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Skates exhibit a variety of manifestations of sexual dimorphism. However, this phenomenon has been poorly documented in
deepwater species. New data on the sexual dimorphism of five species of deepwater skates from the North Atlantic Ocean are
presented: Amblyraja jenseni, Bathyraja pallida, Bathyraja richardsoni, Rajella bigelowi, and R. kukujevi. These skates exhibit sexual
dimorphism most frequently in interorbital width, disc length and width, length of the third gill slit, horizontal diameter of the
orbit, length of the fifth gill slit, space between the first and fifth gill slits, length of the second dorsal fin base, mouth width, length
and width of each lobe of the nasal curtain, distance from the snout to the center of anus, distance from the snout tip to the point
of maximum disc width, length of the lateral fold, length of the orbit + spiracle (measured together), tail height at the pelvic fin

tips, and the number of median thorns.

1. Introduction

Skates (Rajoidei) comprise an important component of shelf
and continental slope benthic communities of the world’s
oceans. They are major consumers of cephalopods, deca-
pods, and fishes, often utilizing the same food resources as
the apex predators, such as sea birds, marine mammals, and
sharks [1]. Skates, like all chondrichthyan fishes, exhibit sex-
ual dimorphism in the structure of the pelvic fins, which in
males are modified to act as copulatory organs, or claspers
[2]. Also, mature male skates have alar thorns on the edges
of the disc, which help to grasp the female during copulation
[3-5]. In many species sexual differences have been reported
in length, body mass, size and age of sexual maturity, other
external morphological features, and diet [3, 5-16]. Mature
females and males of several skate species exhibit differences
in the form and length of the teeth [3, 15, 17-23]. In one
species, differences were observed in the shape and size
of the shoulder and pelvic girdle [24]. Sexual differences
in size and shape of the olfactory and electrical organs
have also been found in some skates [3, 25—27]. Even with
this variety of manifestations of sexual dimorphism in skates,

the phenomenon has been poorly documented in deepwater
species. This study presents new data on sexually dimorphic
morphological characters of five deepwater skate species
from the North Atlantic Ocean: Jensen’s skate, Amblyraja
jenseni [28]; pale ray, Bathyraja pallida [29]; Richardson’s
ray, Bathyraja richardsoni [30]; Bigelow’s ray, Rajella bigelowi
[31]; Mid-Atlantic skate, R. kukujevi [32].

2. Materials and Methods

Our comparative analysis of skate morphology was based on
the measurement of 45—47 morphometric and 2—15 meristic
characters, according to protocols used in recent years [33—
35]. For some meristic characters (preorbital thorns, post-
orbital thorns, orbital thorns, interspiracular thorns, and
scapular thorns) we observed differences in thorn counts
on the left and right side of each specimen. Therefore,
we present maximum, minimum, and mean values for
one side for each character. The material examined by
the authors during 2005-2006 consisted of the majority
of specimens of five deepwater skate species available from
ichthyological collections worldwide (MCZ-Museum of
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Comparative Zoology, Harvard University, Cambridge, Mas-
sachusetts, USA; ZMUB-Zoological Museum, University
of Bergen, Bergen, Norway; USNM-National Museum of
Natural History, Smithsonian Institute, Washington DC,
USA; VIMS-Virginia Institute of Marine Science, Gloucester
Point, Virginia, USA; NMSZ-National Museum of Scotland,
Edinburgh, Scotland; BMNH-British Museum of Natural
History, London, Great Britain; NMHN-Museum National
d’Histoire Naturelle, Paris, France; ZISP-Zoological Institute,
Sankt-Peterburg, Russia). All measurements were conducted
in accordance with conventional procedures [3, 36-38]. The
following juvenile, adolescent, and mature specimens were
examined (the numbers of females and males, resp., of each
species are indicated in parenthesis).

Amblyraja jenseni (7/6)—MCZ 37899, 38354, 55011,
138020-1, 138020-2, 155628; ZMUB 19529, 19462, 19463;
VIMS 11757; USNM 35592, 23483, 33457. The USNM speci-
mens were not examined in this study but the morphological
data were taken from Bigelow and Schroeder [28, 36, 39].

Bathyraja pallida  (3/7)—ZMUB 19465, VIMS 11577,
VIMS 11758, NMSZ 2000.130.462, NMSZ 2000.130.80,
BMNH 1967.2.13.2, BMNH 1985.11.14.1, BMNH
1985.11.14.2, BMNH 1985.11.14.3, BMNH 1985.11.14.4.

Bathyraja  richardsoni (14/13)—BMNH 1999.2.2.1,
BMNH 1999.2.2.2, BMNH 1999.2.2.3, BMNH 1999.2.2.4,
BMNH 1999.10.1.1, BMNH 1999.10.1.2, NMHN 1999-
1156, NMSZ 2000.130.260, ZMUB 19522-1, ZMUB
19522-2, ZMUB 19522-3, ZMUB 19514-1, ZMUB 19514-2,
ZMUB 19514-3, ZMUB 19514-4, ZMUB 19476, ZMUB
17600, ZMUB 19448, ZMUB 19464, ZMUB 19364, ZMUB
19446, ZMUB 19528, ZMUB 19535, VIMS 11756.

Rajella  bigelowi (8/10)—NMHN 1988-361, NMHN
1987-482, NMHN 1999-1162; ZMUB 18406, ZMUB 18405;
MCZ 55316(A), MCZ 55316(B), MCZ 55316(C), MCZ
58444, MCZ 55314, MCZ 158964, MCZ 57327, VIMS 5562
(n = 3), VIMS 8444, VIMS 3347, VIMS 5424.

Rajella  kukujevi (2/6)—ZISP 46195, ZMUB 15709,
NMHN 1998-0727, NMHN 1999-1165, NMHN 1996-1157,
NMHN 1996-1153, NMHN 1996-235, NMHN 1996-1154.

Furthermore, for our comparative analyses of B. richard-
soni and A. jenseni, we also included published data [28, 30,
36, 39, 40]. We used conventional abbreviations to denote
museum collections [41, 42].

Because of the small number of deepwater skates avail-
able in ichthyological collections we had an opportunity
to examine only 13 specimens of A. jenseni, 10specimens
of B. pallida, 27 specimens of B. richardsoni, 12 specimens
of R. bigelowi, and eight specimens of R. kukujevi. Since
sample size was too small, the statistical significance of
the compared material was not evaluated using standard
statistical tests. Instead, we evaluated the significance of
variation in morphological characters between males and
females by comparing the mean (M) and standard error (m)
for each set of measurements. If the standard errors of the
means did not overlap (M + m) between males and females,
such differences were considered significant.
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3. Results and Discussion

Amblyraja jenseni was described in the middle of the past
century [28] and since then, several records of this skate
have been reported from the North Atlantic [43—47]. Until
recently, morphometric and meristic data were limited to
three specimens [28, 36, 39]. Although a recent study [35]
considerably expanded the knowledge of morphological
features of A. jenseni, information about sexual dimorphism
of this species, until now, was absent.

Our results show that the greatest differences in male and
female A. jenseni are found in the disc length, horizontal di-
ameter of the orbit, height of the tail at the pelvic fin tips,
length of the third gill slit, space between the fifth gill slits,
distances from the center of the anus to the first and second
dorsal fins (Table 1).

Bathyraja pallida was described in the second half of
the past century [29]. Although there have been eight sub-
sequent specimens collected [34, 45, 48-50], morphome-
tric and meristic data are limited to two specimens, and
these accompanied the original description of the species
[29]. A recent publication [35] contributed to the existing
morphological data available for this species; however, that
study did not include information about sexual dimorphism.
Furthermore, these data were based on the examination of
only three specimens.

