parts, progression of mocdal sizes in
length-frequency distributions, and tagging. Tiews (1960) de-
veloped a new technique separating year-classes of large tuna by
means of their eye diameters. None, however, are vary precise.
The results achieved by one technique are therefore verified by

camparison with the results obtained using other methods.,

Rings on Hard Paxts

Ac the bluefin undertale an ammual feeding migration from
wazrm Caribbeon waters to cold igufoundland arcas they experience
radical cnvirommental and physiclegical changes. The forxmation
of dis¢inct growth rings is usually asseciated with such phencme

cma. It 3ig acsumed that the rings are foImed OnCa a year,
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probably during the winter or early spring (Mather IXI and Schuck,
1960) and therefore indicate the age of the fish. The rings are
thus called snmuli. In contrast, the Pacific albacore rxemains
throughout its life span in a tropical envirommant and ageing
via ring counts has proved impossible (Otsu and Uchida, 19%9).
Scales and vertebrae axe the hard parts normally utilised,
rather than the otoliths which are milky white throughout in the
bluefin and consequently are unreadable (Williamaon, 1042), Cthaz
bony structures, such as fin spines, can probably be used as, ace
cording to Heincke (1905), there is a complete correspondence in
the sequence of growth lines in the various bones and scales of
an individual fish., Scale reading has proved to be unsatisfactory
for bluefin older than 7 years according to Westman and Gilbert
(1941) or over 30 pounds according 2o lather IXI1 and Schuck (1960),
tecause the scales become thiglk and unreadablc, liowevax, annuli
formation on vartebrae can be used for age determination in bluge
£fin of all yeareclasse@s (wgstman and Gilbert, 1941), although
difficultics in reading the annuli and avoiding subjoctiwve judge-
rents incraease with thoeiz mmber, narticularly in fish over ten
years old, Vertebralering age daterminations of Atlantic bluefin
kave been conducted by a number of authors: Gella {1922), ilamre

(195383}, viicla (1969), cdriguszeloda (1960) and Mather III and

Gohuck (1969).

Thic ¢tcchriqua involves follcwimng tho ceasonal progrescion
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of the doninant %Sluefin length groups: estman and Gilbert (1941),
weatman and Neville (1942), Rivas (1954a), Tiews (1557), Hamre
(1958), Luhmann (1959), Mather III and Schuck (1960) and williamson
(1962). It ie particularly appropriate for species such as bluefin
which spawn over a short season and grow rapidly, hance accentuating
the modal groups.

A problem which imiirectly affects the ageing of Conception
Bay bluefin is whether or not Ligh forzmlng the fixet modal group
appearing in length distributions are young of the year. Mather IIIX
and Schuack (1960), working on biuefin taken in the vicinity of Cape
Cod, concluded that the first modal group (average fork length =
38.0 en) were in fact the young of the year (0O -~ year olds).
They based their conclusion on the lack of annull on the scales
and vertebrae of figh of that gsize, amd the lack of any evidence
that ¢un: in o cmaller size GiouD exist. This is in agreemont with
the work of Sella (1929), Vestman and Gilbert (1941), iestman and
Neville (1942) and Rivas (1954a). In general, age amxi growth data
for westorn Atlantic "giant" bluafin, particularly above the age
of ¥en years, is sparse.

CONCLEPTION BAY

The blucfin caugh?t in Conceptlon Bay are normally the “giants®
and are rarcly less than ¢ten ycars old, hcnce vertcbral ring counts
and the analysis of lengthefrequencics, rather than scale readings,

are tho common mathads of age dcternination.
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Materials and Methods
The standard proocedura for a vertebral ring count is to remove

a section from the backbone, preferadbly in the region of the anus
where the vertaebrae are largest. However, the 1966 Conception RBay
tuna catch was commercially utilieed (fish being headed, gutted
and deep frozen whole) and the author was, for the most part,
able to obtain samples of the smaller anterior vertebrae only.
The vertabrae mare 2Sparatad and the sl tissue atitached to them
was removed. They were then preserved in 10% formalin and after
suitable treatment the concave centra were ingpected. The annull
ware marked by depressions and colour variations, which were ac=-
centuated by direct or indirect light, staining, or vhen scaked
in water or dried (Figure 9A), wWax (parawax) ami modelling clay
(pormoniast) casts were ugsed to verify some of the results (Flge
Use $8). Galtsoif sTain (GaitsofX, 1952) proved effective but
was time consuaing and was used for only 12 of the vertebraa.
According to Galtsof#f, the stain operates on the following prine-
ciplas: 4Alizaxrin Red S (anthraguinone group) was shown to be a
specific stain for bone (Lippman, 1935) and Hollister (1934)
noted its affinicy to calcium phosphate. The intensity of the
staining ig related ¢o the concentration of the calcium phos;:haﬁe'
in the Hone. This concentration varics uniformly with the secason
in the case of biuwefin, hence cccentuating growth rings.

A ¢0%al of 87 vertebrae uwere cranined by the auwthor on ¢three

oceasions. The age was accepted only if a oinimmm of two out of



FIGURE 9

A DRTIED VERTEBRA (UNSTAINED) FROM A 12 YEAR
OLD BLUEFIN, WITH DEPRESSTONS (ANNULTY)
THDICATED (A); AND A BLUEFIN VERTEBRA

WITH ITS ASSOCTATED PARAWAX CAST (B)
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the three readings were in agreement, if not the vertebra was
discarded,

dorphometric neasurements were made with the aid of laxge and
small calipers and a flexible steel rule, The assoclated data
sheet and measurement techniques are illustrated in Apnendix 2,
A1l fork length reasurements rxeferred to in this thesis are
stxaight as opposed to curved (flank) measurements, unless othere

wise stated (Figure 21. nage 93),

Results

Vertebral Ring Counts

Of the 87 vertebrae examined, 24 were discarded because of
unreliable raeadings and a further 21 because their centra were
partially destroyed during removal from the fish or theix sub-
sequent preparation., 7The results of the examination of those
remaining are recorded in Table 8, The majority of the Concegticn

Bay bluefin catch (1966) would appear to be 1ll, 12 and 13 years

old,
Table 8 The Foxk Lengths (cm) of Bluefin
Tuna Caught in COaception Boy
(1966 ), Foxr Each Number of Annuld
axs
10 11 12 15 14
218 218 219 2306 253.5
218 228 240
220 231.5 241
222 2321.5 2a4%
222.5 233 244

223,.5 234 244
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Iable 8 Cont'd,

Lo o 32 13 14

224 &34 245
227 238 247
227 238 230
338 236 231
231 236
234 2386.53

2337

237

238

440

24

Average Fork Length
218.0 224.31 234.2 244.0 251.%

No, of Specimens
1 12 17 io h |

Analysie of Length Frequencies

The zresults are presented in Figure 10. The fork lengths
TEDISSSNST by the modes (324 - 225 em; 234 - 235 cmy 246 = 247 om)
closely approximate the values determined for the ages 11, 12 and
13 years by the wertebral ring count method (Zabie 8). The rosults
are also aimilar to the estimations of Mather III and Schuck (1960),
and Williamson (1942) for dluefin caught in the north western
itlantic (Table 9),

ioble 9 Ihe Average Fork Lenqgth of Noreh tcst
At¢lantic Bluefin Aged 10 » 34 Years

Aga Maghor III amd Schuck 41liamson Pregent Study
i0 203.4 2068 (218.0)

21 22805 2214 22405

iz 25307 233.5 294.2

13 24363 245.7 246,0

14 245,0 25504 (252.5)
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Note1:

1. Frea Mather III and Schuck (1960:42), Table 2., Average
fork lengths of bluefin tuna taken in the vicinity of Cape Cod,
Age from readings of annuli on vertebrae.

2. Williamson (1962:10). Flank lengths (inches) that can
be expected in the first two weeks of August in the north westexn
Atlantic. Converted to fork lengths (ca) by the author, using the
following conmwersion factor frzom Mather XII and Schuck (18850:43):

fork length (cm) = flank length (inches) x 2,54 x 0,958

3. Parentheses indicate that only one specimen was examined,

To verify the above rasults a technique involving probability
papsr was uged to extract the component groups of the polymodal
frequancy distribution., This method, described by Harding (1949)
and extended by Cassie (1930), involves the fitting of a normal
curve (either graphically or arithmetically) by means of its ex-
posaed flank (the part which does not overlap with its neighbour),
Once the first curve has bsen so eliminated the flank of the next
becomes exposed and the process may be repeated, The use of prcbe
ability paper provides a linesr transformation whieh allows he
overlapping flanks to bg more readily detected (Figuxre 11), The
inflection points werc considored to be at cunulative frequencics
of 3,.5%, 20,08, 77.05 and 94.05%. The points of intercept between
the linearly transformed data and the line of 50% cumulative frae-
quency sepreaent the cizo frequsncy wodes: 225 cm, 235 cm, and

245 en (11, 12 and 13 yoar old blucofin xcopectively). Tho
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technical procedures were explained by Cassie who also emphasised

the value of such a technique (Cassie, 1954:522),
"eee The simple and rapid precaution of plotting on
probability paper somestimss reveals unsuspected feetures
in even the most apparently simple distributions.”
Although <¢ia author was unable to reveal any unguspected fese
tures, the size frequency modes so determined do substantiate the

regults obtained by the previcusly discussed tachniques.

Age - Length Ralationship

All fishes apparently exhibit an initial period of increas-
ingly rapid absolute incresse in length increment followed by a
decrease (Ricker, 1958). The incressing phase is seldom seen as
it cecurs vary early in 1ife, usually before the end of the first
year. In the case of the bluefin, the rate of decrease in length
increments is so slow as to make the age=length relationshin effecs
tively lineay for the restricted sire range of blusfin caucht in
Conception Bay, .2, nainly 11, 12 and 13 year olds, with a minor-
ity of younger or older fish, The biological effectiveness of
Von Bertalanffy's decaying exponentizl growth curve (Von
Dartalanffy, 1554, 1938} was recentily demonsirated when ape
nlied to Pacific tunc species (Shomura, 1966). #pplication of
this growth curve to Iishes Sfollouwed from the demonstration of
its effecgivencss by Devertcn and Holt {1957). However, because
of the 1limitcd agowspan (2 ycars out of a possible to%al of 20+

years) of the Concuption Bay bluefin the results dorived
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by this technique would have besn of doudbtful biological impeortance.
Bscause of the stated complications, thesge-length relation-
ship of Conception Bay tuna is presented {n its simplest graphical
form (Figuxe 12), Figuro 13 is adapted from willismson (1963)
based on the work of Mather III and Sghuck (1960), and incorporates
a oonsiderably laxger range of agse,
™he value of loo (asympiotic langth) may be calculated by
fitting the followino ecuation to the Wslfoxd plot:
2ee1
This describes a straight 1lins between valuss of 1,,, and 1, with
slcpe K and Yeaxis intercept of l@ (I-k), where
l‘ = length at age ¢
"t-vx = length at age t<X

loo = theoretical maxismum attainable length
(asymptotic length),

The value of 1 was calculated as 330 om. It may be esstimated

= 1o (I=k) + klt

less precisely as the point of the plot of "tﬂ againgt "t whaze
1.t o1 ™ g0 {.e. ths point of intarception of the “HWalforxd line"
and the 45 degree diagomal (Figure 14).

The sheve procsdure was deualenad comivically by Ford (2933)
and Walfoxrd (1046) ans reprocenss cachk yjearc® growih increment as
iess cthan the proviecus yoarc by the fraetion (I-k) of the ladtor,
elartiny frem as hypothetical initial size of lop (I=k) at Szuv ago
zexo (Rickox, 1958:1294).
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The value of 356 cm for maximum fork lenaoth anpesrs to be a
reasonable result when tho suggested maximun weight (1500 - 2000
pounds ) and maximun age (20+ years) are considered as extrapolated
values on the age-length and age-weight graphs, Figures 13 and 16,
respectively, /Also, the substitution of 356 cm in the lengthe
weight relationship results in a calculated maximum weight of
1350 pounds,

Age=wgight lelationship

Bluefin increase thelr weight faster than any other fish in
Newfoundland watexs (\villiamson, 1962), Various computations foxr
the agae=waight relatiouship of the Conception 3ay catch (1966)
are presented in Table 10 and Figure 15, It should be noted that
the weight values are only averages amd, because the blucfin in=-
craage their weight by approximately l«2 pounds pex day <uxing
the northern feeding season, the variations are considerablc,
In addition, the author's age determinations were, of necessity,
indirectly cumputed from the length-fraquency anaiysis unless other-
wise noted (see footnotes to Table 10). Figure 16 is the estimated
growth cuxve for biuefin aged 1 - 14 years, based on data adapted
by <illfiamson (1962) from the investigations of Mather IIXI and

Schuznk (1960) o

Table 10 Tho Age=teigh? Relationship of the
Concéétion BaE Bluefin Catch 119665.
wWedght (pounds )
4 5 o
Aso (yoazo) Al Bz C3 D E F
2

] o (-] (-3 =] [—]

2 =) (-] = o (=] o
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Toble 10 Cont'd.
1l

&
]
[~

Age A s° c® o E F
3 - - - - - -
4 - - - - - -
5 100 - - - - -
6 140 - - - - -
7 185 L - - - -
8 240 - [ ] - - -
9 300 -« - - - -

10 360 - - - - -

11 430 455 477 475 494 470

12 510 8526 528 816 543 600

13 600 591 384 569 897 650

14 690 - e - - -

Footnotes to Table 10:

1. Values that can be expected in Newfoundland waters in the
first two weeks of August. williamson (1962) adapted from Mather IIX
and Schuck (1960).

2. Mean valuss for 39 bluefin caught during the pexiod July
to September, 1966, and aged by annuli detexrminations.

3. Mean values for 240 bluefin caught during the period July
to September, 1966, 4.2, average of columns D, E, and F, The ages
were determined apnroximately from the fork length frxequency analye
sis, f.e. 11 years (219 = 228cm), 12 years (229 -~ 238 cm) and
13 yeare (239 - 248 cm).

4, Mean values for 174 bluefin caught during the month of
July (1966). Ages wore determined as in gection 3 above.

Se Moan Y2iues for 24 biuasfin caucht during ¢the =month of
August (1966). Agcs were deternined as in section 3 abovo,

6. tean values for 12 biluefin caught during the month of
Scptember (1066). Agoso were determined ac in section 3 above.

