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Distribution, abundanceand mor phometry of Atlantorajacyclophora
(Regan, 1903) (Elasmobranchii: Rajidae) in southern Brazil,
Southwestern Atlantic

Maria Cristina Oddone* and Carolus Maria \Vooren**

A total of 459 individuals of Atlantoraja cyclophora were captured along the Rio Grande do Sul coast between latitudes
30°40' Sand 34°30’S. Two surveys were performed, in the winter 2001 and in the summer/autumn 2002, using bottom-trawl
between the depths of 100 and 600 m. This species occurred between 100 and 300 m deep, without significant differencesinthe
frequency of occurrence and abundance (CPUE; kg/hour) between latitudes, depth and seasons. The sex ratio was not
significantly different from 1:1 in all depths. In the study area, temperature ranged between 10.0 °C and 17.6 °C and salinity
between 35.2 e 36.0 ppm. There was no correlation between CPUE and depth, temperature and salinity. Mean total length of
females (53.2 cm) was significantly larger than males (50.9 cm). No differences were detected in mean total length between
seasons, but mean total length was significantly larger in depths of 100 m and 200 m. The distribution of the frequencies of total
length was asymmetric, indicating rareness or lack of juvenilesin the samples.

Foram capturados 459 exemplares de Atlantoraja cyclophora na costa do Rio Grande do Sul entre as latitudes 30°40°'S e
34°30' S, em dois cruzeiros reali zados respectivamente no inverno de 2001 e no verao/outono de 2002, com rede de arrasto de
fundo, operada entre 100 e 600 m de profundidade. A espécie ocorreu nas profundidades de 100 a 300 m, ndo havendo
diferencas significativas na freqiiéncia de ocorréncia nem na abundancia (CPUE; kg/hora) entre latitudes, estratos de
profundidade em ambas estacdes do ano. A proporcao sexual ndo foi significativamentediferentede 1: 1 em todas as profundidades.
Naé&reaestudadaatemperaturavariou entre 10,0 °C e 17,6 °C easalinidade entre 35,2 e 36,0 ppm. N&o houve correl agéo entre
CPUE e profundidade, temperatura e salinidade. O comprimento total médio dasfémeas (53,2 cm) foi significantemente maior
gue o dos machos (50,9 cm). Néo houve diferenca no comprimento total médio entre estagdes do ano, mas sim entre
profundidades, sendo significantemente maiores nos estratos de 100 a200 m. As distribui¢des de frequiéncias de comprimento
total foram assimétricas, indicando auséncia ou escassez de individuos juvenis.

K ey wor ds. abundance, distribution, occurrence, sex ratio, morphometry.

Introduction cyclophoraand R. (A.) castelnaui, and later considered avalid

genusand separated from Raja by McEachran & Dunn (1998).

Thefamily Rajidae Bonaparte, 1831 isthe most important
of theorder Rajiformes, comprising 228 species (Menni, 1972;
McEachran & Dunn, 1998). In Brazilian coastal waters, five
species were listed by Figueiredo (1977) for the genus Raja
Linnaeus 1768: Raja agassizi (Muller & Henle, 1841); R.
castelnaui Ribeiro, 1907; R. platana Gunther, 1880; R.
sadowskii Krefft & Stehmann, 1974 and R. cyclophora Regan,
1903. Atlantoraja was established by Menni (1972) asanew
subgenus of Raja, with two species. Raja (Atlantoraja)

This action turns Atlantoraja cyclophora (Regan 1903) the
valid name for the studied species.

A diagnostic external feature of A. cyclophora, popularly
knowninBrazil as“raia-santa’, isthe presence of one ocellus
formed by two concentric black circlesin thedorsal surface of
each pectoral fin (Figueiredo, 1977). Thereisan intraspecific
variation in the thickness of the internal circle and this can be
complete or not (Barbosa & Gomes, 1998). A ocellusisaso
present in several species of Raja of the Occidental Atlantic
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(Raja texana, R. cervigoni, and R. ackleyi; Uyeno et al.,
1983), but A. cyclophora differsin possessing asmooth dorsal
region of the disc, with one medial series of spinesin thetail
only, in specimensof all sizes (Figueiredo, 1977).

