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Figure 49. Mean pelvic fin and tail measurements by species in millimeters, 
measurements are taken as a percentage of total length (% TL). Bars indicate the standard 
error from the mean. Letters show whether means are significantly different across 
species; A. pelvic fin length; B. pelvic fin posterior lobe length; C. pelvic fin anterior 
lobe length; D. pelvic fin anterior lobe inner length; E. precaudal length; F. tail length. 

A) B) 

C) D) 

E) F) 
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Thorn counts have been known to be important in the identification of skates and bar 

plots showed significant differences between the means of thorn counts for the species 

investigated in this study (Figure 50). Middorsal thorn counts were shown to be the most 

significant, with B. aleutica having the largest mean thorn count and B. abyssicola 

possessing the smallest count. Scapular thorns on the left side of the disc showed no 

significant differences, but B. abyssicola had a significantly higher count on the right side 

when compared to B. kincaidii. Additionally, B. kincaidii displayed a significantly 

smaller tail thorn count when compared to all other ENP bathyrajids. Moreover, B. 

trachura had the largest tail thorn count and was significantly larger than B. interrupta. It 

should be noted that thorns do not exist in the middorsal, nuchal, and scapular regions in 

B. microtrachys and B. spinosissima. Bathyraja trachura possesses nuchal thorns, but 

lacks them in the middorsal and scapular regions. The results of the bar plots and the 

significance attached to them support the importance of thorn counts in skate species 

identification. 
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Figure 50. Mean thorn counts by species by species, bars indicate the standard error from 
the mean. Letters show whether means are significantly different across species; A. 
interdorsal thorns; B. middorsal thorns; C. nuchal thorns; D. scapular thorns- right side; 
E. scapular thorns- left side; F. tail thorns.

A) B) 

C) D) 

E) F) 
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ANOSIM tests detected fairly strong separations among species groupings (Global R 

= 0.578, p = 0.1) (Table 10). Results of the pairwise comparisons between species 

indicate that there is significant separation of species, with B. kincaidii and B. 

spinosissima displaying the most significant separation (R = 0.988, p = 0.1). Other 

pairwise comparisons that showed significant separation of species were B. abyssicola 

and B. spinosissima (R = 0.911, p = 0.1) and B. interrupta and B. spinosissima (R = 

0.976, p = 0.1). Some pairwise comparisons showed less significant separation of species, 

such as B. abyssicola and B. aleutica (R = 0.223, p = 0.4) and B. aleutica and B. 

microtrachys (R = 0.305, p = 0.6). Despite the relatively few species comparisons that 

had weaker separation, the results of the ANOSIM tests suggest that species can be 

separated based on their morphological traits, as is visually demonstrated in the nMDS 

ordinations. Additional techniques may be required to separate some of the closely 

related species in these tests. 
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Table 10.  

ANOSIM Values for the Seven Species of Bathyraja Included in this Study.  

 
Species Comparisons R p 

B. abyssicola and B. aleutica 0.223 0.4 
B. abyssicola and B. interrupta 0.619 0.1 
B. abyssicola and B. kincaidii 0.770 0.1 
B. abyssicola and B. microtrachys 0.505 0.2 
B. abyssicola and B. spinosissima 0.911 0.1 
B. abyssicola and B. trachura 0.553 0.1 
B. aleutica and B. interrupta 0.569 0.1 
B. aleutica and B. kincaidii 0.657 0.1 
B. aleutica and B. microtrachys 0.305 0.6 
B. aleutica and B. spinosissima 0.852 0.2 
B. aleutica and B. trachura 0.477 0.1 
B. interrupta and B. kincaidii 0.427 0.1 
B. interrupta and B. microtrachys 0.753 0.1 
B. interrupta and B. spinosissima 0.976 0.1 
B. interrupta and B. trachura 0.455 0.1 
B. kincaidii and B. microtrachys 0.854 0.1 
B. kincaidii and B. spinosissima 0.988 0.1 
B. kincaidii and B. trachura 0.344 0.1 
B. microtrachys and B. spinosissima 0.560 2.5 
B. microtrachys and B. trachura 0.497 0.2 
B. spinosissima and B. trachura 0.787 0.2 
Global 0.568 0.1 

