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Abstract

Sexual maturity of the thorny skate (Raja radiata) occurs at relatively small sizes off northern Iceland and West Greenland, off
Baffin Island and Labrador, on the Northeast Newfoundland Shelf and in the Gulf of St. Lawrence, and at considerably larger sizes on
the Grand Bank and St. Pierre Bank. In areas with sexual maturity at a small length, the maximum fish lengths were typically small, and
in areas with sexual maturity only at much greater lengths, the maximum lengths were considerably larger. The largest thorny skate
was a 104-cm male from the southern Grand Bank. The lengths at sexual maturity and the maximum lengths for males were greater than
those for females. One hermaphrodite was noted. There was a higher maximal number of rows of alar spines in areas with sexual
maturity at a larger size. From the great differences between areas in length at sexual maturity, it is concluded that no large-scale

migrations of thorny skate occurred between these areas.

Introduction

The thorny skate (Raja radiata) is common in the
northern part of the North Atlantic. In the western North
Atlantic, it occurs in depths of less than 40 m to more
than 600 m along the coast of West Greenland from
Disko Bay southward, and on the North American side,
from Hudson Bay to Cape Cod. Occasional specimens
are reported southward to South Carolina (Bigelow
and Schroeder, 1953). The thorny skate is an abundant
or the most abundant skate in the Canadian Atlantic
area and in the Gulf of Maine (McEachran and Musick,
1975; Scott, 1982; Templeman, 1982, 1984a; Sinclair et
al., 1984).

Among the many studies of elasmobranch charac-
teristics related to sexual maturity, such as clasper and
egg sizes, are those of Steven (1934), Templeman
(1944, 1982), Phillipson (1955), Richards et al. (1963),
Du Buit (1968), Kato (1971), Nakaya (1975), and
Capapé (1977).

This paper reports on data related to sex and sex-
ual maturity of thorny skates collected during 1947-72
from various parts of the Northwest Atlantic, and of a
few specimens from northern lceland. The size at sex-
ual maturity is important for distinguishing between
fish populations, for explaining some of the size and
growth differences between populations, and for
establishing a base against which future changes in
size at sexual maturity due to fishing pressure or other
causes may be measured. In the late immature condi-
tion, the positive allometric growth of eggs, shell
glands and claspers, and the increase in the number of
rows of alar spines, of thorny skate are good indicators

of approaching maturity. All of these are useful in form-
ing judgements regarding the stage of maturity and for
comparing differences between populations. In this
paper a population is a group of fish of the same spe-
cies occupying an area at a particular time (Temple-
man, 1983); it does not imply that a separate stock
exists in the area.

Materials and Methods

Thorny skate specimens were mainly collected
from catches by research vessels of the Fisheries
Research Board of Canada, Biological Station, St.
John’s, Newfoundland (now Science Branch, Fisheries
and Oceans, St. John’s), and were usually examined by
the author at the Station or examined by the author at
sea when he was present on cruises in all the northern
areas from West Greenland (Div. 1ABCD) westward
and southward to Div. 3KLM during 1959-65. Speci-
mens collected for study at the Station were usually
obtained during the last few days fishing and preserved
inice or frozeninice. During long trips when the author
was not present, some specimens were gutted and
salted at sea and a few were preserved in 10% formalin
for later examination. The egg volumes and shell-gland
weights were from fresh material.

Sampling of catches in most areas was unbiased
by length or sex, but occasionally for Div. BNOPs, when
it was apparent that larger fish were lacking in the
samples already examined, otherwise unselected sam-
ples of the larger sizes of thorny skate, usually females
in a combination of the maturing and mature sizes,
were examined. Occasionally samples stratifiedin 5-10
cm length groups were requested for examination, but
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Fig. 1. Location of capture of thorny skate used in this paper, in relation to NAFO Divisions. (Subdiv. 2Jn and 2Js as used

in this paper are also shown. The 43 thorny skate from northern Iceland, not indicated in this figure, were taken
between 65°48' and 66°31'N, 17°28" and 20°49'W at 82-161 m.)

none of the length categories were filled, indicating
that all available thorny skate in these categories were
collected.

The skate were taken mainly by bottom otter trawl
but in some cases by bottom longline. For specimens
preserved in salt or formalin, length adjustments for
shrinkage were made using data gathered from skate
measured fresh at sea and later from salt or 10% for-
malin after soaking for at least a day in water. Conver-
sion factors to fresh length of 1.03 and 1.04 were
applied to salt preserved and formalin-preserved speci-

mens respectively. Frozen specimens were thawed in
ice before examination.

