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_:satisfactory results,

FOREWORD

Among the several treditional short range

) fisheties'conducted'in'Cuba, one of the most productive

is that of big fishes and open sea sharks which are so

abundant along the Northmhest coast of Cuba. AnOnb these

* the sword flSh (Xiphias Gladius) constitutes one of the

most inuerestinD biological enigma presently faced by ;A-l

maritime studies due to the fact that its mloratory

habits make it difficult to obtain the neoessary data e

to make a ‘general table of its 1ife cycle. Therefore, '

the cooperation of all countries interested in this speciles

sould be very useful in order to cope uith:such sn important

problem, With_this idea in mind we have pfepared this

modest research plan, the results of which are offered

~in this paper, hoping that the large number of exlsting

gaps could be leIed by knowTedge attained in other latitudes

as he1l as by a more intense study on the phases taking

'place in our vaters.; ’

. F1his researoh was conducted during wo consecutlve

years in a 10~n11e area from Puerto Esperanza, Province

of Pinar dsl Rwo (1atitude 22 L7N, lonoitude 83 L4' w)

' _uhicn is’ a local fish has been caug t from Santa Fe in

the West, to the beaches of Santa Farla del Nar and Guanabo,

- to the East of Havana.i Lately, the fishinc area has been

~ extended from Puerto Esoeranva to Matanzas w1th very -

“to Cojimar, P ovince of Havana. Traditionally the swor dllsh**

H
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Bcsides ctetietical data obtained from the
commercial ewordflsh fisbermee, direct data were obtained
from controlled fieheries. Each tlme the weather permitted

: fishing with the Cuban Qrifting line and ‘depth premset

- hooks was carried out This type. of fishing was puvsued . -

for one- year by profeesional fishermen and it prov1ded R

- the basic data used for the vertical distribution. Also .-

' ,a monthly sortie to the area between Jaimanitas and Havana

_fBay was made by a vessel equipped to take vertical tempe-;
rature and salinity data, aiming to aiscover the relatlon.
between these and swordfish concentrations;ﬁ In the areaim
between San Antonio Cape and Havana Bay plankton net |
.tow1ng was perfowmed to catch swordfish in the larva stage.
At the very beginning, sorties were made from 2&00 to B

b7oo and later from 0700 to 1200. Tenperature was taken /2
by inversion (sic!) (inmersion) thermometers and ssllnity

was determined by the hnudeen method.- A plankton net -

No. co of SO centimeter diameteriwas towed to catch larvas.

- Fishes caught by the vessel used in this project
were eubject to the following process, First the:species
‘{Aﬁes detefmined' the‘fishiwere measured with é yardstioﬁ
:(Wltn up to 1 centimeter accuracy) from the lower jaw to
: tbe back center of the caudel fin (Rivae 1,56), sex was
inoted; specimens were weighed entire and cleaned (without
“;'fine and heeds, end eviscerated)xto‘fiﬁd'odtjthe;eonversion
ratio of the two weighings. At the eﬁd.of eeoﬁ’eortie,

fiShermeh»geve one pattern epecinen onﬁwhioh the.date of-

iv_ catchs reletive depth estimated by the Tengtn of tne 11ne

“fifi_imrersing end 1iit1ng hoars were regietered

\immersed' estinated current' phase of the moon and oear
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;.new group in tbe feeding regime.
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lhe folloﬂinv process was ?ollowed in order to

‘debernine sworofish feeding habits~ during February and =
‘Maroh of 1961 stomsohs of specimens caught were taken
out, the ends of which were previously tied before cutting
”.the digestive tnact:n ﬁhey were carried to the labofatory
'ﬂi‘where'they were lonoitudinally cut to verify their contents.
:;During the remainder of the months of reseeroh stomachs-

o were ocoasionally collected to verify the existence of a . -

'ﬁ'Finally, snd based od fesults obteined‘ouring the

two jears ofuresearch a new type of long drixting line,

‘.Japanese type, was developed. Tnis Lype is more aopropnlate

to our local fishing»condltions.

Plate 1 and Figure 2 were drawn by Orlando Jambu

and other 11lustrations by Luis Roura Gonzalez, Francisco

:Fernandez Conegero was in charge of photocraphy with the

| exception of picturs V-3 done by Justo F. Ondarza.f

_lhis type of work would have been impossible

7,Without the cooperation of profe331onal orifting line

fishermen, the members of the cooperative fisheries of

:_Pelayo Cuervo Navarro and Manuel Ascunce Domenech both R
- oat Cojimar, who Pully unde“stanninw the 1mportance of this'
';scien+ific resesrch suppli d the necessary data for the

A stetistical part., We also wish to eXpress. our thanks Lo

Enrique Segura V*cente Cranda, AH+OD10 Paez, Osnar Secades

and Rafael de los Haertos, members of the Pelsyo Cnrvo

: Navarro Cooperative, who contrjbuted to the pvoject u1th
"‘all their expelience of many years and performed perfectly

'iithe fisning expeiiments enfrusted to them.'ifﬁgi:{;e
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':.iftdorsal and aral fins are Joinsd, while in adults they are
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BIOLOGICAL ASPECTS

' Morbhologj

The swordfish is a large animal the population

" of which in our waters is characterized by an averaée

full 1enguh of 160 om and @ weight of 59 kg. It does o

not’ present sexual dimorphism, Youngs and adults differ

are offering a brief_oegcription of both s»agesw

Adult Strong and fusiform body, soaleless skin°

large head more than one fourth of the full lencth- big

eyes,_at one fifth of the head lenvth almost 01rcular

and located forward on the mouth commissure, long flat

'and sharp edged beak or sword reaching one third of the

body length; the first dorsal fin, located at the vertical.
of the branchial openings, is very high, threeffifths -

of the head length, and hooked; the second dorsal fin

4vis very small rudimentary and alwmost opposite to the

second snal fin which is almost identioal the first aral

‘,fin looks somehow similar but not as. high and hooked'

“fnarrow pectoral fins, smaller than tbe dorsal fin, no -
"‘ventral fin, very strong caudal fin w1th 1dentical lobes'
;and a broad quill around uhe edge 'color, upper part

: deep blue with Silver gleres on the 0percu1um and bronze

"glares on other parts of the body; the'lower part is

white-~creamy; when theAanimal dies the blue becomes charcoal

or‘black;:' L

Yourgé Young and adult specimens ars vely much

\&:alike;iexcept thet in the young both first and seoond

' _in some external characteristics and for this reason wefﬂff%ﬂiﬁ“;

i

e St




-_‘specimens.
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completely separated, AThese joints gradually dissppesar
as young specimens grow, first'in'the'ahél finsvénd
Iatef"in»the dorsal fins; the skin shows rudimehtary

scales,

B GROWTH' Very 1ittle is known about the larval

evolution and growth of the suordflsh Accordlng to some‘

(spawnlng, larvae, youth an d adults) takes place in summer'  ‘>’?

on the 8101lian and Southern Itallan coasts.u From the-—~”~f3f

Atlantic, north of the Equator, we only have fragmantary
information on the larval development and llmited reports

on young specimens,

The study'of'material collected té date, shows,

that three different forms (larva, young and adult) can

be considered, It is understood that ﬁhis division Into
ltages is arbltrary, malnly due to the small emount of
sp301mens compared, but, even so, it helns to locate growth

stages JJlCh up to the present are unknown in At1ant¢u .

Swordflsh larva (K*phias Glodlus wiuh a lel
- ‘length of 30,5 em. Copied from "Histoire Naturalle
" deg Poissons", by Curv¢e; and Valenciennes (1831)

~P"ate No. 225 : . , : o
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L LARVA - The larva, wnich in ius first stages

- is entirely diffevent than the adth is characterized
by & continuation of the dorsal caudal and anal fins.
which 1ater will~become independent."Specimens‘illus-f

u_trated by Lﬁtken (1883), Cuvier and Valenciennes (1831,

Arata (195&) and Fanning (1955) are good samples of this

| phase in the different stagegaf growth. s

YOUNGS - The young swordfish is, generallyj

‘.-speaxing, very much like the adult. Whe uninterrupted

anal fin has split in two but the dorsal fin still forms ;

only one fin. This change occurs when the full length
passes from 30. 5 em to 111. 8 cm, this conclusion being
reacthed afuer conparlng the drawings ‘of Cuvier and
Valenciennes, (ﬁig. 1) probably represents one of the
latest larvalpforms, compared with-our smallsr 8pecimen

which abcording.to the definition is already a young form.