Cnlly omo 21 year old bluofin was cought duzing thio menth.
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Length=Waight Relationship
The length-weight relationship was determined by the standard
least squaxes regression method for the 237 bluefin caught from
Jly to Septsmber (Conception Bay, 1966)., The result:
log W = 2,50 log L « 3,20
or W= ,0016 x L°*3

is presented in Figure 17,

Increase in veight During the Northern Feeding Season
Acoording to Rivas (1955), the western Atlantic bluefin
("giants") increase their waight by approximately 7.S5% pexr month

(july - September) in the feeding grounds off New Englamd and
Nova Scotia. Using the technique edopted by Rivas (1985), the
author anslysed the weight distribution and weight increase of
1260 blualin caught in Concaption fay from July to September, 1957 -
1966, (Table 11). The weight incresse 80 deteruined ranged from
£.5% » 103 par month. This result is approximatoly in agresment
with the determination of Bahr (1932) for North Sea “glants" but
ie considerably in axcess of the determination of Tiews (1957)
and Luhmann (1959), both of whom worked on similar sized bluefin
in the come constern Atlontic area.

The cuthos Lrzthor analyzed €ho incoeasg in woelght with ¢idmo
of the ¢hrec major age groups. Ihe ages of the bluefin uvere dee
zived from thelr fork lengths, .00 3R year olds (219 « 228 cm),

12 year olds (229 = 238 ca), and 13 year oids (239 = 248).
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Theoretically the weight=-time relation should consist of a
mmber of sigmoid curves, but because of the restricted time pere
iod studied (July « September) only part of the curve is apparent
(Figurs 18). The curxves of the type W a kt“. were fitted by eye
because of the large starxiaxd errxors obtained by statistical
methxis, A consideration of the weight and length data in rela=
tion to time, suggests the following hypotheses:

1. The largest imdividuals of a specific age class arrived
first in Conception Bay becnuse of their fastex swimming speed,
bence reducing the initial (calculated) rxate of waeight increase.

2, The smallest individuals of a specific age class arrived
in the latter half of August, hencse xeducing the (calculated)
rate of weignt increasa,

3. The mid=August pariod procvided the highest suxface
vater temperature emabling larger individuals of an age group to
exploit rich feeding grounds in colder waters to the north of
Conception Bay,

4. Maximsn feeding usually occurs only when the temperature
is in the middle of the preferred range. Thus the latter half of
August could have bgaen too warm.

S. The rats of woight increase was ra2tored as the waser
temperatuxe declined to the preferred range in latc August and
Septenber,

6. The rote of weight increase in late Saptember and Cctoe

bex (not shewn) vould probably be accentuated by tho toaporazy
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return of the larger bluefin of an age group from waters farther
north, prior to their migration south (October - November) to their
wintering grounds. The smallexr biluefin of an age group will tend
to leave Conception Bay first because of their limited cold tol-
ersxce as compared with the largexr fish.

Evaluation of Figure 18, indicates an average weight increase
of 100 - 150 pounds in a Semonth feeding period for 11 ~ 13 year
old figh., This is in agreement with Williamson (1962) who suggested
that a 12 year old bluefin increased its weight by approximately
180 sounds in about a 4~month period and that 80 pounds of this
weight would be lost again during the winter and the spawning
season whaen little food is eaten. Accoxding to williamson (1962),
the dbluefin’s nutritional reserves take the form of oil vhich is
stored in the muscles and fat which comprises the bulk of a sub-
€ermal bhluhhar tiesue (64% fat).

The authox 's cstimate of an average welght increase of 8.5% -

10% per month would appear to be substantiated.

Increase in Growth amd Depth During the Northern Feeding Season
Rocauce of insufficient data only 12 year old bluefin were

congidezed (Figures 19 and 20). The curves were fitted by eye

for the veasone indicated in the provicus ceection. The results

indicate a girth and depth increase of approvimately 15 ca ansd

5 cn respectively during the three month feeding period of July -

September, 1666.
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Relative Growth

The changes in body proportion during the growth of eastern
Atlantic bluefin have been described by Heldt (1927), Fxade (1931),
Aricd and Genovese (1953) and Genovese (1956). Tiews (1962, 3:11)
sumarised their results as follows:

1, Body depth decreases relatively with fork length. The
decrease is linear to length, This is also trus for the head
length and the distance from the tip of snout to the insertion
point of the ventral fins,

2, EBye diameter decreases relatively with head length,
but with increasing length at a decreasing rate.

3. Distance of eye from snout, measured along the body
surface, increases relatively with head length, but with increase
ing langth at decreasing rate.

4, Lanath of pectoral fin decreases relativaly with fork
length, but with increasing length at a decreasing rate, This
is also true for the distance from tip of snout to the insertion
point of the anal fin,

S. Distance from tip of the snout to the insertion point
of the first and sacond doxrsal fins decreases relatively with
fork length, but in specimens above 200 cm at a lesser ratce than
for those between 100 « 2G0 ca.

The direct nmorphometric comparison of eastern with western
Atlantic bluefin ic complicated by the variation in measuring

procedures adopted by the various authors. However, ae the
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western and sastern Atlantic bluefin populations arxe considered

- to diffexr at the racial level at most (Mather 11I, 1962a), the

above changes in body proportions are probably common to both,
although a comparison between individual indices might have
revealcsd s14ight diffexences.

Because of allometric development of certain proportions
the bluefin, and tunas in general, usually differ greatly in ape
pearance at different sizes. Howevex, accoxding to Gibbs and
Collette (1966), the relative lengths of body parts per se has
limited value in species identification of tunas and has been
responsible for many misconceptions, Mather III (1962a) studied
the relative growth of northwestern Atlantic tuna as n means of
identifying the various species but in conjunction with meristic
data, In the case of the bluefin the range of fork lengths varied
from 20 « 270 cm. The results indicated that the head and ane
terior portion of the body became relatively shoxter with growth,
In contrast, the posterlor part of the body, the second dorsal,
the sanal and the cawdal fine become relatively longer. The
ventral fins and the firxet dorsal zemain relatively unchanged
vhereas the pectoral fin attains its maximum relative size in the
redium sized bluefin,

The author ctudied the relative growth of 187 "glant" biuefin
(aged 10 = 14 years) with fork lengths varying only from 215 =

254 cn (Table 12).



213 - 219 4
320 = 224 12
228 « 229 26
230 « 234 35
238 - 239 39
240 = 244 24
248 = 249 18
230 = 254 ]

To facilitate comparison the measurements used wers those
sdopted by Mather 1II (1962a) which wexe based on the work of Maxrx
and Schasfer (1949, dgure 21). The "curves" were fitted by the
zethod of least squares.

fesults

The rasults are presented in Figures 22 and 23, Because of
the limited size range examined, it proved difficult to detact
isometric or allometric tramls. lowever, thexe appears to be a
slight decraease in length of all parameters rxelative to an in-

crease in fork length, or head length in the case of the pectoral
fins,
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1, Fork Length: Snout of upper jaw to fork of tail,

2, Length of Pectoral Fin: From most anterior visible point of insertion to tip
with fin laid flat along body,

3, MaxXimum diameter of Iris: measured to edge between yellow oxr bluish iris and
surrounding dark tissue,

4. Length of Second Dorsal Fin:

Length of Head:

o

7.
8,
9,
10,

from end of groove of first dorsal fin to tip
of second dorsal fin,

from snout of upper jaw to most distant point on edge of opercle,
Snout to Insertion of Anal Fin: From snout of upper jaw,

Maximum Depth,
Spread of Caudal,
Maximunm Girth

Flank Length: measured along flank from snout of upper jaw to fork of tail,
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THE GROWTH IN LENGTH OF APPENDAGES AND REGIONS
OF THE BLUEFIN RELATIVE TO THE FORK LENGTH
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SECTION VI

FOOD AND FEEDING BEHAVIOUR

Stcaach Contents

De Sylva (1956) analysed the stomach contents of bluefin taken
near Cat Cay, Bahamas., They contained freshly digested squids,
sgquid beaks, and the radulae of bottom-dwelling snails. He lists
squida, flying fishes, sardines, herring and krill as preferred
food items.

Krummholz (1959) analysed the stomach contents of seven ripe
Bahana bluvefin in May, 1956 and identified 560 larval Diodon
hystrix (porcupine fish), 90 Pyrosoma atlantica gigantea (salps),

5 axial skeletons of small eelelike fish, 4 portunid crabs, 1

octopus beak and a single plant leaf, He notes the absence of
any of the finned fishes (othex than the porxcupine fish) such as
herring, mackerel ox mullet, When bluefin are in full sexual
maturity they refuse to eat, but progressively reacquire this
capacity in relation to the fractional delivery of thelr sexual
products (Genovese, 1962)., According to Roule (1924), this may
be due to "stomach upset" caused by the pressure of ripe gonads
on the digestive orxgans,

Bigelow and Schroeder (1953) state that in the Gulf of
Maine (Part of the northern feeding grounds) the principal
food of the bluefin consists of menhaden, mackerel and hex-
ring, They also list dogfish, squid and the smaller schooling

fishes as supplementary food items., In addition to the surface
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dwelling forms already mentioned, Tibbo (1967) includes deep living
fishes such as barricudinas, which occur down to about 100 fathoms,
and lantern fish. Crane (1936) analysed the stomach contents of

34 bluefin caught in the Gulf of Maine in July 1936 (Table 13).

Mve stomachs were completely empty and almost all of the food in

the othexr 29 was in an advanced stage of digestion.

Table 13 The Stomach Contents of 34 Bluefin
Caught in the Gulf of Faine
{Cxane. 19
Food Items No. of Stomachs in

which they occurred

1. Merluccius bilinearis

(silver hake) from 1 to 38

figh in a single stomach,

each measuring from 8 to

13 inches in length. 1In

most of the tunas the food

consisted entirely of this

species., 26

2. Seawsed. In stomachs con-
taining little other food:
only one or two fronds wnexe
found in each stcxmach. 4

3. Squids. One or two in a

stomach, alone or with

shrimps. 3
4, Meganyc tiphanes norvegica

(krill). Numerous, all adults. 2
5. Clupeid. 215 mm. 1

. Clupeids. Diffexrent from
above, three ca 75 mm. 1
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Table 13 Cont'd
food Items No. of Stamachs in
-l_:_i_eb M occurred
7. Sebaates maxinus
(redfish). Four, 33
to 117 mm. 1
8. Iylogaurus marinus.
Cne, 135 mm. 1

CONCEPTION BAY

Matarials and Methods

The author examined 112 stomachs of bluefin caught between
July 20 and September 19, 1966 in Conception Bay, Newfoundland.
Many of the stomachs were in an advanced stage of digestion be-
cause the time interval between capture and removal and freezing
of the organs varied frxom 6 to 15 hours (occasionally as long as
24 houxrs). This probably also sxplaine the hich nercentage (285%)
of stomachs found to contain S ml or less of food.

The stomachs, which had baeen praeserved in 5 - 10% formalin,
vere cut open by a longitudinal incision. The contents were placed
into a nerrow gauge sicve and a hose was used to remove material
trapped in the internal corrugations of the stomach wall and also
to disperse the digested material (1iquid) in the sieve. Ccunts
and moasurcments were then made of all organisms present, Lf iden-
tifiable. The contents were then placed in muslin bags and thelr

combined angd indivicdual volumes were measured by means of uwater
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" displacement in graduated cylinders of various sizes (10 ml -

1000 m1). 7The volume of bulky contents was neasured with the aid
of a S gallon tank; displaced water was carrxied by a rubber hose
(with tap) into a 1000 ml graduated cylindex. Volume measurements
were made to the nesarest ml, but errors of up to S ml are to be
expected because of the problem of removing residual water from
the stomach contents. Parasite smmples (ai other organisms

whare necessary) were removed for positive identification at a
later dats.

The reporting of results follows the approsch used by Reintjes
and King (1953), King and Ikehara (1956) and Iversen (1962), which
considers the mmber of organmisms (where possible), the frequency
of their occurrence, and their individual and aggregate total
volumes .

Statistical tests of the significance were not made as it is
likely that the aforementioned variates are not distributed nor-
mally amd that the means are correlated with the variances or
stadiard deviations. Trangformation of data would therefore be
necessary before meaningful tests of significance could be applied
("dng and Ikchara, 1956). In addition, it appears that the stcuachs
of the largor bluefin contain more food than those of the smaller
bluefin, but the larger £fish eat ilegs per pound of body weight
(FMlgure 24). The great variability of the data reduces the op-

portunity of demonstrating statistically significaent differences.
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iowever, these trends appear to be common to yellowfin (Neothunnus
macxopterus) and bigeye (Parathunnue sibi), (King and Ikehera, 1956)
and to albacore (Thunnug gexmo), (Iversen, 1962). The parameters
therefoxe do not sppeaxr to be inxigpendent, hence the assumption
underlying the common tests of significance would be violated.

Results

The contents of the 112 blzafin stomachs, tabulated accoxding
to the mmber and percentage of stomachs in which they occurred,
are rocoxded in Table 4.

Table 14
food Items Wo. and % of Stomachs
in which occurred.
1. Empty (other than neracites) 10 8.9%
2, 5 cc or less (including parasites) 31 27.6%
3. Iliex illecebrosus and possibly
Gonatus fabricii (squid) 30 3%
4. Mallotus villosus (capelin) ° 37.5%
5. Unidentified fish/invertebrates 12 11.6%
6. Godidae, probably Gadus morhua
(cod) axd Microgadus tomcod (tomcod) 10 8.9%
7. Mugil cephalus (mullet). 2Sait 6 5.3%
8. Clupea harangus {herring) 4l 2.5%
0. Scomberesnx saurus (neodlefish,
billfigh, skipper or sSaury). 4 3.50
10. Foather 2 1.7
1. Decapod 1imb (chela?) 1 0.85
12, ®elp 1 0.6%



A detailed quantitative and qualitative list of the recorded
food organisms and stomach paxasites may be found in Appemdix 3,

In spite of the variety of food utilised by the Conception
Bay bluefin, only two items were of primary importance, the squid
and the capelin, Figuxes 23 and 26 show the percentage oi ocCure
rence (percentage ocourrence) and the comparative importance by
volume (parcentage volume) of the food items obtained during the
feeding period, July 20 - Septembar 19, 1966. A high result for
either or both of these paramsters imdicates the xelative impor-
tance of the food-gpecies in question to the diet of the bluefin,

he squid rank highest in percentage ccourrence (80%) and
second in pexcentage volume (25%). Willismeon (1962) noted their
importance. The capelin, in contrast, renk second in percentage
cocurrence (37%) and highest in percentage volume (65%), indicat-
ing that thay are only occasionally utilised, but in great bulk.
The Gadidae, herring amdl needlefish sppear to bs of secondary in-
portance,

The percentage occurrance and percentage volume of the indivi-
Cual food itsms were also grouped by month; July, 72 tuna; August,
50 tuna; September, i0 tuna, in oxder to dstermine the possible
food succession (Pigures 27 and 282). The results of this groupe
irg were ag follows:

Squid: There apnears to be an increcase in percontags cccurrence

from 78% - 80% - 1007, for the months of July, August and Septeubex,
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Squid (25% )

Capelin ( 65%) —Needlefish (3%)

—~Mullet {3%)

QGadidae(Z%)
Herring (1)

Unidentified (1)

FIGURE 26

THE COMPARATIVE IMPORTANCE I1:i VOLUME OF MAJOR FOOD ITEMS
IN THE BLUEFIN DIEY, CONCEPTION BAY, 1966
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THE PERCENTAGE OCCURRENCE OF MAJOR FOOD ITEMS IN THE BLUBFIN DIET
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IN CONCEPTION BAY
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Squid (13%,)

\\

Unidentified (2%,)
xGudidae (1%)
July \Herring (1°/,)
Mullet (1°
Capelin (819, ) et (%)
Capelin (22°/,)
August Gadidae (5°,)
Squid (58%,) Unidentified (4°/,)
Mullet (109,)
September

Squid (527, \Need[efish (389/,)

Gadidae (2%,)
Unidentified (4°/,)
\Mullet (5%)

FIGURE 28

THE COMPARATIVE IMPORTANCE IN VOLUME OF THE MAJOR FOOD ITEMS
IN TiEZ BLUEFIN DIET FOR THE MONTHS OF JULY, AUGUST AND
SEPTEMBER, 1966, IN CONCEFTION BAY
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respectively. Their percentage volume is low in July (13%) but
increases in August (58%) followed by a slight decline in Septeme-
bexr (51%).

