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SUMMARY

Sex ratlo-at-eize information from over 2,000 swordfish will be described.
Date are stratified by five geographical regions and 5 cm length increments.
Differences in eex ratio at size associsted with hypotheaeized latitudinsl and
temporal effects will be dascribed. An hypothestis for a size-tempersture madinteé

physiological mechanism relsted to feeding will be presented.

RESUME

L*information eur le sex ratio par taille sur plus de 2.000 espadons est
déerite. Les données sont stratifiées selon 5 secteurs géopraphiques et des
intervalles de taille de 5 em. Les différences du sex ratio par tsille rescclées
2 dea effets hypothétiques latitudinaires et temporels sont décrites. L'hypo-
thése d*un mécenisms physiclogique médiateur taille-~température 116 au trophisme

est présentée.,

BESUHER

Prata acerce de la proporcién de sexcs por talla de més de 2000 peces
espeds. Los datos estdn estratificados en 5 zonas geogréficas e incrementce de
tallae do 5 cm. Se describen lam difsrencias en la proporcién de sexcs por tallas
agociades s efectos lastitudinales y temporales hipotéticos. Se presenta una
bipétesis sobre um mecsnismo fisloldgico mediatizado por la talls-temperatura

¥ relacionado con la slimentacidn.
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INTRODUCTION

Early studies of harpoon captured swordfish in the
western HNorth Atlantic indicated that they wers primarily
non~gpawning females (Goode 21883, Lee 1942, Rich 1947).
Tibbo, Day =and Doucet (1961) noted that for the Canadian
fishery, “most, 4f not all, of the prosant catch is of
fomales*. Exploratory longline fishing by the U.S. Bursau of
Commercial Fieheries in the late 1950's and oarly 1%60’s
captured significant numberw of males for the flrest time
{(Wilson and Bartlett 1967, National Science Foundstion Grant
Report G-1%06). Data from the northweat coast of’ Cuba
(Guitert~Manday 1964) indicsted differences in s&x ratios by
size and betwesn sreas sad messons. Subsagquent studlas
(Barkeley and Bouds 1981, Barkaley and Xeby 1982, Ruriey
1982, Radtks snd Burley 1983, Stillwell and Xohler 1985,
Wilson and Daan 1983) confirmed verisble sex ratios in the
western North Atlantic and zummarized observations in alther
numbers or percentages by length or weight intervale. Hoey
(1986) combined original data from the precesding studies
with unpublished records from NMPS sampling and observer
programe for uss in assessment analyses., Comparable data were
collected from the Spanish longline fishery in the asastern
North Atlantic by Garcla end Mejuto (1988).

The predominance of femsles at larger «lze® has bsen
sttributed to sexually dimorphic growth, differentisl
mortality, differentizl avsilability, or & combination of
these factore. Anelytical aseessments developed by ICCAT
have relisd on generalized growth equations to assign sges to
the catch, rather than oseparste functlons for each sex
{Anonymouws 1990). This haa reised concern about the sccuracy
of fiahing ‘mortality and population wsize estimates from
Virtual Population Analyses (VPA). glven that errors in age
etasignments result from tha simplified growth model. Suzuke
and Miyabe (1989) developed meparate catch at sge tables by
sex and the resulting estimetes of fishing mortality wers
lower than thoss derived ueing the sverage growth model. The
results wera confounded with changes in sge salectivity
patterns. Restrepo {[1%90) investigatad the affact of aging
arrors and blas in VPR's using simulated dsta. Regulte
indicate that thae amount of bise is sensitiva to the degres
of dimorphic growth.



Sex vatio size data from the western Worth Atlantic will
ba updated (Hoey 1986), including additional records from ths
central North ARtlantic and initial reports from tha Ceribbsan
fishery. Differences in sex ratioc at size by arsa and season
will be smphasized and compared with eastern Atlantic data
{(Garcia and Mejuto 1988). The wsex ratio =sizse data will
provide insight for VEBR interpretation.