Thefamily Rajidae hasaword widedistribution, inhabiting
the sublittoral to abyssal zone, being predominant in the
continental shelf and continental dope (Stehmann, 1970). Most
species have arestricted geographical distribution and afew
ones present large distributions (Walker & Ellis, 1998).
Atlantoraja cyclophora is endemic to the South Atlantic
Occidental, occurringin the Brazilian and Bonaerense districts,
from Cabo Frio, Rio de Janeiro, Brazil (22°S) to Golfo de San
Jorge, Argentina (47°S) (Menni & Stehmann, 2000). Bigelow
& Schroeder (1953) classified this species as belonging to
the temperate warm climate of Eastern South America coast.

In Argentina, this species is more frequent in coastal
waters, but it is common in the Uruguayan shelf through the
200 misobath (Cousseau & Perrotta, 2000). Uyeno et al. (1983)
have also registered this species in French Guiana and
Suriname. In such a case, A. cyclophora is the species that
reaches the largest Northern distribution among the species
inhabiting the Southern Atlantic (Menni & Stehmann, 2000).
Atlantoraja cyclophoraisfrequent in Southern Brazil, occur-
ring all along the year without seasonal fluctuationsin abun-
danceand completingitslife cycleinthearea(Vooren, 1997).
In Brazil, the species inhabits the sea bottom near the coast
(Figueiredo, 1977) up to 300 m depth (Vooren, 1997).

In this paper we intended to establish the bathymetric
and latitudinal distribution of A. cyclophora as well as to
analyze the frequency of occurrence according to depth and
season. We also determined correl ations between abundance
(indexed by the Catch per Unit Effort — CPUE), temperature,
salinity and depth. Finally, we described the length frequency
distribution and we presented some morphometric
characteristics of the species.

Material and M ethods

Atlantoraja cyclophora samples were obtained through
Six surveys using bottom-trawl in the external borders of the
continental shelf and upper continental slope, aboard of R/V
“Atlantico Sul”. The surveys were performed in the winter
2001 and in the summer/autumn 2002. Each expeditionincluded
three surveys. Winter surveys occurred from 8 to 11 August,
14 to 24 August and 31 August to 12 September 2001. Sum-
mer/autumn surveys occurred from 23 to 24 March, 2 to 11
April and 16 to 26 April 2002. Thesewill bereferred aswinter
and summer & ong thetext, even the 2002 samplesincludethe
beginning of autumn. Samples of the captured individuals
were deposited in the L aboratorio de Elasmobranquiose Aves
Marinhas, Departamento de Oceanografia, Fundagéo
Universidade de Rio Grande (FURG).

The studied area was located between the latitudes of
Chui (34°30' S) and Cabo de SantaMartaGrande (30°40'S), in
depths of 100 to 600 m. The bottom-trawl net used to collect
fish presented 439 meshes long with mesh sizes of 160 mm
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near the opening and mesh sizes of 70 mm near the bag (end
of the net). Conductivity-Temperature-Depth (CTD) casts
were conducted in each station.

A stratified sampling design was employed, with track
lines perpendicular to the coast and approximately 100 km
width, divided in seven depth sections of 100-149, 150-199,
200-249, 250-299, 300-399, 400-499 and 500-699 m, with one
sampling station in each section. The sampling station
position was determined according to the appropriateness of
the bottom to bottom-trawl, with the use of the ecosounder
track line. Tow duration was 30 minutes. CTD was taken at
thefinal point of the tow.

It was measured thetotal length (TL, mm), from snout tip to
posterior tip of caudal fin, the disk width (DW, mm), between
the latera tips of the pectora fins, total weight (TW) and
eviscerated weight (EW) (g) of eachindividual of A. cyclophora.
Eviscerated weight corresponds to body weight without
digestive tract, liver, gonads and without oviduct in females.