ADULT = In ths phase the dorsal fin has split.

in t*o and the general form' of tne body is that of a

o fully developed animal. The smallest animal having

these specifications, neasuring 137 2 cm full length

.iwas caucht during this research progect which proves
‘that the change from one phase tc ths other takes place
niduring the growth perlod‘between 111.8 em of full length

- to the above»mentioned size of 137 2 cm. ; t‘ B

The works of Lﬁtken (op. cit), who studied a .

geries of larvae from lO mm to ué mm and some very young
'";f specimens, the two specimens of Cuv1er end Valenciennes
33': (op. cit) and some other 180lated specimens, the detailed

'ﬁ?ffdescription of Arata on a series of larvae from 6 1 mm to




BZLL_

9? m of Jength' and the work of Tanlng (op. olt) on
N specimens caught by the Dana, are the only antecedents'"
.\ ) .t; reporued up to the present on swordfish larvae in tne
~Atlantic, according to the consulted 1iterature in

- this field,

. '~ Figure 2, Picture and sketch of a swordfish larvae

. T . (X3iphigs gladius) of 7.60 mm full length
. o © . - .caught north of Cabanas, Prov1nce of quar

del Rlo. ‘

Dur%novthls work when performlng the monthly | tlgtx
ooeonograohio cruise, a plankton net was towed for 30 .
_minutes on the su“face or at varled depths each SOPble,

‘tsome of wnlch took place during the day and othevs during
f'tbe night ' We were unable to catch any sworuflsh larvao.
Lauer, 1n Aprll '63, we coasted the sams net LOP.uWO hours
»and we found a 7 60 Tom larva (Fig. 2), very simllar in -
'shape to the Specimen Reg. No. 73 of Arata (op. cit)

',Tnis larva was caugh* on tne sur;ace ‘between 0900 to

-1f7nA1100 hours, between 5 to 10 mlles north of Cabanas

tijrovince of Plnah del Rlo._ OCoasionally, in the -

i 9
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Northwestern waters of Cuba there have also been caught

very young specimens the smallest of which was caught

in November 1963, weighing 2, 65 kgms, havino an eviscerated

,length of 71 7 cm and a full length of 111, 8 om, Auother

) young swordfish was caught in February 1961 which weighed

luh 31 kgms.,.and had 82 5 em of eviscerated length and
ﬂy_137 2 cm of full length,: It is possible that specimensj-;;;

;01 this s&ze may be more frequent in these waters, because,
ﬁ.”despite the large size hooks used _by. our. commercialwrlwge.{i
':.fisherles, reports of youngs or young adults cauoht are .

very frequent.

If we add to those‘records the previous compilations

‘of larvae location (Goode, 1883, Gabrielson and La Monte,

1950) and the studv done by Arate (op., cit) on larvae
caught up to that moment, undoubtedly the distribution '
of the same cowprises a wide zome of the tropical and

suburooical Atlantic, indicatirg that the spawning area

'of this species is bioger than previously assumed as it
dreaches from Florida in the west to Casablanca in the East
- surrounding the south of Cube and the Equatorial Atlantlc.
lWe must add that this d1str1bution c01ncides with the
'general pattern of current 01rcu1at10n w1th1n the cons1dered

‘_area, therefore we must presume that these nasses of

mov1ng water greatly influeuce the larvae dlScPlbLt“On,

h mainly in the first phese of their lives, when 1t forms -

a temporal part of the current plank»on.- '

- Although it has been pointed out (Le Monte 19Lu)

“h lthat the waters of tne Horthern coast of Cuba could be

lifone of the most important spawning oentres of shordflsh

L0

s
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.developed eggs had ovules whlch did not reach the s1zes

B Weighing from 0.23 kgms Lo

B L T AT O S I R S R
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it is more reasonable to think that this looation is

not S0 restricted but that spawning can happen in any

point of the vast area'already indicated wnen the animal

runs against the water. To support this idea, besides.

»u'the work of Arata (op. cit. ) and the wide dissemlnation

of larvae found is the fact that the large adult females'ilf

caugrt durlng our research althouoh trey had well

Vwreported in the Mediterranean for animals ready to spawn

Vior spawnin while the great majority hed them in-a more ;}v—;;_;
' underdeveloped SUage. It does not preclude the p0831billty,

Vas is obvious, that some spawnlng does take place near -

our archlpelago,‘but the main spawning must take place :
after'swordfishes have passed'our waters, for in the
opposite cases the number of larvase caught during this

research would have been much larger.,

About the post-lar val growth we know even less

than about the 1arval. It 1is suoposed from informatwon

Vobtained Lrom.tbe Mediterranean, that younc sp901mens

6) kgms, caurht in w1nter,"

.a

E correspond to the snrlng or early summer spawnlng and
dthat those welghing from 10 89 kgms o 27 22 kgms are

“the young of the prev1ous year, (Goode, op. cit).

A

As w111 be seen further on, uhe swor dfish popu-s

’1atlon in Cuban waters, of 160 em full length and 59 kgm.

: average weieht is formed in large Darts by over two

year old specimens, according to previous flnd*ngs.

.: Based on uhe enulysie of sto ach coanents of ZV”

."t‘the swordfishes ceu5ht durlng FPbPu&TY 3Pd Marcb 1961
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the percenta ge of each one of the 1arge ma;ine groups
':contained was estimated snd within each group Wwe have
tried to identify all species present. Results obtalned
are shown in Table 1 and Figure 3, From bheSG it is
;‘possibletto deducse phat the swordfish has pelavic Hsbits
“malthough sonetimes it gets into the insular platform in
search for food, as is evigenced by the presence (in

the stomach) of a Cabrilla (Eplnephelus guttatus) which

is a bentonic species of the platform. '.

Vf;:”i:; The main food of the swordflsh is the Ilsh
Bramambrama which generally lives in deep water,

2 1., Brama-brama 37.20; ’//guads 27. 90,
13, Unidentified fishes 13. 95, L. Shrimp 13.95;
- : 5. Unidentified crustacea 2 33 Octopus 2.3;

7o Cabrilla 2 3.

Fig. 3. ~Percentage of the different zoologic marine.

groups in swordfish'(xiphias gladiusg) food,

“T;a:;élaf;' ';;
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gladius) food.

. Decapoda

o4 b s

.Marine Animals Represented in the Swordfish (Xiphias

Systématic position

Arthgopodé

_Crustacea

Macrura - - T o s R

s

' Unidentified Qrustaceé"_ "‘ - Al' : 0

Mollusca .
. Cephaiopoda
- " ‘Decapoda L - o N

.- Thysanotenthus rhombus -

A | and other unidentified T 7 SR (5

Octopoda -

- dcﬁopus Sp,

Fishes . =
Teleéétomi' ;>'”
" Bramidae

Bramé-braﬁa 3' "*fAf,f-fZ’ S 135}.. '\ '3

"% Serranidae

Unidentified shrimp S S

Epinephelus guttatus - , : . |

Remalng of unidentified fishes ~ L .~ 2

12.

37,20

2.32
"13.951

CTOTAL oo 3000 13

a3

‘93,9é~i1

B rgnetm TR
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.isouetimes even in”the inner halls.y;iﬂ‘**“'
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f:.following in-importence cephalopoda, such as squibs

(Thysanoteuthis rombus) and an octopus (Octopus sp.).
Shrimps, which could not be identified, were found in

,some stomachs,

Sometimes algae (Fucus) and mapglove leaves
(Rizopho;a) are found in the stomachs, apparently &

swallowed when the swordfish tried to catch its prey. ‘;

~ Although during this research no'seecial_effort.
was msde to collect SWOrdfish:pafasites, when'studying
its feeding hatits, the bresence of parasiteés in almost
all the stemachs examined ‘was verified, -The amount of
parasites in each animal is very. large and they belong
to several spec1es. Figure I} shows the percentage reached
by each group in a test performed on 26 swordfishes,
‘Later oo other sfecies of parasites were found on the

‘outer part of the body, deeply embedded in the tlssues.

. The collected parasites belonged to different tsxonomic
Vgroups and were identlfied as much as it was possible,

Ji in the following groups. -

Endoperasites:ﬁ

NEMATHELMINTHES. In almost all stomachs studied ' many

:Aspecinens of Ascaris incurva, a nematode of the Ascaridia

genus, were found

'PLATYHELMTNTHES' 'In smaller mumber than the sbove, on
t.,funidentified par ite of the Centoda clsss'appeared

;Cstrongly autached to the outer Jells of the stomach and

”””*ANNEiIDAQf oelg_fwb’uﬁidehtifiédfspécimeﬁs of ‘this

.1l

b ey
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‘parasite were fduﬁd. They belonged to the Hirudinea
élass. Tt was forgotten to mention_thé specific stomach

.in.which theytﬁere found,

‘Cestoda : 23.9?%’
- . Hif'udinea ’ 7.69:}; . o
Nematoda - g e

!Figgre u.f5

glad*us), hosts for several types of parasites.'"

ﬂest “ith 26 swordfishes (Xiphiasigff:m"uz;

EGTOPARASITES =

ARTHROPODA. Occasionally we ﬁave’found a‘copepodus'»

 of the genus Pennela, . family Pennellidae deeply inserted

into the subcutaneous muscular tissue. The parasite

presents a featherlike form which protrudes a 1little bit,

‘When trying to pull it out, the cephalic region always -

remained inside and it was impossible to determine the
species. "Similar experiedce has been réported with the

Pennella filosa in swordflshes of the Hortneastern Atlantic.