NAFO Divisions and the locations and approxi-
mate depths of capture of the study material are shown
in Fig. 1 and the quarter of the year, yearly periods and
depth ranges of capture in Table 1. The Baffin Island,
Labrador and Northeast Newfoundland Shelf (Div.
0A-3K) samples were all from deeper than 100 fath
(183 m) and were mainly from 101 to 200 fath (185-366
m). Shallow water fishing in these areas was often pre-
vented by ice and fishing was directed towards cod and



TEMPLEMAN: Differences Between Populations of Thorny Skate 157

TABLE 1. Numbers of thorny skate observed by area, quarter of the year, yearly periods and depth range (100 fath = 183 m).

Jan-Mar Apr-Jun

Jul-Sep Oct-Dec

Depth

Area 1947-60  1961-72 1947-60 1961-72

1947-60 1961-72 1947-60  1961-72 (fath)

N. Iceland® — — — —

1ABCD — — — —
1 — — _

0A-2Jn — 12 3 52
2Js+3K — — — 29

3L 1 1 76 —

M - — - —

3N — 29 91 —

30 120 107 —

3Ps 59 — 68 6
3Pn 24 1 — —
4RST — 25 — —

4VWX — - 2 14

5Ze — — — —

Cape Cod — 2 — —

0-100

101-200
201-300
301-400

101-200
201-300
301-400

101-200
201-300
301-400

0-100
101-200
201-300
301-400

0-100
101-200
— 1 — 201-300
301-410

0-100
101-200
201-300

0-100
101-200
201-300
301-400

0-100
101-200

0-100
101-200

0-100
101-200

0-100
101-200
201-300
301-400

0-100
101-200
201-300

201-300

# Northern Iceland

redfish on the slope. In more southern areas where the
offshore banks are shallower than in the Canadian
north, most of the samples came from less than 100 fath
(183 m). In the north and from most other areas, most
samples were taken in the April-September periods.
Only the Grand Bank and the St. Pierre Bank areas had
much sampling in January-March or October-De-
cember. By far the greater number of skate were from
the earlier (1947-60) than from the later (1961-72)
period. The samples of Table 1 were arranged by
numbers of skate which were mature or immature, by
area, depth, season, yearly period, length and sex.
There were no real differences in lengths at which 50%
were mature (Lso) at 101-200 fath (185-366 m) in the
five areas with data available (Div. 3LNOPs, 4RST)
compared with those at 0-100 fath (0-183 m). At

201-300 fath (368-549 m) with a small amount of data
available for only two areas (Div. 0A-2Jn and 2Js+3K),
the Lso’s could be several centimeters higher than at
101-200 fath, but the result is indefinite because of the
very small numbers of fish at the greater depth (Table
1), i.e. only 8 mature males and 12 mature females in
Div. 0A-2Jn and 4 mature males and 5 mature females
in Div. 2Js+3K. These small numbers from the greater
depths have relatively little effect on the area totals
compared, consequently data from all depths are com-
bined for comparison between areas. Preliminary
examination also indicated that differences in length at
maturity could not be detected in the small amounts of
yearly period and seasonal data available foreach area.
Thus only inter-area comparisons including all the data
are presented here.
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Occasional skate were immature at lengths equal
to or greater than the largest matures from the same
area. This can be noted in Tables 2 and 3, in Fig. 3 for
Div. 0A-2Jn, 2Js+3K, 30 samples, and in Fig. 4and 5 for
the Div. 2Js+3K sample. These individuals increase the
scatter and reduce the correlation of the particular
parameter with fish length.

It was found that thorny skate from the southern
part of Div. 2J were more similar in maturity-related
parameters to those from Div. 3K than to those from the
northern part of Div. 2J. Consequently, the northern
and southern parts of Div. 2J with the boundary line
between them at 53° N were designated as Subdiv. 2Jn
and 2Js respectively. This allows combination of the
data from the Northeast Newfoundland Shelf in one
group (2Js+3K), separate from those of the Labrador
Shelf. Adjacent areas with small amounts of data which
showed a similar maturity pattern were combined, but
when large amounts of data were available, they were
kept separate by NAFO Divisions for convenience in
the figure presentations and to obtain comparisons
between smaller areas. The resulting areas used for
analysis are those given in Table 1.

Eighty-five percent of the sexually mature male
skate were assessed as mature from the occurrence of
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milt in the vasa deferentia, 6% from miltin the epididy-
mis, all with the enlargement and coiling of the vasa
deferentia typical of mature males. The remainder were
judged to be mature from a development and coiling of
the vasa deferentia equivalent to the mature condition,
together with such evidence as the hardening and size
of the claspers and a number of rows of aiar spines
typical of mature males with abundant milt in the vasa
deferentia.

Twenty-two percent of the mature females had
developing or complete egg capsules. Assignment of
the other females to the mature group was on the basis
of the occurrence of large ovarian eggs of a size
approximately similar to those inegg capsules, accom-
panied by the presence of an oviducal system compar-
able in size and development to that in females pos-
sessing egg capsules.