WATERIALE AND METHODS

Ovservations were collectad by ecientists from the
National Marinsg FPisheriss Service (NMFS), the Bureau of
Commaxrclal Flsheries (BCP-KMFS predessor), and Ses Grant
funded bicloglztes from Universities in PFlorida and South
carolina. Additional records were obtained from the Canadian
Department of Fisheries. Samples wsre opportunistically
collected on rapsarch and.commercizl fishing vessels and at
recraestionel Yishing fournamente. Although datas was
collected ia 1970 and 1972, most sampling orcurred from 1977
through 1%8&.

FPor each fish asmpled, the date, location and y‘nar were
racorded slong with up to 7 langth and 2 weight meseurements,
sax, and other mnotastions. Origlarl measurements and
appropriate units (lbs., Xkg., inches, om.) were recorded.
Records were used if they included sither 2 wessured lowar
dew forks length (LIFL) or & measured dressed welght (head,
gills, ¢flne, viscera removed). Dressed welghts were
converted to LJFL using the fellowing eguation developed by
Turner (1986):

LIFL » 44.2237 x (DWT) xx .29257

Numbers of swordfish sampled were compiled by Scm intervals
of LJFL. Results are presented for 5 arsas in ths western
North Atlantic. The boundaries for the areas are as follows:

1. Caribbgan Ses -~ Latitude <20 K -~ Longlitude <82 W

2. Gulf of Mexico -~ Latitude >20 H - Longitude 82 W

3. Southeast U.S. - Latitude >20 N and <35 N - Longitude <82 W
4. Mortheagt U.5. - Latitude > 358 - Longltuda »65 W

5. Northwest Azores - Latituda >3% N - Longituds <63 W

RESULTB

Length (LJFL) or weight measurements were recorded for
2,206 swordfiash with 52% male and 484 female. Although the
observed overall masle: female ratic L& not significantly
different from 1:1, variability wae noted by area (Tsble 1).
Hales wers predominant in the Caribbean and off the Southeast
U.S., whila faemales ware pradominant in tha Gulf of Hexico
and off the Northemet United Statse. Northwest of the Azores
{Grand Banks) the ratic of meles to fsmales waz not
®ignificantly differsnt from 1:1 (47% vz 53%) bassd on chi
gguared tests.
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Sampla obeservations are genarally clustsred scross years
and arsas (Table 2}. The 1370 first querter sample dominates
the data from the Gulf of Hexico, although the sax ratio for
more recent dats (38% male; 61% famale) is consistent with
the overall ratio. ‘The 1970 samples wes associated with the
first yesr of commercial exploitation in ths Gulf, and larger

individuali were apparently more abundan an current data
ivid Y dant th
indicatas ‘

$ize affects wmex ratiocs as evident iIin Table 3, which
liste numbars of males, femalss, and the percent female by 5
em intervals {(LJ¥L) for the total sample and the numbere of
maler &and femeles by arsa. Numberg of males &nd females
observed by 5 cm intervais for all areas are displayed in
histogram format in Figure 1. Proportions of females by 5 om
intervals are plotted in Flgure 2. At alzes bélow 135 em,
the sex ratiow in thie zample sre variable. Betwssn 135 cm
and 170 cm males are predominent im this sample, although the
ratios may not be etetistically different from 1:1 based on
chi~gquared tegte. The conalstency of the pattern however
supports this genersl trend. Beyond 170 cm the proportion of
females in the sample incressss reaching 100% beyond 250 em.

proportions of females by wsize differ betweon areas
(Figure 3}. Males are more abundant at slyes less than 170
cw in the Caribbesn compsrsd to other aress. In the Guli of
Megxico and off the southeast U.S., the ratios are highly
varisble for wsizes less than 135 om. The pattern for
gwordfish <13%cm from the southssst US reglon is similar to
the overall pample pattern. off the southeast U.5., males
are pradominant between 135 cm and 175 ¢m as in the
Caribbean. 0ff the northeast U.S. and in the northwest
Azores areas, femels proportiona are not consistently reduced
below 50% 4in the 135¢cm to 175cm rsnge. This pattern
differentiates profiles from areas north of 35 N from thome
ofareas south of 35 N.

