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Abstract

Research on length-weight, morphometries and thorniness of thorny skate in the Northwest Atlantic was carried out in 1947 -72.
Length-weight data for the northern and southern regions, where sexual maturity begins at smaller and larger sizes respectively, were
compared by sex and maturity. Slopes of the log-log length-weight regressions were lower for matures than for immatures, and,
consequently, mature fish had lower average weights than immatures of the larger size-groups. Morphometric characteristics by sex
and maturity, as percentages of total length of fish, indicated that tail length was shorter than disc length in mature skate, and that
length from snout to posterior tip of pelvic fin was greater, and head width across mid-pupils and distance between the fifth pair of gill
slits were less in mature males than in mature females, immature males and immature females. Dorsal thorniness decreased with
increase in skate length and advance toward sexual maturity, with males showing a much greater and earlier loss of thorniness than
females. Thorniness decreased at smaller sizes in northern waters, where sexual maturity occurs at small sizes, than in southern waters,
where sexual maturity occurs at larger sizes.

Introduction

Published measurements of the body proportions
of thorny skate (Raja radiata) are very scarce: two
specimens from waters off Massachusetts by Bigelow
and Schroeder (1953) and two specimens from South
African waters by Hulley (1970) were noted with exten­
sive measurements. Studies of morphometrics and
weights of this species in the present paper provide
comparative information on these parameters for
immature and mature male and female thorny skate
from different parts of the Northwest Atlantic. Insuffi­
cient data from each of the various parts of this large
area (West Greenland to Georges Bank) led to combi­
nation and comparison of data for two regions where
sexual maturity begins at smaller and at larger sizes
and the skate grow to correspondingly smaller and
larger maximum sizes. The Scotian Shelf (Div. 4VWX),
for which the available length-at-maturity data are not
precise but the maximum sizes are large, is included in
the second area for morphometrics only.)

When the investigation began in 1947, the interest
in making observations on relative thorniness of the
dorsal surface of thorny skate originated from Gar­
man's (1913) description of the new species of North
American thorny skate (Raja scabrata) as being larger
and less thorny than the European species (R. radiata).
SUbsequently, after Bigelow and Schroeder (1953) did
not find species differences between thorny skates
from the Northwest and Northeast Atlantic and res­
tored Raja radiata as the scientific name of the North
American species, the author's investigation continued

with emphasis on discovering what differences exist
between thorniness of this skate in different stages of
maturity by sex from areas where first maturity occurs
at smaller and larger sizes.

Differences in dorsal spine and tooth-row numbers
among Northwest Atlantic populations of thorny skate
were reported by Templeman (1984), and differences in
size of thorny skate egg-capsules from various parts of
the area in relation to the sizes of females which pro­
duced the capsules were reported by Templeman
(1982).

Materials and Methods

Length-weight data

The length and weight data for this paper were
obtained during 1947-72 from measurements of thorny
skate which were caught off southern Labrador (NAFO
Div. 2J), off northeastern Newfoundland (Div. 3K), on
the Grand Bank and St. Pierre Bank (Div. 3LNOPs), and
in the Gulf of St. Lawrence (Div. 4RS). Most of the
specimens were collected incidentally from the'
catches of research vessels of the St. John's Biological
Station (now called Northwest Atlantic Fisheries Cen­
tre) during surveys to study commercially-important
species. The fish were either stored in ice or frozen in
ice until the vessel returned to the laboratory, wherethe
length and weight measurements were taken after the
fish were thawed in ice. Typically, the skate were col­
lected on the last day or two of fishing during a cruise.
Inshore fishermen from St. John's suppl ied some spec-
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the north coast of Iceland, West Greenland (Div.
1ABCD), Baffin Island (Div. DAB), Ungava Bay (west of
Div. 2G), and Flemish Cap (Div. 3M), in addition to
those from Labrador (Div. 2HJ), northeastern New­
foundland (Div. 3K), and Gulf of St. Lawrence (Div.
4RS).