Maximum differences between male and female B.
pallida were found in the following characters (Table 2): in-
terorbital width, interspiracular width, height of the first
dorsal fin, lengths of the first and second dorsal fin bases,
tail height at the pelvic fin tips, mouth width, nasal curtain
length and width, width of each lobe of the nasal curtain,
length of first gill slit, space between the first gill slits and the
fifth gill slits, distance from the snout tip to the center of the
anus, distance from the center of the anus to the tail tip, and
the number of teeth in the lower jaw.

The morphological and meristic characters of Bathyraja
richardsoni have been examined more thoroughly than most
other species in our study. Information on the morphology
of 16 mature individuals of this species has been published in
several early papers [30, 40, 51, 52]. However, these studies
omitted many of the morphometric and meristic characters
used in our study. More recently [34], a similar measurement
scheme on four advanced embryos of this species was used,
and the same measurement scheme was used on several
specimens caught on the Mid-Atlantic ridge during the
MAR-ECO expedition (www.mar-eco.no), as well as material
from the BMNH and MNHN collections [35]. Nevertheless,
none of these prior studies offer information about sexual
dimorphism of B. richardsoni.

Our results show B. richardsoni to be sexually dimorphic
in the following characters (Table 3): disc width, disc length,
horizontal diameter of the orbit, length of the orbit + spiracle
(measured together), tail width at the pelvic fin tips, length
of the lateral fold, mouth width, lengths of the third and fifth
gill slits, distance from the snout tip to the center of the anus,
distance from the snout tip to the line of maximum disk



Journal of Marine Biology

GE0 T 0°€ET Sl €7l L'¥8 0°0S1 6'LT 850 F €€l 6'S1 611 €'€6 0°LST g'cy PIM INON
T F TOE S 8 LT vTie 0°60€ 6'LL €T FE0E €eg 79z €50 0°18¢ €501 éwmuw M.MM
o . . . . . N . . . . . QU

181 F T¥E 9'6¢ S0¢g 9°6€T 0°She 0°£01 791 F ¥9€ 8'8¢ 9'I¢ 0°€he 0°LE€ 0°€vl PO [e10%]
e . ) ) . . S . . . . . ursLio

800 F €1 91 'l I'6 €1 (7 AN 91 60 G'8 g€l 6'F L e qpim
o . . ) . . S . . . . . urLio

LOOFOT €l 80 L 011 0°€¢ 90°0 F 0’1 Tl 60 0L 86 Ty L1 1® 38y
o . ) . ) ) e ) ) . ) ) sdn-p

PIOFI°€ 9°€¢ 8T S'IT L1€ '8 8T'0F I'E 9°¢ LT T'1C €0¢ 71l S
_ _ sdn-A

010 F €7 ST 0T 6°SI 0°€T 89 900 F ST LT 4 0°LI €St 68 N -
e . . ) . . e . . . . . U
IS0 F €€ c'g T 181 0°0¢ L8 60 F € €s v'T 6'€T 0S¥ I'v1 eszopysod rer,
YEOF LT 0¥ T 0°81 0'sT 601 870 F 0°€ 9'¢ 7T 107 €87 el 3uaf aseq O
070 F¥°0 'l 00 €1 '€ 00 0 F 60 ¥e 00 €9 062 00 Q:%MMM

6T0F S¥ TS €€ 867 0°€S 88 LTOFOS 8'G (474 €Te 9y L'61 3ud seq
810 T 0T LT Sl g€l ¥0€ c€ ST0T 0T €€ €1 g 0'8T 9'¢ W3y 7a

910 F 9F 0's 6'€ 7'8T 6'8¥ [ 9I'0 F L¥ v's €y L°0€ 0Ly g /1 yi3uay aseq
010 F 07T €T L1 €l 96T 8¢ 90 F €T 6 ¢l €/l 0'Th 09 sy ‘1
170 + 8¢ L 8y 6'6¢ 009 91 €€0FT9 69 €S ey €98 60T Spends Mmﬁ
o . ) ) ) ) o ) ) . ) ) pm
680 F L11 8'S1 01 VL 0'STI 9'€T 610 F I'TT 0Tl €01 8's/ 0011 8°0¥ seoendsion
8I'0F I°€ 8¢ ST 70z €L€ 9'G 9T'0 F 0°¢ ¥e €T 9°61 Ve Il p3ud) dpendg
SLOTFSL 'l 9 VLY TLL g€l 97°0 F 89 8L 09 1'9% 1'89 8 LT Eewﬁw
IaloweIp
TS0 F I°€ Ly 81 191 02T 6 S0 FTE 8'c ST 0L 0°0¥ 901 [euOZLIOY
€NqI0

180 F L6 1l VL 899 0°SII 667 WLOFL6 901 S'L 0's9 €08 L'8¢€ [eseudrd

690 F I 691 971 L'88 0'6v1 T'LE 1L0F 9€l €91 911 676 0's€l 675 [e1021d
o ) ) . ) ) S ) ) . ) ) [errqroaxd
¥8°0 F TYI 861 €01 968 0FLI [543 1€°0F TSI 991 01 €€0T 0°LST 19 «q8ua] noug

6L°0 ¥ I'SS 896 615 cIseg 07€9 8611 090 F I'LS 009 LSS S'06€ 0°€6S 0°£0T P3ud|
160 F €€L G'sL T0L 7"99% 0°L€8 G961 ISTFTVL €18 6’69 ¥01S 0°S6L 0%9¢ QpIm osiq
0°5€9 0°€ILl 0'€T 9'989 0'5901 0'69¢ wuw T,

w F U\ XeIN urN UBIN XeIN U w ¥ UBN XeJN Uury UBIN XeIN urnn
1L % n[osqy 1L % an[osqy Ia108IRYD)
(9) sareN (£) sareuag

*(10119 pIepUE)S = W ‘sasaYUdIed UT UMOYS 218 PIUTWEXD SUWIDIS
JO I2qUINU ‘P1Oq UT UIAIZ dTe SOUIPIP JULdYIUSIS) dNUL[Y YIION ) JO SeaIe JUIPIP Wolf Tudsud( e(el[quIy AeI SUISUD[ (L] PUL [EW JO SIMSLIDW pue sOLdWoydIopn 1 a14av],