 
Percent contributions of characteristics to the difference between species were 

determined via the utilization of a SIMPER analysis (Table 11). The SIMPER analysis 

selected five characteristics per species that contributed 4.34-16.78% of the differences 

between species with multiple measurements reoccurring as differentiating characteristics 

in multiple species. The traits that appear to be driving most of the speciation across all 

species are the interdorsal space, pelvic fin posterior lobe length, disc length, and 
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interspiracular width. There are a couple species that have consistent measurements 

driving a majority of the differences. Bathyraja aleutica is differentiated from its 

congeners based on its interdorsal space. Bathyraja interrupta has a strong differentiation 

in its pelvic fin posterior lobe length from all of its conspecifics. Similarly, the 

interspiracular width appears to be driving the differences between B. spinosissima and 

the other species investigated. As with B. aleutica, differences between B. trachura and 

its congeners are consistently driven by the interdorsal space. Results of the SIMPER 

analysis point towards certain morphological measurements being important for 

separating certain species. Not every species shares the same measurements as being 

important for speciation, but when taken as a whole, each putative species displays strong 

differences from each other.  
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Table 11.  

SIMPER Pairwise Comparison of Morphological Measurements. 

 
Species Comparisons Measurement Contributing 

Percent (%) 

Cumulative 

Percent (%) 

B. abyssicola and B. aleutica Disc length 9.35  

 Interdorsal space 7.44  
 Head length 6.10  
 Disc width 5.96  
 Pelvic posterior lobe length 5.46 34.31 
B. abyssicola and B. interrupta Pelvic posterior lobe length 14.04   
 Disc width 8.00  
 Pelvic anterior lobe inner 

length 
7.45  

 Disc length 6.17  
 Pelvic anterior lobe length 5.91 41.57 
B. abyssicola and B. kincaidii Disc width 8.37   
 Disc length 7.34  
 Pelvic anterior lobe length 6.30  
 Prenarial length 6.21  
 Pelvic anterior lobe inner 

length 
6.11 34.33 

B. abyssicola and B. microtrachys Disc length 7.61   
 Pelvic anterior lobe inner 

length 
6.85  

 Pelvic posterior lobe length 6.73  
 Interdorsal space 6.34  
 Prenarial length 5.99 33.52 
B. abyssicola and B. spinosissima Interspiracular width 7.62   
 Preorbital length 7.16  
 Prenarial length 7.09  
 Head length 6.9  
 Preoral length 6.17 34.94 
B. abyssicola and B. trachura Interdorsal space 8.30   
 Disc length 8.25  
 Disc width 7.55  
 Prenarial length 6.74  
 Head length 6.51  
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 Preorbital length 6.44 43.79 
B. aleutica and B. interrupta Pelvic posterior lobe length 16.78   
 Interdorsal space 8.04  
 Pelvic anterior lobe length 6.07  
 Disc length 5.97  
 Disc width 4.75 41.61 
B. aleutica and B. kincaidii Disc length 7.62   
 Pelvic posterior lobe length 7.42  
 Interdorsal space 6.75  
 Disc width 5.49  
 Preorbital length 5.22 32.50 
B. aleutica and B. microtrachys Interdorsal space 9.80   
 Pelvic posterior lobe length 7.94  
 Pelvic anterior lobe inner 

length 
7.85  

 Disc length 6.20  
 Snout to maximum disc 

width 
4.76 31.79 

B. aleutica and B. spinosissima Interdorsal space 7.65   
 Interspiracular width 6.73  
 Preorbital length 5.92  
 Mouth width 5.76  
 Interorbital width 5.53 31.59 
B. aleutica and B. trachura Interdorsal space 15.64   
 Disc length 8.05  
 Pelvic posterior lobe length 6.01  
 First dorsal fin total length 5.26  
 Disc width 5.10 40.06 
 B. interrupta and B. kincaidii Pelvic posterior lobe length 16.57   
 Interdorsal space 6.88  
 Pelvic anterior lobe inner 

length 
6.08  

 Disc length 4.85  
 Prenarial length 4.34 38.72 
B. interrupta and B. microtrachys Pelvic posterior lobe length 12.43   
 Pelvic anterior lobe inner 

