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ABSTRACT

The Xiphias gladiugLinnaeus, 1758) data used in the present studg wletained from commercial
fishing cruises of the pelagic longline fleet bagedtajai, operating in the Southwest Atlanticr Fo
the Covariance models, fishing effort (number ofoks) and catches (kg) were pooled and
categorized into the following groups: (1) yearq191998, 2001, 2002 and 2007); (2) lunar phase;
and (3) seasons, fishing effort being the covariabe highest mean swordfish catch (kg) occurred
during the waxing crescent moon and during winteeti The Mantel-Haenszel procedure was
applied to compare the efficiency of the two hotdsted, and showed that the "J" hook type (J 9/0
10° offset), traditionally used by the fleet, casH.2-fold more Xiphias gladius than the circleko
(18/0 10° offset), used as an optional device tduece sea turtle bycatch. The conversion of
individual dressed weight (kg) into total lengttm{cfrom 2000 to 2002, showed that sub-adults
represented 66% of the total catch.

Resuwmo

No presente estudo foram analisados os dados shgataXiphias gladiugLinnaeus, 1758) através
de observadores, mapas de bordo e fichas de desprebde carcacgas, coletadas pela frota de
espinhel-de-superficie sediada em ltajai (SC). Msdde andlise de covariancia (ANCOVA) foram
aplicados aos dados de captura (peso em kg) doaspatendo como efeitos: (1) anos de 1997,
1998, 2001, 2002 e 2007 (2) fases lunares e (Yaspdo ano. A covariavel foi o esforgo de pesca
(n° de anzdis). As maiores médias de captura geonrelurante as fases de lua crescente e no
inverno. O procedimento estatistico de Mantel-Haeinfi utilizado para comparar as capturas do
espadarte no anzol tipo "Jota" (J 9/0 10° offsmiinumente utilizado pela frota, com o anzol tipo
"circular" (18/0 10° offset), este Ultimo oferecidomo alternativa mitigadora a captura de tartasuga
marinhas. O teste M-H mostrou que o anzol "Jota#sgmtou 1,2 mais chances de captiiphias
gladius que no "circular". A conversdo dos pesos indivisigas carcagas (kg) em comprimentos
totais (cm), referentes aos anos de 2000 a 206&pin que 66% das capturas foram de sub-adultos
ao longo de todo o ano.

Descriptors: Mantel-Haenszel test, Covariance nspdength composition.
Descritores: Teste de Mantel-Haenszel, Anéliseodartancia, Composicéo de tamanho.

INTRODUCTION by drift-net fisheries in the same area between3199
and 2002. However, these cases only representéd 0.1
The swordfish, Xiphias gladius is of the total catch (KOTAS et al., 2005). There also
distributed throughout the continental slope andiecords from sport fisheries off southeastern Brazil
adjacent oceanic areas off the southeastern afgMORIM AND ARFELLI, 2001).
southern regions of Brazil and is the second most The International Commission for the
important target species for the surface longlieetf Conservation of Atlantic Tunas (ICCAT) is concerned
based in the city of ltajai, state of Santa Catasftar about the considerable increase in swordfish catthe
the blue-shark,Prionace glauca (Linnaeus, 1758) the South Atlantic, which could constitute overiigh
(UNIVALI, 2007). Besides swordfish catches byFoIIowing the enforcement of recommendations from
Iongliners, there are also records of incidentéttees  thiS commission, which included the reallocation of
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the South Atlantic fleet to other oceans, the totath M ATERIAL AND M ETHODS

of X. gladiusin this area has been decreasing since

1995 (|CCAT, 2005) An annual quota of 15,000 t has Preparing Data for Statistical Analysis

been established for the stock in the South Attanti

from 2010 to 2012 (ICCAT, 2009). The swordfish catch and fishing effort data

Brazilian surface longliners based in theused in the present study were taken from the log
Santos and Itajai harbors began targeting sworitiish books of surface longliners stationed in Itajai 687,
1994 and 1996, respectively. The fishing strategpi 1998, 2001, 2002 and 2007, provided by the Fishery
deploy the longline in the evening, using artifitight  Statistics Section of the Fishery Research and
attractors ("light sticks"). Such a fishing strateis  Management Center of Southeastern and Southern
based on the nocturnal feeding behavior of th@razil (CEPSUL). A total of 1943 deployments were
swordfish in shallow waters (CAREY and analyzed.
ROBINSON, 1981). For the spatial-temporal modeling, fishing