Abundance was indexed by the Catch per Unit Effort
(CPUE) by hour of tow. Therelative frequency of occurrence
(FO) was determined through the number of tows where the
species occurred divided by the total number of tows (%).
Statistical testsincluded ANOVA unifactorial and bifactorial
(Zar, 1984), Student “t” test (Sokal & Rohlf, 1987), chi-square
test (?) (Chase, 1976) and“ F’ test (Souza, 1998). A bifactoria
ANOVA was employed to analyze the differences among the
four depth stratafrom 100 to 299 m relative to CPUE, sex and
season. The Chi-square test (%) was used in the comparison
of the means of the CPUE of each sex, frequency of occurrence
and sex ratio in the four depth strata between seasons. Means
of temperature and salinity regarding depth and seasonswere
evaluated separately through unifactorial ANOVA. A “t” test
was used to verify differences of temperature and salinity
between the areas of occurrence and non-occurrence of the
species. Metric and logarithmic scales were used to test cor-
relation between CPUE and salinity, temperature and depth.
Intheanalysisof TL variation regarding depth (100-149; 150-
199; 200-249; 250-300 m), season (winter, summer) and sex, an
trifactorial ANOVA was applied. A residual analysiswas per-
formed to validatethe models. The“F” test was used to verify
differences between sexes in the relations between DW-TL,
TW-TL and EW-TL. The symmetry of the distributions of
frequencies of total lengths was calculated according to Zar
(1984).

Results

Bathymetric distribution and frequency of occurrence. A
total of 459 individuals of Atlantoraja cyclophora, including
245 femalesand 214 maleswas captured. The speciesoccurred
in 24 of the 58 winterstowsand in 29 of the 55 summer tows,
with afrequency of occurrence of 41% and 53%, respectively,
in all latitudes of the studied area (Fig. 1la-d), without
differencesinthe spatial distribution between the two studied
seasons. The ANOVA did not detect significant differences
among the four depth strata from 100 to 299 m relative to
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CPUE, sex and season (F(S’ 19~ 0.23; P = 0.88) (Tablel).Ac-
cording to y?test, there were no significant differences be-
tween CPUE of both sexesin each depth stratum (winter: 2,
=219, P=0.14; summer: x> = 1.48, P=0.22).

The bathymetric distribution of the species ranged from
100 to 299 m. In summer, the frequency of occurrence in the
four depth stratatogether (100-149; 150-199; 200-249 and 250-
299 m) was 71 %, and 62 % in the winter, being not significant
(x?,=0.03; P=0.86). Thetotal CPUE between 100 and 299 m
was46.0 kg/hour inthe summer and 42.3 kg/hour inthe winter,
asonot significantly different (3 =0.04; P=0.77). Sex ratio
was 1.17:1 both in the summer and winter, not significantly
different from 1.1 (winter: 2 = 0.66; P = 0.42; summer: y* =
1.50; P=0.22) (Table1).
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Depth strata of 100-149 and 150-199 m presented higher
frequency of occurrence for both sexes during winter. During
summer, depth strataof 200-249 and 250-299 presented higher
frequencies of occurrence, mainly for females (Table 1). Sex
ratio per depth strata was also not significantly different of
1:1 in both seasons.