It is apparent from Table 4 that both immature and
mature thorny skate became less thorny (dorsally) with
increasing length and that matures were smootherthan
immatures at the smaller fish lengths. In the smooth
category, where fish were mainly quite large, males

were typically much smoother than females, with only
10/ 0 of immature and 7% of mature females being des­
cribed as smooth in contrast to 24 and 80% respectively
for males. Examples of thorniness are shown in Fig. 2.
In agreement with the progression toward a smoother
dorsal surface with the approach of sexual maturity, the
decrease in thorniness occurred at smaller skate sizes
in Area A, where sexual maturity begins at small sizes,
than in Area B, where sexual maturity begins at larger
sizes. This is especially evident for males in which the
extent of change from thorny to smooth was generally
greater than for females.

Fig. 2. Dorsal views of thorny skate of different total lengths and degrees of thorniness. A, immature female, 32 em, from Div. 3L;
B, mature female, 55 em, from Div. 3K; C, mature female, 75 em, from Div. 30; 0, immature male, 33 em, from Div. 3L;
E, immature male, 66 em, from Div. 30; F, mature male, 89 em, from Div. 3Ps.



96 J. Northw. Atl. Fish. Sci., Vol. 7, 1987

Discussion

Length-weight relationships

The lower slopes of the regression lines and the
consequent lower weights of mature skate than of
immatures at the larger sizes were presumably due to
the diversion of protein and other food values in mature
skate to the production of sexual products. The effect
occurs earlier in northern waters where sexual maturity
occurs at smaller sizes, producing lower weights for
mature than for immature fish at lesser lengths in these
waters than in the southern waters where earliest sex­
ual maturity begins at larger sizes.

Seasonal variation in weight at length was not con­
sidered in this paper because, for most of the areas, the
length-weight data were collected in a small part of the
year. Spawning of female thorny skate, with the conse­
quent utilization of energy for the process, occu rs
throughout that year (Templeman, 1982). There is no
indication of differences in seasonal feeding activity of
Raja radiata from the east coast of North America
(McEachran et al., 1976). However, Antipova and Nik­
iforova (MS 1983) reported that the food consumption
of thorny skate in the Barents sea was highest in
autumn and winter and decreased in spring to a min­
imum in summer. Fitz and Daiber (1963) observed that
the quantity of food in the stomachs of Raja erinacea
from Delaware Bay was twice as great in spring and
autumn than in winter. They suggested that the
increased amounts of food may be related to increased
requirements for spawning, because the egg produc­
tion was greatest in spring and least in February­
March. The principal spawning periods for R. erinacea
off the USA coast from Connecticut to Rhode Island
were November-January and June-July (Richards et
al., 1963).

Similar to the trend for thorny skate in this paper,
Richards et al. (1963) observed that the slopes of the
length-weight regression lines (log-log) for R. erinacea
were lower for mature than for immature fish and the
decrease was more rapid for females than for males.
They suggested that the increasing weight of claspers
may account for the slower decrease in slope of the line
for mature males. Whereas the regression coefficient
(slope) in the length-weight relationships for thorny
skate was usually close to 3.0 for immature fish and in
the range of 2.5-2.7 for matures, Richards et al., (1963)
found that the coefficients of the length-weight rela­
tionships for R. erinacea varied greatly among samples
(1.5-3.2). However, Waring (1984) reported regression
coefficients from 2.97 to 3.21 for this species (sex com­
bined) off the northeastern United States. For the
Atlantic stingray (Dasyatis sabina), the length-weight
regression coefficients were 3.36 for males and 3.09 for
females taken off Georgia and were in the range (differ­
ent years) of 2.16-2.77 for males and 2.66-3.16 for

females taken off North Carolina (Schwartz and Dahl­
berg, 1978). From combined data for immature and
mature Bathyraja richardsoni, the length-weight
regression coefficient was 2.71 (Templeman, 1973).

Morphometric characteristics

The discussion of morphometric comparisons
below does not include the smallest immature thorny
skate (Group I of Table 3), in which the posterior part of
the tail was relatively more elongated than in the larger
fish, unless that group is specifically mentioned.