The aim of the present study is to contributeeffort (number of hooks) and catches (kg) were edol
to the conservation oX. gladiusin the Southwestern and categorized into the following groups: (1) year
Atlantic through knowledge of the seasonal andfung1997, 1998, 2001, 2002 and 2007); (2) season
effects on catches and relative abundance levels @pring, summer, autumn and winter), and (3) lunar
well the impact of the longline fleet based in dfaj phase (waxing crescent, waning crescent, full moon
(southern Brazil) on the size composition of theand new moon). Catch per unit effort (CPUE, kg/1000
species. Additionally, the results of hook seléttiv hooks) values were plotted quarterly on maps tdystu
experiments for the swordfish in this area are show the dynamics of the Itajai longline fleet (Fig. 1).

10°S
20* S+
30° S
Fig. 1. Fishing area of the longline fleet basetiajai, southern Brazil.
Analysis of Covariance (PETRERE, 1978; HUITEMA, 1980; ABUABARA,

1996), was applied to the swordfish catch versus
Multiple analysis of covariance (ANCOVA), longline fishing effort data in order to study téects
with three factors, i.e., year, season and lunaseh
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of these factors on catches. Fishing effort was thigypes of hooks or both, such that the true relatigm
covariate. For such, the following model was used: between catches and different types of hooks is
masked. This is known as a "masking variable",
which, in the present case, could be size compositi
= fishing area, season, temperature, etc... The Mante
Y, = ﬂ+a§-+7r,-+7k+ﬂ(X1,-,k—)l’,_“) + Haenszel (MH) procedure (Mantel and Haenszel,
1959; Daniel, 1995) is the statistical method uted
Eq. 1 control this third variable. This procedure is used
experimental designs to test the efficiency of a
particular treatment (e.g. does a circle hook iasee
in which swordfish catch (kg) in yearseason and  the swordfish catch?). However, as this is an

lunar phasés; population mean; year effedt 1, ... experiment, it is important to have a control (ehg J
5); = season effeci € 1, 2, 3, 4); = lunar phase effect hook commonly used by the longline fleet).
(k =1, 2, 3, 4); angular coefficient of the effort The MH procedure was applied to swordfish

covariate; covariate value (number of hooks) fe&ry catch data (number of individuals) from hook
i, seasory and lunar phasé overall mean for all selectivity experiments performed by observers aboa
individual fishing efforts; = _randomzerror compome  commercial longline vessels based in Itajai opegati
considering normal distribution N (67). in the Southwestern Atlantic from 2004 to 2008. The
_ From this formula, the magnitude of thetragditional J hook used by the commercial fleeD(9/
adjusted means to be compared by the differentgo offset) was compared with the circle hook (18/0

models is a function of (1) the difference betwéen . ) .
mean covariate within each group and the overalf©’ Offset) provided by the TAMAR project (Fig).2

mean covariate for all observations and (2) theukamg
regression coefficient:

ﬁ (Xiﬂd - X) Eq. 2

To obtain a more balanced experimental
design and reduce the lack of control over fishing
effort, individual observations were added to gup
related to years, seasons and lunar phases. Thi 9/0,0 off-set vy
procedure helped reduce the variability in the ftatc J-Style (Mustad #7698) circle (LPCIRSSO)
and effort data (ALLEN, 1980; PETRERE, 1978). The
analysis of covariance was performed with these
grouped data. Fig. 2. Hook types compared in the selectivitysest

After fitting the data to the linear regression involving the surface longline fleet based in Itaja
and ANCOVA models, the Lilliefors normality test (southern Brazil) operating in the Southwestern
(1967) was applied to determine whether there was Atlantic from 2004 to 2008.
non-linearity and heterogeneity in the residual
variances. The presence of autocorrelation was
determined using the Durbin-Watson test (1951).