Journal of Marine Biology

suIoY)
YTOT I z I YT0T 9T z I Tenoexdsiayur
‘ON
‘= o ‘= o suroy
070 F 81 z I 070+ 81 [4 I [eaqio3sod “oN
‘= S suIoy)
€0+ 07C € I Y0+ 91 4 ! [e31q10a1d ‘oN
157 + 076 €01 68 00°¢ + 088 16 S8 s[3ue ynoug
LV T+ L'ey o8y 1'8¢ S0Le 0Ly 7801 18°0 + 0°S¥ VLY LTy L90¢ 004y 0°6L1 dn qrey 0}
6€'T + 6%¢ <8¢ (A% ¥'ovc 0°06€ 0%01 650 + TLE L'6¢ v'ee €¥9T 0'86€ 0'6¢I aos
79T F €°6C 9'€e 'Ll 8°08I 0°6¥¢ 6'vL S0 + ¢Te 8¢ v'o¢c 8°€CT 0°9¢¢ 0°I<I snue jo Hoﬂwoﬁw
€9l + §°9¢ L6€ Vie 8°64¢ 0°00% 0°s0T V'l + 98¢ 9ty 9°¢e 76S¢ 0°85¢ 0Tvl b
SSIp "XEW 0}
o . . . . . R . . . . . SOUE JO 19330
SO'T + 89S 609 1'1¢ 1'6S¢ 0829 8Y¥IIL 0T + 7SS L'8S 879 8°L9¢ 0529 0961 01 dn 1noug
o . . . . . y13ua] snueysod
15°¢ g€l Tet 9L 6911 0'0¥2 0z eu eu eu eu eu eu adsep
R . . . . . ‘= e . . . . . 2901
18°0 7 0°61 9'0¢ 91 €8¢l 0'67¢ 0'bS 9¢'0 F €'61 Tot 181 1€l 0'907 9pL toumsod
R . . . . . R . . . . . 2qo[ 1oLue
€90 F ¥'Cl (4t L0L 8L 0¢erl 6°¢T S0+ 9Tl el STl 018 0°¢Tl VAT apSuaj-p
Or'T + ¥¢1 791 S o1 L8 0°0LI Cle vL0 + 961 1’81 el 6701 0°6¢€I €S SIS 118 Yy
V1 +¥0C 8¥¢C €91 el 0°sce 1'ey 790+ T0¢ 1'ce LT SLET 07981 L89 11y ESHM_HMMMMM
[ANVESNA | <l 60 '8 691 (a4 800 F I'L 7'l 60 €L 671 vy yyg
£00 + L1 0T 9l et ¢e 9°¢ S0°0 + S'1 9l €1 66 891 v paIy:
600 F¥'L L'l €'l 96 ¢8I 6'C 00+ ¢l 7'l €'l L8 [a4! [ pBua) s Mww
= . . . . . N . . . . . $9qO[ UamIaq
G800+ L6 |4 8L S0L 0°GTl 8'1¢C ¥€0+¥6 101 8 £'99 07201 ¥0¢ eds
‘= o . . . . . I . . . . . 2901
150 7 9 Ty 61 S8l 0’62 89 V0 F 1T 87 1 g€l 9'€t 001 —
0= . . . . . o= . . . . . p3ud
950 F ¥'S L9 a3 €9¢ €9 0’81 SEOF TS 9 e 9'pE 796 0t areyns [eseNy
9¢'0 + ¢TI Lel I'TT S9L 0°¢el S'8¢C o0+ ¥l 0°¢l 811 1'v8 0971 99 PPIM [esellinu]
W T UL Xe]N ury uedN XN ury W T UedN XeA[ Uy BN XN ury
1L % njosqy 1L % an[osqy I9)08IRYD)
(9) sareN (£) sareuag

‘ponunuo)) 1 414V],



€G'C + 8°LS 79 [4°] 681 + ¢€'LS 19 7S Mmef 1om0]
. . mef 1oddn
IT'T+ €19 ¥9 6S €G'C+ 98¢ €9 [4°] SMOI 1O0],
U S suoyy
0C0+ 70 1 0 0C0+ 70 1 0 [eSIOppI “ON
S o suoy)
16'T = ¥'¥¢C 1¢ 0¢C S6'0 F 0°SC 8¢ €C ueIpaW “oN
suioy)
0oF'o0+7¥1 ¢ ! 000+ 01 1 1 Temndessiayur
“ON
o = o suoy)
07’0+ 91 4 0 70+ 91 C 1 [eyonU “ON
U o suoy)
€90+07¥ 9 ¢ STO+07F < € repndess “oN

w F U\ XN Uy UBIN XeIN Iy w F U XeJN 0137Ng UBIN XeN U
TL % n[osqQy TL % anjosqy Iajoerey)
(9) sareN (£) sareuwag

‘panunuo)) ;[ a18v],

Journal of Marine Biology



Journal of Marine Biology

¥9'0 + 8'8 <6 V'L VL8 0°TvI | %4 6€°0 + S0I 601 L6 6°0SI 9°0L1 0°0%1 PPIM INON
AjenyuoA
¥€0F G6¢ L0€ 78T L'9LT 0'6Th S'z6 06'T ¥ T'6C T'1¢ LT 0°co¥ 0SSP 0'Is¢ nﬁwz% peaH]
SI'e ¥ I's¢ [ g 0°09¢ 0'¥¥S 06 BU F T'1¢ 'U 1€ 'U 'Uu 0SS By
I'e=+1 184 (414 9 4% [4) + 1T I'1 14 PIOJ [e21e]
urdrio
(AN | LT 6°0 0°¢t €'6T e U F G'T eu S'1 eu eu ¥e Iaw 5?.3.
P . . . . . N— eu . eu eu . ugrio
YO0+ 11 [ 60 €01 WAl ¥e FIT 't 191 1 e Sy
-~ _ sdn-A
SI0+6C 9°¢ 9l L'8T 0Cs S8 07’0 + 0°¢ e 9T "1 6°ch '8¢ ® Ew:&
" = . . . . . = o . . . . . sdn-A
G0'0 + €T )4 61 T €°9¢ 8'9 700 + ST 9'C N4 6'v¢ 8°9¢ (Y44 101819y
P : ) . : . N eu . - eu . 8ud
970 F ¥'C LT [ 9%C 1ce 0'L1 FCTC [ ¥'ve restopasod ey,
650 + C'C 6°'¢ 01 881 S¥e Tl BU T G'T 'U Sl 'U eu 6°'1C y3uay aseq O
Joeds
LTOF LT ¥'C 60 (44! 8°LT 9 Wo+T11 ST L0 L91 *N4 66 [es1opIauy
¥T0 ¥ 9'¢ 9% e ree 6°€S |41 ¥To ¥ T¢ e 6'C 6'LY €S P44 y33usy aseq
L00F0C ¥'C 8’1 €6l Ve L9 LIOF6'1 1T 8’1 €6C 6°C¢ LT WSy ‘ca
S1'0 + 8¢ (4 e (4 43 G'9¢ Tl 800 + T'¢ €€ e 8'8¥ 9'1¢ 6°SY 3udy aseq
10 F 6°'1 T Sl LLT Gee 79 €00 + LI L1 9’1 [ 4 9°9C 6'€T W8y ‘1
18us
670+ ¢SS 19 [ 667 LS8 I'LT 0L0F %9 'L LS 9°L8 S'16 9°¢8 spends +£URZO~
oy = e . . . . . = o . . . . . pm
LT0 F 6L 8'8 9'9 0°€L 0TI €°¢T 6€'T + 86 ¢TI 0’8 L8€1 0°191 Tetl reoendsiayuy
€0+ 8¢ ¥ T 99T S 0S €8 €0+ 6C 0°¢ LT 6¢g 6°6€ G'8¢ dusy apeads
1PIM
1770 + €€ 09 (44 L'Ly 708 9'81 790 * 19 €L TS 'L8 0'v6 718 EEHMHM.E
WBQEN%
670 F 6°¢ LY 8’1 (4% 6°¢9 Gl 98°0F 0¥ 1's €T ¥9¢ 89 09¢ [eyuozrroy
Nq10
990 + G°¢I LS1 'zt 8III 0%81 8'Sy eu eu eu eu eu eu [eseudrd
€'l + 891 6l el r'evl 0°68¢C €vs BU ¥ 9P 9¥1 9¥1 G'8CC €'8CC G'8TC [ex0a1d
ey1qroaxd
680+ 191 6l (N4 8Tl 0°S1¢ ¥'<S 90°0 + 891 891 L91 L€ST 7' 19C 0°9%¢ Aﬁmﬁaumsocw
870 ¥ 196 1°LS [ L1€S 0°'1¢S8 (IR741 S6'T + 0SS 8°8¢ €S 0164 0658 09 p3ud|
61T 699 S0L <09 0°¢79 0°0601 0261 050 ¥ 6’79 8¢9 0'%9 7E6 LSTOT 0°S¥8 qIpm os1q
[ 0°06¥%1 0'I1¢ 0°LEFT 09961 0°S8¢1 wut I,
w F UeN XeIA Uty UBIN XeIA Uty W F UedN XA utiy UBIN XeN utiN
1L % aInjosqy 1L % 2Injosqy I9)08IRYD)
() sareN (€) sarewag