(lebo, Day and Doucet 1961).\A

PSEUDOPARASITES f'

CFORDATA The r emo*a or sucklng ‘ish Remoropsis bvachlp- o
 teraz a member of the Fcheneldae famlly, was collected
several times attached to the swordfish's ckin by its "

" cophalic disc._tf’

_/8_

Bes*des the aforeneptlonea parasites,'the smordfish

‘“*T;very often presentS'one or more very shallow. oval wounds, =
““:ﬁwhich apparently do"not afxect ths sub 9djacent muscula“

- jlayels and which we were unab1e to assoc*ate to any known E

;;15
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"could be noticed. It must be assumed that these wounds

15/8_

‘anlwal (Fig. Sa) Undoubtedly, they wore not produced

by Lhe remora or sucking fish because, as we have already
mentioned we have frequently caught thls parasite‘stlll

attached to the sword?lsh and hhen deLaohlng it, no wounds

}are caused by some genus of the Clclostomata species,

with which ve have 1o experiepce in Cuba as they do not

A‘ of marks 1eft by these animals, those observed by us do"

not co*ncide with those reportsd for snordfishes ( ibbo::

- et all, 1961) but w1th those found on whales. (Plke 1951).

' Bes1des fresh wounds, many swordfishes present .

'several oval scars (Fig. Sb) probably orlginated by
'.Wounos of the described type. 1f thevassumptlon of their

origin is correot, a new and valuable evidence of swordfish

migration from the cold waters of the North Atlsntic to

~ these areas could be precented as the several speoﬂes

of Clclostonato do not live in our latituoes.

| Figufe 5; d Cbéréctefistic.inJur*es on the
S . swordfish (Xiphls gladlus) sklu.

A, Fresh wound B Scar, probably origﬁnated
. by a wound simllar to the one sbown in A..

POPULATION. ' COMPOSITION BY SI"ZEZ‘f

. The 2l2 swordfish caught duriug thebjeaf uere"-

clessified by size differences of 10 em, for this method -

is considered the eost appropriate (Table 2) and'on this

Ji base the hlsbogrsm and the freouenoies po)ygon shown in.

‘33:Figure 6 were designed and the normal curve uas drawn by

AEY

:_the Croxton snd Cowoen meuhod (195&) The annual data o

e

e
A
Lo
(.
Ky
3

| live in Our Waters,'although according bO our descrlptlon ?iuﬁu‘
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Were taking as basis to depict the central tendeuoies

Ovpa
and measures of spread and elso deolining values and

-

" “the kurtosis.

From the study of these'faots we have reached :

the oonclusion that the samples taken fit the coirespon»

ding pattern curve perfectly, mainly due to the oatching fhﬁiuii

method used wnicn entirely cowplies with sample obtaining

stsndards.\-

f‘f ””"- Analysino the central tendency- parameters we‘ ?<~:Q<x;
observe that a large part of the population is constituted
of speﬂimens lrom 130 e to 192 om of pg%térgilength
~or the area oomprlsed in the distribution by Ma + 5 and
Ma = 5 which in this case is‘s little bigger;than the
68 per eent correspohding to the patterﬁ*curve; which
proves that a large amount of our population consists of

youngel adults, followed by. larger size aaults apd young

forms appear only to a much smaller degree.

| | | /9.
Results obtswned when estimatlng the median and -
PNy :
moae corroborate the fit with the correspording curve .

: sdape o
'pattern, and also values obt&xned from decline estimates_

-:ib(O 03) and kurtosis (0.06) which results in a sllghtly -

ileptoburtic freouency distributlon.

' Dispersion paraueters show tHe samples in all
their width. The average and typical dev1ation indicates
L the type of this dlstribution in respect to the samples"

range, also reaflirming its adaptability to the correspon-

'f.ding pattern curve.: The total range of 179 om shows the

7_1ecorded

¢017 - |
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" 3n the size of eatch, two well differenciated seasons
) can be con51dered'lAw1nter and summer. In the fitst |
~one catches are scarce Wnile ‘the great part of the annual ~A ll
'l catch of this specimen takes place in the second season.l_uh_ .
c_jx;pigure 7 shows histogramsnof the seasonal, nonthly catch ot
- lexpressed in hundreds. Ffom each one of tnese histograns

A its ratio to the correspondlng standard curve has been

‘of the samples atudied mateh & normal distribution

and at the same time discarding the possibllity of belonging

© Total B Average - TFrequency '~ Average
~ length ' length _ R * weight

17/9

—~

The swordfish is caught in our water throughout

- the year.‘ Duringhthe two years of sampling, onlj in

June we did not catch eany. However, due to large difference

computed by using the method of accumulating frequencies
plotted on probability paper, as proposed by DlXon and

Massey (1951), having found in 8ll cases that each one

accurately enough, as can be observed'in Figure 8, wherse
plots form & single straight lvne with a great approximation;

show1n0 1n tnls gay its adjustment to the normal curve

TABIE 2

Total length (in centlmeters),'average 1ength,

Frequency and Average weight (in kilograms) of the
- Swordfish (Xiphis gladius) Pooulatlon Classes in a
. sempling of 2&2 gpnecimens, L LTI

—3

(See original text - Page 9)
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to two differanﬁ popuiations as graphs do not present

any doubt abou£ the absence of bimodality;

In histograms corresponding'to the different

imonths aprearing in Figure 9 and which are not expressed

'in hundreds the volume of the monthly contribution to.

the total annual volume can be seen, *ndicatlng seasonal

varlatlon of the catch whlch increases in winter mainly

 '$ron December to Farch when flshes are more abundant. o

]
o
i
Q
Q
Q
pa
o
O
2]
&

kinds

Figure 6. Normal curve adjusted to frequency
| distrlbutlon Ma = 160 61 + 1.98 etc.

5419 --
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| Percentages April-Sept. October~March _ ‘
. . S I ' N=70 o N=173 , : .
I T - Summer S Winter - _

-~ Classes 1-5€A  qf7 J.-i€~i - ~3JA. Classes. .
o nfi FebruaPY ~-T;”fggji May SBPtambeP»:“"hi‘ .
SN e

tgzg*;;“ oo p ST T g

o . . . March October
ER o S = 1S N=1;8

E ) ‘ B L \ ‘V....‘_A ‘ j"-. ‘...i . - : . H

S © April S f.,_ 1 November
R N=1;8 | . m=27

L . Figure 7.: Size frequency (percentage). A.B. Seasonal ..
ST _ frequency C-H Monthly frequency,

/12

Serles B No., 1  1 "f[h; : ﬁ‘; ”'ii_ct ' June 196h

- A - April-oeptember sumer - B - October—Nay~W1nter

C - February.h ‘I}’;fi gjj3_f.,,' D . March

' Figuré 8., Adwustment of the size frequepcy to the‘
: fnormal curve . . S

P T N Y R T

.
i .20
. <20

-l




O
l\
=
0

E - April. L ' B }-; F . MayMSeptember
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- A-B, Seasonal freqﬁency A ‘ C-H, Monthly frequeﬁcy

L e L e 1N |
: - : - R _ |
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| o _ o o o L ) ) -

.HFrequency >ez-

- S FebruaI‘Y JulY |
B . Maren - - . August o
N=ll O F=1l
‘April _ | f'Septenber
Ne28 © m=8

May Av‘ _e:_ Octo_l_aer"..j
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"Figufe 9.. Honuhly contributlon to annual volume -
S S _of catch..~_ » . : . DR

:2Y -

o

P

S



i b e T Y b o
. 3

B P AR T

ORISR

POPULATION BY SEX

lV_The distribution by sex observed in ouf.wateré

‘differs from that ovserved on the.Newféﬁndland‘Grand Banks;:
where only adults femeles are caught (Tibbo ot al 1961).

.Tn our fisharles ooth sexes appear, the male proportlon‘

belng much 1arger than the female. It may be due to

"depend on catches of‘surface sw1¢m1ng animals caucht by o

harpoon, while we use drlfting gears (lines) w1th up to

200 meters of depbh range.. uogically this could mean a’

Qtrict segreaatlon by sex in the Grand Banks, as; the total

absence of males would be 1mprobable.