Comparisons between two adjusted means wer- The J hook was the control while the circle
. k tested. B finition, the test
performed using Tukey’s test (1953). ook was tested. By definition, the test group wes

initial longline section composed of 500 hooks 025
circle and 250 J hooks, which were alternately
arranged along the mainline (i.e., J, Circle, J,€jr&,
Circle, J ...) (Fig.3). The baits used were mackerel

When studying the relationship between(scomber japonicysand squid I{lex argentinu3. A

- ; total of 190 deployments were analyzed among & tota
dfish tch d diff t ot f hook
Swordlish _calches  an reremt ypes o1 190 Sof 24 cruises between 2004 and 2008.

another variable may be associated with theheat

The Mantel-Haenszel procedure
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=
N

Fig. 3. Test group design developed by TAMAR prbfec experiments on commercial longline hook stly.

Assessment of Impact of Itajai Longline Fleet on (1) JUVENILES (LJFL < 125 cm);
Swordfish Size Structure (2) MATURING/MATURE (125< LJFL< 170 cm);
(3) ADULTS > 170 cm.

This analysis was based on the dressed
weights of swordfish carcasses landed in Iltajah{&a
Catarina, Brazil) by the industrial longline fleebrin
2000 to 2002, obtained from "Comeércio e Inddstria de Swordfish Size Composition in Itajai Longliner Cas
Pescados Kowalsky Ltda." A total of 7460 carcasses .
were weighed. The conversion of individual dressed ) Fo.r the period betyveen 2000 and 2002, mean
weight (kg) into total length (cm) was performedngs swordfish size of the specimens caught by longéiner

i . : based in Itajai was 155.6 cm LJFL [n = 7459; steshda
the length-weight relationship proposed by ARFELLIdeviation (SD) = 253]. The proportion of

ResuLTs

(1996): maturing/mature individuals was high, accounting fo
66% of the catches. However, 8.2% were juveniles
LJFL = 1.91 * DW°-9%5 Eq. 3 and below the minimum catch size established by

ICCAT. Adults represented only 26% of the total
catch (Fig. 4). The lowest (69.9 cm) and highest
—(274.4 cm LJFL) values occurred in 2000 and 2002,
respectively.
Seasonally, the mean swordfish size (LJFL)

To assess swordfish size composition caug . . . -
by the longliners, three LIFL classes were estaddis I}}uctuated “m?’ with values ranging from a minim .
of 150.1 cm in autumn to a maximum of 161 cm in

following the procedures described by Hazin et al. .
9 P y ummer. Autumn was the season with the largest

g\(/)oortlj%ishci?]ttigt?lrrg:anglasﬂs]:s' reproductive - stages 0?)roportion of juveniles in the catches (Table 1).

in which, DW = dressed weight in kg and LJFL
lower jaw to fork length measure used by ICCAT.
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Fig. 4. Size composition of swordfish caught bydlime fleet based in Itajai (southern Brazil)
between 2000 and 2002; LJFL - lower jaw to forkgkn(cm); mean = 155.6 cm; n = 7459; SD =
25.3 cm.

Table 1. Seasonal distribution of mean size (LJdfL.3wordfish caught by Itajai longliners off souktern and
southern Brazil from 2000 to 2002.

Spring Summer Autumn Winter
Mean size (cm) 154.7 161.0 150.1 159.6
SD (cm) 24 25.6 234 26.6
n 1687 967 2402 2403
The highest proportion of adults and There were monthly differences in mean

maturing/mature individuals occurred in 2001. Inswordfish size (LJFL) between 2000 and 2002, with a
2002, there was a higher proportion of juvenileanth minimum of 128 cm in September to a maximum of
in the previous years. Mean size decreased thraughdl94.9 cm in July, both in the austral winter (F5Y.
the period from 161.7 cm in 2000 to 149.6 cm LJRL i
2002 (Table 2).
Analysis of Variance (ANOVA) and Covariance (ANCOYA
Table 2. Annual distribution of mean size (LJFL) of Models Applied to Swordfish Catch and Fishing Bffoata
swordfish caught by Itajai longliners off southeastand from Longliners Based in Itajai
southern Brazil from 2000 to 2002.
The data on swordfish catch (kg) versus
2000 2001 2002 fishing effort (numbers of hooks) were plotted on a