*(3]qe[TeAR JOU = BU IOII PIBPUE)S = W ‘S9saJUdIed UT UMOYS dI8 PIUTUIEXD
suawDAds JO I2qUINU ‘P[OQ UT USAIS 2I€ SIOUIYTP JUedYTUSIS) O1IURY YIION U3 JO seare Jua1ayip woij eprjfed efeidyjeq Aex ored sjeway pue a[eu Jo sonsLIaW pue sornawoydIopy 1z a14av],



Journal of Marine Biology

€L°0 ¥ 0%C 9 44 00'S ¥ 0°0¢ s¢ ST mef Tomo[
o o mef 1oddn
S6°0 + C9C 0¢ i4 00°¢ + 0'8¢C 1€ (Y4 SMOI OO,
0F g BU T () eu st
1€°0+ 80 4 0 + 01 1 [ESIOppIW ON]
0F9 BU T () eu swoq
09°0 + 9°L1 61 91 + 091 91 uerpow oN
60'T + L'9F T0S I 44 T06¥ 0'7L9 0'9ST 96'0 F ¢ Vb ST 6'L59 6’769 0'I79 dn ey 03
060 + 70V LTy 6°9¢ 08¢ 0°C09 0671 U+ O 1% eu (V8% eu eu 0°66S zaol
e ) ) ) ) ) . . ) ) . ) 1q o
690 + C°S¢ 6'9¢ 9°C¢ geee 0°'6CS 0601 L9°0 ¥ 6'¢¢ Sve cee (48 9619 0605 snue Jo 19U
. } ) ) } ) e . ) ) . ) qpIm
88°0 + ¥'9¢ q'Le 8'I¢ 8 1¢ce 0°'s¥<S ¢0rt1 16T * ¥'9¢ 6'9¢ 6°¢ce 0°L8Y 0'6€S (VN5 >SIp “Xew o)
. . . . ) . o e ) . ) . . STIUE JO JOIUD
IS'T + TTS VLS 9°'8% 970S 0°6S8 T'1S1 ¥6°0 + ¥'9S 8°LS 9'vS ¢'CIs G068 0°C0L o1 dn 1noug
Y F ¢ ° * ° : : 'u ’u 'U U ’u eu &uwﬁoﬁ wSENHwOQ
0Ty + ¢'LT 9°LC 6L ¢CIcC 0°C0¥ Sy 5%20
. ) ) ) : . o . . . . ) 2qo]
160+ 191 1'8T (41 9961 0°69¢ c¢9¥ S6'1 + 661 VLT gel SyiIcC 0°9S¢C 0vLI sourasod
. ) ) ) ) . - . . . . ) 2qo[ 1oL33ue
860 + C'CI 7'ql 66 8901 0°LL1 (X574 cecc+16 jant 89 0°2C1 0°L91 0°L8 ,ﬁwcu_-\/
Sv0 + L01 c1I L'8 €66 0991 ve 10 + T¢I 9¥VI (ara| 0°88I1 6061 0981 SIS Em Uy
oo ) . . ) . . ) . ) . . SU[s [[13 351y
€9°0 ¥ 0°SI L'91 971 8 IvI 0'T¥C 9'8¥ 090 F 6LI 161 €Ll 69T L0LT 0°9%¢ wsomaq aoeds
L0°0+ €T 91 60 8¢l 6°¢C 9°¢ 0T'0+7¥'1 91 [ ¢'0¢C R4 T'LT yyy
91'0 + 8’1 (4 71 181 LE 0'S 600+ 61 1'C 8’1 ¥'LT 7 0¢ L°€T piyl
e . ) . . ) . . . . ) . 181y
010 + ¢'1 6'1 €1 8v1 067 (44 v0'0 T L1 L1 91 0%T 1'sT 81T qSus] S [
_ $9QO[ Udsam1aq
970+ L'¢ 8'¢ 91 8y €98 001 eu eu eu eu eu eu oeds
= o . . . ) . o = ) . . ) ) 2qoJ
o + 81 ¢C 80 0°LI (414 0°¢ 070 + I'T €T 6’1 | Y4 A% {4 (4 yors YIpm
LE0 + L6 801 6 6°L8 0°SS1 6°8¢C 6ce'0 + L01 [ oI 0°LV1 0671 0S¥l Ipmm
o = o ) . . . ) e ) . ) ) ) p3ud]
¥T0 + 0% LY (X vLE 9°0L 'Vl 970 + €°¢ %Y 0°¢ 6'7v 9°S¥y (4474 ‘ureym> [eseN
LEOTF 06 S0l 78 9'98 0°LST 9'97 ¥9°0 ¥ 86 801 9'8 0071 0'L¥1 9FET  (IPIM [eSeUIdU]
w F U\ XeJN urpy UBIN XeIN UIN w F U\ XeJN UIN UBIN XeIN UIN
,.HrH c\o 33~Owﬂ< ,.HVH Qo uﬁ:Own—< .HQHUN.HMQU
(£) s3I (€) sarewag

‘ponunuoy) g 414V],



Journal of Marine Biology

€0 F 66 11 6L 8'8S €0€1 a4 670 ¥ 801 671 6 0°€01 0261 12t IpIM INON
8/°0 F 1°ST 18T 00T 9°¢€l 0792 ida4 €50 F 092 €8T T €12e 0 €Ty €€s éwm% M.MM
o= . . ) ) ) e ) . . . . p3ud]
L6'T F T'0F €¥S 6°€€ 8961 0'¥8¢€ 8'86 8S'T F 69¢ 9% 6°0€ 0¥LT 0'I8¥ I'IIT P[0} [33¢]
e . ) . . . O ) ) . ) ) uIsLio
910 F S'T LT 01 T'L I'sT 0¥ 010 F €1 €T 'l I'Il €0t €€ 1 e ppm
e . ) ) . . o ) ) . ) ) udLio
800 F €1 07 60 €9 Fel €€ 9200 F T1 A 01 001 881 8¢ L e g8y
= e . . . . . o= . ) . . . . sdn-p
L10 F €F 9°G G 9'1¢ 'Sy 701 81°0 F L€ 8y 9T €€ 079 9L —
R . ) . . . . ) ) . ) ) sdi-A
910 F 1°€ 4 4 LS1 8°8¢ 8/ 010 F 6T 9°¢ ST 1'sT L'l 98 e 18y
e . ) ) . . S ) ) . ) ) p3ud]
89°0 T ¥'¥ '8 00 612 T 00 90 F 0¥ 6L 00 1’6 vTs 00 esiopisod reL
TOFVY 0L 6T L61 8¢ 811 LT0F 8¢ [l 8T 1'L2 T P11 3udy aseq O
80°0 ¥ 9°0 01 00 9¢ 6L 00 80°0 ¥ 9°0 01 00 &S 41 00 Q:%MMM
€TOF 8¢ 0°S 8T 961 0°9¢ I'6 [ANEE XS o 6T ¥'8T 0GP €01 3us) aseq
0¥ 8T ST ¥l 86 ¥'0C ¥y 010 F9'1 1'C 01 LTl ¥0¢ 0°S WSy ‘ca
1T0F L€ 7S 8T 861 €8¢ S'6 0 F V€ 9% 8T 8°0¢ 60S 101 3udy aseq
€10 F 81 8T €1 I'6 991 TP 010 F 91 ¥ I'l 8¢l S0 8'G W8y ‘1
LT0 F LS S'L 8y [ 14 ¥'Ts S11 170 ¥ TS 89 vy I'ey 0°0L 41 opexnds MMmM
e . ) . ) ) o ) ) . ) ) qpm
LTOF €11 Pl 701 6°€9 a4t (oo STOF €L 8Tl 06 L701 7081 887 seoendsisy
SI0F VT ¥ 81 611 00T 0¥ ST'0F 97T G'¢ 0T €T €¢s €s dusy apeads
¥€0F 69 ¥01 €g L'T¥ AR 96 SO FGSL I'T1 TS S0L G191 891 EEHM%
IoloweIp
070 ¥ L€ 9'G 61 VLI L'8T L8 0€0 ¥ 97 0°S L1 ¥'0z I'ie €11 [eyuozLIoy
NQIO
90FT6 611 6'S 0°cS 0701 0Tl 96’0 F¥'6 G11 79 €9/ 0°6€1 ¥61 [eseuaid
WOF LTI €91 T8 1°9L CLP1 671 8€°0 F TEI Sl 701 G0TI 9907 [ 44 [ex0a1d
. . ) . ) ) . ) ) . ) ) [e3qroa1d
840 F TTI €GlI S/ SyL 0°ShI 9¥1 €50 F 6°T1 ¥61 06 €8Il 0112 91T «q8us] moug
65T F T1°€S 6'6S 8'I¥ S¥IE 6'L€9 1’92 €90 T T'9S €09 ¥'0s 9'6TS 0°726 0'1zI p3us|
VT F LS9 €0L 9IS G 78¢ 0'¥8L 6'€6 960 F 1'89 €L 799 9'979 0°TH01 1'6S1T Ppm osiq
T0LS 0°€ElT 0781 0726 0°0€ST 0°0¥¢ wu I,
w ¥ UBN XeIN UurN UBIN XeIN U w ¥ UBN XeJN urnn UBIN XeIN urnn
1L % n[osqy 1L % an[osqy Ia108IRYD)
(€1) SFEIW (P1) sarewag