' Besidés the.uﬁeQual propértipn bétween males and
females (72% of 28%) it has also been found that femalss

as a whole have an arithmetical mean correspondlng to a-

_la ger lenoth reachlng, in general - larger sizes than

males, as shown in Figurs 10,

 Fiéure 10, AnuLal samyle,’separated by sex, shewing

" the percen*age contrlbuted by each class,

aM = 185.7
Cf'*f~ AM = 157.3

‘ Peréentage' B : . 9 )

_f_Classéé»i o

A
J
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- Therefofe, We ‘have reached the conclusion that
the swordfish populatlon in our waters is composed of
a large ma;or}ty of young males and a LQW large size
addlts, ﬁhiTGdthe female population-in much greater
) nuMbers, is composed of a majority of adults, many of °
'them of large size. Figure 171 shows that this dlsuri-‘
bu ion is kept constant if the two seasons; winter end -

summer, in whicn the year has been dlvided are considered

:separately.-, f;f_;_A:L L :
e Winter
:»f:'fi’Percentage ’ “"‘;"** oo S? AM = 196,8
L G s
— h Classes - |
Summe r
- . Percentage | ©QAM=182.2
. 3 AM = 153.9
ClaSses'l" | |

1gu“e 11._~ Winter and summer sanples, separated by
- sex, showing the Dercentage conulibuted
» by each class. . _

S

/16

The Swordflsh is a so‘itary anima1° it seldom
has adpartner._ However, SONUtheS by successive hooksu

" of the driltlng gear, Pornally the deepest ones, a male

ei‘{and a fema’e have been cauout togetner, uhe ¢acte; beJ_nD

'of larger size than tbe flrst On ofher occasﬁons, wmen -

e




"~ spawning areasiT -

~ the felatively‘low number of samples used,_
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a larve specimen is lwfted from the water, the opposite
nl'sey specimen swims around the boat making its catch

very easy. These occurrences show that ocoasionally

swordfishes cross our waters in couples, apparently on

- their way to spewning.as it can be assumed by'the large

development of gonads of females caught under.these

circumstances, that they ereltravelling in this ﬁsy to

LENGTH TO WEIGHT RATIO = & = s:its

Among the retiosvused in Fishing Biologyfto
determine conversion or comparison factors, one of the

most frequently used is the length to weight ratio, due

to its pfactical ﬁses in research and oven in c ommercial
fisheries. In the cese of the swordfish the 1inear
~regression weight tovlength method has besn used dﬁe to
;pits simplicity, according to formula P=cL™ , Where P is
:weight_inAkilogrsms snd L is length‘in_centimeters; while

‘oonstants c and n were obtained bylthe'usual methods.

A Table 3 offers real values in those obtained by :
calculations of P~O L86u3 x 10°6L3 6LL237 in each one of

the total 1ength classes, naving used classes Iv to XIII

%o estimate the formula constants.t In bigure 12 the B

position of each class With respect to the qtraight line

_originated by the regreSSion has bsen plotted showing a

quite satisfacuory adjustment, if taking idto CODSldeP9+iOD

TABLE 3
' The average weighu and estimaued weight (in kilograms)

of different classes of pattern length (in centimeters),
A*:‘ACCOfding to Foimu]a P“O b86u3 x 10~ L 3. u237 ‘

.V"ei'01ass7fd-" Pattefh”leégth . Froquency True':i'3Estimated

middle point : Weight Woleght
(See original ) R ' .ol
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gk chieined

<:%Z> TABLE 3 offers real values and thoseqpﬁﬁﬁgn by calculations
- . : _é

of P—O L8643,x 10"6L3 64237 in each one of the toal length '
clasSes; having used classes IV to XIII tofestimate the
formula constants. In Figure 12 the position of each

T . S N S e e
class with respect to the stpight line:originated by the

fegressioﬁ“has oeeﬁ plotted showing a quite satisfactory vsux«:~f

BN

adjustment if taﬁ&%’into consideration; the relativelj.sgéif/

number of samples EEEused, |

) Table __3.

The averegeiﬁeight,and_estimated welght (in kilograms) of
different classes of pattern length (in centimeters),
-6 _ 3.64237

L

According to Formula: B = 0,48643 x 10

Cléss, Pattern leﬂgth Frequency True welgnt Estimated
) middle. point o Lo - o welight

Length

‘ f'f_Figﬁrexlz —.Weightxto length lineal regression'j;sﬂf

v
H
¢
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'fiweight‘

' (See‘original)

'”.-Z»CO’\]DITION K_FACTOR

The K factor or condltlon factor indicates.the
.degree of robustness or health of specimens of a spe01es.
It also indicates the degres of use of surroundlnos by
.fishes or their sexual glands developmenu, which imply
chances in the shape of the boay and which can be intevpreted

'by analyzing this- factor.

The method used to deternine the value of factor A
’ . 100,000 P (Roansefell
K has been the use of the fornula K“ 3
'and Everhart l960)(where P = welght and L= length) derived
'from the third power.law:-_ AKLB, modifled for a better.

‘handling of values.

"si In the swordfish the factor has been determined

"vtaklng into consideratlon several aspecus°' total population;

S large soma. -

LY

G\
elasses V to XV of pattenn lenoth and Sex and the- altllicial
division of summerr and winter seasoqs in which we have

4 d1v1ded the year due to our elinauic conaitlonu ’Tab‘e 4)

The whole poleation hes & X l 315 factor whlch

diQPPOVBS, given its lelatlvely hlgh Velue: that it has a

.25
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Dilferentlating Dy Ssex, we hafe a value of
‘ 1 hSO for females and 1.270 for males, which can: be‘
explained by the scarcity of young fcmales whlch have
lower values, thus logically decrea31ng the general._
:‘avefage; bﬁt if the valués of siﬁilar 1ehgth»groups of
”Eéthvseasens are compared results are identical proving ¥

that in addltlon there is a noticeable difference between ST

’”female and male bodies, the flrst being bigger than the ,47”‘

second due to the space occucied by gonads, much 1arger

A than in meles.

In general, a progressive increase of K value
-'fcr both sexes is obse;Ved, showing a fauterlng process
which took placs from when theylwere ycung specimens,
much siimmer, and which led tc the characterietic adult
shape, remarkable for its robueucess, despits its hydro-

_dynamwc forn.

TABLE

'Class Pattern length Winter =~ = Winter  Annual
S average - . - Females Males ' Females Males. F., M.
'”e'(See ofigiﬁal) - K coﬁditioﬁ:factof o

TOTAL

/19
Compa“ing toth seasons we can obscrve & great

simiTaricy in averages of femaTes and males" .u63 in

'rff_'w1nter and 1 u31 iﬁ surmer fo“ females end 1269 &SalDSt

'”‘ff ‘iena1es as p;oof tbat gnaw11ng does not happen in a definice

. 1270 for males. It caqu be interfrctea 1n the cese of

:;;26\'
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pefiod of time as this fact would show a substantial
decrease of the K factor in one eeason., The similarity
of values in case of males is obvious as the shape of

.thelr bodies doses not change noticeably with the full

"growth of their gonads.

b — T ST LM -

Other indications of the constant value of this

factor is the fact that the degree of the utllization

of surroundings by these species do mot undergo periodlcal_
chanaes in our vaters as is the case with others living .

~in higher latltudes where seasonal differenoes ars-

noticeable.i

- The substantial decreaqe of the K factor observed
in the females of the last olaes (XV) may suggest Spawnlng,”--
but the scarce pumber of samples obtalned has made 1t |
impossible to'verify this phehovenon. Besvdes, the fact

that no spawned ovaries have been found in the spec1mene

studied, contradict this,

‘:Vertical Distribution .

| If we oonsioer‘the'ﬁﬁole'SWordfieﬁ populetioh;'f"
-1t has a well deflned veruloal deanitlon pattern as
it prefers an aresa betmeen uhe surface und 200 mtr, 0¢
depth. Fishermep’s exper#ence wlth thls type of catch -
- shows tbet it is fruitless to look for 1t below tne
eforementioned depth.and attempts made during the oourse
t of:research only showed a catch at 300 mete" depth ‘
Futbermore, data obtatped durﬂpg the ‘°A1 62 and 1062 63

'fishlng seaqons (Table q) show _uhat the maximum conoentrat*on

vfﬂfrremained 1n the first 100 meters depth hhere 69 7 PGT Cent

- -of the total 0¢tch of the filst year was cbtelned

’ .l.é'(
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~In order to verify these data and taking into

i;considoretion'the fact-thetnprofessionel fishermen are

llused_to modify thevlength of their fishing gear'aocording

to moon phases,vthe next yearva fishing vessel was hired

" to keep a part of it fishing gear at predetermined depths-

and changed the other in. the customary way. Data'

bsupplied during this season corroborated those obtained

.last season,_as the 0.to 100 metre zone contributed 77 2

|-

per cent of the annual catch of the flshlng vessel.,(Table 5)

>With data>compiled dUring the two seasons we.have

tried to find out if this vertical distribution corresponded

to some type of ﬁale and female stratificetion, or strati-
ficetion by sizes.. We obtained negetive resulte3 as the

resulting possibility'in eaoh.case proved negligible in

the mejority of cases by the association method (Simpson

and Roe 1939) and in those cases in which it may have been

nositive, they did not coincide in both seasons.

DISTRIBUTION\IN RELATION TO PHASES OF THE MOON.

In order to discover the poss1ble relatlon

‘,between the vertical distrlbution of swordflsh and moon .

TABLE 5,]

Vertical distribution of the bwordflsh (Alphis gladluS)

_ . T961= 1962 . T 1962 1663 -
© Dopth 2 (females) 5 o % 99 & o % A
0-1C0m 35  62.5 115 72.3 150 69.7 17 70.8 3j 80.9 81 ¢
5 900 ~D

i, 27.6 6530.2 7291 81

“;fnot related whatscever to moon phases and tbose cauont

phases, the percentaces of flsh cauoht by gear at depths /21




‘New _Moon ke o ﬁ, _ ~ -, e ST

Crescent Moon

ey et L

'"'7~obta1ned on the North Atlaﬂtio by the use Of fls”lng gear

"‘?i;“TABLE 6 - 2B/20
Moon l ‘Depth T Number of ~ Number of - Percentage

: "\Ehase, (1n metres) ~hooks . .- specimens .