Capelin: The perxcentage occurrence is at a maximum in July
(49%) but decreases markedly in sugust (13%) and September (0%).
The percentags volume parallels the tremxdd with 81% in July, 22%
in August and O% in Septomber.

Needlefish: These fish are only present in September; their
percentage occurrence is 40% and their pexcentage volume ig 38%,

Hexrring: They sppear to be utilised only in July, with a 5%
percentage occurrence and a 1% percentage volume.

Gadidase: These show a monthly increase in percentage occure
rence (4% - 178 - 20%), but a percentage volume peak in August
(57 as opposed to 19 4in July and 2% in Septexber.

Thus the squid are the najor scurce of food throughout the
feoding perfiod in Conception Bay, ranking firat in percentage
occurzence and first in parcentage volume, other than in July which
is donfnated by capelin. The necdlefigh are seconi only to squid
in both paercentage occurraence ard percentage volume in September.
A1l other food items appear ©o Lo of secondary importance, as has
been previcusly indicated.

Fecding hablt studics of the vwestezn aAtlangic biuefin thercfore
indicate that tho fish is an opportunistic feeder, taking whatever
prey is availeble vithin brond food categorfies. This is particularly

evident in Conecption Bay where the time of nascdinun concentration of
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a gspecific prey is clearly correlated with the maximum perxcentage
of occurrencs arnxxi perxcentage volume of that organism in the blue=-
fins diet. The capelin, for instance, movas inshore to spawn in
Newfoundland watexrs in late June to mid=Jjuly (Templeman, 1948),
a period in which their major contribution to the bluefin's diet
is indicated by their percentage volume (815) and their percentage
occurrence (49%). The squid (Illex illecebrosus) migrates inshore
from the "Banks", possibly in pursuit of the capelin amd reaches
the eastern coast of Newfoundland by late June, Its occurrence
inshore may alsc be partly dependent on the local weather comxiie
tions., The largest concentrations occur at the traditionsl sguide
Jigging groumis, such as liolyxcod (South Conception Say), where it
arrives earliest (June) in the season and remains latest (November),
(Squires, 1957). The bluefin, a climax predator, in turn pursues
the squid which has a minimum monthly percentage occurrence and
percentage volume in the bluefin diet of 73% and 1375 respectively.
The needlefish is a periodic visitor to the Gulf of Maine and
Nova Scotia from the warmer offshore or southern waters and may be
caught from mid-June to October or iNovember (Bigelow and Schroederx,
1653), Environmental conditions permitting, it occasionaily mi-
grates as for nortih oo eastern Newfoundland and, in 1966, it vaa
observet in Concepiion Bay for the first tvo veeks in September,
This correlates with its high poercentage occurxence and percen=
tage volume in the stomachs of bluefin for the perxiod from Septess

ber 1st to 17th only.
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From this information it is clear that bluefin have a varied
diet and that the selected foods consist of animals that are locally

abundant and which may be either pelagic or demersal.

Stomach Parasites

Tiews (1962) includes two intestinal parasites, Hirudinella
clavats (Menxzies, 1791) and Contracaecum (Thynnascaris) legendrei
(Dollfus, 1933) in a list of thirteen parasites found in Thunnus
thynnus L, However, literature on stomach parasites of bluefin
appears to be limited.

The author analysed 112 bluefin stomachs and four species and
one class of parasites vare identified (Table 15). The percentags
infection by each species was also recorded.

Table 15 The Stomach Parasites of Bluefin
Caught in Conception Bay, and

Their Percentage Infection

Percentage
Class Species Infection
l. Nemstada: Contracaecum (Thynnascaris)
legendrei (Dollfus, 1933) 712
2., Trematodat Hirudinella (Pasciola)
clavata (Menzies, 1791) 522
3. Copepoda: Lernaeocers branchialis
(Linne, i767) 16%
4. Palacoacanthocephala:t BRolbosoma thunni (Herads,
1935) 3%

5. Cestoda: Unidentified (only gravid
proglottids preseat) .01%
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0f the bluefia (71ZX) parssitised by Contracascum legendrei,
47X bad a 1light iafectior (0 - 20 nematodes), 17X had a medium
infection (20 - 100 nematodes) and 6% had a heavy infection
(100+ mematodes). The nematodes were possibly acquired from
capelin, im vhich & juvenils form of Contracascum is found, The
presence of parasitic copepods coingided in all cases with the

presence of ¢od vemains. Lermseocera adults are commonly found
on the gills of cod., The parasites were identified with the aid
of studies by Yamaguti (1938-1961) for all classes, liigrelli and
Stunkard (1947) for the tramatodes, and Scott and Scott (1913)
for tis parasitic copspods.

Time of Veeding

Compared to fts body weight, the blusfin stomach is small
(Krussholz, 1959), and according to Moss (1967) the fish must
tharefore eat wasularly and often to sustain its powver. However,
according to Tiews (1962), German hook and line fishermen have
reported bluefin strikes mainly from sunrise to about 11:00 hours.
Turkish hook and line fishermen consider 09:00 - 10300 hours to
be the best fishing time (Iyigiungoz, 12572, I= contrast, Cali-
fornia purse-seine fishermen ezpact successful bluefin sets in
the afternoom but Canadian purse seinere, operating on an experi~
nental basis in the Cape Cod ares, have also made successful morning
sets (McKenzia, 1965). Farrington in his book, "pishing the Aslantic”

daseribed the bluefin fishing at Cat Cay (Bahamas) as being best in
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the morning (p. 234). These conflicting reports may perhaps be
partially explained by the catch locations being at different
stages of the bluefin's feeding migration. In addition, the size
of school is pextinent, i.e. fish in small schools are usually
most voracious and their activity stimulates even tuma with full
stomachs to take the bait (Inoue, 193593 Hotta, Kariya and Ogawa
1959).

In oxder to examine the daily trend of feeding in Conception
Bay, the stomach volumes of 112 bluerfin (cc per pound body weight)

were plotted by one-hour periods corresponding to successful strxike

times. Results are shown in Figure 29, It is evident that while
feeding takes plece throughout the day, the major feeding period
is from 11:00 = 15:00 hours. This result is substantiated by the
successful strike data (Figure 30), which indicate that 201 (83%)
of a total of 230 recorded successful strikes vexe made between
10:00 and 17:00 houres. 7The author appreciates that a reduced
fighing effoxt before 09:00 hours and after 19:00 hours has ac-
centuater: the mid-day catch and feeding peak but not to the ex-
tent of invalidating results. In addition, the suggested bias
in fighing effort is compensatcd, to a certain extent, by some orX
the fishing boates ceasing opeorations at the mideday lunch pexiod.
The results differ markedly from those obtained for skipjack
tuna (Katsuwonus pelamis), (Ude, 1940) and albacore (Thunnus
germo), (Iversen, 1962), both of which feed mainly in the early
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THE VARTIATION IN STOMACH CONTENT IN RELATION TO THE
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CONCEPTION BAY, 1966



=l13e

sorning and again near sunset. Nakamura (M.S.) suggests that this
reflects the lessensd availability of foragce dus o the downward
daytineg migration of zooplankton, the prey of much tuna forage.
This does not appear to be relevant to Connsption Baytiuvefin as
their primary forage organisms, lilex {lleocebrogus are not yeporied
to show a regular diurnal movement with respect to depth and their
depth distridution s considered umpredictabdle in relation to time
(Fishermen's reports; williameon, 1963). The major feeding period
does cccux, however, during ths time of maximus diurnal water tene
peratures and presumably the #ime of maximum underwater visibility,
both of which may bhe controlling factors.

It is not known at present whather bluefin feed ot night, bul
according to Watanabe (1938) both bigeye (Thunnus obasus) and
yellowfin (Thunrmus aldbacares) do. A higtological comparison of
the retinas of yellowfin, bipeye, and skipjack (Katsuwonus pelomis)
indicated 1ittle difference in visual potential but albacore
(Thunnus germo) or (Thunnus alslunga) are reported to have at least
tvico as many cones as the previously mentioned species (Matthews,
M.S.) Albacore therefore have the capability for comparatively
keenar night vision. On tho basis of those observations and axe
periments on ether membere of the genus Thunrus, it seems reasonable
to conclwgio that bluefin are canable of feeding et night, Experie
mental night fishing, associated stomech annlysis end histolegical
exardnaedor of the hiuefin zotina will be nccessary to validate this

conclugion.



SECTION VII

WATER TRANSPARENCY AND ITS RELATION TO CATCH SUCCESS

The intensity of light impinging on the sea surface depends
on the altitude and azimuth of the sun and the amount of cloud cover.
The degree of light penetration into the sea is reduced by surface
reflection (increased by wave action) and further attenuated by abe
serption and scattering, (Rlaxter, 1965), dus to the presence of
dissolved and suspendad material. 7The loss of light enexgy, through
a known distance of water, {s commonly expressed as an attenuation
length (%3), which is a mesasure of water clarity, i.¢. long attenua~
tion lengths (small values of alphe) are usually found offshore,
whereas short attenuation lengths (large values of alphaj) are ase
sociated with turbid and dirty inshore water (Hestexr & Taylor,
196%),

The rate of decrease of dowmward travelling light enexgy
(radiation) can be defined by maans of the extinction coefficient
(Pettexsson, 1936):

2N = 230[log Iy ;- 109y, (z.1))
where [, , and I),(z+1) represent the radiation intensities of
wave length on horizontal surfaces at depths 3 and (= + 1)
metres, According to Svexdrup et al (1946) the extinction coef=
ficlent of a glven wave length veries with ths locality, depth
and time, The poximunm penetration in clear oceanic water is in the

blue range of the spectrum (400 = 500mu), whereas in coastal water
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the maximum penetration is in the greeneyellow range (500 = 600mp),
The composition of the light changes with increasing depth, as the
spectrum narxrows to the most penetrating wave length (Jexlov, 1951).
The marked difference in extinction coefficient and wave length of
maximam penetration exhibited by coastal and oceanic waters is
commonly attributed to the relative presence of minute suspensoid
particles, dominant in oceanic waters, and of '"yellow substances"
(Kalle, 1938), dominant in coastal waters.

The transparency of water in relation to radistion of differ-
ent wave lengths can be expressed by means of the percentage amounts
of radiation which penetrate a one-metre layer. According to
Sverdrup et al (1946), the greatest transparency of the clearest
oceanic water is ait a wave length of 4807k(blue) and of coastal
water is at a wave length of S530m: or higher (green~yellow).

No teleosts have begen shown not to have colour vision. They
are most sensitive to the colour of light predominating in their
environment (Blaxter, 1965). According to Borisov and Proiasov
(1960) bluefin have maximum sensitivities of 555mp(light adapted)
and 505mp(dark adapted). 7Thus there is a "Purkinje shift" in
the spectral sensitivity of tho oys as photopic (cone) vision
changes to scotopic (dark) vision. Bluefin would thercfore ap-
poar to be suited to vicion in coastal waters. It is not koown
vhether they change their visual pigment when in their oceanic

environment. Other research related to tuna vision has, to date
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dbeen limited to studies of vigual acuity in the skipjack (Katsuwonus
pelanis), yellowfin (Thunnus albacares) and the 1little tunny
(Euthynnus affinie), (Nakamura, 1964),

Because of evidence that the tuna visually locate their prey
at close range, transparency probably has considerable relevence to
catch success or failure (Magnuson, 1%62), HMurphy (1959) suggested
that sight-feeders (such as tuna) might temporarily leave an area
due to the available forage being obscured by an increase in phy-
toplankton density. According to Russell (1928), the opacity of
the silt laden vators of the eastern end of the English Channel
and the gsoutherxn North Ses appears to be an effective barrier to
bluefin., Iversen (1962) investigated albacore stomach volumas
in relation to secchi disc obsexvations and found higher values
(stomach voluma) in the miderange of light penotration, approximae
tely 22 matres. Yabae, Yabutu and Uayanagi (1962) and Laevastu
and %osa (1962) found that secchi disc readings under good or op-
tinum tunan-~fighing conditions varied from 15 - 35 metxas., In the
Mediterranean, Lozano Cabo (1957, 1958) and Arxena (1959), unlike
Sara (1960), wera able to corrxelate the size of bluefin catch and
the water transparency, the optimum being 15 - 16 metres. Iversen
(1962) found that the most suceessful foraging took place in water
wvhich represented o compzomisc betwmeen condizions of excellent
vizdbility (reduced amount of ¢una forage) and waters of low

clarity (heavy standing crops of tuna forage). Land un=0Lff nay
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also be associated with low transparencies. The variation in
. optimum watsx transparency,; as detexmined by secchi disc (13 -

35 matres), iu relation to tune catch is probably acosatuated by
 the different fishing techniques utilissd, the different hydro-
graphic conditions, and the differeat visual capabilities of the

£
{
H

Accerding to Hestar and Tayloxr (19635), visibility of an
odject wdier wvater during the day is depandent on its contrast

- with the backgrewnd. This {s affected by the sun's elevation,

:  cloud cover and depth of the object. The distance over which

M it can be seen is controlled by water clarity as measured by
alpta. 7or horiseatal paths of sight, the contrzast between an
object and {ts water background diminishes wxponentially with the
" distance. Thus sighting range depends on tse distribution of the
light field undazr watex, the water clarity, the position of the

- cbject in relation to the fish, and the nsture of the cbeerved

__.__ object. Light or ahiny cbjects, for imstamess, imiuce greater

. foeding response inm suna than dark or dull cdjects, (lsiao and

~ Testerx, 1958; Shommra, 1955 and Tester et al, 1934), presumably

"~ because brighter objects axe wore visitle (Megmusen, 1962) due

tc their greater conmtrast with the background. Size and BOvVaRent
are other visual otimmii which similerly influcnce she intensity
of the foeding response in tune. Thus the mullet, which ip coe

monly uscd as biusfin bait in Conception Bay, is probably
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visually stimulating to the tuna because of its silvery sides, and
is preferred by the angler because of its resistance to decomposi-

~ tion on the trolled hook. The squid (Illex Lllecebrosus), another
. popular bluefin bait, although not as bright as the mullet, ex-

R WET  eaeam i e ey e lee

hibits a greater movement when trolled because of its trailing

tentacles and would probably be visually stimulating also.
Mathods of submarine light msasurement in addition to secchi

disc, include the hydrophotometer (self-contained 1light source)

- and the submarine photomster. The latter detects and recoxds,
. by msans of photoslectric cells, the light intensity at the sur-

face amxi at all depths down to approximetely 150 metres. Through
the use of filtere, observations may be made in specific ranges
of the spectrum. The technical problems associated with the con-
struction and operation of such apparatus and the standardizred
technique proposed by the International Oouncil for the Explora-
tion of the Sea are discussed by Atkins et al (1938).