Relation between CPUE, temperature and salinity. It was
found a significant variation of temperature relative to depth
inall studied area (ANOVA,; F .05 = 52.06; P < 0.001) aswell
asin sdinity of thebottom (ANOVA; Fg,05=50.62, P< 0.001).
There was no significant difference between seasons
regarding temperature (ANOVA; Fo o= 000, P= 0.96) or
bottom salinity (ANOVA; F,. .. =0.00; P=0.95) for all depth
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Fig. 1. Maps with the distribution of Atlantoraja cyclophora in southern Brazil according to sex (males=aand c; females =
b and d) and season. Black circles represent CPUE as kg/h; @ 40 to 50 kg/h; @ 30to 39,9 kg/h; @ 20 e29,9kg/h; @10t0 19.9kg/h;
«1t0 9.9 kg/h. Crosses represent sampling stations of each survey.
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strata (Table 1). Bottom temperature ranged from 5.6 to 16.5
°C in winter and 5.0 to 17.6 °C in summer. Bottom salinity
ranged from 34.2 and 36 ppm in winter and from 34.3t0 35.9
ppm in summer. In the areaof occurrence of the species, from
100to0 299 m, temperature ranged between 10.2and 16.5°Cin
winter and 10.0 and 17.6 °C in summer, and salinity between
35.2 and 36 ppm in winter and between 35.4 and 35.9 ppmin
summer. Mean temperature and salinity were significantly
higher in the area of occurrence of the speciesthanin therest
of the area of study (temperature: t = 14.9; D.F. = 111; P <
0.001; salinity: t =14.4; D.F. = 111; P<0.001). Inthe area of
occurrence, the distribution of A. cyclophora was not
correlated with any of the studied environmental variables,
either in alogarithmic or metric scale.

Distribution of thefrequenciesof total length. Inwinter (Fig.
2) 115femalesranging from23.5t064.5cm TL (mean=53.0+
7.24 cm; mode = 56.0 cm) and 103 mal esranging from 32.8 to
63.5cm TL (mean = 51.7 £ 4.41 cm; mode = 54.0 cm) were
collected. In summer (Fig. 3), 130 femaesfrom 30.8t0 64.0cm
TL (mean=52.8+ 7.58 cm; mode=60.5cm) and 111 maeswith
28.7t061.8cmTL (mean="50.1+ 6.29 cm; mode=51.5cm) were
collected.

Thegrouped distributions of frequencieswere asymmetric
insummer and inwinter. Theasymmetry valuein summer was
—0.93for femalesand 1,10 for males; inthewinter it was-1,41
for females and -1.01 for males. This indicates that in both
males and females occurred individual s with high values of
TL. The asymmetric pattern was also observed when
considering the frequencies distribution by depth stratum,
with the exception of the 100-149 m stratum for malesinwinter,
the 200-249 m stratum for femalesin winter, and 250-299 m
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stratum for femalesin winter and malesin summer. Asymmetry
valuesranged from 0.14 infemalesin the 250-299 m stratumin
winter to 2.29 in malesin the 200-249 m stratum in summer;
and from—0.40in femalesin the 200-249 m stratumin summer
and—2.39in malesin the 200-249 m stratum in winter.

The distribution of the frequencies of TL by depth is
presented in Table 1. Thetrifactorial ANOVA did not detect
significant differencesin theinteraction between sex, depth
and season, but a statistically significant difference was
found between TL for sex and depth (F(L g = 1322, P <
0.001andF, ,,, = 5.88, P<0.001 respectively). Thesefactors
were analyzed independently, resulting that the femaleswere
significantly larger than males (F(l, wg = 12.62; P < 0.001)
(mean TL for females = 53.2 cm; mean TL for males=50.9
cm). It wasverified that TL wassignificantly larger in depths
of upto 150 m (F(L wg= 667, P< 0.001). Mean TL did not
vary significantly between the two seasons (F<1, ug = 34L P
= 0.07). During the analysis, outliers were detected and
excluded, without statistic criteria; only by visual inspection
of the student residuals with values larger than | 3 |
(Wilkinson 1990).

M orphometry of Atlantorajacyclophora. Therewassignificant
difference (F(zy =20 P< 0.001) between sexesintherelations
TW-TL and EW-TL (F(Z’ w2y~ 8 P< 0.001). In both cases, the
females were heavier than males (Figs. 4-5), being this more
evident in the relation TW-TL. Relations between TL and TW,
and TL and EW did not vary significantly with regard to the
season. The relation DW-TL aso varied significantly between
sexes(F(Z = 814 P< 0.001) withfemaleswider than malesin
individualswith TL larger de35.0cm (Fig. 6). Equationsdescribing
theserelations are given in Table 2.