length 
11.10  

 Interdorsal space 6.70  
 Disc length 5.02  
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 Disc width 5.01 40.26 
B. interrupta and B. spinosissima Pelvic posterior lobe length 10.76   
 Pelvic anterior lobe length 6.01  
 Interspiracular width 5.99  
 Interorbital width 5.92  
 Pelvic anterior lobe inner 

length 
5.64 34.32 

B. interrupta and B. trachura Pelvic posterior lobe length 15.65   
 Interdorsal space 9.35  
 Disc length 6.28  
 Pelvic anterior lobe inner 

length 
5.82  

 First dorsal fin total length 4.38 41.48 
B. kincaidii and B. microtrachys Pelvic anterior lobe inner 

length 
10.47   

 Interdorsal space 7.92  
 Pelvic posterior lobe length 6.84  
 Disc length 5.58  
 Disc width 5.42 36.23 
B. kincaidii and B. spinosissima Interspiracular width 6.96   
 Pelvic anterior lobe inner 

length 
6.96  

 Mouth width 6.30  
 Interorbital width 5.83  
 Internarial width 5.68 31.73 
B. kincaidii and B. trachura Interdorsal space 13.70   
 Disc length 8.27  
 Pelvic posterior lobe length 5.40  
 Prenarial length 4.92  
 First dorsal fin total length 4.51 36.80 
B. microtrachys and B. 

spinosissima 

Interspiracular width 6.38   

 Mouth width 6.35  
 Pelvic anterior lobe inner 

length 
6.00  

 Pelvic posterior lobe length 5.90  
 Interdorsal space 5.55 30.18 
B. microtrachys and B. trachura Pelvic anterior lobe inner 

length 
10.34   

 Interdorsal space 9.14  
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 Pelvic posterior lobe length 7.37  
 Disc length 7.08  
 Disc width 5.46 39.39 
B. spinosissima and B. trachura Interspiracular width 6.96   
 Mouth width 6.50  
 Disc length 5.82  
 Pelvic anterior lobe length 5.62  
 Pelvic anterior lobe inner 

length 
5.45 30.35 

Note: Displayed are the top five ranked morphometric measurements for each species 
comparison; the contributing and cumulative percents are expressed as %. 
 

Principal component analyses (PCAs) were performed to visualize the characters that 

drive the species separation displayed in the nMDS ordinations (Figure 51). Traits were 

selected to be analyzed based on the multivariate analyses and post hoc tests performed 

earlier in the study. Characters that appeared to be driving species differentiation were 

selected and morphological differences in species were shown to be well described by the 

loadings of with the two principal components (PC1 and PC2) in multivariate space. 

Specimens with long disc lengths showed a positive correlation with disc width and the 

snout to maximum disc width, with PC1 and PC2 explaining 83.7% of the variability 

(Figure 51a). Bathyraja abyssicola had small disc width, but a long snout to maximum 

disc width. PC1 described large disc measurements and PC2 described species with long 

snout to maximum disc widths and short disc widths. Disc length was non-informative 

when described byPC2. As would be expected, specimens with long snout to maximum 

disc widths possessed longer head lengths and snout lengths, with PC1 and PC2 

explaining 90.0% of the combined variability (Figure 51b). As was demonstrated in prior 

analyses, B. abyssicola possesses the longest head length of any species investigated and 

this was shown by its positive correlation with head length and lengths of the snout. 
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Bathyraja spinosissima showed an opposite trend, as it possesses a smaller head than B. 

abyssicola when compared to its total length. PC1 described species with long head 

measurements; PC2 described species with long snout to maximum disc widths and short 

snout lengths. The PCA plot of dorsal and caudal fin measurements showed a positive 

correlation as specimens possessing long fin heights had large fin base lengths (Figure 

52a). PC1 and PC2 explained 58.1% of the variability in fin measurements and PC1 

described the fins in a positive fashion, with PC2 describing species with large fin heights 

and short fins bases. Bathyraja spinosissima displayed a very large caudal base length, 

but relatively short fin heights. The rest of the species tended to group together and were 

not as correlated as B. spinosissima. Additionally, the relationship between pelvic 

measurements was positive, as specimens with long anterior lobe lengths had longer 

pelvic fin and posterior lobes (Figure 52b). PC1 was shown to describe species with long 

pelvic measurements. Conversely, PC2 generally described species with long anterior 

lobe lengths and shorter posterior lobe lengths. Combined, PC1 and PC2 explained 

79.8% of the variability in the plot. Bathyraja interrupta had long pelvic lobe lengths, as 

compared to the shorter lengths found in B. spinosissima, B. microtrachys, B. abyssicola, 

and B. aleutica. As shown in the plot, tail length was negatively correlated with disc 

length and width; specimens with short tails had long disc measurements (Figure 53a). 