CONCEPTION BAY

In view of the apparent correlation between catch success
and visibiiity o submarine photomater was constructed with the aid
of ¢he Technical Services of Mcmoriel University and the Figheries
Nesearch Doard, St. .John's, Newfoundiamd. Bogause of repidly
changing inshore hydrographic comiitions, the photometer was
designed to provide a continuous record of the quantity in foot
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candles, of gresn light (optimm pemstration in coastal watexs)
reaching a spescified depth, The author appreciates that within a
linited budget it is impossidle to design and construct an ap-
paratus which is capable of compensating for the numsrous opexa-
tional errors involved in the under water mcasurement of light
(sea Atkins et al, 1938), However, accepting the foregoing quali-
fications it was hoped to detect a relationship between the tine
and frequangy of bluefin strikes and the relative transparsncy of
the watexr, The recording apparatus was anchoxed in thirty fest
of water approximately 600 feet offshorxe in Holyrood Arm, Con-
ception Bay. This location was chosen becauseé of accessibility
fox apparatus maintsnance and becausae it sppeared to be a major
catch area according to previous years' data.

The results were disappointing; insufficient synchronous
catch and transparency dnta wexe obtained to attempt a corrxelation
(see "Results"), Howaver, the authoxr considered that the compara-
tively successful functioning of the photometric apparatus war-

ranted the inclusion of this section,

Materials and Methods

The complete photometric apparatus is shown in Figure 31
(A = B).

EBiectxical Components: Two Fustrak temperature reCoxrdaers
(model 133/135T) were similarly modified to sct as surface and
subsurface light sensitive reccorders respectively. The medifica-

tions involved the removal of the thermistor in an arm of the
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recorder 's bridge circuit and its replacement with an RCA photoe
conductive cadmium sulphide cell (#4402). In addition, a 20K ohm
fixed composition resistor was placed in series with the detecting
galvancmetexr (F{gure 31C). A 12 volt wet cell battery provided
sufficient power for at least two weeks continuous operation. The
recorders were calibrated with a Weston foot-candlie meter (model
614), using a 60 watt buldb as the light source., The applied vol-
tage and hence light intensity was controlled by a Variac voltmeter.
In both the surface and subsurface recorders, the amplitude of the
applied signal (1ight intensity) was recoxded by a stylus on
pressure-gsensitive chart psper, moving at a rate of one inch per
hour. The stylus, striking once per secomi, thus produced a
continuous trace.

Mechanical Components: The two recorders, battery and as-
sociated junction box were placad in a water proof but wventlilated
aluminium container. The 1id restoed on a rubber gasket and was
secured by four hand-tightened bolts., The surface saensor, gimble-
mounted to compensate for wave motion, was secured centrally to
the 1id of the aluninium containaer (Figure 32A). The subsurface
gensor was mounted in a water proos brasc structure (Figure 32B)
ot a depth of 6.6 metres, It was suitably weighted to prevent
oxcasaive movament, Both sensors were operxated in cenjunction
with a green Kodak wratten gelatin filter (#58), with a dominant
vave langth of 5d0.2mp, 1.e. the region of the spectrum least
attenuated by coastal water., ‘ater absorbent material was placed
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within the sensor containers to prevent misting.

Flotation and Anchorage: The aluminium container holding the
surface sensor was secured in the central recess of a four foot
square wooden raft, which was anchored by four grapnels (Figure 31
A = B)e. A ocoloured plastic buoy, approximately 100 feet from the
raft, marked the position of each grapnsl. The under water sensor
was suspended from a similar buoy, which was attached to the raft by
a chain, at a distance of approximately ten feet. 7The possible
shadowing of the underwatsr sensor by the rxaft was thus prevented.

Results

Difficulties in odtaining certain components, particularly
Kodak filters of the required specification, delayed the commence-
nent of operations until September 19, 1966. An unforeseen prob-
lem then arose; the sea birds defecated on the surface sensox,
hence invalidating ¢he recozdad data, This problem could not be
solved {immediately, As & temporary solution, the surface sensor
and {ts recorder were removed from the raft, provided with their
own power source, and placed ashore, approximately a quarter of
a mile from their original location, An @lectrical fault caused
a furiier delay but sufficient synchronised surface and submarine
light data to permit cvaluation of the apparatus were cbtained
before the final removal (4n early November) of the rafe and
submarine recording equipment because of excessively rough s€as.

The usable data were enalysed by means of a chart viewer with a
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calibrated scale constructed by the Technical Services of lMemorial
University. Thus the light intensity at the ses surface and at
6.6 netres, hence the xslative transparency, could be compared

for any given time of the day. Unfortunately, during this period
from Sgptember 19th o early Nowember only three bluefin were
caught (the last catch of the season was on September 26th) and
the majority of the tuma fighing hoats ceased operation for the
year., Any future operation of the photometric apparatus will re-
quire 1ts relocation in s more suitable avrean, selectsd on the basis
of the 1966 catch results, @.g. the Bauline "hot-spot”, and the de-
velopment of a bird scaring device. .
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Matexialg and Neghods

Thres hundred and eighty eight (388) Dlwefin were cawght in
Newfoundland waters in 1966, the majexity im Conception My. m‘
estimated strike locetions of 234 of these fish were recoxded on
geid patterTasd dlagrass of Concentian Rav (ses Section XIXII)., Be-
causes of the experiencs of the crews and their familiarity with
Conosption Bay and surrounding features a high degree of aoccuxacy
vas achieved. Wwhere possible, the lecations of the other succese-~
ful, but not recoxded, strikes were verbally cbtained from the
crews sad although not inclwded in the following figures they fully
substantiated the $rs=ds established from the log-sheet data. This
was alee trus of umsuccessiul sSrikss (pulled hock otc.) data, which
provad harder to cbtain. fThe ratio of unsuccessful to successful
strikes was generally 2 ox 3:1, depending on the proficiency of
the fishermen and boat crew.

Results

The strike locations of the 234 bluafin arc prasented in Fige
ures 38 ard 34, ia vhich theoy have desn gecordad by weckly intsre
vals., The surface isotherms have been included to indicate the
influence of temperatuxe on blusfin distribution. This is particu-
lerly mazked at the beginning of the seasen whon the bluefin
inlednlly ponsizass Corcoption Bay im the region of Cape S%o
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FICURE 34

THE STRINE LOCATIONS OF 22 BLUEFIN, RECORDED BY
WEEKLY INTERVALS (AUGUST 22 - SEPTEMEER 28),
TN CONJUNCTION WITH THE SURFACE WATER TSOTHERMS,
CONCEPTIN BAY, 1966,
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francis, but during August and September the surface waters of the
entire My were in excess of the critical 10 degrees C with the
resulting dispersion of catch locations. PFeod availability xather
than temperature was probably the major factor influencing the
distribution of bluefin during this period.,

The total number of recorxrded bluefin caught in each zone
(1 4nch square = 8,7 square miles) cduring the 1966 season isg in-
dicated in Figure 35, The Bauline area (182 bluefin) and the
Rarbour Grace Island area (21 bluefin) wexe the majox '"hot spots",
The {nshore region of shallow banks between St. Phillips and
lolyrood was also of importance (33 bluefin), but particularly
Holyrood Arm in the last month of the season., The topography
and waver charscteristics of these areas and their possible dire
ect or indirect relationship to bluefin concentrxations axe dis=

cusgsed in Section X,
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SECTION IX
HYDROGRAPHY OF THE NORTH WBSTERN ATLANTIC

To understand the hydrography of the Newfoundland area and
the associated presence (or absencs) of bluefin in Conception
Bay, 4t is necessary to consider ocean relationships somewhat reo-
mote from the Newfoundland coast. This topic 1e discussed in
considerable detail in view of the influence of hydrographic
fGatures and conudticns on blusfin behavipuy and on the temperal
and spatial extent of their anmial feeding migration.

Submarine Topography

The submaring topography of the Continental Shelf from
Labrador to Cape Cod (Figuxe 36) is particularly pertinent to
oceanographic conditions and to the fisheries as it 1s the axea
of confluence of the cold Lsbrador Current and the warm Gulf
Stream. Their mixing providas the characteristic "slope water”
vhich profoundly affaecte inshore watere by gradual mixing and
direct incursion, the extent of which is related to the sutmarine
topography. Uater of deep oceanic origin is also able to penc-
trate inshore regions via three desp channels: the Hudson Strait,
the Laurentian Channel end the Fundian Channel (Hachey, 1961).

The bottom doposits of this xegion follow a definite basic
pattern (Shepard, 1948): sand predominates on the banks, mud in
the deeper channels and troughs, and zrock (or bhoulders) on inner

zones aleng the shore.
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ral Clroculation
The circulation of waters of the upper layers in the North

West Atlantic, dominated by the Gulf Stresn System and the Lab-
rador Current, is presentsd in Figure 37. The current velocities
are high (Figure 37) and wariable and their axss show congiderable
horizontal displacement. This results in the adjustment in loca-
tion and strength of associated water masses with a resulting
change in the enviroment, {.e. temperature, salinity, oxygen and
mitrients (Dietrich, 1964).

Gulf Stream

The tern "Gulf Stream" is reservad for that part of the Gulf
Stream System between Cape Hattexras and the tail of the Gramd
Bank (Figure 37). It ie a narrow channel, of comparatively high
salinity watar, exterding to depths of 900 fathoms and acting
as & boundary that prevents the warm water of the Sargasso Sea
from overflowing thae colder, denser watexs on the inshore side.
The northarn edgo cf the stream, xecognised by its comparatively
high temperature, fluctuateés between 250 miles (early winter and
late summor) and 500 miles (spring and autumn) from the Nova
Scotian coast. idthin this major fluctuation there may be addi~
tional course vazistdons and arens of rapid current flow (Fuglister

and vor¢hington, 190513 Iseiin, 19690).

Labrador Curront

s P ettt MO SRS A

This current, characterised by its Iow temperature and lov
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salinity, is especially relevant to the author's thesis as it
dominates ths Conception Bay water mass. Iselin (1927) described
the Labrador Current as a cold water stream which flows southwaxd
over the Continsntal Shelf inside the comparatively motionless,
homogensous mass of North Atlantic water (Figure 37).

Accoxding to Punbar (19351), three major watexr masses cone-
tribute to the Labrador Qurrent:

l. The Baffin Xsland Current (Polar origin).

2. The West Gresnland Current (Polar origin - East Gxeene
land Current; and Atlantic orxigin - Irminger Current).

3. Hwigon Bay water (Polar oxigin).

Smith, Soule and Mosby (1937), on the basis of the "Marion"
and "General Greene" expeditions, located the origins of the
Labrador Curxent in the Cumbexland Sound rxegion, where the Baffin
Island Current is joined by significant branches of tha i‘est
Greenland Qurrent,

The Labrador Current may be divided into an inshoxe and an
offshore stream; the inshore stream confined to the Coatinental
shelf and contoining the graater volume of cold Bafiin Island and
Hudson Bay uatexr (/iverage temperaturs, —0.5 degreaes C; average
salinity, 53.5:%) and the ofishoze stream choracteriscd by warmex
'@3% Grocnlans vaters (Average temperatuxe, 2.8 degreas C
average salinity, 34.6%). Both southerly flowing stx3ams follow

the Labredor and llowfoundland ceastline, uander the influence of
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the earth's rotation which causes the curraent to turn to the right
(Coxiolis Force). A branch from the inshorc stream passes through
the Belle Ysle Strait (30 fathoms) into the Gulf of St. Lawrence
(Ssaith, Soule and Mosdy, 1937). The major current contimwes

south until it meets the northezrn face of the Grand Bank where the
desper water is split. A slope branch follows the eastern margin
of the Bank, while a colder inmgr branch panetrates the Avalon
Channel betwesen the Grand Bank and the Avalon Peningula. This
immer branch rounds Cape Race, runs westward along the Newfound-
land coast and contributes to the Aulf of St. lLawrence water

mass via the Cabot Strait (Hachey, 1961). A southern branch is
deflectoad toward the Nova Scotian Banks at right angles to the
Laurentisn Channel (Bjerkan, 1919). The outer stream of the
Labrador Curvrent which flows over and to the east of the Grand
Bank gplits into easterly and westerly flowing segments and finally
confronts the Gulf Stream, resulting in the formation of "slope
vater", The "tail" (south east margin) of the Grand Bank is cone
eldered to be the terminus of the Labrador Current propey., The
changing relative strangths of the Labrador Current and the Gulf
Stream are iittie underetond and produce complieated changes in
the location of thelr common boundary, as imifested by the course

and drift rates of icobergs (Hachey, flermann amd foiley, 195¢).

Liorizontal and Vertical Temperature Digtribution (Surmer

ilogt of thie major currents in the Hewfoundland arca are
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recognisable from the surface temperaiure Jdistribution (Figuxe 384).
Spring and summer heating decreases the density of the surface
waters, henne throughout the summer thare are three layers of waterxr
along the swfoundlamd coast; an upper warm layer amxl an interaedie
ate cold layer, both derived from the colder inshors branch of the
Labrador Current and a deep warm loyer derived fram the warmey olfe
shore branch of the Labrader Current (Flgure 39). In the coastal
area south of Gaccalieu Island (mouth of Conception Bay) the water
is too shallow {(leass than 100 fathoms) for this deep warm layer to
be present. The thickness of the two uppar colder layers uwhich

are present varigs by as much as 20 fathoms or more froa year to
year (Tampleman, 1966)., ©Cn the south and western slopes of the
Grand Bank, incurgions of "slopc water"” introduce waters of temw
poraturas as high as 10 degrees C (Hachey, 1961).