Table 1. Temperature (°C) and salinity (ppm) at the bottom; CPUE (kg/h); frequency of occurrence (FO); sex ratio (F:M); and
total length - CT (cm) for males (m) and females (f) of Atlantoraja cyclophora according to depth stratum in the winter and
summer surveys. Valuesfor temperature, salinity and CT are represented by the mean followed by the minimum and maximum

values (in parenthesis).

CPUE m

CPUEf FO FO

Depth Temperature Salinity N°m N°f (kg/h) (ke/h) o F F:M CTm CTf
Winter

100-149 156 (12.3-16.5) 35.7(32.3-36) 39 48 4.46 6.47 71 78 1.2:1 52 (45-62) 53 (23.5-63)
150-199 14.8(13.2-16.3) 35.5(35.2-35.8) 37 41 735 9.31 88 63 1.1:1 51.4(32.8-60.6) 53.7(27.6-64.5)
200-249 13.7(10.2-16.0) 35.2 (34.8-35.8) 17 15 4.62 3.46 50 50 0.88:1 52(37.7-55.5) 51.8(36.2-59.5)
250-299 12.1(11.0-13.2) 35.0(35.0-35.1) 4 11 1.40 5.21 50 50 2.75:1 46.2(42.5-48.6) 52.9 (46.5-61.2)
300-349  10.5(6.0-14.0) 34.8(34.2-35.2) 0 0 0 0 0 0 - - -
350-399  9.6(9.2-10.0) 34.8(34.7-349) 0 0 0 0 0 0 - - -
400-449  8.7(10.0-11.7)  34.6(34.2-35) 0 0 0 0 0 0 - - -
450-499 8.4(7.6-93)  34.6(34.3-349) 0 0 0 0 0 0 - - -
500-549 7.2(5.6-9.2)  34.4(343-346) 0 0 0 0 0 0 = = z
Summer

100-149 15.6(11.6-17.6) 35.6 (35.6-35.9) 57 58 5.89 8.74 78 100 1:1 50.8 (32-59.3)  54.4 (30.8-65)
150-199 14.2(10.0-17.3) 35.5(35.4-35.8) 19 17 4.74 5.07 86 67 1:1 55.5(31.5-64) 53.5(28.7-61.8)
200-249 14.1 (13.3-15.3) 353 (35.2-355) 33 34 5.18 9.00 57 86 1:1 474 (34-55.2)  50.4 (35-62.8)
250-299 12.9(11.3-14.5) 35.2(34.9-35.5) 4 10 1.89 5.16 33 67 2511 505(49.2-52.5) 50 (36.6-56.7)
300-349 11.8(11.2-14.9) 35.0(34.6-354) 0 1 0 0.31 0o 0 - 51 -
350-399  10.4(10.2-10.7) 34.8 0 0 0 0 0 0 - - -
400-449 7.3(6.3-8.2)  34.5(344-347) 0 0 0 0 0 0 - -
450-499 6.7(6.0-7.7)  34.4(34.3-345) 0 0 0 0 0 0 - - -
500-549  7.0(5.0-10.3) 34.4(34.2-34.8) 0 0 0 0 0 0 - -
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Table 2. Relation between CT and PT, PE and LD for males(m)
and females (f) with the respective equations, correlation co-
efficients (R) and sample size (N) in Atlantoraja
cyclophora.

sex Equation R N
CT-PT m PT = 0.0127*CT279%6 0.95 203
CT-PT f PT = 0.0067* CT2977 0.97 223
CT-PE m PE = 0.0137*CT?2 78! 0.95 198
CT-PE f PE = 0.01409* CT?%76%° 0.97 226
CT-LD m LD = 5.042+0.643*CT 0.95 208
CT-LD f LD = 2.412+0.722*CT 0.97 227

Discussion

Atlantoraja cyclophora occurred from 100 to 300 m deep,
without statistically significant differencesin the CPUE among
depth strata and sexes. Vooren (1997) had already noted that
this species reached this maximum depth in the Rio Grande
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Fig. 2. Frequency of occurrence of males (black columns,
n=103) and females (white columns, n = 115) of Atlantoraja
cyclophora by total length size classes of 1 cm in the winter
surveys.