Large eggs of 2.0 cm and greater diameter were
usually measured for volume by displacement of water
in a graduated cylinder to the nearest tenth of a milli-
liter. In some cases the diameter of the egg was also
measured to the nearest millimeter and the volume of a
sphere of that diameter calculated, to compare with
measured volume. It was found that calculated volumes
of eggs of the larger diameters, especially in the vicinity

TABLE 2. Sample sizes of male thorny skate and percentages sexually mature at various total lengths from northern (N.) Iceland and from NAFO
Divisions of the Northwest Atlantic collected during 1947-72.
Total length (cm) (lengths are mid-points of 3-cm length ranges)
Area 32 35 38 41 44 47 50 53 56 59 62 65 68 71 74 77 80 83 86 89 92 95 98 101 104
Number of observations
N. Iceland 1 - 2 2 1 2 4 7 3 1T - - - - - - - - - - - = - — =
1ABCD - = 1 8 - 3 2 - 2 — 1T - = — == - - - - - - = - - -
0A-24n 15 11 9 15 22 20 23 30 18 6 1 1 1 1 - = - = - - - - - — -
2Js+3K 1 3 3 7 8 14 10 25 30 17 M 7 2 1 — 2 — - - - = = = =
3L 3 3 1 — 4 1 8 9 9 14 15 14 24 18 24 27 39 1 11 6 5 1 - - -
3N -1 - — 1 — — 4 4 3 5 10 5 M 6 16 13 2 16 10 8 1 (] 1 —
30 1t - 2 2 — 3 1 1 2 2 4 1 4 1 6 5 8 8 14 14 5 2 2 2
3Ps - — 2 2 3 1 2 — 2 1 4 3 3 3 2 8 1 6 5 7 2 2 1 - =
4RST — 4 4 8 7 10 18 22 21 30 32 15 9 i - - - = = = = = = = =
4VWX - 1 — 2 4 6 — 2 4 4 — 5 3 2 1 2 1 4 — — 1 1 1T - —
5Ze 6 4 6 3 6 — 1 1 — 1 1 1 - = - - = = = = = = = =
3M — 2 1 —_ - - 2 - 2 1 1 - - - = - - - = - - - — =
3Pn - - - - 1 3 — — L 1 1 - - = = = - = = = = -
Percentage sexually mature
N. Iceland 0O — 0 O 050 25 8 67 100 — — — — — — — — — — — - — — —
1ABCD - — 0 0 — 67 50 — 100 — 100 — — — — — — — — — - - - — -
0A-2Jn 0O O O 20 50 50 83 93 90 83 100 100 100 100 — — — — — — — — — — —
2Js+3K 0 0 O O O 7 36 58 83 88 100 71 50 O — 5% — — - - - - - — —
3L o 0 0 — 0 O O 0 10 0 27 36 29 78 79 96 92 100 100 100 100 100 — — —
3N - 0 - - 0 — — 0 0 0 0 0 0 18 50 63 100 100 100 100 100 100 — 100 —
30 o 0 — 0 0O — 0 O 0 0 0 0 0 0 0O 50 40 75 88 86 100 80 100 100 100
3Ps — — 0 0 0 0 0 — 0 0 0 0 0 0 0 75 100 100 100 100 100 100 110G — —
4RST —-— 0 0O O O O 6 18 57 83 97 8 100 100 — — — — — — — — — — —
4VWX - 0 — 0 0 0 — 0 50 50 — 100 67 100 100 100 100 75 — — 100 100 100 — —
5Ze o 0o 0 0 0o — 0 0O — 0 0 09 — - - - - - - - - = - - -
3M - 0 0 — — — — 50 — 100 0 09 — - - - - = - - - - - = =
3Pn - — — — 0 - = 6 — — — 100 100 — — — — - - - - - - —
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TABLE 3. Sample sizes of female thorny skate and percentages sexually mature at various total lengths from northern (N.) Iceland
and from NAFO Divisions of the Northwest Atlantic collected during 1947-72.

Total length (cm) (lengths are mid-points of 3-cm length ranges)