Sesxwvonal changee in profiles are illustrated for the
southszet U.S. in Figure 4. In tha: second gquarter, males
praedominate between 135 cm and 170 cm, but ratios at smaller
gizes ars highly varisbls, Females sccount for 38% and 39%
of the wample <135cm during the 2nd and 3Ird quarters
respactively. Ratics between 135 cm and 170 cm are seimllar
betwesn the second and third quarters. At sizes >175cm the
proportions of femsles declines from 64% 4in the asecond
quarter to 48% in the third quarter. Large males wmight
therefore be more prevalent in the third guarter. The fourth
quarter profile differs from the second and third im that the
prevalence of mEles betwesan 130 cm &nd 170 om ims not as
clearly avident. Quarterly samples for other sreas are
limited, or ag in the case of ths third and fourth guartere
for the northeast reglon (Figure 5), ths profilas sre highly
varisble. The guarterly proflles for the noxtheast US
samples do show 2 tendsncy for far fewer Scm intsrval ratios
to occur below the level of 50% female.

The largest mals recorded was 246 cam LJPL and 395 pounds
dresped weight while the largest famale wae between 290 and
294cm and weighed 537 pounds dressed weight. The previcus
roview (Hoay 1986 n=1,560) included 17 wales groestsr than 200



pounds dressed welght (approximately 200 cm LJIFL}. The
acdltion of 6486 cbaservatlions, primarily frowm the Caribbesn
sand norihwest Azoreg Aress, addad 21 males gruater than 206
pounds dressed weight. These observetions may provide
gvidonce of a preferrsd offshore distribution for large males
and highlights the importance of incrsazsed sex ratio size
szmpling. The fact that males account for 24% of the 260
cbeervations of swordfish larger than 200 com LJFL, may
indicate that dimorphic growth ies not &8 divergent as
previous studiss have indicated, Beyond 250 cm howsver, all
24 measurad swordfish were females.

DISCUSSTION

Because of the limited and clustered nature of the
abservations, comparisons with sex ratios raported by area
and spesson from other filsheriss in the north Atlantic are
informative. Cuban size composition date {Gultart ~ Manday
1964) sccounts for 242 swordfish sampled off the northwest
coast of Cuba in the early 1360°w. HMalex wers predominant
(72% male:s 28% fomale) sapscially at swmaller wizes, while
most femala were largsr. The scuthesst U.S. parpls described
in this report indicates & lowsr overall masle percentage (62%
ve. 72%). In the cuban fishery the winter (October-March ~4th
and 1st gquarters - K=130} sample was 781 male: 22% female
while, the sumver (April-September - 2nd and 3rd quarters -
N»$7) sample was €7% male; 33% female. Wharsss the cuban
study documented s dscreasing proportion of males from colder
to warmer wonths, ths pressent study indicated the opposite
trend with increasing proportions of weles. The latexr trend
would be competibls with a deminant famale migration to the
coldar feading groundz in the north, while male movements are
less extensive snd mey be more inshore - offshore orianted.

Hurley (1980) provides length frequency histograms for
288 swordfish eampled on 4 cruisss between Cape Hatteras and
the Grand Banks from August 5 to Octobar 8, 1980, Data from
the first crulse (BRugust S5-18) is included in the current
report. Original records from the remaining crulses wers not
available, Yamalew were wore abundant than males (75%
femzle} in the total) sampla and there was "an emst to west
trand of decreasing size in Dboth sexes and &n increasing
proportion of fomales in the catch*. The data pressntad in
this report supports this trend with the sample recording 53%
femsles in the northwast AzOres area (Grand Banks) comparad
to 63% famale for arsas off the northeast United States. It
would appear that male abundance la higher where warm
of fshors Gulf Stream water is avalleble, whereas along the
colder arase nesar the continental shalf break, especlally
within the Canadian BEZ, females predominete.

The only additiomal information on sex ratioe availsbla
for the wastern north Atlantlic was collected during
exploratory longline cruisee by tha Bureau of Commercial
Fisheries in the wearly 19607a. Most of the effort was
conducted off thé northesst U.S. from Capwe Henry. virginia to
the northenst part of Georges Bank. pats from the cruise

reports are summarized in Table 4. Aa4 in this mtudy, the
records clesarly indicste femalae predominsncs north of Cape
Hatteres and sexsonal variability im sex ratioce with
increased proportions of mzles noted for warmer months.