32,
28 |

24

8 _

40 45 50 55 60 B5 70

Absolute frequency

Total lenght (cm)

Fig. 3. Frequency of occurrence of males (black columns, n=
130) and females (white column, n = 111) of Atlantoraja
cyclophora by total length size classes of 1 cmin the summer
surveys.
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do Sul coast, and registered the minimum depth astheisobath
of 50 m. In southern Brazil, Casarini (1999) registered this
speciesfrom the coast to 100 m depth, and Ponz Louro (1995)
registered inthe S&o Paulo littoral from 10 to 100 m deep, but
both papers presented no data collected in depths greater
than 100 m. Therefore, the species is herein considered as
occurring in most of the continental shelf of southern and
southeastern Brazil. In the Rio Grande do Sul coast, the
external limit of the species distribution reaches 300 m deep,
but thislimit remains unknown for the southeastern Brazil.
Atlantoraja cyclophora distribution was not correlated
with depth, temperature or salinity. Temperature wasthe main
factor determining the distribution of Raja clavata (Jardas,
1973). Distribution of the Rgjidae in the Argentine sea was
also related to temperature, as observed for A. cyclophora,
aswell as speciesof the generaBathyraja, Rioraja, Dipturus,
and Psammoabatisby Menni & Lopez (1984). For Sympterygia
bonapartii, temperature was the second factor in importance
determining species distribution (Mabragafia et al., 2002).
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Fig. 4. Relation between total body weight (g) and total length
(cm) in males (n=203) and females (n=223) of Atlantoraja
cyclophora.
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Atlantoraja cyclophora.
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Fig. 6. Relation between disk width (cm) and total length (cm)
in males (n=208) and females (n=227) of Atlantoraja
cyclophora.

In depths from 100 to 300 m temperature presented little
seasonal variation (12.1°Cto 15.6 °C). The specieswas absent
between 300 and 600 m where temperature ranged from 7.2 to
10.5°C. Intheinternal limit of distribution of A. cyclophorain
the coast of Rio Grande do Sul, in depths of about 50 m, mean
bottom temperature is about 20.0 °C in summer (April) and
ranges between 12.0and 18.0 °Cinwinter (August) (Haimovici
etal., 1995). Temperature limits of this speciesin the coast of
Rio Grandedo Sul are between 12.0 °C and 20.0 °C.

Temperature and depth ranges preferred by A. cyclophora
areincluded in the ranges found for other species of Rajidae.
McEachran & Musick (1975) listed seven species of Raja
from the Atlantic coast of the United States and Canada
occurring in depths from 31 to 974 m, but with most species
found in depthsfrom 110 to 366 m, with temperature ranging
from 2.0 to 20.0 °C. Greater densities of Leucoraja garmani
arefound intemperaturesranging from 10.0to 14.0 °C (Packer
et al., 2003). Distribution of A. cyclophoraisincluded inthe
patterns described for Rajidae: temperate and cold waters of
the continental shelf and upper continental slope. The
southern Brazil continental margin is influenced by the
Subtropical Convergence (CST), formed by the Brazil Current
(CB) that flows to the South carrying tropical waters (AT)
and the coastal branch of the Malvinas current that flows to
the North carrying subantarctic water (ASA). The Brazil/
Malvinas current confluence and mixture of AT and ASA
form the Subtropical Water (AST; Temperature 10.0-20.0°C; S
35-36 ppm) or Central Water of South Atlantic (ACAYS) that
flowsto the North in deep stratain an anticyclonic eddy that
may reach the continental margin (Garcia, 1998). Considering
the oceanographic characteristics of the area of occurrence
of A. cyclophora, we may concludethat it inhabitsthe ACAS.