Hozxizontal » NMatribution (Suemer

[}
-

The surface salinity distribution (Figure 38B) indicates that
the waters of the Labrador Current are composed of many tongues
and eddies. The ealinity of coastal water is generally less than
33.0%. and of "slope vatex" as high as 34.5% . In the Labrador
Sea salinitics arc less than Atlantic wetexr and vary frem 54,5%0 -
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SECTION X

HYDROGRAPHY OF CONCEPTION BAY
AND ITS RELATIONSHIP

N _DISTRIBUTYON

Sitmarine Topography
Materiale and Methods

Isobaths, at ten fathom intervals, were constiructed from a
CGanadian Hydrographic Sexvioe Chart (Scale 1:75000) of Conception
Bay (No. 4368), Eleven east-west profiles were then prepared,
with the aid of the isobaths, and their scale reduced by means of
an Ott planineter priox to presentation.

Rasults

The isobaths and profiles of Conception Bay are presented
in Figures &40 and 43 sespsctively. The toooaraphy is shown to
be characterised by soven major faatures.

1, A comparatively shallow bay sill of less than 100
fathome .

2. A primary HN,N.,E. = S.S.W. trench which bisects the
bay to a depth of 160 fathoms.

3. A pocomdary trench which runs along the eastern Ko rgin
of the bzy, porallol to the primsry trencd, angd contending £ron
the latitude of Bouline to that of St. Phillips. The maxdoun

depth of this trench is 100 fathoms.
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4. The primexy and secondary trenches axe separated by
Bell Island and its associated northe=south submarine extensions.
S, The sastern margin of the bay is marked by a rapid
inczease in depth of watex with distance from land. This region

extends from Cape St. Francis to Bauline,

6. The southeastern region of ths bay is comparatively
shallow, rarely exoeeding 350 fathoms. Kslly's Island and Little
Bell Island are major features,

7. The western marxgin of Conception Bay is deeply indented
by mmercus northsast-southwest bays, one of which rosaches a
depth of nearly 80 fathoms (Bay de Grawve). Harbour Grace Island
and Carbonear Island are extensions or Harbour Grace and Carbone
ear promontories. The western shore profile is markedly steeper

in the south than in the norxrth.

Ssmsval Cizculegion

A southerly flowing inshore branch of the Labrador Current
flows intec Conception Bay in the region of Baccalieu Island,
Under the influence of Coriolis Forces it is assumed that the
major wolume of water follows the western margin of the bay,
veerimg to the northeast as it approaches the southern extremity
of the bay and flowing out of the bay via the secondary trench
to the east of Bell Island. Some evidence supporting this
assumption is provided by a consideration of water densities in

the area, the densities having been deduced from bathythermographic
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dsta, (discussed later in this section). In aidition, the currant
in Trinity Bay, immsdiately north of Conception Bay and geographi~
cally simdliar to it, is Delieved by local fisherman to follow

a course corresponding to that proposed by the author for Cone
option Bay. The current thus rejoins the dominant southerly
flowing Labrador water mass in the region of Cape St. Francis
prior to passing through the northegouth Avalon Channsl to the
east of the Avalon Peninsula (Figure 42).

Hatexials and Mothods

1. Bathythermographic Surveys: Surveys were carried out
on July 6, Atgust 2 and October 27, 1966, The Septamber survey
wvas aborted by loss of the bathythermograph due to mechanical
failure in the winch apparatus. A $00 foot type was Wesd on the
firet two surveys and a 450 foot type was used on tho final sure
vey. Gold surfaced rather than smoked elides were used on all
occasicns. The stations are indicated in Figure 42, Limited
ship=tizs and cruising epeeds restricted the area of the bay
surveyed and necessitated the unorthodox pattorn of etations.
Hovever, the surveyed areas were chosen ¢o coincide with tho
zajor bluefin fiehing zones.

2. Thermographic Recordings: A Ryan thermograph (model
De8) was placed in Comceptien Moy opproximately 100 fest offshore

in tho vicinity of St. Fhillips at o depth of ¢two faet. ‘ater
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temparatures were recorded continuously from July 24 « October
23, 1966, The suspension system and apparatus are i{llustrated
in Figures 43 A & B, The apparatus was serviced weskly, {.e.
nechanism rewound, strip chart changed and water seal checked,
In addition, the surface water temperature was recorded with a
thermome ter,

3. Long Pond Temperatures: The surfaoce water temperature
was recorded dally at 18130 hours from August 13 = October 29,
1966. A bucket and a thermometer were used, The water sampie
for this purpose was collected from the seaward end of the wharf
and from 1its west side in order to minimize the effect of the
fresh wagter run-off from Long "ond basin, The water depth was
spproximately 18 feet, plus or minus tidal variation.

4. Surface Water Temperature Spot Checks: Six tuna boats
wore provided with thermometers and buckets. The crews kindly
agreed to make as many surface temporature recoxdings as poseiblie,
particularxly in blusfin strike areas. The time and result of
the spot check was recorded by thea crew on a grid-patterned map
of Conception Bay prepared by the author. In addition, members
ef the Dopartment of Riology made similar spot checka when worke
ing on other projects in Conception Bay. A total of 318 tempera=
tuzas vwexe recorded, whe majority betwsen Jely 6 and September 1,
1066,

resulis

1. Bathythermographic Surveys: The vertical temperature
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profiles of fifteen stations in Conception Bay are presented in
Figures 44 and 43, A developing thermocline is evident in July
(1% = 20 metres ) Dut its decreass in depth during August to S =«
10 mstyes is atypical. Increased wind mining and net loss of
heat energy fram the sea in September leads to the arosion of the
thexmocline, The October profile indicates that finasl stages of
thermocline decay, the water mass having almost reached the iso-
thernal conditions of winder. Izregular July amd August profiles
(stations 10, 11 and 12 at depths hetween 10-20 metres are
probably due to subsurface currents.

2. Tharmographic Recordings: Continuous subsurface
(2 feet) temperature data are presented in Appemiix 4, The tem-
perature ranged fxom 7 degrees C - 15 degrees C during the three
month period studied., Brisk offshore winds resulted in tempera-
ture reductions because of the induced upwelling of cold bottoa
water, @.g. temperature recording for July 30th, (rppandixz <2).
Howevexr, the St, Phillips station wae comparatively well shele
tered from offshore winds by the coastal topography.

3. Long Pond Temperature: The daily surface recordings,
in conjunction with the mean daily air temperature recorded
at St. John's Airport, are presented in Figure 46. The water
tezperature ranced from 7 degrees C = 15 degrees C as at tho
S¢. Phillips stetion, but the fluctuation was m3re marked. This

is to be eupected fron surface recordings. In addition, oflshore
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winds resulted in rapid temperature reductions because of the exe
posed nature of the Long Pond station,

4. Surface Water Temperature Spot Checks: The spot check
results were cambined wieh <h:s tSemperature data obtained by the
previocusly descrided techniques to determine the hoxizontal dis-
tribution of temperature in Conception Bay during the 1966 blue=
fin fishing eesson. Diurnal temperature variations were taken
into consideration,

Hoxiszontal Temperature Distribution &¢n Conception Bay (July il -
September 26, 1966.).

The northwestward progress of the surface isotherms during
July and August and the reverse movement in September is evident
in Flgure 47. The eastern region of Conception Bay, paxticularly
between Long Pond and Portugal Cove, 1s merkedly warmer than the
western region., Thas prevalling southwest winds partly account foxr
this temperature disparity, which ie evident throughout the bius-
fin season, bacause they tend to force the warmex surface watere
into the eastern zone of the bay andcause upwelling of cold
bottom water along the western margin of {¢. In addition, the
inshore branch of tha Labrador Currant associated with Conception
Bay 1s assumed to follow the western mazgin of the bay initially,
hence its water mass is subjected o considerable solar radiation
in comparetively sheltored amd shallow conditions before it re-
curves into the eastern area, Maximum summer temperatures of
18 degrees C - 19 degrees C were recorded in the lagter half of

August in the shallow Topsall Bsach axea.
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Vertical Terperature Distribution in Conception Bay (1966).

Evaluation of the bathythermographic profiles (Figure 44 and
45) 4ndicates that bluefin Iinhabiting Conception Bay {n early Mne
(1966) were generally restricted to the upper 10 « 20 mstres, ase
suaing a mintmm tolexated temporature of 6 degxees C. The sure
face temperature at this time varied betweoen 9 degrees C = 10,5
degrees C depanding on the stationd location 4in the bay. Bluee
fin repoxtad in the bay in June (1966) were possibly further re-
stricted in their vertical sovemants, although this is uncertain
in view of the ancmolous rising of the thermocline between July
and August (1966). PFor instance, the 6 degrees C isotherm in
fugust was batween S - 10 metres,

The surface tempsratures at inghore stations (1 - 6, 14
and 15) were genernlly warmexr than those at the offshore stations
(7 « 13 and 14), Similarly, the critical 6 degrees C igothern vas
usually deeper at the inshore stations because of tho imfluence
of the prevailing southwest winds, A vertical tempszature section
of stations 4, 8 and 9 (Figure 48) demonstrates this point and
aleo provides some supporting evidence for the asasumption of e
north flowing current Gast of Boll Island, i.e. the density of
the wator is generaiiy more dependant on the temperaturo than
on the salinity amd prassure in puriace WatorsS. Thus the iso=
baric surfaces in Figure 48B may be assumed to elope upviaxrd to
the right and, according to Svardrup ot al (1946:304), "In the
northern hemisohere the lighter water lies on the righthand

sZde of an chgorvor looking in the direction of the current
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and the denser water lies on the lefthand.” Therefore, the current
should theoretically flow noxrth, The reverse slope of the iso-
bathytherms below the depth of 135 metres similarly suggests a
desper counter current, However, becauss of inadequate data

and lack of relevant computations, the direction of currxent flow
must remain a speculation.

Temperature in Rslation to Huefin Digtribution,

The latitudinal distribution of the bluefin (and most other
scombrids ) is approximately symmstrical with respect to the equator
and the poles in both hemispheres and thexefore suggests a rela-
tionship with a similarly distributed property (oxr properties),

i.e. temperature (Blackburn, 1965).

This has been clearly demonstrated, in particular in relation
to the commercially important tuna species (Laevastu and Rosa, 1962).
The albacore (Thunnus alalungs), for example, was initially studied
in this respect by Thompson (1917) in the North East Pacific.
Subsequent studies in this azea include Anon. (1925); Hubbs and
Schultz (1929); walford (1931); Hubbs (1948)3 <Clemens (1957, 1958);
Craig (1989, 1960); Radovich (1960, 1961, 1962); Johnson (1960,
1961, 1962); Alverson (1$61); Hasterx (1961 )3 in Burope, Le Gall
(1949) and "ostel (19623 in Japen, Uda and Tokunaga (1937)3
Inoue (1958) and Van Campen (1860). However, according %0 Radovich
(1962 ), the concept that water temparxature could affect tuna dic-
tribution only gained general acceptance following the ancho

Santa Fe Symposium (Calif, Mor. Res, Comm., 1960).
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The surface occurrences of bluefin in relation to temperature
have been investigated mainly in the Pacific. Radovich (1961)
noted the noxthward extension of the California blusfin's range
during the warm ysars . f 1957, 1958 and 1959. Hester (1961) ate
tempted, with soms success, to predict the 1960 bluefin catch
in the sane population by using coastal sea surfacs temperatures.
Othor Pacific bluefin studies inoclude Radovich (1962); Robins
(1963); Bell (1963), q.v. for raferences; Yamanaka et al (1962),
q.v. for rxeferences.

In the sastezn Atlantic, dluefin are found only in areas
containing rich food concentrations and where the sea surface tem-
perature is above 12 duogress C (Tiews, 1962), although Sella (1931)
claimed that bluefin may become dormant at a temperature of 14
degrees C. lHowever, under these conditions they are able to
make temporary excursions into deepar, hence colder, water in
pursuit of prey (Tiews, 1957). Luhmann (1959) cbsexved that
the migration of bluefin into and from the North Sea is closely
associated with the movement of the 12 degree C isothexm. In
the Black Sea, the bluefin is found only when the eurfaco tem-
peratuze ie above 12 degrees C = 14 degrees C (Sera, 1960), ale-
though thoy axe caught throughout the year in the nearby lavara
Sea and tho Rogphorus, where the temperature doss mot fall below
tho ezdeical 12 degrees C ninimm (Akylz end Artz, 1957).

In the western Atlantic, the bluefin appears €0 tolexate
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considerably lower temperatures. The "Delaware" surveys in the
northwestern Atlantic indicate that biuefin are caught within
the following temperature ranges (Squire, 1962b), which may vary
wvith size of fish {Inoue, 1938; Clemens 1961):

Obsearved Range 68% t Mean mugtnro
(1 standard ﬁaﬂon)
Surface 6.4°C - 28.8% 11% - 21°¢ 16.2%
Fish Depth 6.5%C - 26,.9%C 11°c - 1% 1s8,.5°%¢

The mean catch temperature (15 degrees - 16 degrees C)
closely approximates the “"optizum water temperature" described by
Uda (1957) fox the North west Pacific bluefin,

The author considers the minimum temperature of the above cbe
served range to be too high. 3luefin were reliably reported in
Conception Bay in the first week of June, 1967, vhen the surface
veter ts=paraturs was apnroximately 6 degrees C, In addition,

a large school of bluafin were reported swimming north, off S¢,
"hillips, on December 4, 1966, when the surface water temperature
vas estimated to be 5 degrecs C. The critical minimum temperature
1s likely to ba lower at the end of the northern feeding season
than at tho beginning, i.e. bluafin are probably capable of cone
siderable acciimation to the gradually diminishing water tempara=
tura,

The presence of biuefin in Concoption 8ay is by no means

Symonomous with catchability. They do not appear to take the
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hook and line bait (mullet ox squid) until surface watar tempera-
ture has risen to at least 10 dagrees C. In addition, the 10 de-
grees C isotherm continued to effectively delineate the successful
fishing area during its tan day northwarxd progress through Cone
ception Bay at the beginning of the 1966 season.

The majority of the 1966 bluefin catch (62%) were hooked in
vaters with surface temperatures between 12 degrees = 12.9 dee
grees C and 98% wexe hoolked at tempexatures between 1l degrees -
15 degrees C (Figuxe 49). Although tauparature datermines the
overall limits of tuna distribution, 1t is not considered to
affect, to any appreciable aextent, the changing pattern of dige
tzibution within those limits (Nakomuxa, 19513 Broedihzad and
Barrett, 1964). Food availability probably then becomes the

najor controlling factor.

Salinity Distribution in Conception Bsy

Matexisls and Msthods
An Industrial Instrumsnts salinometer (model R S5 - i) was

used to record salinity, conductivity and temperaturc at stations
indicated in Figure 42. Nater samples were also taken to check
the resuits by means of titration with silver nitrate.
Results

The salinity ranged Zyom 29050« 338, cepending on the prevaile
ing meteoroiogical conditione arnd the iccation of the statdon in
relotion to frach water run-off. The salinity in the major cateh

zones ranged from 31%.e 22%0.
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Salinity in rzlation to Rluefin Digtribution

Roule (1924) stated that breeding bluefin sesk the most saline
(and warmest) water. However, Quring their subsequent feeding nti.
gration they show 1i{ttle such seneitivity and may be found in
vaters with salinities as low as 18%.« 20%. (Bosphoxus) or as
high as 38% (Cyxenaic a ast). Selinities in excess of this
latter figure soem to ba avoided (Sella, 1931), Thus, according
to Blackbuxrn (1965), salinity per se has no direct effect on tuna
detribution., It can, however, be important in detecting and
characterising ocsanic features with which tuna arc associated,

Sydrographic Features in Relation to Rluefin Mstribution
The features included in this section are mainly responsible

for the distribution of bluefin within their overall (temperxature
determined ) limies.