Mean size (cm) 1617 156.9 149.6 graph, revealing a positive linear relationship
SD (cm) 23;) 256 252' between these variables, which is an essential
cm . ) .

condition for covariance analysis models (HUITEMA,
n 1170 4204 2085 1980) (Fig.6).
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Fig. 5. Monthly behavior of mean size (LJFL) of sdfish caught by
Itajai longliners off southeastern and southerreBfeom 2000 to 2002;
LJFL - lower jaw to fork length (cm).
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Fig. 6. Scatterplot of swordfish catches and fighéffort from longline
fleet based in Itajai; period: 1997, 1998, 200Q328nd 2007; WEIGHT
(KG) - accumulated catch (kg); HOOK - accumulatéshing effort
(number of hooks).

The linear regression model revealed goodesiduals was relatively uniform, with some extreme

correlation between the variables (r2 = 0.62). Thealues, but mostly between -5000 and +5000 kg. The
intersection (a = 1225.8 kg) and slope (b = 0.1d)ew Lilliefors test was applied to the residuals of the
significant (P<0.01), with standard errors of §.E. regression model and the resultgf{30.125) < DQyitical
477.6 kg and S.E= 0.013, respectively. The analysis(0.131)] confirmed normal distribution. The linear
of variance indicated that the variation explain®d regression model between catch and fishing effag w
the regression line (MS = 7.61* %Qwvas greater than defined by the following equation:
the residual (MS = 6908147.9), with the slop . _ . _
different from zero (P<0.01). The Durbin-Watsonttese\7/\é)?'rgzhzt (()kg%)— 12258 +0.14 * (number of ho%%);
(D = 1.56) revealed low autocorrelation (22%). ' '
Therefore, the linear regression model was a gipd fTherefore, the following Multiple Analysis of
which is a condition for the use of fishing effas a Covariance model with three factors was fitted t® th
covariate in the ANCOVA models. The distribution ofdata:
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Weight (kg) = Constant + Season + Moon + Year +residual autocorrelation (16%) (Table 3). The

Hook Eq.5 Lilliefors test was applied to the residuals of thedel
and the results (s (0.085) < DRyica (0.131))

in which weight = dependent variable; constant =onfirmed normal distribution. Therefore, the model

population mean common to all observations; seasonhad a good fit to the data.

seasonal effect; moon = lunar effect; year = year The highest mean swordfish catch (kg)
effect; hook = fishing effort covariate (number ofoccurred during the waxing crescent moon (Fig. 7).
hooks). However, comparing the means using Tukey's test,

there were only significant differences between the

The model demonstrated strong correlatiorwaxing and waning crescent moons (Table 4).
(> = 0.83). The effects of year, season, lunarspha Swordfish catches were considerably higher
and the covariate fishing effort were significaRt € i, winter than other seasons (Fig. 8). Tukey's test
0.01). Fishing effort accounted for most of thegemonstrated that this difference between winter an

variation (MS = 6.84*19), followed by season, year e giher seasons was significant (Table 5).
and lunar phase, in descending order of importance.

The Durbin-Watson test (D = 2.26) indicated low

Table 3. Results of the analysis of covariance métletl to swordfish catch (kg) and fishing effégnumber of
hooks) data from longliners based in Itajai; yed$97, 1998, 2001, 2002 and 2007; mod&kight (kg) =
Constant + Season + Moon + Year + Hoak= 70; r2 = 0.83; F = Fisher test; P = significan

Source Sum of Squares Degrees of Mean Square F P
Freedom

Season 1.11E+08 3 3.71E+07 10.24 0.000

Moon 5.02E+07 3 1.67E+07 4.61 0.006

Year 8.44E+07 4 2.11E+07 5.82 0.001

Hook 6.83E+08 1 6.84E+08 188.51 0.000

Error 2.10E+08 58 3625940.04

Table 4.Tukey’s test applied to fitted mean swatdftatches (kg) with the covariance model for diffié lunar phases; years:
1997, 1998, 2001, 2002 and 2007; moda&feight (kg) = Constant + Season + Moon + Year + Kodo: equal means.