Tail length was shown to have a correlation with total length and interdorsal space. PC1 

generally described species with long disc measurements and short tail, interdorsal, and 

total lengths. PC2 explained species with long tail lengths and interdorsal spaces, but 

with shorter total lengths. Overall, PC1 and PC2 explained 56.9% of the total variability 
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for disc and tail measurements. The two largest species in the study, B. abyssicola and B. 

spinosissima, had short tails compared to other species in the study, such as B. kincaidii. 

Bathyraja aleutica had a long tail length and a shorter disc length and width. 

Unexpectedly, specimens with shorter spiracle lengths were found to have long 

interorbital and interspiracular widths, with PC1 and PC2 explaining 88.3% of the total 

variability (Figure 53b). PC1 tended to describe species with short spiracle lengths and 

long interspiracular and interorbital widths, whereas PC2 generally described species 

with large spiracles and widths. Bathyraja spinosissima was located in a distinct area of 

the plot due to its significantly larger interorbital and interspiracular widths, when 

compared to other species. All other species clustered around the center of the plot, so the 

correlation was not as informative for those species.   
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Figure 51. PCA plots of measurements relative to total length and their relationships to 
each other. Points indicate the average principal component (PC) scores with standard 
error bars. Lines indicate the eigenvector scores for each measurement. A. Disc length 
(DL), disc width (DW), and snout to maximum disc width (SDW); B. snout to maximum 
disc width, head length (HDL), preorbital length (POB), and preoral length (POR); 
Species shown by color: Bathyraja abyssicola (red triangle), B. aleutica (green triangle), 
B. interrupta (maroon hexagon), B. kincaidii (blue circle), B. microtrachys (pink star), B. 

spinosissima (yellow diamond), and B. trachura (black square). 

A) 

B) 
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Figure 52. PCA plots of measurements relative to total length and their relationships to 
each other. Points indicate the average principal component (PC) scores with standard 
error bars. Lines indicate the eigenvector scores for each measurement. A. First dorsal fin 
total length (DIT), first dorsal fin height (D1H), first dorsal fin base length (D1B), second 
dorsal fin height (D2H), second dorsal fin base length (D2B), caudal fin height (CDH), 
and caudal fin base length (CDB); B. pelvic fin anterior lobe length (PPL), pelvic fin 
anterior lobe inner length (PAL), and pelvic fin posterior lobe length (IAL). Species 
shown by color: Bathyraja abyssicola (red triangle), B. aleutica (green triangle), B. 
interrupta (maroon hexagon), B. kincaidii (blue circle), B. microtrachys (pink star), B. 

spinosissima (yellow diamond), and B. trachura (black square). 

A) 

B) 
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Figure 53. PCA plots of measurements relative to total length and their relationships to 
each other. Points indicate the average principal component (PC) scores with standard 
error bars. Lines indicate the eigenvector scores for each measurement. A. Total length 
(TL), disc length, disc width, interdorsal space (IDS), and tail length (TAL); B. spiracle 
length (SPL), interspiracular space (ISP), and interorbital width (IOW). Species shown by 
color: Bathyraja abyssicola (red triangle), B. aleutica (green triangle), B. interrupta 
(maroon hexagon), B. kincaidii (blue circle), B. microtrachys (pink star), B. spinosissima 
(yellow diamond), and B. trachura (black square). 