Surface Currents

Tho greataer poleward distribution of bluefin in the eastern
Atlantic, in comparison with the western Atlatitic, results from the
hortheasterly filow of the North Atlantfic Current which bathes the
horthern Buropean coast in comparatively warm water (Tiews, 1262),
In contrast, the Canadlan ccast at similar latifudes is under the
influence of the cold Labrador and Daffin Island Ourrents. A
bhenomenon which may not necessarily be temrerature dependent is
tho observed associstion of the Atlantic bluefin with the Gulf
Stream (Rvas, 1958; Squirc, 1062b and Tiews, 1962) and ¢he "acific



=161=

bluefin with the analogous Kuroshio (waldron, 1963, q.v, for
refexences ). Transport facilitation has been suggested as a
reason for such an association (Imamura, 1949), although this
seems uUnlikely in view of the tuna's proven swimming ability and
examples of poleward counter current migrations (Blackburn 196S).
Food availobility and enviromental preferences are other possi-
bilities.

Fronts

Fronts are lines of convergence between surfaco waters of
different densities. They can be recognised by strong horiszontal
gradients of temperature and/or salinity. Some sinking of one
or both types of water is involved (Blackburn, 1965). Tuna con-
centrations are known to be generally mssociated with such con~
vergent water massas (Squire, 1962b).

weakly swimming and drifting zooplankton axs balieved to be
carried towards a front, where their concentrations attract
nekton, the tuna being one of the climax predators. Beklemishev
and Burkhov (1958) indicate that the frontal xegion betwaen the
Kuroshio (warm) and Oyashio (cool) is richer in zooplankton than
neighbouring waters. Tunas, including bluefin, axe xepoxrted to
be concentrated in this reglon (Uda, 19535 Uda and Ishino, 1958).
In the analogous region of the North west Atlantle, Squire (2862b)
notes that the well developed convergence zone, cyclonic eddies

£
and fluotuating wave structure is conducive to concantrations ©
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tuna resotiroes., Excellent catches wexre reported in tha zone of
saxizum convergence from the Capes Hatteras area to Longitude
70 degrees W, (Squire, 1962d),

The presence of a front is often indicated by the accumulae
tion of flotsam; which may provide shelter for various animals.
The resulting concentration of potential forage organisms may in
turn attract tuna (Magnuson, 1962; Schaefer, Ercadhead and Orange,
1962), Gulls are another "sign of tuna” as they feed on the flotsam
and scraps left by feeding fish, This phenomencn is commonly used
by Cenception Bay skippers to locate bluefin schools, although
fronts par se are probably not present other than as a temporary

OCCUurrence.

Upwelling

Upwelling may be defined as the upward motion of the water
resulting from wind-insuced divezgencs (Cromweili, 1$58; Austin,
1960). It occurs mainly in the anstern parts of oceans where
trade winds trxansport surface water away from the coasts (Woostex
and Reid, 1963), The concentrations of chemically and biologically
rich water in such an area attract tuna, However, DeJaeger (1963)
Teported that bluefin occurred in larger numbers in the absence of
upwelling off the east cosst of South Africa. Blackburn (1965) sug-
gests that this might be dus to the displacement of smail biota fzoa
the 2ime and place of upwelling or because of the inhibiting effect of

the cold upwelled water. In contrast, oceanic rathsr than coastal
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upwellings have convincingly linked with tuna abundance

Islands and Banks

Islands and banks may deflect currents intc downstream eddies
and hence conocentrate plankton (Uda and Ishino, 19358), Tunas are
often reported to be locally abundant around islands (Blackburn,
1963). The author considered that this phenomenon might have
beéen responsible for the locstion of the two major catch rones
in Concepticn Bay (see Section VIII) both of which occcuxr downe
stream of islands (Haxbour Grace Island and Bell Island rxespec-
tiv;-l.y). However, preliminary plankton surveys have not imdica-
ted any abnormal concentrations in these areas (pers. comm, Dr,.

G. Mogkovits, 1966).

Nehimura (1962) located, with a fish finder, especially
dense concentraiens of bluefin "at the stesp incline” around the
bank of Cma in Tsugaxu Strait (Japan). The bluefin were similarly
distributed along the stesp inshore slope of the secondary trench
in the Bauline region of Conception Bay (see Section VIII).

Thexmoclines

In the noxtharn part of its range the bluafin is usually
found above the thermocline (Tiews, 1957). Ae the lowest tame
perature mormally tolerated by the bluefin is 3 = 6 degrees C
and the minimum thermocline temperature recorded in Conceptien

Bay wag 1 = 2 degrecs C (see Figuzos 44 and 45) this would appear
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t0 be truc, Studies relating thermocline tonography, p>roductive
ity and tunn concentrations are summarised by Rlackburn (1965),
q.Ve for refereonces,




SECTION XI

METBOROLOGY

Aggregations of wmna may be found associated with a number
of hydrographic features (see Section X), each of which may
contribute to the enrichment of the surface waters. Although
temperature is & good indicator of many of these features, it may
ot be the main factor directing the behaviour and distribution
of tuba. Giangss in the environmental factors in the sea are the
nmltotianguoannﬂnmm.ho-plunmm:a
correlation betwesn metsorxological factors and bshavioar of the
tunas can be found (Rosa and Laevastu, 1961). The ma jority of
work in this field and its application to possible predictive
techniques, has been associated with the commerxcially important
tuna species in the Pacific,

The cceanic cizculaticn in the North west Atlantic conforas
closely with the prevailing wind systems associated with the
¢yclonic Iceland Low (antie-clockwise circulation) snd the anti-
¢yclonic Bermuda~Azores High (clockwise circulation). The winds
exert a frictional force on the water surface and hence maintain,
in conjunction with differential density dictribution, the move-
Bant of water. Cyclonic movement (antisclockwise circulation)
in the atmosphere and in the ceeans zesults in downwelling, i.c.
& wvind stress on a level ccean surface in the northern hemisphers
Produces a water displacement to the right of the wind direction
(Hachey, 1961), Thus the Labrador Sea, in the centrc of a low

A
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pressure air system is considexed to be the most effective source
of sereated water for the deep water circulation of the whole
Atlantic Ocean. However, bathysonde xecoxdings in the Labradox
Sea indicated that the sercation process is due to inclined con=-
vection along density surfaces rxather than the commonly assumed
vertical convection (Dietrich, 1%964).

The Icelandic Low pressure system is dominant in the winter
with the result that the winter atmospheric circulation is more
intensse, The Bermuda-Azores High pressure system is dominent
in sumser because of its northward moveament of as amuch as 300
ailes. It is therefors responsible for the prevailing scuth-
wasterly winds in Conception Hay during the tuna season. Inten-
sification of the Bermuda-Asores High tends to increase the ocean
circulaticn of the Gulf Stream system and so induces greatex heat
transfer to higher latitudes. Intensification of the Icelandic
low, in contrast, increases the flow of the cold Labradox Curxent
(Hachey, 1961), In the analogous region of the Pacific, bluefin
catches have shown periodic fluctuations, with a decline in catch
associated with pericds of cold water intrusion (stxong Oyashio
Current), and an increase with pericds of warming (strong Kuroghio
Current) (Uda, 1961). Thus, in addition to dirsct solar radiation,
major changes in surfece wator temperature and asccciated change
in tuna distridution can be zelated to differences in atmospheric

Pressure gradients, i.e. the xesulting changes in the wind f£ield
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affect sea temperatures through their effects on upwelling and
borisontal circulation (Namsis, 19359; Woosterxr, 1960; Bjerknes,
1961; Eber, 1961; Roden and Reid, 1961). Hamre (1961) described
the effect of a sudden wind reversal (in the Norwegian Sea) which
resulted in the offehore transport of warm surface waters rich in
food oxgandisms, and the associated movement of bluefin concentra-
ticns in pursuit of the food. Rodewald (1960) found that good
catches of bluefin in the Nexth Sea seem to depend on the anoma-
lies of the atmosphere circulation which exist along the migration
route of the tuna, i.e. in the years with good catches, the June
distribution of pressure resulted in southerly winds which may
have positively influsnced the northward migration of tuna.

Other meteorologicsl parameters have received little atten-
ton in relation to bluefin catches.

CONCCPTION RAY

Hethods and materials

Meteorological and hydrographic conditions present at tho time
of strike of 227 bluefin were recoxdad by the boat crews on the loge
shoets prowvided, This information consisted of the following "gtrile
Parametors": wind spees, wind directiom, surface watlr temperature,
sea conditions, suniight, cleud covers fog and mist, rainfall, 7The
vind velocities waxe compazed with, and whon necassary oupplcnented
by, data cbtained from the St. John's Alrport Moteorological Cifice,

vhich 4s eituated opproximatsiy 5 niles cast of the mid-castorn
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pargin of Conception Hay and at an elevation of 463 feet. The
calculations involved the number of bluefin caught in relation to
the condition of each parameter, and with the ai¢d of an IBM Tabue
lator, the relative importance of the various parameter coxdina-
tions, and the effect on the combimation ranking of removing suce
cessive single and pairs of the parameters from the tabulations.

The data associated with cach blusfin strike was encoded on a
separate punchecard, the paransters represented by different columns
and the conditions of each paramster recorded as a different mmber:

Column 1 (Wind direction) 1 (N), 2 (NeE.)p 3 (E)y 4 (S.B.),
8 (S)s 6 (S.W.)y 7 (W)y B (NoW.).
Col 2 (wind speed 1 (0=1), 2 (2=3), 3 (4=8, & (6=8)
o (‘opoho ) 5 (8-9): 6 (10.1]’.). 7 (15-13)’ ’
8 (14=18), 9 (16=17), 10 (i8<19).
Column 3 (Rain) 1 (None), 2 (Light), 3 (Medium),
4 (MW)Q
Column 4 (Sea) 1 (Calm), 2 (Swell), 3 (Choppy),
4 (Rough).
Column 3 (Sun) 1 (None), 2 (Weak), 3 (Medimm),
4 (Bright).
Colunn 6 (Fog) 1 (none), 2 (Light), 3 (Medium),
4 (Thick).
1 (No 2 {1/10), 3 (2/10),
lumn 7 (Clond) 2 {310 8 (4/10), © (3/10),
7 (6/10), 8 (7/20), 9 (8/10),
10 (9/10), 11 (10/10).
- 4 10-10.9), 2 (11=11.9), 3 (12=12.2),
column 8 ‘22;5&??" }s §13-13.9;. S (14-»14.9): 6 (15=-15,9).

Results

The nuazber of bluefin strikes assoclated with each condition of
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the individual parameters is indicated in Figure 50. Thus over
fifty percent of the strilkes occurred under bright comparatively
cloudless skies, with 12 = 1S a.p.h. southewest to west winds,
onh calm or choppy sea and with surface water temper=tuves between
12 « 12.9 degrees C. These optimesl striice conditions were further
confirmed by anslysis of the tabulated combimation frequencies.
when all of the paramsters were considered, the two most frequent
combinations (6 each) differed in wind speed only: wind direction
(SeW.)3 wind speed (10 = 11 m.p.h. or 14 « 15 n.p.h.); rain (none);
sea (calm); sun (bright); fog (mone); clond (none); water temperae
ture (12 - 12.9 degrees C). The exclusion of each parameter (re-
corded below) in turn from the tabulations incraased the most
prevalent combination (recorded in parenthesis) as follows: wind
direction (9); wind speed (18); rain (6)3 sea (9); sun (8); fog (6);
cloud (8); water temperature (6). ‘hen the parameters werc ex-
cluded in pairs from the tabulations the maximuz frequency of any
combination incressad to 36 (wind speed and dirxection omitted):
rain (none); sea (calm); sun (bright); fog (none); cloud (none);
water temperature (12 - 12.9 degrees C).

The considerable variation of wind dirxection and speed ap-
parent in the strike data is probably related to their moxe numere
ous and mrecise terms of definiticn in comparisom to the other

parametors. The inter-relationship of many of the paraneters is



100 50 100[ (204) _
wind Direction wind Speed Raintall i
80 | 40F (mph) - 80F
60 - 30+ (62) 1 60} -
°/ (102 % (59 /o
“or (58) 201 B3 1 “or
(28 P i g
20F (a2 10 (13) 20
(9) (20 (s) (6) (1) _(m—b—(Lb(&_
. . - HT UM HEAVY
N. NE., E. SE. 5. SW, W. NW, 23 3 78_9104112_1314151&1_1,549 NONE LIGHT MEDIU
0 o
t,/o o/o /o 1(/)‘6
100 100 100y (509)
gol Sea Condition 80} Sun 480} Fog/Mist 1  gof Cloud Cover
60k 4 60 s <460k - 60 I i}
40p2 (80 - 40r J40F 4 40fF i
20} (40) ~ 201 (35) ol -120p - 20k -
(19) (10)
0 0 0 0
CALM SWELL CHOPPY ROUGH NONE WEAK MEDIUM BRI GHT NONE SLIGHT MEDIUM THICK 196'1% %'1% %-1% i%_% 1% “FO

FIGURE SO

THE MRMBER (XN PATENTHESIS) AND PERCENTAGE OF BLUEFIN STRIKES
IN RELATION TO THE METEOROLOGICAL AND HYDROGRAPHIC CONDITIONS
CONCEPTION BAY, 1966

-oLT-



=171

also clear, i.s. the sea conditions classified as “"gwell" orx
"rough” are genexally associated with strong northeast winds (or
gales) which penetrate Conoeption Bay from the Atlantic unhine
dexred by the surrounding topography. An increased surface inflow
of cold Labrador water results from this condition and the reduced
water temperature and possible diexwption or displacemsnt of con=-
centrations of food organisms may be responsible for the reduced
mmber of strikes. However, brisk south-west winds are prevalent
during the bluefin sesson and tend to transport the warm surface
vater and the possibly associated food concentrations to the
eastern margin of the bay., Because of the limited "fetch," south-
west winds are rarely associated with rough sea conditions. But
a caln 222 is a relative term and in Newfoundland usually des-
cribes considerable surface ripple which can rapidly develop into
choppy conditions. A bright sun and minimum overcast would maxi-
nize under-water visibility thus aiding the biuefin's visual
search for food. The prevalent surface water turbulence, although
reducing 1ight panatration, would also tend to obscure the blue-
fin's vision of the tuna boat but not of the trolled subsurface
bait and hence be to the advantage of the fisherman. The water
temperatures are considered in Section X,

Attempts to correlate biwefin strikes with the tidal cycle
have proved unsuccessful (Lozanc Cabo, 1857, 19583 Azena, 1959).
The author was similarly umsble to find any relationship botween

the phases of the moon and styxike frequency.