Lunar phases Difference Standard q g (0.05; 58; 4) Conclusion
Error
waxing crescent X full moon 1468.28 455.37 3.22 33.7 Accept Ho
waxing crescent X new moon 1575.67 461.83 3.41 3.73 Accept Ho
waxing crescent X waning crescent 2369.15 455.37 5.20 3.73 Reject Ho
full moon X new moon 107.39 455.37 0.24 3.73 Acddpt
full moon X waning crescent 900.87 448.82 2.01 3.73 Accept Ho
new moon X waning crescent 793.48 455.37 1.74 3.73 Accept Ho

Table 5.Tukey's test applied to fitted mean swordfish bat (kg) with the covariance model for differenasmns; years:
1997, 1998, 2001, 2002 and 2007; modafeight (kg) = Constant + Season + Moon + Year + Kodo: equal means.

Seasons Difference Standard q g (0.05; 58; 4) Conclusion
Error

winter X summer 2104 451.62 4.66 3.73 Reject Ho

winter X autumn 2971 431.36 6.89 3.73 Reject Ho

winter X spring 3042 459.91 6.61 3.73 Reject Ho

summer X autumn 867 456.87 1.90 3.73 Accept Ho

summer X spring 938 483.92 1.94 3.73 Accept Ho

autumn X spring 71 465.06 0.15 3.73 Accept Ho
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Fig. 7. Trend in swordfish catch (kg) means by luphase fitted to the
ANCOVA model; accumulated catch data for 1997, 12981, 2002 and 2007.
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Between 1997 and 2002, there was disheries (Fig. 10) (UNIVALI, 2001, 2002, 2003,
considerable decrease in swordfish catches, lidey 2004, 2005, 2006, 2007, 2008, 2009). In 2007,
to the greater concentration of fishing effort &igg  swordfish catches recovered, but not to the same
other pelagic species, such as the blue sfaiknace degree as that of 1997. Tukey's test revealed
glauca (Fig. 9). From 2000 to 2002, there was arsignificant differences between 1997 and both 2001
increase in the proportion of blue shark and aeses and 2002 as well as between 2002 and both 1998 and
in swordfish catches among the pelagic longlinR007 (Table 6).
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Fig. 9. Trend in swordfish catch (kg) means by yétied to the
ANCOVA model; accumulated catch data for 1997, 198@01, 2002
and 2007.
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Fig. 10. Trends in annual proportions (%) of swistlfand blue shark catches from the longliners
based in lItajai; period: 2000 to 2008; source: UALLY (2001, 2002, 2003, 2004, 2005, 2006,
2007, 2008, 2009).
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Table 6. Tukey's test applied to fitted mean swistdtatches (kg) with the covariance model foredéht years; years: 1997,
1998, 2001, 2002 and 2007; mod®eight (kg) = Constant + Season + Moon + Year + Kodo: equal means.

Years Difference Standard q g (0.05; 58; 4) Conclusion
Error
1997 X 1998 827.73 534.49 1.55 3.97 Accept Ho
1997 X 2007 1452.62 534.49 2.72 3.97 Accept Ho
1997 X 2001 2403.33 527.38 4.56 3.97 Reject Ho
1997 X 2002 4195.17 551.61 7.61 3.97 Reject Ho
1998 X 2007 624.88 491.66 1.27 3.97 Accept Ho
1998 X 2001 1575.60 483.92 3.26 3.97 Accept Ho
1998 X 2002 3367.43 510.22 6.60 3.97 Reject Ho
2007 X 2001 950.71 483.92 1.96 3.97 Accept Ho
2007 X 2002 2742.55 510.22 5.38 3.97 Reject Ho
2001 X 2002 1791.84 502.76 3.56 3.97 Accept Ho
Hook Selectivity Experiments Distribution of Relative Abundance (CPUE)
The Mantel-Haenszel (MH) procedure was In 1997, 1998, 2001, 2002 and 2007, the