Wahingk

» Moon

Full Moon - o ill'fl c Sl

CTotel .

Whole Moon cycle

TOTAL

- by gear adjusted accordlng to moon phases were determlned
~Results shown in Table 6 are in opp031tlon to the generally
held opinion among our flshermen of a pousible vertical
:migration due to the amount of 1ight in the waters, since

'\the highest percentave per lOO hooks were always . caught'

lllfin the upper 1ayer (0 to 100 meters), with no relation.

f».lwhausoever to the moon phase. This indicates that the
ﬁswordflsh, contrary to publlc opinwon, is not pho»otrop cally_.
.negative, at least to the moonlight and faint sunlight o
as catches have been numerous at dawn.» However, negaulve~
Pesults when submerglng the drifting line durlng broad
daylicht indlcate that saoldlish elther reach lower

‘T_deptns when light 1ntensifles or does not bit*the ba*t

M}fﬁplaced at normal flshlng levels. This is closer to results
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during the day or uhe n1gnt bccause in this area

swordfish is not cauoht during broad daylight

bISTRIBUTION IN RELATION TO TEMPERATURE:AND SALINITY

It has been suggested (personally) that the

fAswordfish concentration at _8ome levels is. influenced by .. M;_

Athe vater. temperature of these areas; our results, however,

contradict such assumption.“ﬁ;A‘ul.

TABLE 7 : S

Mbnthly Temperatures (in centigrades in the

Fishing Area

Depth
in
maters

March ~ April - May June = July . August
1962 - 1962 1962 1962 | 1962 1962
Sept. Oct. " Nov. Dec. Jen, . March
1962 1962 1962 1962 1963 1963
~During the yeér in which_thié part of the /22

project continued, monthly sortles were made to determine.

‘hydfographic conditions concern%ng terpérature and salinity‘

of the fish¢n§ area, and we found an out uand*ng stabllity.

in these variable ratios durinc the whole year.. Sorties

© pesults are shown in Table 7 and Figura 13 and the water

:tempgrature to catch x atio for the March to December period

'”LfAis shown 1n Figure 1h




30/22

Merch 1962  ° . April 1962 = . May 1962 June 1962
July _ ~~ August ~ September  October
“FovemBEFT7;' :—; ‘December ~ January 1963 iMarehul963

Figuredl3:f, Temberatﬁfe temdeptﬁicherts of the flshing .
area, during the March 1962 to March 1963 |
perlod _

: Je3
Lines 1inking the isothezmlc p01nts of 20 25 and 27
degrees centlgrade at depths where they were found at
each sortie were traced as nell as the catching depth

of swordfish caught by the fishinv vesgel hired for these
months. As ean be seen, there is no relation whatscever
between the vertical distribution of these animals and
the water temperature, at least concerning temperatures

" over 20 degrees centigrade,

"{ It'can be“said that-the”s§etem ﬁeed to find out
the catchlng depth is not very accurate and frequent ob-
servatlons were made to verify the right 1evel reached by
A hooks used 1n thls type of gear. It has been trlea, up
to the maximum p0551b1e, to detefnine 1f the droppinc line
Aforms an angle with the verticel in days when the current
is stronger, with negative results. It is»true that the
line mst form a curve during fishing eperations, specially
_at deeper levels but the fact of be*ng a dlscontinuous
and drifting gear in which each 1ine is her by a small
”wooaen buoy,"must contribute to keep that curvature to &
K.minlmum and even. if it estts the ceuchlng defth determi-

nation should te aceeptable. g

N

“““““
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March April May . June July August Sept, Oct, Nov. December

(See orlginsi text)

Figure 1k, Isotbermic lines of 20 25 and 27 degrees C,
during the period March to December, 1962, and
catchinc depths of pilot vessel du;ing same
period.

We have trwed several times to get an echo by |
_‘using a- Fi°h Finder depth souncer model JRC m_ﬂe in Japsen,
ith negative results. Apparently the sound rellectlng .
surface formed by the gear-balt line complex is uOO small
to create an echo, despite the fact that this type of

equioment has a selector for different depths, adeguate

- for our flShlnb 1eve]s.

After an analysis of metbods used we arriveiat

Niéttthe follow1ng conclu31ons. The seordfish presents in; -

32




.our<water a well deflned ooncentration area, the

'causes of which are unknown to us, although we have been
able to eliminate gome ambiguous facts which”have beenn

thought to cause this behaviour, such as tempersture,

o’ moonlight, etc..which seem to haﬁo no noticeable influsence

" on this distribution., Salinity, another factor which

may have some influence on its beheviour;'does not vary

much in the fishing area: as it changed form a maximum"

: 1 '
of 35,25 per thousand at the surface to a minimum of 33, 63

per thousand at a depth of 300 meters, durinc August;

but the rest of the year the salinity did . not go below

35.00 per thousand at that depth, In Figure lh the
fsohaline were not determined because we were unable to

find the elightest causality relation between this variable

" and the veftical distribution of the Emperasdor (swordfish)

and its insertion would give a misleading effect in the

graph,

MIGRATION

At the precent time there are two theorles abouu-

»the swordfish population and its movewents._

The most generally accepted one states that
swordilsh, at least Jestern Atla1tlc SNOPdflSh form & .
group which migraue together at the end of eacb season

and this theory is based on the appareit migratlon of

swordfish from South to North in the Great Banks‘area at
'the end of the summer. The two large concentrations in
_this.erea and in waters near to Cuba during summer and
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The other theory ﬁaintains that the Atlantic
sword;ish do not’ form a single migratory group but form

different population units (Gabrlelson and LaMonte, 1950).

TABLE 8

"Weight‘(ﬁfibgféméjffemaleé~and ovum of the

. swordfish (Xiphis gladius) =

Date . 7 Full weight o " Weight
of . Ti. of the of -
Catech -~ " " animal - = - Ova
October - 1963 _ 87.09 1.81
C May -~ 1962 75.30 2.27
February - 1963 101,61 ly.08
- September - 1963 e . 96,16 5.90
~ November - 1963 = 100.70 o : S Te71
Bugust - 1962 - - 134,72 _ 10.43
May - 1962 136.99 S 23.59

During the preparation of this work we have
foﬁnd saveral facts supporting the first theory, althoﬁgh'
it must be recognlzed that some facts are against the =same,

The fOIIOW1ng facts support the flrst theory-

'd‘a) The swordflsh dppear n the Great Banks waters

ﬂpa+ the beglnnlnc of summer and disappear in ths feall,
if‘thus the fishlng season starts in June and 1a°ts till
;pSeptember. f;*'f h Av_ _ | »
| b). Although the swordfish is caught ip Cuban
Awéters th“ouvhout the year, the maxirum concent“atlon
ocecurs in winter, when the catﬁh is larcer uhan in the
summer o

c) During the w1nter senson, nales and females

‘3iffare cougnt swimmin _*“ couples.‘ The .ova. Of the fe &3

3u
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' Pdpeyanq,'Serieé B, Yo, 1; Plate II

R APy SR TN S

Cateching areas of the Emperador (Xiphis gladius) in ..

- the Atlantic Ocean, the Gulf of Mexico and the
- . . . Caribbean Sea. '




o 35728

Popeyana, Séries_B ' . .. No. 1, Plate III
. - N

R
- _?‘LOCation of Emperor (lehias gladius) larvae in.thé
: Atlan*ic Ocean and Gulf of Mexico.  e
e . § . _ .
: ?
;
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 are very well developed, although in different |
stages (Table 8); ovules, averaging 0,60 mm, in dia-
meter inside a 936 vfams ovary, have never reached the
"‘spawninv size which is attained in the Medlterranean.«'.
- d)_ Reports on swordfish catches including
-Athe reoent ones of the North American vessel “Deleware
in the Gulf Stream and the central North Atlantio, by
"long drifting line, and others shown in Plate II, could
be & perfeot expre331on of the migratory movement of
this speoles oon31der1ng the dates and 1ocat10ns oi these
catches, Tnis species hae a very extended population:
but of a very.lon density which makes its spawning trip
against the general plan of the water circulation (Canaries
stream, Gulf stream, Northern Equatorial and Bahamas Stream).
o) Supplementing this theor&, the location of
snordfisb larvae in the aforementioned areas (Plate III)
indicates a spawvning in the whole area which could be oaused‘
by the female migration passing through the Florida Strait,
near our coast with the females' ovaries in differsnt stages
of development 7't- ,-;-“;f' | : . o
| 1) This theory of the' spawnlnv migration fron '
North to South would be stressed if the wounds and scarsi
‘Mnoticed on the tegunent of adult specimens ceught in Cuba
would have been caused by some Cyclostomata soecies.‘
g) Fishermen with many years in tne trade hold

the opinion that swordfish, espeoially large‘speclmens,'
-always swim acainst the current, and their catch“is influenee

to a great extent by chanées in current speed and direction,

N These chances can be oaused by the displacement of the

i body of water of the Gulf Stream, approaching or receding

B ~ :.:,.. 37 A
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fromgthe-Northern Coast of_Cuba, possibly'caused by

' ﬁinds or another.nonidentified cause." When the Gulf

Stream recedes from shore, 1t is replaced by a reverse

;current in the opposite direction which generally is

" very poor in swordfish and other large pelagic species.