Garcia and Mpjuto (1988) examinad 977 swordfish from the
eazstern north htlsntic. Females wers prodominant (56% female
vg, 44% male) in this sample and the oversll mex ratio sgraed
closely with dasta from the northwest Azores area. The
profile of proportions of fewales was similar to the totsal
westarn north Atlantic profile indicating & predominance of
males at intermediste 2izes and femzle predominance beyond
170 em LJI¥L.

Physiological and anatomical sdaptatione for
withstanding the diversity of temperatures encountered by
swordfish during feeding excurmions differentiszlly distribute
the sexes basad on size-temperaturs preferences. Yemperature
preferences reflect an animals metabolic sensitivicy to
internal temperstures in the face of mmbient enviyxonmentsl
conditions. Internal temperatures can be maintained (quasi-
regulated} by insulating muscle mass or fat layers (thermal

inertis), or by conservation of metsboellic hsat through
circulatory sdaptations such awg; restricted lsteral blood
flow or countercurrent heat exchange retesz. Countercurrant

exchangers have been documsntad in bluefin and blgeys tuna,
swordfish, mako, porbeagle, and white sharkse (Carey and Teal
1969, Carey 1§73, Cerey and Robison 1%81, Carey 1982). Carey
(1982} considered swordfish to be crestures of semldarkness,
apending the night nesr the surfacs, but going deep (500m)
during daylight hours. As stalkers snd sprintere, thelr
feeding pattern and vertical excursions subject tham to
dramatic temperature changes, as much &s 19 C in two hours
{Carey and Robison 1981). §ize influences the rate at which
internal temperatures decrease upon movement into colder
water. It would seem 1oq$.£:i1 thaet smallar swordfish would
not be able to spend as much time feeding in colder water in
comparigon to larger swordfish. Differsnces in the sbility
to hunt in cold temperatures would produce sige segregation.
Ae suggested in the early BCF atudy, as seéasonal warming
occurs wales and famales move northward with the wslightly
larger females moving into the northern grounds before the

wmales. Winter sampling wouth of Cape Hatteras documente &
latitudinal gradient with the percentsge of females
increasing from south to north. Larger females wmeem to

prefer colder temperaturee as noted in many of the previously
cited studies on the harpoon and canadian longline fieheriea.
Further verification of this hypothesie roquiraes
comprehensive eampling at ses. Differences in Hummer sex
ratio mire daia between the Scotisn Shelf and the Grand Banksa
undoubtedly raflects distances to warm water in tha Gulf
Stream. 2ex rotio elze dats north eof Cape Hatteras will
require accurate ssa surface temperature and watermans dats
aspoclated with the biological samples. This hypothezis of
glza-temparature wmedinted sexuel segyregation doee however



provide a rassonable axplanation for the highly wvariabls sex
ratio dsta presznted and it corresponds well with the
seasonal abundance and size composition data available for
the U.8. fishery.
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Table 1. WNumbers of swordfish sampled by arez and the percentsges of femsles. Tabie 3. HNumbers of males and females and the percentags femsle by Sem