applied to the swordfish catch data obtained from t greatest relative abundance (CPUE, kg/1000 hooks)
longline hook selectivity experiments off the occurred on the continental slope off southern Begzi
southeastern and southern regions of Brazil: #fgs  depths between 200 and 3000 m (Fig. 11). In
(10.1) > MH y’uiical (3.8). Therefore, a significant descending order of importance, fishing efforts aver
difference (P < 0.01) was found between the twanainly concentrated on the southern Brazilian slope,
hooks tested, with the J hook catching 1.2-fold enorRio Grande plateau and around the Trindade-Vitéria
swordfish than the circle hook (Table 7). seamounts.

Table 7. Results of the MH procedure applied tordiish Sea_sonally, the h|ghest C.:PUE v_alues
catches (humber of individuals) using two hook #yg& and occurred during the autumn-winter pgrlod (maximum
circle) aboard longliners based in Itajar; peri2dd4 to 2008.  Of 1875 kg/1000 hooks) on the continental slope off

the states of Santa Catarina and Rio Grande do

Positive Negative  Total Sul and around the Trindade-Vitéria seamounts.

c 715 106219 106934 Conversely, CPUE values were lower in the spring
J 833 105055 105888 than the previous seasons, but remained concethtrate
Total 1548 211274 212822 on the continental slope off Santa Catarina and Rio

Grande do Sul. It is important to consider that the
sampling effort was lower in spring than the other

Mantel-Haenszel statistic = 0.85
Mantel-Haenszel Chi-square = 10.104

Probability = 0.001 seasons. In summer, the fleet expande{d its fishing
: : effort to the Rio Grande Plateau, but the highest EP

The odds ratio (cross-product ratio) for the values were around the Trindade-Vitéria seamounts

J hook was (833/105055)/(715/106219) = 1.2 (Fig. 12)
2B'W
s0'wW 4'w JU"» ] 30V
Sistema de Coordenadas Geograficas Fig. 11. Spatial CPUE (kg/1000 hooks) distributalrserved
DATUM WGS 84 °

for swordfish caught by longliners based in Itajpé&ars:
o — @ o vas 1997, 1998, 2001, 2002 and 2C
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Fig. 12. Spatial distribution of seasonal CPUE 1k§0 hooks) observed for swordfish caught by loregh based
in Itajai; years: 1997, 1998, 2001, 2002 and 2007.

Discussion of Santa Catarina (southern Brazil) (UNIVALI, 2001,
2002, 2003, 2004, 2005, 2006, 2007, 2008, 2009).
From 2000 to 2009, industrial surface Iherefore, the swordfish was the second most
longliners based mainly in Itajai landed a totapgf7 ~IMmportant commercial species caught, surpassed only
t of tunas (13.2% of total catch), 7821 t of shark®Y Sharks, a group represented mainly by the blue
(43.3%) and 2919 t of swordfish (16.2%) in the estat Shark, Prionace glauca For this period, the annual
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trends revealed a considerable increase in shapenetrates deeper in the water column than new
catches until 2002, when a peak of more than 1200nmoonlight, thereby stimulating feeding activity amyo
was reached, followed by a decline, with a total ofwordfish, which can see their prey better.

only 400 t in 2009. Conversely, swordfish catches, The swordfish conducts extensive vertical
although lower than sharks, remained stable (betweenigrations during the day, remaining in shallower
200 and 400 t) throughout the years. waters at night (GUITART, 1964, CAREY &