To oppose this theory tnere is the fact that ;""

-there is no evidence of any ss)rdfish being caught havinv

on it remains of harpoons or scars Whlch could be assumed i’

.to be caused by thls type of flshing gear, generally

"used in the ‘Great Banks area.. (Tibbo et al 1961).

If these assumpulons were certain, we would
still have many unknown facts concerning thls specles,
such as the origin of the speclmens cauoht here, averaélné
160 em in length, which 1n_view of their age have not
reached the spawning‘stage and are aged at 1east over
two years, judging by the growing rate data of those

specimens from the Mediterranean. Another question still

unanswered is preciselyvthe growing rate of the species,

and the answer. would help to solve the great unxnown fact

-about the ssordfish (Emperador) whose llfe cycle is one

of the most inte;estinD problems at present ralsed in marine

blology. S
/26

FISHING ASPECTS '

Swo“dflsh fishing is done from small boats averavlng

25 to 28 feet in length up to a meximum of 35 feet' posered

by gasoWine engines and more rarely by diesel englnes,

they ‘are open boats wlthout cablns whlch Leave the harbour

h_>between 1800 ard 2&00 hours and return to it beuween 0900

. .. “38'-
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*rcircumstances such as the strength of the current encoun=
-tered fishing gear used, etc. . Up to 1962 ‘the fishing

gear used was the -creole drifting line, composed of

independent sections having each onejthree, ‘four or five'

‘hooks and being held afloat by wooden buoys. The gear

—mdiscontinuvty prevented the use of a large number of

 hoocks and tne average nunber of hooks used by each boat

was of about h8 or 12 sections of fOur hooks each, From

|

that year on fishermen started using the long drlft line,_

Japanese type, whlch “having from Iy to 6 miles of length
permits the use of over 200 hooks which undoubtedly

increases catching chances.

Although the main catch of this gear during the
' winter»months‘is the Emperador‘(swordfish), it is used

in other months to catch other fish of commercial valus,

such as"marlin" (Makaira), White Snear Fish (Tetranturas)

and several types of shsrks, of which the skin and fins
are mainly used and also its flesh or meat in the case

of the Dientuso (Isurus).

15 iltiﬁffpiff g g

fathoms ‘ -~ fathoms. - © fathoms
ko S g0 j::' Lo /20

.'i'Figure 15, éreole_drifting line5‘used'on‘clear nights, -
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CREOLE DRIFTENG tiNE

L This gear has traditionally been used by
'flshermen of pelagic ‘fish in the waters of the Nortbern}

‘~.-

'Coast oleavana Province,

_ It con81sts of a drlftlng gear formed. by several
indeoendent sectlons (Fig. 15). Bosgs,.gepenQ}ng”oox;;mv,
their 31zes, can carry frOm 10. t0“18‘secfions; each oheii.
composed of a main Jooden buoy, s SO cm.be 50 cm. board
with caulked j01nts to make it watertight. Lately a
similar board, made of wooden. strips mounted on a 1ight

‘material, such as polyfoam or cork, has been used, (Fig. 16)
This'latter;type~has almost displsced the conventional |
'bosfd, because oflits;ligbthess snd:easyvhandling; It
hss.s central perforstion where a one-meter, more or
less, mast with a pennant and bright 1ight is placed. The
main line, made from No. 300 cotton twine, is atuached to

. /\ a iy
the bottom surface of the buoy and every 15 yards it is ’.J

i
=

i

connected to a simpler buoy, made of a light wood, such
as cedar, oblong in shape which holds the gear.. From

feach-one of these small buoys, three or four for each

" main buoy, hangs a cord- normally No, 1hh cotton twine,
>‘called "b"azolada“ (apchorlng dev*ce (sio') ending in
:a galvanlzed iron or stainless steel piece of w1;e, from

-

which the hook hangs.

: f_i : | .b‘ . The bait, mainly’Lisa (mugil) or Macabi (Albu}a),
' ‘is carefully placed and tled to the shank of the hook in
'%i-ff, ‘ fi. such s wsynthat it is‘very difficult for it to get loose.

‘"?f The Bravoladas (anohoring devzces) hangino from

.>~§;Leach buoy are of a varlable 1ebgth .making 1t posslble to

}fi::fish at the desired depth.

..130
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As a rule, the coaming length is deLermined

by the phases of the moon, in other words the catching

depth depends on the.lightness or darkness of the night;.

when‘there is more light the line is deeper than when

there is less light and so the 1engfb is shoftened when
'the moon is changing from full noon to wanlng moon and o
- new noon._ The deepest anchorlng device normally in use .

is 120 fathoms in lenoth whlle the shoroest ‘one is 10 -

fathoms. “As an example we should eay thatﬂa typieale

"section, composed of a board and three buoys, is eqﬁipped

on & full roon night with 120 fethoms of coaring in the

- last buoy, 90 fathoms in the second and 60 fathoms in the

closest one, while on 8 new moon night the laat buoy has

a 30-fathom comlng,.the second\has a 20-fathom line and

. first hes a 10-fathom line.

Pigure 16. New board for drifting lines.

' Fishlng is done during the nivht the boats:

e 1eaV1ng the harbour at 1800 and 2100 houls. Whep ‘they

ﬁﬁ'arrive in the chosen snot from two to four miles off

AT
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tho coast, they‘plabce their drifting iines;;érpeﬁ:dicular
“to-the'coestiine. As sectione are_indenendentvand,are_
: not affected to the same degree by currents and ninds;
‘they spread snd must be taken in frequently; If a large
u‘8peclmen is caught by one of the sections it cen immerse .

<and momentarily sink the buoys in its flight and the

bright 11ght on top of the Fain buoy will be off. When

ﬂ

n
[

- the. crew notices that the drifting 1ine is missin
although 1t only remains underwater for a short period

of time, the boat looks for the_prey and works‘on it to.
put it on board, Soﬁetimes the flight is not vertical
;'but lateral or unwards and then a faet surfacse dlsplacerent
of the drlftinc line is nonioed meanlno that a specimen '
has been oaught.- The returning~hour varies from 11C0 to
1600 hecanse when theiday arrives fishermen wait outside
the barbour for varied 1engthe of time, depending on the

weather,_roughness_of the sea snd number of fish caught.

" As the bait lasts in the ioeubox of the bost for three or

four days, it ~is usual to make sortles on Several conse-

J
cutive days, as many as the remalning balt and the weather
permlt and after a rest more balt is prepared and then'

_boats 8Te ready for another flshlng cycle..

_ Wheﬁ boats arrive et.tne Cooperatlte w1th ‘their
catch (P’ate V- 1), composed of Emperador (Xiphlas gladlus),
White Spear—fish (Tetrepturus albidus), Blaok marlin
(Meka*ra ni vricans) Balck Spear-fish or Fan‘(HistiOphorus
Sp.) and several types of high sea sharks such as Alecr1n
(Galeocerdo ouvierl) Galano (Pterolamiops 1onginanus)
.Baboso (Eulamia floridana) Dlentuso (Isurus oryrlnchus)

"fand OthTS’ the catch is cleaned and kelohed except for

[
i
1
{
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the sharks (Plate V-2), The wastage of fish; after

removing the head, tail, fins and internsl orgens,

‘ averaged at 30 per cent in a sample of 96 swordflshes,,

although as can be assumed this factor is not an accurate

one because it depends to a 1arge extent on the skill

of the person dolng the - job '\ T J29
LONG DRIFTING LINE (JAPANESE TYPE) -~ -~ .
ThlS gear, such as used in-our‘waters to cateh

swordfish spearflsh marlin and sharks has the same basic

de31gn 8.8 the conveptional drlfting line developed by the

- Japanese for tuna fishlng although much shorter (Fig. 17).

It is composed of a cotton cord No. 300 or 81milar synthetic
- £idbre), called main line, held up.by spherical glass buoys,

traditional creole boards, 15 cm. plastic buoys tied up

to the msin line by cofds, called ﬁreinales" (twines).

The main line isxfrom_u to 6 m@les in length and from it
hang 150 to 2QO No. 12 hoohs,‘joined by a 5 to 10 fathom
comaing. The hook distribution, the lehgth of the twines
hanging from the buoy and -the coaming length vary accordinv

to each flsherman's preferences. ‘Almost all give a length

“of 5 to 10 fathoms to the tw1nes hanging from the buoy

80 the main line can be submerged to thls depth and be

-free from being out by the propellers of vessels sailing

-over the- drif 1ng line. To fa01‘itate the drlftlng line

-

assembly, the main 11ne is not continuous, but is dlvided

into different sectlons which_can be assembled when plscing

the gear,

Once the boat is on the chosen spot, more or less

- the same as when using the creole driftingvline;:the first

" buoy is4p1aced;ih position sud‘the;boat is sloulyfdriveﬁ;.”
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'~ POPEYANA, SERIES B No. 1, PLATE IV

- !