*(10113 pIepue)s = W ‘sasayjuared UT UMOYS oI PIUTWEXD SUWIAS Jo
IQUINU ‘p1oq UT UIAIS dT€ SIOUIIPIP JUBIYTUSIS) dTIUB[IY YIION ) JO SBIIE JUIIJIP WOIJ TUOSPIRYDLI BleIAY)eg ABI S UOSPIRYDRY S[BWDJ PUE J[BUI JO SONSLIWI pUe sOL1dwoydIoly :¢ a18aV],



Journal of Marine Biology

I¥'S + ¥'96 eel 0L 69°¢ + 8°06 0tt 0L 3[3ue Jnoug
o o SUIOU[} URIPIU
w0 + TSI 8I €l VL0 + S91 1< 4! J0 1oqUINN
SI'T+ <y 09 79¢ £9¢¢ €ILY 9601 [4 /A T 4 8¢S VLe ¥'8G¢ 0109 recl dn [rey 0y
Yo'l + 9'¢e (444 1'6¢ €9L1 0'8s¢ 708 Tl + €se 6ty €'6¢ ¥'9LC 0TIy 0°¢0I1 caol
L+ S'I¢e '8¢ L’ST 6'1LL 9°09¢ 89 960 + S'I¢ LLe 1'sc 1'86¢ 099¢ 506 snue jo uhum@ﬁw
0T°C + T'le ¥'9¢ 06 T0LT 098¢ e vL0 + 0°SE 0°6¢ 0'I€ 6°¢6¢ 0°0LS 0’16 b
ISIp "Xew 0}
- = o . . . . . - . . . . . STUE JO 19U
€0'CT + 9°6¥ 0’19 g'ce 1'66C I'169 0°¢L 9¢'T + 079¢ 099 '9v 6°6€S 00101 8¢ll 01 dn Jnoug
o . . . . . ya3uaf snueysod
L¥'0+9'8 0°¢I 79 9'8% LLT1 [ el Bl Bu el Bu Bu gadse]
R . . . . . ‘"= o . . . . . 2901
LLOF VYL 981 01T S'6L 0Lyl A4 960 + 9°S1 L8l 6'Cl §el 0'8¢€¢ vee sousod
‘= . . . . . o= . . . . . 2qo[ Iormue
650 F T6 L 9 Tss €811 STl 860 ¥ L'8 101 w9 6LL 0671 T6l CpBuar-A
070+ 6°¢l 6'SL I'T1 08 SVLI 60T 160 + ¢vI 991 €01 6'6C1 cLee G9¢ SIS I8 qyy
960+ 6'LI 8°0¢ 8VI 8¢01 £°6¢T LT 65°0 + 681 v'ic 9¢l LTLT G'80¢ 99 :oww»:wommwuwmw
01’0 + ¢'1 L1 L0 | ] €61 €1 600 + S'I 61 8°0 0¥l §'6e (44 g
80°0 + 9L |4 01 <6 8°¢T (X4 80°0 + 8°IL (X4 €l LI Toe e pary:
80°0 F ¥'1 8’1 60 L8 ¥°0C 0¢ 90°0 + &'T 6’1 I'1 6Vl 9T 9¢ pSuay s Mww
R . . . . . ‘= . . . . . $9qO[ UaMIaq
8T0+TL €8 8¢ (4% ¥'¥8 LTl 8¥°0 + 0L '8 [ 019 LLTT 8¢l eds
P . . . . . ‘o= . . . . . 2901
1'0+07C v'C 1 €01 £°0T (4 L8°0+6C 44! 91 0ce LLL 0°s yoea yIpim
0= o . : . . . 0T o : : : : : p3uay
SO0 F0°¢S 01 43 9%t 9'LE 99 LTOF 97 g's 0¢ €LE 9°0L 811 ureyn [eseN
Le0+ 601 vl 8’8 979 9vll 091 1€0+ 0TI 8¢l 08 966 OvLl ¥'9¢ YIPIM [eselou]
w F UedN XeN Uty uedN XeN Uty w F U XeN Ut UedN XeN Uty
1L % njosqy 1L % an[osqy 19)08IRYD)
(€1) SO (P1) sarewag