A) 

B) 
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Three equally parsimonious trees were created to show the phylogenetic relationships 

between the seven study species, in addition to an outgroup, Beringraja inornata (Figure 

54, Tables 12-13). The resolved trees show three likely phylogenetic relationships and all 

three took 152 steps to complete. The three trees are similar, but some differences exist 

between them. In all trees B. interrupta and B. kincaidii, the two species who are the 

closest morphologically, are located near each other and are the most basal bathyrajids in 

the ENP. Bathyraja interrupta and B. kincaidii therefore appear to be the closest softnose 

skate relatives to Beringraja in the ENP. Based on morphological and meristic data, B. 

spinosissima and B. microtrachys group together in two of the three trees and appear to 

be closely related. Bathyraja trachura is consistently located on other branches from B. 

microtrachys, a species that it is similar to in size and coloration. Bathyraja abyssicola 

and B. aleutica appear to be the most derived of the species examined in the tree and are 

found on separate branches from the other species in all three parsimonious trees. 

Bathyraja abyssicola and B. aleutica appear to be the closest related species, despite 

obvious morphological differences. 
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Figure 54. Three equally parsimonious trees of the seven study species, plus a rooted 
outgroup species, Beringraja inornata. A. Maximum parsimony tree displaying a branch 
that is comprised of Bathyraja interrupta and B. kincaidii; B. Maximum parsimony tree 
with B. kincaidii and B. interrupta on separate branches; C. Maximum parsimony tree 
displaying all species as being on separate branches, except B. abyssicola and B. aleutica. 
The numbers on the branches indicate the number of changes between character states. 
  

B) A) 

C) 
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Table 12.  

Data Matrix of the Characters States Used to Generate the Three Equally Parsimonious 

Trees for Bathyraja abyssicola, B. aleutica, B. interrupta, and B. kincaidii.  

 
Measurement Bathyraja 

abyssicola 

Bathyraja 

aleutica 

Bathyraja 

interrupta 

Bathyraja 

kincaidii 

Dorsal coloration 1 1 2 2 
Ventral coloration 2 1 1 1 
Total Length 1 2 2 3 
Disc length 1 2 2 3 
Disc width 1 2 2 3 
Anterior disc length 1 1 3 1 
Anterior anterior disc length 1 1 3 1 
Posterior anterior disc length 1 1 3 1 
Posterior disc length 3 3 3 2 
Inner disk length 2 2 1 
Disk base length 2 2 3 2 
Snout to maximum disk width 1 1 2 
Head length 1 1 2 2 
Preorbital length 1 2 2 3 
Eye length 1 2 3 
Interorbital width 1 3 3 3 
Spiracle length 2 1 2 2 
Interspiracular width 1 2 3 3 
First dorsal fin origin to tail tip 1 1 2 2 
First dorsal fin base length 1 1 2 2 
First dorsal fin vertical height 1 2 1 2 
Second dorsal fin base length 1 1 2 2 
Second dorsal fin vertical 
height 1 1 2 2 
Interdorsal space 1 1 2 2 
Caudal fin base length 1 2 3 3 
Caudal fin height 3 1 2 1 
Preoral snout length 1 1 3 3 
Prenarial snout length 1 1 3 3 
Internarial width 2 3 3 3 
Nasal curtain length 2 3 1 1 
Nasal curtain width 2 3 3 
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Mouth width 2 3 3 3 
Snout to first gill slit 2 2 2 2 
Snout to fifth gill slit 1 1   3 
First gill slit length 2 2   2 
Pelvic fin posterior lobe length 1 2 1 3 
Pelvic fin anterior lobe length 1 3 2 3 
Pelvic fin anterior lobe inner 
length 

1 2 2 3 

Clasper length (mature) 1 3 1 1 
Clasper width (mature) 3 1 1 3 
Cleft shape 1 2 2 1 
Projection 1 2 1 1 
Pseudosiphon 1 1 2 2 
Pseudorhipidion 2 3 1 2 
Sentina 2 2 1 1 
Precaudal length 2 2 2 2 
Tail length 1 2 3 3 
Interdorsal thorn count 3 2 3 2 
Middorsal thorns 1 1 1 1 
Nuchal thorns 1 1 1 1 
Scapular thorns 1 1 1 1 
Tail thorn count 1 1 3 3 
Alar thorn count- rows 2 1 2 3 
Alar thorn count- columns 2 2 2 2 
Vertebral count 2 1 2 2 
Upper tooth count 1 1 2 2 
Lower tooth count 2 2 2 2 
Pectoral fin radial count 2 1   3 
Pelvic fin radial count 2 2   3 
Calcified rostrum 2 2 2 2 
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Table 13.  