Area 32 35 38 41 44 47 50 53 56 59 62 65 68 71 74 77 80 83 8 89 92 95
Number of observations
N. Iceland 1 — - 1 — 2 5 4 2 - - - - - - - - - - - — =
1ABCD - — 1 — 4 2 2 4 2 1 - = = - = = = = = = = =
0A-2Jn 12 15 13 13 21 13 10 9 4 2 1 - - - - - - - - - =
2Js+3K — 2 3 9 3 10 13 13 14 4 5 3 - — 1 - - - - - — —
3L 3 — 2 4 7 2 7 9 17 16 25 35 46 44 47 34 20 4 4 — - —
3N — 4 3 2 1 2 5 1 2 4 1 14 34 57 53 44 18 7 5 2 1 —
30 11— 1 — 1 3 4 4 2 3 9 17 17 33 30 23 17 10 6 7 2
3Ps 2 2 1 1 2 2 1 1 3 5 4 7 18 24 17 21 17 5 5 1 - —
4RST — 1 3 4 10 7 17 34 39 45 21 9 3 — 1 - = = = — — —
4VWX 1 2 1 5 2 2 1 1 7 3 3 3 1 1 — 1 1 1 — 1 - —
5Ze 2 6 1 5 3 2 1 — 2 — 2 - - - - - - = = = = —
3M - - - 1 1 — 4 1 — 1 2 - - - - = - = = = = -
3Pn - — 1 1 2 3 — 2 1 3 1 2 1 — 1 - = - - - — —
Percentage sexually mature
N.Iceland O — — 0 — 5060 75 100 — — — — — — — — — - — - —
1ABCD — — 0 — 25 100 50 75 100100 — — — — — — — — — — — —
0A-2Jn 0O O O 15 48 92 80 78 75 0 0 — - - - - - - - - — —
2Js+3K — 0 O O O 50 54 100 100 75 80 67 — — 100 — — — — — — —
3L 0O — 0 0 O 0 O 0 0 19 12 31 52 77 83 97 95 100 100 — — —
3N — 0 0 0 o 0o o0 0 0 o0 0 29 56 74 92 91 89 100 100 100 100 —
30 o 0 — 0 — (V] 0 0 O 0 11 12 29 67 73 87 71 90 100 86 50
3Ps o 0 0O 0 o 0 O 0 0 20 25 0 39 25 59 57 82 100 100 100 — —
4RST — 0 O O O 14 6 56 8 8 9 8 100 — 100 — — — — — — —
4VWX 0 0 0 0 O 0 O 0 0 O 34 34 100 100 — 0O 100 o — 100 — -—
5Ze 0O 0 0 0 o o 0 — 0 — 0 — - - - = - - - - — —
3M - — — 0 0 — 25 0 — 100 0 - - - - - - - - - — —=
3Pn — — 0 0 O© 0 — 0 0 3 100 100 100 — 100 — — — — — — —

of 3.0 cm and higher, were usually greater than the
measured volumes as it was difficult to convert the
large soft egg to a spherical shape which was attempt-
ed before measuring the diameter. Some eggs of
1.3-1.9 cm diameter (1.2-3.6 ml) were measured for
volume, and the volumes of the remainder of these and
of smaller eggs were calculated from egg diameters
assuming that the eggs were spherical. The differences
in calculated and measured volumes (ml) at these
diameters were small.

Shell-gland weights were of the two empty shell
glands weighed to the nearest gram. The rows of alar
(spawning) spines (on the pectoral fins of maturing and
mature male skate) were the number of medial to lateral
longitudinal rows on one pectoral. As a more medial
row is completed, the next more lateral row begins to
form, and the spines which are soft at first gradually
harden as the row grows to completion. When the new
row began forming, the previous more medial row was
counted as a complete row. The numbers of rows were
usually recorded by whole and half rows but occasion-
ally, especially at the beginning of the first and second
rows, by quarters of a row. Clasper lengths were mea-
sured in millimeters plus or minus in relation to their
extension or not beyond the posterior tips of the pelvic
fins. The fish length measurements were of total length

(cm) from the tip of the snout to the posterior end of the
tail.

Results

Variation in length at sexual maturity

Sexual maturity occurred at the smallest lengthsin
Div. 0A-2Jn (Baffin Island — Labrador Shelf), with the
Lso occurring withinthe ranges of44-50and 44-47 cm
for males and females respectively (Tables 2 and 3).
Similarly small lengths at Lso occurred off northern
Iceland and Div. 1ABCD (West Greenland). Much
greater lengths at Lso, between about 68 -83 cm for
males and 65-74 cm for females, occurred in Div.
3LNOPs (Grand Bank, St. Pierre Bank and vicinity). Of
the latter, Lso in the males was lowest in Div. 3L (68 -71
cm) and highest in Div. 30 (77-83 cm), while Lso in
females was lowest in Div. 3LN (6568 cm) and highest
in Div. 30Ps (71-74 cm). Lso's in Div. 2Js+3K (North-
east Newfoundland Shelf), 50-53 cm for males and
47-50 cm for females, and in Div. 4RST (Gulf of St.
Lawrence), 53-56 cm for males and 50-53 cm for
females, were only slightly higher than those in Div.
0A-2Jn. Data for the remaining areas are scarcer, but
indicate that for Div. 3M (Flemish Cap) L 5o was likely to
be low rather than high; that Lso (female) in Div. 3Pn
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