In the inner continental shelf and in the border of the
continental slope of Rio Grande do Sul, between 50 and 300 m
deep, predominate fine silt and clay sediment, with sandy
areas in the north and south extremes of the studied area
(Calliari, 1998). This species was found over all this area,
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without preference by any peculiar granulometry of the sedi-
ment, afact already noted by Casarini (1999) in southeastern
Brazil for A. cyclophora. Some species like Raja miraletus,
however, have their spatial distribution determined by the
sediment (Jardas, 1973).

Egg-bearing females occurred in &l depths between 100
and 300 m (Oddone, 2003), indicating that oviposition occurs
inall thisdepth range. It isexpected that juvenilesalso occur in
the same depth range. According to the size of the egg-
capsules, the expected TL of the neonate A. cyclophora is
about 10 cm. The smallest captured individual, however,
measured 23.5cm TL, and individualssmaller than 35.0cm TL
were scarce in the catches. Ponz Louro (1995) observed that
egg-bearing females of this species move to depths greater
than 50 m during winter. When sampleswere pooled, only 18 %
of malesand 37 % of femaleswere classified asjuveniles. The
lack of neonates and shortage of juveniles were attributed to
the smaller susceptibility of these size classes to be captured
by the bottom-trawl net used herein. Specimens of Rgjidae are
usually partially buried in the sediment when inactive (Bigel ow
& Schroeder, 1953). If juvenilesareimmobileand buried when
the bottom-trawl net is passing by they will be probably not
captured. The neonates may also escape through the anterior
portion of the net, with mesh size of 160 mm between knots.
Neonatesand small juvenileswere probably abundant between
100 and 300 m depth, but were not caught due to the
ineffectiveness of the sampling method, in such a way that
samplespartially represented the popul ation. Ponz L ouro (1995)
and Braccini & Chiaramonte (2002) verified the absence or
rareness of neonates and small juvenilesin samples obtained
with bottom-traw! net, possibly a general characteristic of all
Rajidae. Fishing with bottom trawl net has possibly alow direct
impact over juveniles of the species of Rgjidae, except by an
eventual egg or buried juvenile crushing.

Juveniles and adult of both sexes occurred in all depths
between 100 and 300 m. Females predominated numerically
only in the 250 and 299 m strata, but even in these depths
occurred males of all sizes. In A. cyclophora, males and fe-
malesin all development stages have the same spatial distri-
bution and share the same habitat along the year. Such a
distribution pattern was also observed for Raja clavata, R.
erinacea, R. miraletus and Psammobatis extenta (Nottage &
Perkins, 1983; Richardset al., 1963; Capapé & Quignard, 1974,
Braccini & Chiaramonte, 2002) and seems to be a common
patternfor Rajidae.

Females of A. cyclophora were significantly heavier than
males, fact aready noted for other Rajidae, like Psammobatis
extenta (Braccini & Chiaramonte, 2002) and Sympterygia
bonapartii (Mabragafa et al., 2002). This difference could
be related to the sexually dimorphic liver weight. However,
when eviscerated weight was considered instead of total
weight, the difference was still observed, although less
significant. This may be related to the sexual dimorphism
detected in body morphology. Males have a conspicuous
concavity in the anterior border between the snout and
pectoral fin tip, that is not found in females. Such a sexual



M. C. Oddone & C. M. Vooren

dimorphism extreme in the subgenus Dipturus (Leible &
Stehmann, 1987), and has been also observed in Raja radula
(Capape, 1974). Differencesin thelinear regressions between
TL and DW between sexes were also noted for Raja clavata
by Nottage & Perkins(1983). Femalesof A. cyclophorawere,
for a given TL, wider than males, as already observed by
Jardas (1973) in Raja miraletus. Therelation between TL and
TW, described by a power function, with slope close to 3,
demonstrates that the body proportions are approximately
constant (isometric) along body growth. Such a pattern has
been also observed in other Rajidae, e.g. Raja radiata
(Skjegaasen & Bergstad, 2000) and Psammaobatis extenta
(Braccini & Chiaramonte, 2002).
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