Data Matrix of the Characters States Used to Generate the Three Equally Parsimonious 

Trees for Bathyraja microtrachys, B. spinosissima, B. trachura, and Beringraja inornata.  
 

Measurement Bathyraja 

microtrachys 

Bathyraja 

spinosissima 

Bathyraja 

trachura 

Beringraja 

inornata 

Dorsal coloration 1 3 1 2 
Ventral coloration 1 1 2 1 
Total Length 2 1 2 2 
Disc length 2 1 2 3 
Disc width 2 1 2 3 
Anterior disc length 2 3 3 3 
Anterior anterior disc length 2 3 3 3 
Posterior anterior disc length 2 3 3 3 
Posterior disc length 1 2 3 3 
Inner disk length 3 3 2 2 
Disk base length 1 2 2 1 
Snout to maximum disk width 2 2 1 3 
Head length 3 3 1 3 
Preorbital length 2 2 2 3 
Eye length 2 1 2 
Interorbital width 3 1 3 2 
Spiracle length 2 3 1 2 
Interspiracular width 2 1 3 2 
First dorsal fin origin to tail tip 1 2 2 2 
First dorsal fin base length 1 2 2 1 
First dorsal fin vertical height 2 3 2 2 
Second dorsal fin base length 2 3 2 3 
Second dorsal fin vertical height 2 3 1 1 
Interdorsal space 2 2 3 2 
Caudal fin base length 1 1 2 2 
Caudal fin height 2 1 1 2 
Preoral snout length 3 2 2 2 
Prenarial snout length 3 3 2 3 
Internarial width 2 1 2 3 
Nasal curtain length 3 1 3 1 
Nasal curtain width 3 1 2 3 
Mouth width 3 1 3 3 
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Snout to first gill slit 2 2 2 1 
Snout to fifth gill slit 3 3 3 3 
First gill slit length 3 2 2 2 
Pelvic fin posterior lobe length 2 2 3 1 
Pelvic fin anterior lobe length 3 2 2 2 
Pelvic fin anterior lobe inner 
length 3 2 2 3 
Clasper length (mature) 3 3 3 
Clasper width (mature) 1 1 3 
Cleft shape 2 2 
Projection 2 2 
Pseudosiphon 1 1 
Pseudorhipidion 1 3 
Sentina 2 2 2 
Precaudal length 1 2 2 3 
Tail length 1 1 2 3 
Interdorsal thorn count 3 3 3 1 
Middorsal thorns 2 2 2 1 
Nuchal thorns 2 2 1 1 
Scapular thorns 2 2 2 2 
Tail thorn count 2 2 1 1 
Alar thorn count- rows 2   2 3 
Alar thorn count- columns 2   2 3 
Vertebral count 2 2 3   
Upper tooth count 2 2 2 1 
Lower tooth count 3 2 2 1 
Pectoral fin radial count 3   2 3 
Pelvic fin radial count 3   2 1 
Calcified rostrum 2 2 2 1 
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Discussion 

Skates are a morphologically conservative clade and it is often difficult to identify 

species based on body measurements (McEachran & Dunn, 1998). Due to the 

morphological conservatism of skates, it is challenging to describe new species with 

confidence (McEachran & Dunn, 1998). Characteristics that separate species are often 

subtle, maybe internal, or may require knowledge of the genera’s taxonomy in order to 

accurately identify to the species level. For example, a well-known and frequently studied 

European species, common skate, Dipturus batis, was shown to be a species complex 

based mostly on size at maturity (Iglésias, Toulhoat & Sellos, 2009). The species that 

form this complex are nearly identical in coloration and morphologies and share similar 

habitats, but are in fact separate species, as determined by morphology, genetics, and life 

histories (Iglésias et al., 2009). The smaller species, which reaches maturity at a younger 

age, is almost certainly more productive than the larger species (Iglésias et al., 2009), 

which has important implications for how the common skate bycatch fishery is managed. 