‘ponunuoy) ¢ 414dV],



>~
on
< TOF L9 08 6 vl 0S¢ 0L E0F €9 '8 67 0L1 €8T €8 WPIM qInow
2 e . . . . . = e . . . . . Afrenuaa
P €50 F €T 9'sT 14 L'0S 0’16 07T V0 F ¥'€T 9'sT I'e 0'L9 601 S1T «qBus] peoyy
5 s . . ) . . - . . . . . y3ud]
< UTF90C 04T 0%l A 0'901 0'L1 65T F S°0C 0'6C |4 199 0Tl €1e PO [e10%e]
b o . : . . . e : : . : : urgrio
e 600 F9' 0T 'l 9¢ €8 81 AN 81 'l vy 08 81 L e qpim
5 600 F Tl 81 01 LT 0S <1 V00 F ' il 01 0¢ 8y il wsto
2 1q e 1ysRy
= o . . . . : o= : . ) : : sdn-A
YI0F 0¥ Sy X3 €6 c61 0¥ ST0F 0% 9y (4 vl L'81 Sy S
= o . . . . . o= : . . : . sdn-A
010 ¥ 8°C c¢ €T 79 S11 c¢ LO0F 6T X3 9T T8 Al T N -
g . : . . . S : : . : : Q3
80 F I'E 6€ 1'c 0L 0%l 0€ 050 F ¢ 6 6'1 98 0Tl 0¥ eszopysod ref,
170 % 6T 9¢ 91 L9 0%1 0¢ LSOFFE 6 6'1 6'8 01 6'¢ 3usyaseq O
070 ¥ S0 6'1 00 L0 0¢ 00 LEOF 90 8T 00 'l 0S 00 ?:%MMM
STOF¥'S 6 LY vl 0T ¢S PE0F 0°S 79 s¢ 6°€1 0'1e 9 y3udy aseq
ST0FTT 0¢ L1 v's 0°€l 0T 61°0F1°C LT il €9 1l 91 sy ‘7
610 F I'S I'9 'y vl 0%C 0S 960 F &°S SL Iy €Sl 8'¢T LL 13ud] aseq
SI0FTT T L1 A 01 0T 8I0F 1T 9T il <9 0l il sy ‘1
SP'o T €S I'6 Iy VIl S'Ie s o + v TS I'v '€l §Ie 0 opexds Mmﬁ
R . : . . . o : : . : : qpim
610F I'L 08 79 671 0°0¢ 08 90°0 ¥ 69 I'L 99 c61 667 TL seoendsion
010 F¥'C 0¢ 0T Ls <11 0T 010 F¢¢ 8T 0T L9 971 TT 3udy aperdg
170 F €% €s Te €6 091 0s L0 F 8¢ 6¥ v'e S0l $'91 0's Eewﬁw
Ia)awerp
61°0F '} € X3 7’6 041 0¥ 0FTY LY 8¢ 811 061 Ty [uozLIoy
NQI0
SE0FS6 811 6L 81T 0LE 08 9%°0 ¥ 0°01 L7l €8 S8z 0'9¥ S8 [eseuaid
770+ 811 8¥I oI 9°9C Sy 01T 870 + L'I1 At €01 qee ¥9¢ <01 [e1021d
o . : . . . = o : : . : : [eyqroa1d
SP0 F 01 Ll 6L 1'¢e 0¥ 08 PO F 011 pel 7’6 S1¢g ¢SS 01 «q8ua] noug
L0 F Sy 0'6¥ ¢y 8701 0961 0'9% 78°0 F 8 'Ly 9'0% 6'8T1 0'60T 0cy 3us
0£°0 ¥ 9°0S €¥S 8L 1911 01T 0%S L8°0 F €IS 6'SS 6Ly 4 07T 0LS PPIM S
0'1€T 0'9¢¥ 0101 8'¢8C 0'€sh 0201 ww ‘L
w F U\ XeIN urN UBIN XeIN ury w ¥ UBN XeJN Uury U3 XeIA Uury
1L % an[osqQy 1L % an[osqy I9)derey)
(8) SareN (¥) sapewag

10

*(3[qe[TeAR JOU = BU IOLI PIEPUE)S = W ‘S9sayjuated Ul UMOYS 218 PIUTUIEXD SUdWIdds
JO I2qQUINU ‘P[Oq UT UAIS 21 SOUIPIP JUdYIUSIS) dNUB[Y YLION ) JO SEATR JUIIYIP WOJ IMO[I3Iq eja(ey AeI s MO[ISIg dewa) pue [EUI JO $ONSLIOW pue $OLIdWoYdIoN F a14av],



11

Journal of Marine Biology

suIoy)

9T0F 1T iz 1 970 F¥'T % z regaonsod ‘op
o oo suroy)
6€0 F 1T S I 60 F TI'E 9 4 [enqroaxd ‘oN
88°0 ¥ €'801 0011 0201 05T ¥ 6801 0111 0'901 a[3ue Jnoug
050 ¥ 565 L'T9 TS VLET 0'6¥CT 0'65 780 F T6S €9 1'95 7991 05T 079 dn ey 0
V0T 618 S¥S c'6h S6l1 0°S1¢ 0°¢S 00'T ¥ 6°0S 9°¢S 1'sy SVl 072t 09% ao
190  1'9% 6'8¥ 0°ch G901 0061 0'L¥ 66'0 F T'SY S'8¥ T6¢ 6871 0661 0°0F snue jo smmow
07 F S¥C 1°0€ 01 95 0'0€T €€t CTTFTLT 8T STl 184 0'szI S'IE HPIM
Uw:u ‘Xeuwr 0}
S . } . ) ) o ) ) . ) ) STIUE JO IAJUD
6%°0 T 7'6¢€ ¥ 0'9¢ €16 0081 0'6¢ 680 F £0F vev €'LE 1911 0°561 0'8¢ o1 dn Jnoug
o . . . . . yi8uof snueysod
SYOTTL €01 ¥'S L1 0'S¥ 0L eu eu eu eu eu eu aadsery
e . ) . . : . } ) . ) ) aqo|
W0 T 8El 091 611 97¢ 019 XA S0 T L VI 6°L1 871 0'ch 18 Sl tou1s0d
e . ) . . ) e ) ) . ) ) 2qo[ IorId)Ue
ST0F 8Tl g€l S'1I 16T 0'9S 0°€l W0 F STl g€l L0l T9¢ €79 011 I
CTOF TS I'6 89 78l 0's¢ 06 170F98 S'6 'L e 9'8¢ L6 SU[S 113 yyy
o . ) . . ) o ) ) . ) ) SU[s [[13 381y
61°0 FE€I aal ¥4l S'0¢ 0'8S 0v1 170 F €l 0¥l vzl 9'L¢ 679 g€l wsom1aq 29eds
600 T 6°0 91 L0 €T 8Y 0’1 LOOTFIT 91 01 I3 1L 01 ugy
800 ¥ TI 91 60 0'¢ 09 01 F10 F 61 I'C L0 a4 €6 L0 pargy
000 F €1 91 60 8T 0'S S'1 110 ¥ ¥'1 61 01 4y 88 01 8] s mww
U . ) . . . o ) ) . ) ) $2q0] U2aMI2q
AN 6'S 0°¢ 96 091 8 60T I'¥ LS 6T 86 0°€l TS eds
o xe . . . . . = e . . . . . 2q0[
10 ¥ ¥'1 0T 80 e ) 01 900 F L'T 61 ¥l 9y L 91 N —
= e . . . . . = ) . ) ) ) psud]
P10 F 6T €€ 0 09 o<l 0T 91'0 F 0°¢ L€ 97 L8 €6l I'e wreyms eseNy
CTOF 69 6L g'g Nal 067 0'8 LIOF L9 ¢/ 8'g 061 Tee [ YIPIM [eseUIIU]
w F UBN XBIN ury UeIN XeIN ury w ¥ UBN XeIN U U XeIA ury
TL % an[osqQy 1L % anjosqy Ia1oerey))
(8) SarE (¥) sopewag

‘panunuo)) :f F14V],



Journal of Marine Biology

12

09°C + ¢0¢ 8¢ (44 SI'C+T6C 9¢ 144 Me( Tamo[
_ _ me( 1oddn
€9°C + ¢'C¢ or [44 Se'C+ L0¢ 8¢ [4¢ SMOI (300,
I I suroy
010+ 1°0 I 0 ero=1o I 0 [esIOppIW "ON
‘= o 0= e surom
69°0 ¥ 9°8¢ €€ 9t 96°0 F ¥'6¢ €€ ST weIpaw ‘oN
SuIOY)
BUF 0T ! 1 BUF ('] I I rendedsojur
‘ON
‘= e o SuIOY)
wWoFYT ¥ C w0F9T ¥ ¢ [egonu ‘0N
‘= o ‘"= o surow
6L0F9°€ 01 C SLOF O 8 e tepndess ‘N
SuIOY)
w0+ 80 ¢ 0 €COF €T ¥ 0 Tenoerrdsiayur
‘ON

w F UedN XN urn uedN XN ury w F U XeIN Uy ueIN XN urn
1L % njosqy 1L % anjosqy I9108IRYD)
(8) SaE (%) sorewag