The trends in relative abundance levelsROBINSON, 1981). Moreno et.a1991) corroborate
(CPUE, kgftrip) for the target species (sharks, sunathis fact off Cuba, reporting higher commercial batc
and swordfish) caught by the Itajai longliners tew rates by night. Thus, the use of lightsticks lesals
2000 and 2008 demonstrate a general decline unliigher catch rates during the waxing crescent moon.
2003, followed by stabilization at lower levels ilint Since the results of the present study were mabjed
2008. However, it is interesting to observe that ththe use of lightsticks, it is necessary to carry ou
steepest decline, which occurred between 2000 ahohgline fishing experiments without the use ofsthe
2003, was caused by a sudden increase in longlirtificial devices in order to reach a surer cosidn
fishing effort, i.e., from eight boats in 2000 t@ #h  regarding the effect of lunar phase on swordfish
2003. From 2004 onwards, the CPUE stabilized atatchability.
higher levels of fishing effort. The covariance model indicated that the

Among the longline landings analyzed in thelargest swordfish catches occurred in winter. Ammori
present study, there was a high percentage ahd Arfelli (1977) and Amorim et al. (1979) report
maturing/mature swordfish, i.e., between 125 - @70 similar results in the same area. The fishery dtesi
(LJFL), mainly in May, August and October. Hazinprovided by the Fishery Research Group (GEP) also
and Erzini (2008) report the same condition aldmg t demonstrate larger swordfish catches in wintersThi
inter-tropical convergence zone. However, the agthofinding may be associated with the upwellings that
found that swordfish adults were distributed mainlyoccur in this season along the continental slopéchv
off the southern and southeastern regions of Braziare caused by the cyclonic vortices of the Brazil
Therefore, the high percentage of maturing/matace a Current, contributing to an annual production of
juvenile swordfish (74%) in the catches of longihe carbon and reaching higher production levels thman i
operating off southeastern and southern Braziksigm summer (GAETA AND BRANDINI, 2006). The
of overfishing. This situation contributes to thecline  encounter of the Brazil and Falkland Currents, which
in the relative abundance of swordfish, therebynove in opposite directions, is known as the South
threatening the sustainability of the South Atlanti Atlantic Convergence Zone, which exhibits seasonal
stock, which is a major concern for ICCAT. Thereforeatitudinal variation, with its northern boundary
the policy of monitoring the minimum swordfish positioned at 30°S in winter. This oceanographic
landing size of 125 cm (LJFL) is an importantphenomenon also accounts for the higher catches of
management action necessary for the conservation fvordfish in winter on the continental slope off
Xiphias gladius in the Southwestern Atlantic. southern Brazil (STRAMMA AND ENGLAND,
However, considering that the s for female 1999; CASTELLO AND MOLLER, 1977; CIOTTI et
swordfish is 154 cm LJFL, this minimum size shouldal., 1995).
be reassessed. The present study also confirms the According to the Inter-American Tropical
hypothesis that the adjacent oceanic areas offuna Commission (IATTC), with regard to longline
southeastern and southern Brazil are spawning arefisheries, simple hook selectivity tests based on
for swordfish, as juveniles and maturing/matureandom procedures or the Mantel-Haenszel test dhoul
individuals occur there throughout the year, mainly be carried out before developing more complex
autumn and winter. models (ANONIMO, 2008). Kerstetter et. g2007)

A significant relationship (P <0.01) was examined swordfish CPUE values for the North
found between lunar phase and swordfish catch (kghtlantic and found greater catches using the circle
with the highest values attained during the waxindnook. A lower swordfish mortality rate was also
crescent moon. Hazin et al. (2002) analyzed data fr reported using this hook, as 68% of the individuals
longline fisheries off northeastern Brazil and foumd were hooked on the external side of the jaw.
similar relationship, with the highest catch radesing  Conversely, the present study found that the J hook
the new moon and waxing crescent moon. Thisvas more efficient in catching swordfish than the
phenomenon may be explained by the strongaircle hook. However, swordfish survival with thiena
attraction power of lightsticks under conditions ofof proposing conservation measures, such as tag and
lower moonlight levels. However, without usingrelease, was not determined. Giffoni et al. (208%]
lightsticks, Draganik and Cholyst (1988) found highe Watson et al(2005) also report greater catches using
catch rates during the full moon. In this case,mtie  the J hook, but these authors employed different
thermocline is located in deeper waters, full magtl  statistical methods. It is likely that this typehafok is
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