Similar to Dipturus batis, many of the species in the genus Bathyraja have overlapping 

morphometric characteristics and may involve complexes. It is the lack of obvious 

differences, combined with the inadequate original descriptions of the species, which 

compounds the problem of species-specific identification. It is not until the full suite of 

morphometric and meristic differences are taken into account that species may be 

separated with confidence. 

Systematics underpins our understanding of life histories and those life histories lose 

value if the species they are describing are incorrectly synonymized and treated as a 
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wide-ranging species (Mayr, 1996). These life history studies are valuable as they have 

been shown to be important to the effective management of bycatch (Ainsley, 2009). In 

the example of the Dipturus batis species complex above, the taxonomic combination of 

the larger maturing species with similar smaller species led to the mismanagement of the 

European skate fishery and the possible local extirpation of some species (Dulvy & 

Reynolds, 2009; Iglésias et al., 2009). With chondrichthyans, an enormous amount of 

biodiversity remains to be discovered, especially amongst batoids. 

The eastern North Pacific genus Bathyraja has several species that have been 

synonymized due to confusion with overlapping morphological characteristics and a lack 

of available material to adequately describe them when they were initially defined 

(Ishihara & Ishiyama, 1985; Miller & Lea, 1972). In the present study, one of the more 

problematic species relationships is between B. interrupta and B. kincaidii, which have 

been synonymized by some authors (Coulson et al., 2011; Ishihara & Ishiyama, 1985) 

and considered separate species by others (Ebert, 2003; Kyne et al. 2012; Last et al., 

2016). These two species are very similar in appearance and most likely form a species 

complex, especially in Alaska and the Bering Sea, where differences between specimens 

of B. interrupta have been reported (Kyne et al., 2012). The results of this study show 

that despite their similarities, these two skates are in fact separate species, as some 

previous life history studies have reported (Ainsley, 2009; Brown, 2010; Kemper, 2012; 

Perez, 2005). This separation of species is upheld by morphometric, meristic, and 

significant multivariate statistical differences. Specifically, B. interrupta differs from B. 

kincaidii in overall size, pelvic fin measurements, interdorsal distance, clasper 
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morphology, denticle shape, and thorn counts. Bathyraja interrupta is a larger species 

than B. kincaidii and attains a larger total length than B. kincaidii. While size is a difficult 

character to use in field identification, as a small specimen could be either species, this 

study shows that there are other differences that separate the species. Differences in the 

size, shape, and internal structure of claspers have been shown to be very useful for the 

identification of skates (Ishihara & Ishiyama, 1985; Ishiyama, 1952). As with other skate 

species, B. interrupta and B. kincaidii possessed multiple differences in their claspers, 

notably in the shape of the projection, the size of the sentina, and the shape of the cleft.  

In addition to clasper morphology, the best indicators for species identification in 

skates are often thorn counts (Ishihara & Ishiyama, 1985; Ishiyama, 1952). Marked 

differences between the thorn counts were found for B. kincaidii and B. interrupta in the 

present study. In B. kincaidii the higher numbers of middorsal and nuchal thorns were 

likely due to the single, uninterrupted row of thorns down the midline of the dorsal 

surface. Bathyraja interrupta, by comparison has an interrupted row of thorns with a gap 

between the middorsal and tail thorns. The interruption in the midline of the thorns is a 

highly useful characteristic for field identification. Even with the thorn count, B. 

interrupta and B. kincaidii are difficult to tell apart. This difficulty in telling the two 

species apart in the field has led to some issues in establishing their geographical 

distributions (Kyne et al., 2012). The possible species complex formed by B. interrupta 

and B. kincaidii is problematic when it comes to predicting population trends and setting 

management strategies.  
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Morphological and meristic differences between B. microtrachys and B. trachura 

were investigated to determine if these two species are the same or represent distinctly 

different species. Bathyraja microtrachys and B. trachura have been synonymized by 

some authors, and appear in some publications as a single species. This confusion arose 

when Miller and Lea (1972) synonymized B. microtrachys with B. trachura; based on 

Carl L. Hubbs’ suggestion that B. microtrachys was a junior synonym. While recent 

systematic and life history studies have distinguished B. microtrachys as being separate 

from B. trachura (Boyle, 2010; Davis, 2006; Ebert, 2003; Last et al., 2016; Winton, 