The body proportions of the two thorny skate from
Massachusetts waters (Bigelow and Schroeder, 1953)
were generally within the ranges of the percentages for
the specimens in Table3 (excluding Group I). In both of
the Massachusetts specimens, however, the median
disc length (snout to mid-cloaca), although within the
range of variation of the specimens in Table 3, was
slightly less than the tail length (mid-cloaca to tip of
tail), whereas the mean median disc length was greater
than the tail length in the Northwest Atlantic specimens
(Table 3). The two specimens R. radiata from South
African waters (Hulley, 1970) had median disc lengths
which were 57.5 and 59.7% of total lengths. Both of
these proportions are above the range for the North­
west Atlantic specimens with greatest median disc
length of 56.1% and means of 50.9-53.4% of total
lengths. The greater disc length and shorter tail length
of the South African specimens resulted in most of the
disc measurements being greater than the mean (and
sometimes even exceeding the range) for the Northw­
est Atlantic specimens. It should be noted that the'
specimens in Table 3 were measured in fresh condition,
whereas those of Bigelow and Schroeder (1953) and
Hulley (1970) were presumably measured after preser­
vation.

The allometric increase during adolescence in the
size of the claspers, which are part of the pelvic fin
arrangement, evidently causes the pelvic fin of the male
to increase allometrically also, whereas the pelvic fin of
the female grows isometrically. A similar increase in
length of the pelvic fin relative to disc width in large
males but not in females was illustrated by Kato (1971,
fig. 5) for Bathyraja smirnovi. The shorter head width
across mid-pupils and the smaller distance between
the fifth pair of gifl slits (relative to total length) in
mature males than in mature females correspond to the
narrowing of the posterior part of the head near the
anterior part of the pectoral fin in mature males, in
contrast to mature females and immature males and
females (Fig. 2). The narrowing neck of the male thorny
skate, as it matures, may result in a more flexible neck
to facilitate mating behavior, as described by Luer and
Gilbert (1985) for Raja eglanteria: in mating, the male R.
eglanteria grasps the trailing edge of the pectoral fin of
the female, near its base, in his jaws, swings his tail
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underneath her pelvic fin and tail, and inserts one
clasper into her cloacal aperture. Mating behaviour of
the stingray (Urolophus concentricus) was described
by McCou rt and Kerstitch (1980).

The greater relative distance from the posterior
insertion of the second dorsal fin to the tip of the tail (as
well as the relative excess of tail length over disc
length) in the smallest immatures than in the larger
immatures and matures represents the residual effect,
not yet completely lost, of the much greater relative
length of that part of the tail in embryos and larvae
(Jensen, 1914, 1948; Nordgaard, 1917; Clark, 1927;
Ford, 1971) and also to some extent in recently­
hatched skate (Clark, 1926; Jensen, 1948).

It is apparent that morphometric changes, which
are related to sexual maturity of thorny skate, begin at
smaller individual lengths in areas where maturity
occurs at smaller sizes and at greater individual lengths
in areas where matu rity occurs at comparatively larger
sizes. It is also evident that morphometric differences
may occur between smaller mature skate from one area
and larger mature skate from another area.

Thorniness

The available data on thorniness of thorny skate
indicate the importance of considering length, sex,
stage of sexual maturity, and lengths at the start of
sexual maturity in making comparisons of thorniness
of skates from different areas. The decreasing dorsal
thorniness and the decline in relative sizes of dorsal
thorns of R. radiata during progress toward sexual
maturity, and the greater smoothness of mature males,
are paraileled to some extent in R. erinacea (Bigelow
and Schroeder, 1953, fig. 36 and 37). In both R. erinacea
and R. ocel/ata, the row of mid-dorsal thorns in young
fish. is lost as the fish grow toward maturity (Bigelow
and Schroeder, 1953). It is possible that the relatively
larger thorns in the young skate offer a form of protec­
tion against predation that is less necessary for larger
skate. The you ng are presu mably closer to the ances­
tral type in the pattern of the major thorn systems of
skates.
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