Placing the bait.
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POPEYANA, SERIES B

1,
2.

3.

nva

No, 1, PLATE V .

Boat arriving at the harbour with its catch,
Cleaning the fish at the cooperative.

Swordfish's head still hooked and cut by a shark.

A Y

Figure 17. >‘Lpng driftingiline; Japanese type. .

dth-
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"in the dedsired direction, As tho boat salls ahead

'slowlj,‘thé crew thfows out the BuOys, coaming, and main

line until the“whole'geér is in position., This operation

takes approximately two hours,vdepending of the drifting .

"~ line length. Once the driftlng line is in p081tion,

the buoy lina is checked from tlme to time to verify if

,.all buoys are. afloat If some of them are sunk, 1t ‘means

that a fish was cauoht and then this section is lifted

the fish. caught and brought on board and the section
rearranged. This method is reCOmmended as sharks fre-
Quantly attack the hooked fish, seriously damaglng it or
sven leaving only its head attached to the hood (Plate V 3).

Generally spesking areas and hours are 81milar to ‘those

“used for the oreole driftlng line. ,

~
o

EXPERIMENTAL FISHING

COHPARATIVE ELEMENTS OF THE DRIFTING LINE

- - The Japanese type drifting line presents the

following advantages over the Creole drifting line:

‘a) More hooks per area and thoreforo; bottef
chances of catchlno flsh. | i | | |

b) Bett con rol of the f*shino goar which '
does not spread 1tself over & large area, -

c) More hooks in the nost productlve aref.,

It offers on the other hand the followwng

disadvantages'

;.L~ a) It requlres more bait and Lherefore it 1s

more expensive.-j;]:py L

-
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"hours. Results of th;s test are shown in Table 9.

46/30,

b) It requires more work in placing and

lifting the gear. p' S T

ot c) Its production cost is hioher.

Analyzing these factors we arrlve at tbe

conclusion that the recommendatlon on its use must be‘

_ governed by its yield In order to nake - a rational

comparlson between both fishlnv gears, we. declded to send

Aout two boats, of the same sive, equipped with theim

Creole driftlng llne and the other Wlth the long drifting ‘

line, Japanese type, durinc the month of September, doing

the seme nunber of sorties and averaging simllar flshlno

f . The boat equipped with the Creole drifting line

caught 2,270 pounds of marlin and.spearfish 618 pounds
of swordflsh and uo pounds of shark with a total value
on pier of 8&3 52 pesos, whlle the other boat caught 1 11&

: pounds of-marlin and spearfish, 1,550 pounds of swordflsh

Land 2 85& pounds of shark, with a total value on pier of.

200 66 pesos.

: ?he'gnantitative difference between the two gears

is quite clear and it is mainly due" to the _larger number

'»pof hooks and larger area covered by the 10ng drlltlng Tine.

The qualltstive dlfference is also clear, mainly in the

different types of sharks and can be imputed to the dlfferent

depth of ‘the hooks, as previously seen, which are shallower

“in the case of the long'driftingkiine.1 According to these
facts, the long driftlng 1rne, Japanese type, yields nere
;”than tne Creole type and therefore, other considerauwons

- are incidental _and based on a higher cost and more work ~

ST
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*!i o 'involved in 1its placihg.. Results prove its higher
-  "; - 'yield which compensates for its higher construction _" e

‘cost and also prevents the loss of one or more section, -

as frequently happens with the Creole type. Therefore,

| ."' “ the wide use‘of thiétfishing gesr is highly recommended.
TABLE 9
i. %?.n;“eAV _';‘. COmparlson between catches by Creole and long drlftlng"

lines in 20 equivalent fishing sorties. (in pounds) !

~ Creole drifting _ Long drifting 1ine
Sortie ’ © . 1line . '

shark/ﬁarlin-Spearfis /Swordfrsh Shark/Marlinﬁspearfish/ -

Swordfish

Total

TABLE 10. - . S /31

Total cost 908,03 pesos

Operatlng costs of the pilot boat from Apr11 ‘£to October, 1962

Feriod of S - Gasolinse 0il1 - Bait = Ice
time ' ' :

April 13-May 6 o $ 24,90 $ 1.38 $ 28.77 ¢ 3.02

May 7-June 5 ‘ 419,35 1.71 59.93 5.03

S June b-July 7 . 68,85 2.90 103.36 8,01
.-+ .. July 1ll-Sepbember 18 82-&3 3.0, 234,07 15,10
-_ . September 19-October 25 . 65.27 .- 1.52 139.18 10.21

;‘i-tier51??;'TQTALJ.5;f?fur7 .f;ftif. $ 290.80 fff"sﬂldggsi $565.31 $U1.37

S




e . ECONOMIC ANALYSIS OF THE PILOT BOAT - . -

' Aé’ﬁé wére unable to,éet informationvén the
\operating cogt of a éooperativé fiéhing fiéet‘we refer
'in this part of the paper to the cost incurred by the. .

boat ‘especially hired to do this research from April
to September whlcn,"although it is not the best fishlng
season for swordfish can be a good example for this

' I ‘l_ type of flshing, if we COnsidéf-£hat othsr 8peoies‘éuch:A -QE4
as the marlin and the spearfish caught 1n summer have a | | A
31milar economic value as the swordfish, Table 10 shows
“fishing'expenSGS and Table‘ll.showsifhe result-ln the same .

period of time and actual fishing days, °

From the study of this informatioﬁ we havé reacheé_
° . ' the conclusion that the daily coét of a boat eqﬁipped with
. a drifting line is 9.26 pesos_divided in the following.
pgrcentageéfi'gasoline 32;03%;.bait‘62.33%;v0i1 1.08% |
! _ and ice L .5L&. »The lérgest.cost item is the bait because

of the large numEer of hooks used.,

During the same period 206 specimens were caught,
.-divided in the following way: swordfish L7; marlin and
'speaflsh 100' shark 57, weighing a total of 19,299 pounds

and hav1ng a value on pier of 5,033 53 pesos._

. -~




XV
TABLE 11 - S

Pilot boat catch from April to October 1962

: — e \
' Fishing Swordfish Marlin-spearfish- ~ Shark

Month days Specimens-weight Specimens-weight -  Specimens-weight
. (1bs) (1bs) . (1bs)
April 8 5 874 2 410 T 181
Moy I 2087 17 - 1,10 15 6,2
. June . 18 . - o 28 2,032 16 1,099
July 8~ - - 17 - 1,24l L 242
August 12 9 1, 010 L 56l 5 . 370
ug 6 618 19 2,379 2 | 1o
September 20 N , 16" . _ RSV .
. October 18 - 13- 1,147 13 | 1 h75 - 11 1,663
TOTAL 98 17 5,836 100 9,226 - 57 . h,z237 ]
) o /32
: V - The net profit attained by the boat crew dufing
3 - this{period of time was of U4,095.50 pescs, showing an
o ' average net profit per sortie of 11,79 pesos, These

figures do not include maintenance expenses and depreciation

of the boat, as well as boat outfit expenses.

J R S N

NEW DESIGN DRIFTING LINE

As a result of the study of the vertlcal distri-
bution, a- long drlfting line, coverlng adequately the most
'productlve leyels, was d581gned. It is adaptable to all

tjpes of vessels as it is made~ofiequal sections  of 100

fathoms sach, The total length of the gear wili vary
depending on the number of sections used and will accommodate

‘boats of any size,

. In brief, each section is compoqed of the main

c llne (100 fathom long) from Wthh hang four tW1nes placed

25 feet auart The first, second and iourth are’ 5 fathom

. G-SO
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long and the third is 25 fathom long. In this way,

.when the main line forms an erch in the water the four

hooks of each section reach an approximate depth of 10,

20, 45 and 20 fathoms respectively, Fach section end -

" is connected to a buoy or board, equipped with a mast

" and pennant, by a'S-fathom tip (rod). Each drlfting e

11ne head is equlpped wlth a brlght light to determine

the beginning and end’ of the flshing gear.. The first and
|

Alast hooks whieh hang from the buoys have a 120-fathom

ahehofing device to prevent the tendency of buoys to close .
together by the pulling down effect of the main line's

<

ve ight-

EXPERIMENTAL FISHING

Resnlts appearing in Tahle 12 were obtained
during the experimental fishing sorties performed to

study the possibilities of’enlarging the present fishing

area., From these results we have arrived at the conclusion

that West of the present fishing the fishing yield is
sery high.and'also that it is advisable_to change the
present sjstemiof'dailﬁ sorties and arrivals:bj anothsr
by which boats conld nemein in theverea'for a longer

nnmbef of days in order to enlarge the fishing area and

~keep the fishing gear immersed for a Ionger period of time,
This is obvious if we comoare the economic results of the
aforementioned fishing campaiuns in which 8&3 52 pesos

" were attained in 20 days by using the Creole drilting line

and 1 200. 66 Desos by using the lonc drifting line durinc

the same time, whlle in six days of flSthg 1n the new area

‘ the economic results amoudted to 1 753 33 pesos. This

means that presenuly used vessels because of;their speci-
flcatlons, cannot be used with this new method as vessels

..51
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of a iargéf cé£ACit&:havihg’haVigational, storage

and comfoft:faciiities fér four or five day:cruisés

;"q ..are‘ﬁéeded;'gAécdfding'to the experience gatheréd‘during‘
tﬁesé fishing ﬁfips, the type of Qessel to be used must

- have these minimum specifications: length, about L0 feet;
‘suffiéient froe space on the stern deck to_mount a capstan
and to handle é‘six.toleight.mile long drifﬁihg line; -
10 cubic metefvfreéier;.fécilities for four or fi?e crew
members; fuei;oilAehgine; rédioltelébhonq_and LLoOo ﬁilé | -A‘ |

range., i S ‘ o .