Numbers sampled by gquartar and the percentage of femsles obssrved in intervale of LIFL for all areas and numbere of males and females
parenthesis. by area.
LJI¥L. 211 RREAS CARI SOMX BEUS HEUS NWAZ
AREA  TOTAL PERCENT NUMBERS SAMPLED BY QUARTER (% PEMALE) cw M P AP €« F N ¥ M F ¥ 7 W ¥
NUMBER  FEMALE QTR1 GTRZ QTRI QTR4
CARI 242 33% 242 {33) - - - 80 4 1 20 2 0 101 1 0
GOMX 15 63% 255 (62) 21 (52} 21 (76) 18 (58) 85 & 17 %4 1 0 1 3 3 2 o 2
SEUS 902 38% 41 (46) 380 (38) 368 (35) 113 (46} 90 9 11 §% P . 1 2 3 2 2
NEUS 336 634 9 (78) 1 {100} 167 (589) 159 (85) 95 13 6 a2 : 2 4 3 2 0
NWhZ 411 53% - - 411 (53) - 100 16 15 48 2 3 12 11 2 2
105 37 34 48 0 1 7 2 22 20 710 1 ¢
116 53 36 40 s 3 a9 23 3 10 2 o
115 51 39 43 3 0 g 5 2% 23 & 3 4 2
126 63 40 39 5 1 5 & 36 21 12 & 5 6
125 56 S3 49 4 2 & 8 28 23 10 13 10 7
130 62 67 52 8 5 13 13 24 20 11 17 6 12
135 74 46 38 12 ¢ 5 17 3@ 11 7 14 12 ¢
140 81 46 36 s 2 § 10 48 14 10 11 g 9
145 85 51 33 16 2 11 11 37 5 9 21 12 12
Tabla 2. Numbers of swerdfieh sampled by year and ares. 150 72 40 36 14 4 “ 7 33 5 7 11 11 13
155 66 35 3% 17 2 4 2 30 s 8 19 77
RARER 160 64 41 39 4 2 6 7 23 6 5 10 16 1§
YEAR CART GOMX BEUS HEUS BWAZ TOTAL 165 78 39 32 18 6 4 B 3 5 6 & 16 1%
1870 237 237 170 43 42 49 0 2 6 9 14 9 31 8 10 14
1972 130 130 175 47 50 52 14 7 3 17 20 8 1 4 9 14
- 180 35 43 5% 7 05 1012 15 8 ¢ 7 8 11
1877 41 41 185 34 42 55 3 2 116 16 14 1 8 11 8
1978 128 35 163 190 26 38 59 2 3 2 7 11 12 13 10 13
1978 3 214 6 i 224 195 19 30 61 12 1 11 10 10 103 & 4
1980 4 304 68 376 200 12 29 71 105 0o 6 4 9 103 6 &
1981 4 132 26 162 205 15 30 &7 107 14 8 12 101 i 8
- , 210 11 27 7 0 2 ) 7 1% 10 a8
1983 4 1 5 215 5 20 80 o s o 2 37 o 1 2 5
1984 7 2 199 208 220 & 17 74 0 1 o 1 109 2 2 1 4
1985 ag 83 &8 z11 400 225 3 13 81 o 3 14 s 1 PR
1986 242 18 260 236 5 12 M o 2 14 11 3 s
235 3 8 73 11 103 o 3 11
240 1 10 91 0 4 o 2 14
245 1 8 &9 ¢ 1 o 2 o 3 o 1 101
250 0 7 100 ¢ 1 o 1 o 3 0o 2
255 0 5 100 6 1 o 1 0o 1 ¢ 2
260 G 2 160 o 1 0 1
265 0 4 100 0 3 o 1
270
275 0 1 100 0 1
280 O 3 100 o 1 o 2
285 0 1 100 0 1
250 © 1 100 0 1
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Table 4.

longling fishing in the early 19607s.

CRUISE #

CB
[o):]
Cp
CB
cB
CB
(&1

62-1
62-2
62-3
624
63-1/G0Ss
63-2
63~3

DEL 6€3~4

CF
CF
B
CB

63-1
63-2
63-5
636

KONTES

oct

ocT
ROV
Nov
JAR~FEB
FEB
MARCH
JUNE
JUNE
JOLY
SEPT
SEPT-0OCT

MALRS

3
22
18
i8

120

PERRLES

UNSEYED

11
51
40

bt
RO DO OO0

[

Cruise results from Bureau of Comserclal Fisheries eawxploratory

% PENRLES

50%
55%
61%
71%
70%
90%
90%
6%
83%
79%
56%
641
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Pigure 3. Proportions of fenales by ¥ o= intervale of Larre
for the Carlbboan (sree 1), ®alf of Mexico [area
3}, wourhesot V6 {arsa 3), wortheast US {ares a3,
and mrthoecst Asores (bree §) regions.
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Figure &, Propoctiens of famales by Bow latsrvels of LIFL for
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FPigure S. Proportionz of femeles by Sca intervals f£o LJYL for
the third and Ffourth guarter semples from the
northasst U8 arca.
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