‘panunuo)) :f I14V],



13

Journal of Marine Biology

90°0 + 9°L 8L c'L a4 8°LS (e 4 SO0+ 9L 9L Sl %N 4 [ 4 0S¥y YIpIM JInON
€90 ¥ 9°ST 6'9C 8'7C 6'281 §'€0T 9'9GT ¥8°0 ¥ 097 897 1St L'9GT 0'791 ¥IST éwm_@ﬂ WMM
o e . ) . ) ) o = . . . ) ) p3ud]
¥ F ¥8I ¢Te el r'e€l 0°0L1 9'8L 0€°0 = 60¢ 1T 90T 0'971 0'8zI 05Tl poj (oot
e . } . . . . ) ) . ) ) uIsLio
AN 7T ST C¢T 791 6 100F 6T 6’1 6T A VIl ¢l L e gpim
. . ) . . . e ) ) . ) ) uIsLio
LOOFTT ST 0T 08 0TI 79 $00F TT 7T T'1 0L L L9 L1 1By
U . ) . ) ) o ) ) . ) } sdi-A
FE0F 0¥ 'S 0'¢ 167 6'8¢ L'0T 90°0 F ¥ ¥ ¥ 9'6T 097 ST —
U . ) . . : . ) ) . ) ) sdi-A
010 F8°¢C 0¢ ¥'C 0T 0'¢T 6'ST 007F 67 6'C 8T ¢L1 vL1 L1 -
. . ) . . . S ) ) . ) ) q3ud]
900 F ¥'1 9T Tl 0T 0TI 8 9I'0F 9T 81 Sl 6'6 801 6'8 esiopisod rel,
900 F ¥'1 91 1 01 0'CI '8 91'0 + 91 8’1 a1l 66 80T 6’8 ﬁmmﬁ aseq D
Joeds
00 00 00 00 00 00 00 00 00 00 00 00 -
SI'0 F 0°S 9'g 9% 1'9¢ €T €Lz ST0 F 86 09 S's 8pe 79¢€ €ee 8uay aseq
9I'0F I°¢ 8¢ LT 0'Ce 9'87 6'L1 010 F 6'C 0'¢ 8T YAl 781 Il sy ‘za
YO0 T 67 6'S 1572 9%¢ 0'8¢ 0T TOTFOS s 8F €0¢ 9'1¢ 0'67 3udy aseq
610 FT°¢ L€ N4 T 9'/C 01 0€0F LT 0°¢ v'T S9T €81 L7l W8y ‘1
6I0F 'S LS Sy €'9¢ 6T cee 810 F 6% I's 8F 867 60 9'8¢ spexds hmmw
. . ) . . ) . ) ) . ) ) ypm
FIOF 1L S'L L9 0TS 8'9g v ST0F 69 0L 89 LT S'Th 8'0¥ sepoexdsiaru
6T0F LT e 8T 61 L'1T 071 LTOF QT 6'C 97 891 8 /1 LS1 3uap aperdg
600 F 6'€ T L€ LT I'ze 6'€T 600 F I'F T 0% 85T ¥'sT TP E%me”
Ia)auwerp
9TOFI¥ 6% e 067 LS 0'%¢ [FOFTF 9% 9'¢ L'7C ST 81T [B3uOZIIOY
NqQI0
LTOFSTT ¥el 811 168 6'96 108 €S0 F 6°TT vel il 6'LL 18 SYL Teseuard
870 F 971 09T el 6°€0T SIII Y6 60 F 971 0°SI TPl 7’88 L'06 LS8 [e10a1d
. . ) . ) ) o ) ) . ) ) [e31q1001d
970 F 6°€1 0'sT el 766 0'TTI 8¢ STOF I¥I CFI g€t 0's8 9'98 c'¢es ] moug
SCOFTIS €78 1°0S §'99¢ 0F6¢ 0'66¢ 050 ¥ S°0S 0TS 0°0S SF0¢ 0°80¢ 0'10¢€ p8ud]
0 F SLS 686 095 TUv 0°CHy 0°L€€ 7€°0 F 09 €96 9GS GLe€ 0°0¥€ 0's€€ YpIm osiq
7912 0'L5L 0°L6S 0°€09 0709 0'709 ww I,
w F U\ XeIN urN UBIN XeIN U w ¥ UBN XeJN Uury U3 XeIA Uury
1L % an[osqQy 1L % an[osqy I9)derey)

(9) sareIN

(2) sopewag

*(9[qe[TeAR JOU = BU TOLID PIEPUR)S = WI ‘SasaYjuated UT UMOUS oI PIUTWIEXD SUWIAdS Jo
IqUINU “P[Oq UT U2AIS dTe SIOUIJIP JUBIYIUSIS) dNUL[Y YIION Y] JO SEII. JUIIIIP WOIJ 1NN B[[2(ey] 1S dNUB[IY-PIJA S[BW] PUE J[EUI JO SONSLIdW pue $d11awoydIoly ¢ a18av],



Journal of Marine Biology

14

‘= o o suioyy
¥S'0 F 8°¢ S 4 00T %09 8 14 [eyonU JO ON
SuIOY)
LT°0 + T1 (4 0 ST0 + 81 rd 1 Tenoerrdsayur
Jo'ON
7= o . suioyy
1T1F99 01 C STOF €9 8 S 1110 J0 “ON
SUIOY)
6L°0F0°¢ S 0 GL0F 8T ¥ 4 reaqroysod
Jo'ON
R R suroy
VSO F I 9 ¢ 00T ¥ ¢°€ 9 4 [enquoaid jo "oN
YT+ 0.8 096 06L 00°C+ 068 016 0°/8 3[3ue ynoug
88°0 + 0'I¢ Tes Ly S¥9¢ 0°¢o¥ 0'ql¢ 6'0 F ¥'CS €'¢es S'1s 091¢ 0°1ce 0T1€ dn qrey 0}
€70+ 0'sh 797 ey gTee 0TS¢ 0°€LT 06°0 + ¥'S¥ €oF Sy 0%LT 0'6LT 0'69¢ oy
8¢'0 + ¥'0¥ 617 0'6€ G'68¢ 0°L1¢ 0°¢ve 86°0 + T0¥ (84 '6¢e gve 0°8¥¢ (VAY4 snue jo BMMQN
= g . . . . . ‘= . . . . . Ppm
6T°¢ + 6°0C (4> €1l L°0ST 0'¥¥C 8L vCo + LI 0°ST a4t L'88 0°06 VL8 2SI “Xew 0}
= . . . . . ‘= e . . . . . STUE JO 123U
€90 F 697 L'8Y 6'v¥ L'9€¢ 0°29¢ 09.¢ 65°0 + ¢9% 697 LSy 0'6LC 0°¢8¢ 0°6L¢ 01 dn 1noug
o . . . . . 18uay snueysod
€V F T91 T '8 P81l 0'891 6'6% eu eu eu eu eu eu adse
oy = 1 . . . . . 0= e . . . . . 2901
1270 = 181 86l (4! 96Tl 06¥1 1ot 100+ €'L1 SLL I'Z1 1701 s01 0°¢0l souas0d
‘= o . . . . . R . . . . . 2qo[ 1oLIe1ue
9¢°0 + 8¢l 671 [ 786 1'601 0S8 ¥e0+6¢l 8¢l '€l €18 [a% V6L pSudf-A
€E0F 16 901 €8 679 L89 679 810 + L8 6'8 '8 9Cs 8¢S V1S SIS 18 qyy
0 = o . . . . . 0 T e . . : . . SH[S [18 31y
SE'0 F 0°€l L€l Pl 6'76 €0l 508 o F 8¢l 184! 9°€l 'e8 678 078 wsen1aq 2oeds
900+ C'1 At 01 '8 oL 0L 1C0+7¥'1 91 (4! €8 9'6 0L g
01°0+9°1 81 1 L1 Il 06 8T0 + L1 0T S'1 o1 [aq! 8'8 pIq
900 ¥ 'L L'l €1 801 87Tl 6'8 ITo+¢l 91l ¥l 6 86 R pSua EWMMW
R . . . . . $9qO[ UaMIaq
600 F S Sy ¥y yee Lee 0°¢e eu eu eu eu el el soeds
= . . . . . NG . . . . . 2901
Iro+e6'l |4 Al 6°¢l 091 9'8 ¥I'0+ 07T 1C 6'1 et 6'CL [an! yoes Yrpim
07’0+ 7T'8 06 'L VLS L9 Sy LT'0O+ T8 '8 08 g6v 909 V'8y Ppim
o+ ¢v 8¥ 8¢ I'1¢ 6'S¢ 6'CC Cro+vy Sy (44 €9C 69T 96T hﬁmtzuﬁwwmmm
770+ <96 oI LL 9°L9 0'6L 0°8¢ 0¢'0 = 101 9°0L 9'6 1'19 v9 0'8S PPIM [eseuLu]
w F UedN XN Uy uedN XN urn w F U XeJN ury ueIN XeIN 0137N¢
1L % anjosqy 1L % an[osqy I9108IRYD)
(9) saE (7) sorewag