SECTION XI1IX

PREDICTION TECHNIOUES

An fmportant chjective of oceanographic studies in rclation
to the availability of the tunas i{s to forecaet the location, time
ami cuantity of fish which will be available to figshermen. Synope
ticity and contimuity of data collection concerning the marine ene
vizonment (and catches) are funiamental to succassful forecasting.
Jehreon, Flittner and Cline (1965) indicate the degree of soohis-
tication required in their description of the automatic data
processing progrsm (ADP) coperated in the castexn Pacific. Laevastu
(1065) reviewed the development of coceanographic forecasting
(hydrosis) in relation to fisheries.

Prediction techniques have been generally based on sea-
surface tempezature data because wore is known about this par-
&ter in selation ¢ the distribution of the tunas. Lerge scala
sea temperature ancmalies usually persiet for several months
which is an added prognostic advantage (Howard, 1902). Hestex
(1961) attempted to predict not only the distribution but also
the total 1960 bluafin cateh in Colifornia. As previocusly men-
tioned, hie partially successful predictions wore based on coastal
Seacgurface temeratures (SST). Radovich (1962, q.v. for refers

ences ) swmariced the work of otueT authozrs in this field. lore

zecont papers involving the cccurrence aikl distribution of

varioue tuna specics in relation to scaesurfaco temperaturc are
those of ritgnor (1962), Oroadhead and Barrets (1964) and Quast

(19064).

A
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It is apparent that the northerly coastal penetration of the bluefin
(and other tuna species) is a function of ocean temperature along
the coast, 1{,e. they are distributed farther north during warm-
water years,

Along the Atlantic seaboard of the USA and Canada there ap-
pears to be an inter-relationship of trends and anonalies in air
and sea temperatures (Bumpze and Chase, 1965; Templeman, 1965),
Because air temperature has a delayed effeet on water temperature,

its analysis may be of considerable predictive significance.

CONCEPTION BAY

The distribution of hookable bluefin at the beginning of the
1966 season (July) was apparently delimited by the 10 degrees C
isothern (see Section VIITI). Analysis of available surface water
temperature data for the 1964 and 1065 seasons indicated a simi-
lar delimitation, In recent years, however, bluefin have been
reliably reported in Conception Bay between two and four weeks
before the first strike, when the surface water tenperature was
88 much as 4 degrees C cooler. Thus the presence of the bluefin
and their fnclination to strike a trolled bait are assoclated
"ith two different {sotherms. Surface water temperature data
for the North est Atlantic, avallable from federal, provincial
and naval research institutions, in conjunction with locally re-
corded water and air temperature information, should theoretically

Pernit a forecast of the northward progression to these latitudes
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of the 6 degrees C isctherm; which appears to be associated with
the initial penetration into Conception Bay of the bluefin and
the 10 degrees C isotherm associated with ths possibility of
actually hooking a bluefin,

(uantitative prodictions axre of a more speculative mature.
Howewver, evaluation of the "catch per unit efforxrt" data for the
years 1961 « 1966 does appear to indicate an inter-relationship
with the relative abumxiance of squid in Newfoundland coastal
watexs (Figure S1). This is not surprising when thé iEportanss
of squid to the diet of the bluefin is considered (sec Saction
VI). According to Hoddexr (1964), the gquantity of squid caught
in May to Juns along the southwest slopes of the Grand Hank and
St. Plerre Bank, is usually related to the catch in Jjuly to
November in coastal watsrs, i.e. scarce offshore catchas are
followed by scarce inshore catches in the same year, and vise-
versa. Thus an Gatimete of the ssason's inshore squid sbundance,
based on May/June offshore catch data (when availabla), in con=
junction with water temperature predictions (to deduce the probe
able length of the fishing season) and the 1likely fishing effort
(numbex of tuna boat registraticns) during this period, may pore

mit a predietion of the year 's bluefin catch.
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SECTION XIIX

THE SHEBTS

The log=sheets were designed with the purposa of obtaining
as much biological data as possible in addition to the information
required by the provincial govermment. By combining these two
requirements, time consuming "paper-work" was reduced to the mini-
amm, With familiarity a log could be completed within two minutes,
which was not consiGered uniuly incoaovenienmt ewen by the naturally
consexvative crew memberse.

A log=shest consisted of two foolscep sised pages (stapled),
one containing the data questionnaire and the cther the associated
grid patternsd map of Conception Bay (Figure 52 ALB)., The ques-
tionnaire covered five major topics: Strikes information; meteoxo-
logical and hydrogzaphie conditions at the tize of strike; morpho-
aetric data; general biuefin observations; information concerning
the angler etc. Much of the morphometric and meteorological data
vas supplemented by the author's own measurements and information.
The grid map of Conception Bay emabled the crews to record ac-
curately the lecation of each strike. This information, obtained
from all of the tuna boats, was txansferred by the author to a
lerge wall map (suitobly grid-patterned), <“us providing a com=-
tinuous series of situntion raports en the shifiimg catch zonee

and hence on bluefin concentrations within Conception Bay. In
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theory, & separate log-sheet had to be completed for each success-
ful and wnswooessful strike during the 1966 ssason. In contrast to
sucosssful atrike information, unswooessful striles data were inede-
quately recorded. 7Thas the requiremsnts were modiffed in 1967 so
that the {aformation cumoerning all unsucoessful strikes on a
particular day (time, lecatioa ets.) could be recorded on one
log=shest oaly. In spite of this modification, unsuccessful strikes
data were only ocbtained with difficulty, presumbly for ressons of
prestige. In these ciroumstances verbal “"interrogation™ of the
crews was the oanly satisfactory technique for collecting this in-
formation. As previcusly meatiocmed the ratio of unsuccessful to
successful strikes varied from spproximately 2:1 to 311 depending

Fitagangsasggvigggoa
strike information the author considers that the log-shests pro-
vided a sucoessful and efficiont means of data colliestica. In
consultation with the Tourist Deveiopment Office and the Nowfound-
land Twna Fishing Associaticn, furthex modifications could probsbly be
gsn‘gnoﬂnngwg&nﬁl%ug:on%

ressarch projecte,



SECTION X1V

DISCUSSION

Because of tha wide range of subjects comsidered in this
thesis, auch of the material normally reserved for the "Discus-
sion” has besn included in the appropriate section, The author
felt justified in doing this for the sake of continuity and
ocomprshension. Howewer, a nmumbexr of topice warrant further dis-
cussion,

Considerable efforts have been made to establish or refute
the existenoe of subpopulations of bluefin within the Atlantic
(Mews, 1962, q.v. for referencas). Such information would be
essential to any futu=e management of the bluefin fishery, The
present inconclusive evidence has generally been based on morpho=
metric characteristics shich can be altered radically by the
envirorment, A further complication has been the atoption of
different indices of measuremsnt on either side of the Atlantic.
However, these problems have now been suparceded by the intro-
duction of genstic techniques, based on blood analysis, for the
identification of subpopulations (Sprague, 1965; Sprague et al,
1962; Mayx andd Spragug, 1961).

Tagging is algo a method of subpepulation rescazrch, but it
i primarily need to estimate population siza, moztailty =zates
and migzration pattorns. According to Hamre et ai (2966), tagoing
results in conjunction with yeareclass analysis indicates that

te European Aclantic blusfin fishery dopemds €o a greater cgant
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on the size of the Jest Atlantic stock than praviously supposed,
The prasent commexrcial development of the ‘/est Atlantic fishery
could thus have far reaching implications not only for the
Conception Bay sports fishery but also for the Furopean Com-
mercial fishery. The high pereentage of tag returns in recent
years (see Section IIY), indicates the vulnerabllity of the blue-
£fin to modern fishing techniques. However, insufficient tagging
has taken place to accurately calculate the pomulation size,
mortality rates, etc,, and hence forecast the maximum sustainadle
yield of bluefin. In this respects, the sports fischermen visit-
ing Conception Bay could make a valuable contribution to bluefin
Tesearch by participating in greater numbers in the tagging
programs organized by the St. Androw's Bilologieal Station or
the “oods Mole “ceanographic Institution, Sach participation
vould be of far greater benefit than the suggeated daily catch
1imit per boat, vhich would not significantly congerve the western
Atiantlc stock hocamee of the relatively small catch in Conception
Bay, In addition a returned tag provices international publicity
for the Conception Day sport fishery and satisfaction to the
acicmnouwledged angler.

The bluefin are customarily held respongible Zor the decima-
tion of eommoveially inportant species such 08 ced, Aecording
to the gtomach analysis data, this does not appear to be the

cnse in Conception Bay (sce Scetion vi)., The author®s analysic
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also revealed points of behavioural and physiological interest.
The prey were generally swallowed whole which is apparently a
scombrid characteristic (Suyehixo, 1942), The bluefin's teeth
are poorly developed and according to Nakamura (1949), the prey
are not mortally wounded before ingestion, although large prey
are bitten in the trunk before being swallowed head first, A
rapid rate of digestion was also apparent which may be related
to the ability of the tunas to maintain their body temperature
several degrees above that of their environment (Carey and Teal,
1966),

The tunas are considered an exception to the rule that
fishes are poikilothermic. Blood temperatures in the bluefin
have been reported as 5 degrees - 8 degrees C (Sintesis and
Bellon, 1954) or 10 degrees C (Ehrenbaum, 1936) higher than the
surrounding water temperature, Homiothermy is achieved by means
of a countercurrent heat exchange system lccated in the vascular
being carried off by the blood and lost through the gills; it
also lowers the thermal gradient between the surface of the body
and the water, so reducing heat loss through surface cooling
(Carey and Teal, 1966). This ability is generally related to
the great muscular power of the tunas (Ehrenbaunm, 19363 Noxman
and Fraser, 1948; Sintesis and Bellon, 1954), but increased
rates of processes guch as the conduction of nerve impulses and

digestion are additional benefits (Carey and Teal, 1966).
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Perhaps the ability of the bDluefin to tolerate a water temperaturc
range of as much as twanty five degrees centigrade, experienced
during its feeding migration, is aleoc associated with thias
phenoaenon,

The Conocsption Bay bluefin sport fishery presents unlimfited
research opportunities mot only becauss of the availabiiity of
a regular supply of specimens but also because of the proximity
of the bay to research institutions and the support of the neces-
sary governaent, commercial and private agencies in hewfoundland,
Bacause of the limited duration of the present study sseveral of
the topdes considered have, however, suffered from lack of availe
able data., It is therefore, necessary to consider some of the
authox 's conclusions as being of a tentative nature. 7The collec-
tion of further information in future seasons is thus essential.
The logesheat and morphometric program, in fact, wae continued
successfully throughout the 1967 fishing season. In addition
to a more detailed consideration of the topics included in this
thesis, there are mmerous other bluefin projects which could
be undertaken: the detailed histology and anatomy of the bluefinfs
sense organs; subpopulation anaiyeis by means of genetic techniques;
behaviour characteristics, @.g. feeding; experimental fishing; cure
Qs anmiysis within Concention Bay avd the papping cf basic bio-
logical properties such as productivity and standing crop &8s well
as physical and chemical parametere; the development of an
onchored data collecting device vhich will cporate mnattended am
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recoxd synoptic ocsanographic and meteorological observations,
This will enabdle the study of temporal variations in the oceanic
climate and the corresponding cheange in the bluefint's distribue
tion, Preliminary dlscussions were held with Technical Services
parsonnel of Mamorial University concerning the fessibility of
the latter project.



SECTION XV

SUMMARY

1. The bluefin tuma, Thunnus thynnus, Linnaecus (1728),
caught in the OConception Bay sport fishery during the 1965 and
1966 fishing seasons formed the basis for a genexal bilological
study of the epecises,

2. The bluefin was describad in terms of its morphology,

sizs, cslonw, and datinouisghing features.

3. Ths taxonomic status of bluefin within the family
Scombridae wes discussed. The most recent interpretation recog-
nzes an Atlantic subspecies (Thunnus thynnus thynnus), an Indo-
Pacific subspecies (IThunnus thynnus orientalis), and the southern
bluefin (Thurmnus meccoyii).

4. The three members of the Thunmus thynnus - maccoyii
complex were Gistinguished by means of tho mmber of their gill
rakers. The means and modes (in parenthesis) are as follows:
Atlantdc 38,9 (39), Pacific 35.9 (35), I. maccoyil 33.7 (34).
The fraquency of combination of gill rakexs on the upper ami
lover 14md of the first gill arch of Conception Bay and Lurcpaan
bluefin were compared.

S, The woldd ecientific synonyns amd English vernacular
names for the blusfin woero ilisvad.

6. The aistribution of the blucfin is circumglobal in

cubtrondenl and tomperate water, ertending into the tzopics in
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the winter and as far as the Arctic Circle in summer. In the
western Atlantic the bluefin is found from Iapbracdor to Argentina,
he vertical range of ths ndults 4is considered to be at least
0200 metres, and the larvee mainly btetveen 0=50 cetres,

7. The life history of the vestern Atlantic bluefin was
described vith particulor reference to the feeding migration
(mune to October), The speed and endurance required for such o
migration were considered in terms of the morphological and
physiological adaptetions of the bluelin,

8, The tochnique, uses and results of tagying were examined,
particularly 4in relation to the western Atlantic bluefin pcpulae
tion, The coccurrence of treng=Atlantic micretion from west to
east has been confirmed. The high tagercturn rate (18% in 1964)
Indicates she vulnerability of biuefin to modern fishing methods;
particularly the purse seine. The total mmber of bluefin taggec
in Conception Bay up to the end of the 1966 season was 177 fish.
Mo returne have been reported.

9., The mmber of bluefin in a school tends to vary inversly
with the size of the individunls, Three common bzhavioural pat-
terns exhibitod by bluefin are pushing, milling and smeshing.

The pogsibie advontages of schooling: propagations protection,
coptuss ef proy and “learning! cbility were congidered,

10. The biclogy of bluefin reprodustion vas describeds

There apneared o be o seversal in the sew ratio vhen Cozitbean
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and Canadian data were compared, Erythrocyte analysis was suge
gested as a mmans of gex deteraination other than gonadectomy.

1. The majority of the Lluefin caught in Conception Bay
wexo aged 11, 12 or 13 years, as determined by vertebral xing counte
and length frequency amalysis. Age, length and weight inter-relae
tionships wexre also computed, Bluefin increesed their weight by
8,3 = 10% par month during the northern feeding season. Because
of the 1imited size range of the fish ewmined (215 - 250 ca
fork length) fecmstric and sllometric trends were difficult to
detect in relative growth ctwiles.