TABLE 12

Three experimental fishing trips using long drifting lines
. during March and April, 1963, with a total catch of 9,575 1bs.

Fishing Area ~ Hours of Sharks . Swordfish,marlin and
(Pinar del Rio- .- actual _ Spec. Weight spearfish
Havana) fishing ’ - : Sepc., - Weight

. March 13 to 18 trip (3 days used in looking for bait) |

Punta Governadora-

.. *Santa Fe 16,54 S 4 2,021' 6 : 649

:~ Punta Governadora- X 4

© . Santa Fe 10.54 6 915 6 269 .
TOTAL ~ 27.48 : 13 2,936 _ 12 918

. March 2429 trip (3 days used in looking for bait)
Puerto Esperanza- - )

Santa Fe - 18.u5: | -8 2,219 L L5
Puerto Esperanza- = . - A , : U _ _
Santa Fe L 19.45 b 1,112 L 354

TOTAL » 38.30 12 - 3,331. .8 799

‘April 10 to 14 (2 days used in looking for bait)

f‘Cébanas— . : o - .- : : ‘
i Santa Fe 18.40 L 718 . | 70

Cabanas- : L - B S -
Santa Fe _ 20.10 3 293 _ 2 510
TOTAL - 38.50 7 ap1l 3 580
GENERAL TOTAL 105,08 32 7278 23 2,297




-
-

1.

3.

ke

.S.'

52/3

 SUMMARY.AND'RECOMMENDATIONS

_ Among the differeht types of short rango fishefies_

carried out in Cuba, one of the most productive is

~ that of the swordfish, whose 1ife oyole stlll constitutes .

an enigma, °

In the swordfish growth three stages can be. clearly

distinguished: 1larvae, youth and adulthood., The size
‘of a swordfish when it pasgses fromg1arva81Q0”thBNYOuth'

'to the youth stage is from 30,5 cm. to 111.8 cm, and

from/11.8 em to 137.2 cm when it passes'from youth to

adult.,

. During this’experimentai fishing we caught.a larva of

7,60 ym. on the surface, to the North of Cabana, Pinar

del.Rio‘Province.

Adding the Iinformation obtained during this study to

that préviously known about the location of swordfish

~1arvae we cen reach the conclusion that the actual sword-

fish spawnin area is muoh 1arger than 1t was believed
to be, as 1t spreads from Florlda in the West, to Casablanoa
(Africa) .in the East, surrounding the South of Cuba and

the Equstorial Atlanticidoean coinciding with the general

- oirculatioo pdttern of the currents of that area. This

‘contradicts the theory that the waters of the Northern 4

part of Cuba could be one of the main swordfish spawning

areas.,

The swor dfish has pelagio habivs although sonetimns it

__.enters the insular platform in search of fooa.‘ Its

'main oietary source is the Brana brama fish, followed by

cephalopoda and, on a smaller soale, orustaoeens.

"=.53
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oarasites of different species.

-helminthes and annslida,

‘average 160 cm. and it is mainly composed

,] that of the male.

53/3kL
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The swordfish is a habitual host to a large number of
Its'stomach is elways
full of parasites such as nematelminthelminthes, blaty-

Occasionally a copepod of

‘the Pennella genus can be found externallj vhich deeply

penetrates the subcutaneous musculer tlssue of the fished
B931des being host to remoras, the swordfish frequently
has oblong wounds, assumed to be caused by a CyclostoPa
it would prove

spec1es. ir thls assumption were true,

the p0531b1e mlgratlon of the swordfish from the cold
waters of the Northern Atlantic to our waters, as these

cyclostoma.species'do not live in our 1atitqde.

From_the study of the populatlon by size, it can be

inferred uhat the sworaflsh population in our waters
of young adults,
although from time to time some specimens of 200 cm,

in length have been caught.

There are two well differentiated swordfish fishing

seasons: - winter and summer., In summer the catch is

limlted while in w1nter, speclally from D°cember to March,

the 1argest part of the annual intake is caught, malnly

N because of ‘the abundance of swordfish,

zhé swordfish popﬁlation distribution by sex is different
to ﬁhat_obserﬁed in other latitodes. In our fisheries
both sexes were preeent, although the male:populatiOQ was
mich bigger than the female popﬁlation end it was found
out that the average size of the female is larger than
Therefore, the swordfwsh populatlon

in our waters is composed of a larae majority of young

sy
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males and a few large adults and a more limited number

of females, sometimes of a very large size. This dis-

tribution remains mofe br less invariable in bbth fishing

Seasons.

The swordfish population in our water offers, as a whole,

- a_1.315 K factor whichﬁevidence, given its high relative .

value, a voluminous soma.-_Differentiating by sexes, We

get a value of l.hEQ for females and 1.270 for males,” In .

general, a progressive increase in value Qf K factor for

both sexes is noticed. Taking into considératioﬁ-both
fishing seasons, a great similarityvin male4and female
averages is noticed; 1.463 in winter and 1.431 in sumﬁef.
for females and 1.269 in winterﬂénd 1.270 in summer for
malés. AnOtﬁer indication of the constancy of the K factor
value is the degree of utiiizationzof ité environment.which
does not show periodical_décillations in our waters as
happens in highéfvlatitudes, where differences Between_

season are very noticeable,

Considering the populstion as a whole, the swordfish

foi;ows a well.defined~vertical_distribution in our wafers;

" as it prefers the zone between the surface and a depth

- of 200 meters the maximum concentration of specimens being

12,

in the first 100 meters of depth, with no distribution

patterns by malés; females or sizes.

Experiments performed cshow that the swordfish, against

general belief, has no negative phototropism, at least

" %o moonlight, since the highest catch percentages always
" happened in the upper layer (0 to 100), with no relatioﬁ 

‘whatsoever to moon -phases,

Results of this»study contradict the assumption‘that'the 

’swordfi§h:conééntration in certain levels is influenced
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by water salinity or temperature,

During the course of this study several facts appeared

supporting the theory that the eastern Atlantic swordfish

_ population forms a sole community which migrates according

- to sessons,

15,

16,

17.

18,

The Creole drifting line was the fishing gear traditionally
used in Cuba. The long drifting'line, Japanese type, .
has been recently introduced.. Although the main catch of

this fishing. gear“is the swordfish during the winter

_ campaign, other varleties such as marlin, gpearfish and

shark were caught during the year,

The analysis of experimental fishing results; using both
drifting lines, shows the great superiority of the long

drifting line over the creole type, so that the use of

the first is highly recommended.

- A drawback found in this type of fishing is the short

life of cotton lines,  This difficulty could be overcome
by using'synthetic_fibre #,  such as‘“Dederon" or by

trying more effective ways of lines preservation, Another

.‘inconvenience is the high cost'of the bait‘used. ~Thers~‘

fore, it is recommended to study the possibility of using
artificial bait, substituting totally or partially the

natural bait., | o |
As e result of the swordfish vertical distribution study,

a8 long drifting line, adequately.covering the most productive

levels and suitable for any size of vessel, was developed.

" % The single thread "Nylon" is not recomnended because

_ of 1ts entangling tendency.
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- on swordfish'érowth.

in our country, meets these requiresment.

56/36

Results of the expefimental‘fishing'campaign not only

show that areas West of thé presently used fishing area

are highly productive, but that it is recomﬂended to

-change the present fishing method with its daily sortles

and arrivals, by another of longer days at sea in order

»

" to cover a larger arca and keep the fishing"geér in the .

water for a longeb period of time,

Taking into consideration the possibility of extending

the fishing area,>we can say that the vessels presently

used are not fit for the proposed fishing method as it

requires bigger boats, with storage, navigational and

comfort facilities to cruise during four or five days.

- We must point. out that the Cardenas type boat, now built -

these sp601licat10ns can fish at any point of the area

between San Antonio Cape in the West to Varadero in the

East, prooessing and keeping the catch until its_delivery

at any harbour of the area, for its final distribution

or storage.

We mustwcontinue Sﬁr résearéhvto dbtain more information
This will include the intensive

taggipg of larvae. and young sp601menb, the study of their

'age, by’ the hard parts of the body and the macroscoplc

and microscopic analysis of sexual organs.

A boat having‘