‘panunuo)) :G 14V],



15

. o Me( TOMO]
16'T * L°6€ 44 Ie 00°T = 0'6¢€ or 8¢ SMOI (J00]
B _ me[ 1addn
LUT F L°8€ 94 s¢ euF 00y v ov $MOI 300,
o o EIAEIRET
¥re F 7901 811 66 007 * 0°601 €1l S0t1 [epnes “oN
o o 9BIQRLIDA
86°0 + T'9C 8¢ 4 000 + 0°SC <C 14 yuni o
. - . M F * Hv%muﬁ
60°S + 889 68 LS 0S'8 + S°Ly 9¢ 6€ sourds [erore
e — ‘0 F ¢ uﬂmc
€G'€ + €99 6L << 0S°0 + S°LS 8¢ LS sourds [exare
o o SUIOU} URIPIW
6L°€ +O0¥VI 4 0 00y + 0°ST 6¢ 1c Jo "ou [eI0]
suIoy)
€90 F 07 b 0 00T FO'T 7 0 1e[ndedsiojur
Jo "'ON
o o swIoy)
90F¥T S 0 00T 0°€ 14 4 rendeds Jo "oN
w F Uy XeN Uty Ued\ XeN ury w F UedN UBdN XeN Uty
1L % anjosqy 1L % anjosqy 19)08IRYD)
(9) soreN (7) soreurag

Journal of Marine Biology

"ponunuo)) G AI4V],



16

width, and the number of median thorns.

The morphology of Rajella bigelowi has been docu-
mented better than all the other species in our study, with
published data on 30 specimens [31, 33]. In a recent study,
additional data on the morphology and meristics of R.
bigelowi from the North Atlantic was provided [35], based
on specimens from the MCZ and MHNH and two neonates
collected from the Mid-Atlantic Ridge (ZMUB). However,
there have been no investigations concerning the sexual
dimorphism of this species. Our analysis of 18 specimens of
R. bigelowi showed that males and females of this species
differ significantly in the following characters (Table 4):
interorbital width, length of the orbit + spiracle (measured
together), head length, length of the nasal curtain, width
of each nasal curtain lobe, length of the third and fifth
gill slits, and the number of preorbital thorns. Some of the
thorn counts for this species varied on the left and right
sides of the specimen (i.e., orbital thorns, scapular thorns,
etc.). Therefore, the maximum, minimum, and mean values
for these characters are shown for one side of the animal.
Apparent sexual dimorphism of meristic characters could be
due to our small sample size or low variation among the
specimens observed.

Morphometric and meristic data from Rajella kukujevi
are published in a single paper, which is the original de-
scription of the species [32]. Unfortunately the description
of this species included only a small number of characters.
Since then, only three specimens have been collected [50, 53],
but these subsequent records lack any reporting of mor-
phometric or meristic data. Therefore, the morphology of
this species has been scantly reported and no data on sexual
dimorphism are available.

The males and females we examined differ in the fol-
lowing characters (Table 5): disc width, interorbital width,
length of the second dorsal fin base, lateral fold length,
space between the first gill slits, distance between the
snout and the point of maximum disc width, number of
interspiracular and median thorns, number of lateral spines
on the right and left sides of the tail, and the number of trunk
vertebrae. Like R. bigelowi, the apparent sexual dimorphism
of meristic characters could be due to our small sample size
(only two females examined) or low variation among the
specimens observed. Conversely, other characters might be
sexually dimorphic but not detected by our analysis, owing
to very high variation in some characters (i.e., median thorns
and lateral spines). Also, like R. bigelowi, the maximum,
minimum, and mean values for some of the thorn counts
were given for one side of the animal.

Studies of sexual dimorphism in batoids are limited.
However, these previous studies found sexual dimorphism
in various morphological characters. For example, males
and females of the South American apron ray, Discopyge
tschudii, and Patagonian skate, Bathyraja macloviana, differ
in disc length [15, 26]. Male and female zipper sand skates,
Psammobatis extenta, from Argentinean waters exhibit sexual
dimorphism in the prenasal snout length, distance between
the anus and tail tip, and distance between the snout tip and
anus [14]. The thorny skate, Raja clavata, from the Adriatic
Sea exhibits sexual dimorphism in the disc length and
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maximum eye diameter [6]. Also, many North Pacific skate
species from Japanese waters have shown sexual dimorphism
in snout lengths, lengths of the pelvic fins, and tail lengths
[3].

Our study shows that North Atlantic deepwater skates
from the genera Amblyraja, Bathyraja, and Rajella exhibit
sexual dimorphism most frequently in the following charac-
ters: interorbital width and length of the third gill slit (three
of five species), disc length and width, horizontal diameter of
the orbit, length of the fifth gill slit, space between first gill
slits, space between fifth gill slits, length of the second dorsal
fin base, mouth width, length and width of each lobe of the
nasal curtain, distance from the snout tip to the center of the
anus, distance from the snout to the point of maximum disc
width, length of lateral fold, length of the orbit + spiracle
(measured together), tail height at the pelvic fin tips, and the
number of median thorns (two of five species).

Sexual dimorphism in disc length and the distance from
the snout tip to the anus has been noted for other skate
species [6, 14, 15, 26]. This is probably due to the larger
size attained by females, compared to males of the same age
[8-11, 16]. The same reason may cause differences between
males and females in the length of the lateral fold, distance
from the snout tip to the point of maximum disc width, and
the number of median thorns.

Our study shows that females of some species have
a relatively wider disc compared to males and this is
likely responsible for the observed differences in interorbital
width, length of gill slits, length of the orbit + spiracle
(measured together), and the space between the gill slits.
Differences in mouth width in some species may be caused
by sexual dimorphism of the shape and number of teeth in
adult skates, as well as differences in diet [3, 9—-11, 15, 17-23].
The same cause might be responsible for differences between
males and females in size of the nasal curtain.

We also observed differences between males and females
in the tail height at the tips of pelvic fins. Since the tail is used
in courtship and copulation, it is reasonable to assume that
these differences can be attributed to reproductive behaviour.

Forster [37] noted the existence of minor sexual differ-
ences in colour patterns of Bathyraja richardsoni that may
be related to limited observations (single male and single
female examined) and is likely attributable to individual
variation. Our study did not reveal significant differences
in colouration between males and females in any of the
five species examined. However, ontogenetic changes in
colour pattern were observed in four of the five species
(A. jenseni, B. pallida, B. richardsoni, R. bigelowi), while R.
kukujevi demonstrated considerable individual variation in
colouration.
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