2. In Conception Bay, food consisted predominantly of
squid (Illex illecebrosus). Capelin (Mallotus villosus) and
billfish (Scombaresox saurus) were of sacondary {mportance,
Commercially important species such as cod were rarely cbserved
i{n the s¢omach contents. The major fesding period was calculated
to be from 11:00 - 15:00 hours.

13. The relationaship of water transparency to catch success
was considered. In thig respect a submarine photometer was con=
structed and operated in Conception Bay, but technical problens
prevented its effective usc during the 1966 bluefin season.

14. The major catch vones in Conception fay, the Dauline
and Harbour Grace Island arcas, were determined fron logegheet
data.

1S, The hydrography of the North uest Atlantic and in
particular Conccption Bay, was examined in relatiom o the dise

tzihution am? behaviour of tho biluefin.
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16. The effect of matecrological and hydrographic comditions
on catch success was analysed and the optimum combination of COn=
ditions determined. Over 30% of the etrikes cccurred during
bright comparatively cloudless skies, with 12 «~ 18 mph south~vest
to west winds, on calm or choppy eseeas and with surface watex teme
peratiures betwean 12 degrees - 12.9 degress C.

17. Possible techniques to predict the time of arrival and
total catch were considered. The 6 dagrees C fsotherm appeared
to be associated with the initial penatration of the biuvefin iuto
Conoception Bay and the 10 degrees C 1sotherm with the possibility
of actually hooking a biuefin. A quantitative prediction tech~
nique, besed on the analysis of estimatad squid sebundance, sure-
face vater temperature and fishing affort, was suggested.

18, The log-sheet, as uUsed by the Conception Bay sport
fishery, wes designed to meet both blological ami commercial
requirenents.
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Bluefin Catch Statistics for Newfoundland (1956-1967).
The Majoxity Caught in Conception Bay
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Bluefin Catch Statigtics for rewfoundland (1956=1967 )a
The

(et

Majority C t in Conception Ba
1956 1957 1958 1959 1960 1961 1062 1963 1964 1965 1966 1967
Sept, 1 2 1 6 10 9 1 3
2 _ 4 7 = 7
3 2 1 6 ) Z 1
4 1 5 1
S _ 2 — 3 2 5 2
6 2 1 5 2 >
- ;a—
£ PRI SR SR I
9 i 2 1 6
5 T 3 - 3 2
11 1 3 ) 5 i 2
15— ) Y 8. &
= Y a4 1
~14 3 5 1
15 2 —___ 2 i 1 1
16 4 1 2 1
17 2 ~ 3 5 5 1
18 2 2 1___10 z 1 1
19 11 3 1 —
20 1 3 T
21 ] 1
22 1 ~ —
25 3 ) Y
24 ~1 1 1
25 s
) 31 5 >
o7 1
28 1
29 1
30 -
Oct, 1 1 =
- 2
3
3—4 1
6
- 7
8 -,
= - 7 "1
— 10
53 4z 270 516 23 588 179
Total 2 10 3 11 1 133 3
aly
d':uug.
Sent.
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/v aries of Figures Showing the Bluefin Sports
Fishery of Newfoundland in action: finning
RAlwefin, Notre Dame 3ay (A): iauling Aboard;

Notre Dame Bay (3); Returning Fleet, Conception

Bay (C)3 Off=looding, long Pornd (D); ‘eighing=in,
Long Pond (1); Photographic Session, Lorng or«d
(F); Morphometric amd Meristic Data Collection,

Long Pond (G=L).

Migures A and 3 vere kindly contributed by ir.
7, Riewe (Dent. of Blology, .U.V) and Figures
G=X by iw., N, Squires,



-217-




-218-

mers CENTENNLAL YEAR B¢




wi 1w

APPENDIX 11




=220

APPENDIX IXX

The Qualitative and Quantitative Stomach
Analysis of 112 Bluefin Caught in
Conception Bay, 1966,



QUALITATIVE AiD QUANTITATIVE STCOMACH ANALYSIS OF BLUBFIN TUNA

=22]l=

Tuna nunber 1l 2 2 4 5
Date Caught uly 20 24 24 28 24
Tine of Strike 14:30 10:20 13:35 - 12:15
Welight (pounds) 450 535 498 485 658
No. Intact Squid 1 - - - -
Hantle Length(s )1 iy - - - -
Intact Squid Vol.{cc) 50 - - - -
lo. Detached Beaks 7(=) =(=) 2(6) 1(=) =(=)

upper (lower)
Squid Remains Vol. (cc) 1 - 1 - -
Capelin Vol,.(cc) 1650 - - - 3300
Needlefish Vol. (cc) - - - - -
Other fish Vol.({cc) - - - - -
H(Herxring) G(Gadidae)
M(fullet)
Cdéments Vol. (cc) - - - - -
?azasiteaz (L) n(L) N(L) M(L) (L)
Paragite Vol.{cc) 1 i 1 b3 1
Total Vol.(cc) 2702 1 2 2 5201
wte: To a = 10«12 chp, B < 27015 cm, ¢ = 16=18 cap 4 = 19=21 2o

2, il = ‘komatode

infe iecs)
L} = Light infestation (o-zo_pa:as @ \
23'13 = Mediun infestotion (20=100 pazasites )
(13) e tieavy infestation (200 plus parasites)

T = Tranatode

-3
i

Tareworn
Copapod

O
n
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6 7 8 9 10 11 12 13 1¢
24 24 24 24 24 24 24 24 24
1G:00 11 :00 - - 12:80 16:08 11:00 11:30 17:00
606 567 576 $68 476 687 588 543 467
- - - - - - - 21 -
6b
Sa
- - - - - - - 6@ -
={1) =(=) ={=) =(=) -(1) (=) =(=) -(=) 1(=)
[ - - - - - - 20 -
60 210 - - - - - a» -
f(LY T(2) N(L) T(3) - N(rM) (L) N(L) N(L)
T(2) T(6)
b - i i - 5 1 1 1
OL 20 3 150 @ 5 3 965 3



1<
24
17 :00
467

1(=)

N (L)
T(6)

(=

15

13:30

624

={=)

n(1)
T(5)

S

5

1({=)

az25

T(2)

826

17

24
22 :40

572

1(1)

o2

18

24

2b
1le

70

-(=)
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19

24

20
24

19:20

=(=)

N(M)

&

21

24
16:00

472

={=)

89

N(L)
T (1 )

70

24

17100

1(1)

4{L)

314



-224-

Tuna MNumb@r 23 24 25 26 27
Late Caught Jaly 25 25 25 25 25
Timg of Strike 11:40 11:45 15:52 10:55 14:40
velght (poumis) 443 592 540 a4 455
No. Intact squ‘-d - - - I -
Mantle Length(s)} - - - - -
Iﬂtm md v°1. (ee) - - - - -
No. Detachexi HDeaks -{=) -(1) 1(1) -(2) -(=)
uppexr (lower)
Squid Remains Vol, (cc) - - - - 15
Capelin Vol, (cc) 17 - 67 - 32
Meadlefish Vol, (cc) - - - - -
Other f£ish Vol (cc) - ?(5) - - -
H(kexxring) G{Gadidae)
M(imllet)
cddments Vol.(cc) - - - * =
2 4(L) - (M) N (i) N(H)
Torasites T(2) T(2) 1(9)
- b1 13 1c
Saracite Vol. {cc) 1
20 2] 70 1o 57



28
23

14:28

M{L)
T(3)

29

28
13:00

538

N(H)
T(1)

8i2

=(=)

2225~

3

28
13:00

337

]

13(26).

b §
84s

N(M)
T(3)

£49

23
13:00

8(11)

135

1(275)

T(1)

4310

33 34
25 25

13:30 14:00

4% $98
1 -
1 -
28 -
3(6) -(=)
1 -
672 -
n(r1) T(i1)
2 3
700 3

35
25

16:30

405

(=)

18

2(9)

{il)
T(3)

26

26
12:30
810

1(1)

2940

2960



26
12:30
510

1(1)

2940

2840

26

G(72)

10(0)

N(M)
T(1)
c(1)
7(3)

80

12

S84

1(F)
2ce

(L)

(5]

[$Y;

39
26

40
26

13118 15:38

483

N(M)
T(3)

660

3(=)

10

N(L)
T(1)

P2

5(3)

657
4622

(L)
T(11)

2285

11:18

S &

X4

§

=(=)

1285

N(L)

1862

26
10:40
585

420

26
14:08
485

N(L)
T(2)

961
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Tuna Nuaber 45 a4 &7 40

49
Date Caught Jaly 20 26 26 26 26
Time of Strile 16:50 12:28 12:15 13:20 16:40
wedght (pounds) 603 604 495 479 521
No. Intact Squid - - - - -
antle Length(s)? - - - - -
Intact S@’.d Vol, (cc) - - - - -
Noe Dotached Beaks 2(1) 4(4) (=) i(r) -(=)
upper (lower)
Squid Remaing Vol. (cc) 100 110 - - -
Capelin VYol. (cc) 460 s2 - 480 -
Needlefish Vol, (cc) - - - - -
Other £ish Vol.(cc) - - - - -
H(Hoxzing) G(Gedidae}
M(Mallaet)
0ddments Vol. (cc) - - 2(0) - -
2 - (L) W(L) - N(1)
Parasites ng) 2(4)
- 5
Parasite Vol (cc) < 1 1

L8

. 5 2 480
Total Vol {cc) 560 363
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80 51 52 83 84 55 56 57 58
27 27 27 27 27 28 28 28 28
11:15 15:30 10:00 - 14:30 17:30 14:00 12:55 10:55

558 467 560 488 491 468 455 450 451

- - - - - - 3 2 1
=(=) 1(3) 1(1) 3(=) 1(-) 17(9) 4(2) 24(22) S(4)

36 - o - 3 17 68 130 30

1328 - 122 830 435 652 372 - -

2¢cc
H{L)

T(S) N(L) (M) - T(2) N(M) T(4) c(3) N(L)
T(1) ?(2) c(2)

1l 2 20 - - 1 3 - -
1362 3 182 830 438 670 570 552 172



59

28 28

10:585 15:40

470

id
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30

2(0)

gg; (L)

28
12:55
510

6(3)

632

61
28
15542

552

T(6)
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62 63
28 28
12:10 14:10

336 459
4(3) 1(~)

o) -
N(L) n(L)
T(2)

b1 1

10 G

28
16:00
585

33(32)

10

65

28
17:30

517

66
28

15310

3(3)

17
15

(%3]
[5)



Tuna NMumber 67
Dats Caught Jaly 29
Tino of Strike 14:40
veight (pounds) S0S
oe Intact Squid -
Mantle Laength (s )1 -
Intact Squid Vol (cec) -
No. Detached Deaks 4(3)

upper (lower)
Squid Remains Vol, (cc) 1

Capelin Vol,. (cc -
reedlefish Vol. (cc) -
Other fish Vol. (cc) 2(2)
H(lierring) G(Gadidae)
M(Mullet)

odédments Vol (cc) -
Pax'asitesz -
Parasite Vol, (cc) o

Total Vol (ce) 3

68
31

12:20

532

N(L)
T(3)

4}

69
31

11:35

475

70

31
11:05

485

14

i1lc
3d

1050
67{65)

383

71

31
13:10

502

H(?)

72
31

17 :00

5(7)

$3

(L)
T(3)
?(2)

N



73
Aug.dl
10:52
s18

(M)
7(5)

t

74
1

15:32

520

39(40)

51

N(L)
T(1)

75
1
16:32
587

G(6S)

56(0)
7ce

N(L)
T(4)
c(3)
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76

17:14
467

(L)

8(1)

12

78

15:02

545

=(=)

20

79

18:08
870

1(4)

1410

G(?)

2(0)

N(L)

1473

N

10:00
530

]

(1)
c(1)

to



81

10:30

N(r)

N

16:45

~(=)

20

M(235)

83

12:15

535

19(17)

32

G(?)

30(0)
2c¢cc

N(L)
c(1)

37

-232.

84 85

13:55 11:00

495 553
(=) 5(2)

1895 43
- 7(240)
N(L)

- T(1)
c(2)

- 1

1895 284

86

15:00

510

N (M)
(1)

87

10:15

513

1(1)

15

N (M)

17

a8

13:28

660

74(79)

1410

N(H)
T(2)
2 (1)



Tuna Mumbar

Date Caught Auge
Time of Strike
ieight (pounds)

No. Intact Squid

Mantle Langth(a)1

Intact Squid Vol, (cc)

tio, Detached Beaks
upper (lower)

squid Remains Vol.(cc)
Capelin Vol, (cc)
Needlefigh Vol. (cc)
Other fish Vol, (cc)
H(Hexzing Gl{Gadidee)

M(Mullet)
Cddments Vol. (cc)

=>araeitesz

Parasite Vol.(cc)

Total Vol,({ce)

=233 -

89 90

13:%0 10:30

-(=) 14(14)

- 48

2(5) 11{200)

T(2) N(H)

c{2)
- 3
s 25%

o1(77)

17

M(163)

180

10
18:00

93 94

10 12
15:55 -

590 607

-(=) 84(86)

- 10
?(15) -
(L) a(L)
c(3)

- 1
is 11
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98 S6 o7 98 9 100 101 G2 1038
12 12 12 14 14 16 16 31 Sept. 1
° 15:00 13: 10:50 - 1r:20 13:20 12:55 14:27
525 583 583 548 515 497 540 655 68S
dz
1o
29(19) 2(2) 1(1) 2y 607) 5(2)  (185) 6(5)  w(=)
<0 - 70 169 70 ac 70 66 70
< a '™ *®» - w o e 490
3(%) - M(200) G(345) - - - -  1(170)
6(C) 3(0) - 2(0) - 2(0)  10(0) w 4(0)
2ce lcc
(L) N()
T(3) c(2) (1) (L) T(4) (1) TL)  T(7)  T(4)
c(2) (2} c(1) c(2) ci7) T

20 2 270 754 70 23 72 il 895
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104 105 106 107 108 109 110 111 112
0 14 15 17 17 17 17 18 19
13:09 16:55 13:08 11:30 13:30 14:05 14:15 - 11:30
695 650 Gl5 470 560 594 617 149 556
4 L) [ - @ L™ - - -
3’ - - - - - - - -
id
o (=) 86 (64) 1(=) 20{5) 20(20) 25(26) 8{8) 1(1) 40({36)
15 30 3 2 205 288 6Q - 115
- - - - - G(67) - ?{(120) G(2)
K
- 30(0) - 1{0) - a0(0) 1(0) 1{(0) = 6(0)
N(L)
. T(7) T(8) N{L) N(L) N{M) N(L) N(H) (L) T(4)
c(4) c(1) T(1) T(2) (1) c(1)
L b 1 L 1 - 14 @ 2
1415 34 3 489 2CH 353 74 20 139
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APPENDIX IV

Subsurface (2 feet) Temperature Data, Recorded

Continucusly from July 24 = Cctober 29, 1966,

Approximsately 100 Feet Offshore in the Vicinity
of St. Phillips, Conception Bay.
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