2011), there are still some authors that regard the two as a single species (Ishihara & 

Ishiyama, 1985). As this study shows, the two species are morphologically distinct. This 

is supported by differences in their morphometrics, meristics, and by significant 

statistical dissimilarities. Bathyraja microtrachys differs from B. trachura in coloration, 

dermal denticle size, disc size, pelvic fin measurements, clasper morphology, and nuchal 

thorn counts. Besides coloration, arguably the best diagnostic characteristic for the 

separation of these species are the dermal denticles. Bathyraja microtrachys has very fine 

dermal denticles on the dorsal surface and does not possess the noticeably larger and 

rougher denticles on the tail region that are found in B. trachura. As with other skate 

species, the mature claspers are highly indicative of speciation. Both species possess 

short and robust mature claspers, but differences in the length of the pseudorhipidion and 

the presence or absence of a projection can be used for identification purposes. 

Additionally, the presence of nuchal thorns in B. trachura and lack of them in B. 

microtrachys is a useful trait for identification purposes. It should be noted that this study 



155 
 

describes the largest known adult male specimen of B. microtrachys and is the first time 

that claspers have been described for the species.  

Multivariate statistical tests were run to determine whether there are significant 

morphological and meristic differences between the study species in a suite of traits. The 

results of the analyses, and their subsequent post hoc tests, showed that there were 

multiple characters that can be used to accurately identify the species examined this 

study. For the most part species clustered together in the nMDS ordinations when sex and 

maturity class were taken into account. Those ordinations in which sex and maturity were 

not considered showed significant overlap and low levels of dissimilarity between 

species. It is not until life stage and sex are considered that differences can be visualized. 

The analysis for adult females showed the species grouping into tight clusters, with B. 

aleutica grouping with B. abyssicola and B. interrupta and B. kincaidii forming a cluster. 

The other three species showed distinct grouping for adult females. The overlap of B. 

abyssicola and B. aleutica, as well as B. interrupta and B. kincaidii, was true for the adult 

male ordination as well. Morphological differences are nuanced when viewed from the 

perspective of the nMDS ordinations. Bathyraja abyssicola and B. aleutica are 

morphologically very similar, but significant statistical differences exist between them. 

The same statement holds true for B. interrupta and B. kincaidii. Overall, some putative 

species can be distinguished by the morphometric patterns, while other species cannot be 

readily distinguished based on their measurements, unless examined in a closer manner. 

In order to investigate the relationship between species that had been previously 

synonymized, nMDS ordinations were ran to compare B. interrupta with B. kincaidii and 
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B. microtrachys with B. trachura. Bathyraja interrupta and B. kincaidii, no matter the sex 

or life stage, all displayed compact groupings, indicating high levels of dissimilarity, and 

therefore differentiation, between species. All but one juvenile specimen of B. interrupta 

grouped into clusters that were located in different areas of the plots. The visualization of 

the relationship between B. microtrachys and B. trachura showed similar levels of 

dissimilarity, supporting the hypothesis that the species are separate. This is especially 

true for adult males of the species. Due to the insufficient sampling of females for the two 

species, further investigations into the relationships are warranted. Overall, the results of 

the non-parametric tests for adult skates indicate that the specimens are morphologically 

distinct, which supports the hypothesis of the species status being valid for all species 

investigated in the study. 

Non-parametric tests were run to for juvenile skates to determine whether there are 

morphological differences between the study species. The results of the nMDS 

ordinations for juveniles showed weaker dissimilarities than the adults. The species 

clustered together, but the groups were not as tight as they were in the adult ordinations. 

When two species were compared, as in the B. interrupta and B. kincaidii relationship, 

visualization of obvious differences became apparent. It is when all seven species are 

compared that morphological differences are more problematic to tease apart. Juveniles 

are often difficult to separate based solely on morphological characters. Meristics, such as 

thorn counts, and coloration play a large part in the identification of juvenile bathyrajids 

in the ENP.  
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Further analyses were run to determine if the hypotheses of speciation between the 

ENP bathyrajids could be supported. Analyses from the Tukey-Kramer HSD post hoc 

tests resulted in significant traits that drive differentiation and validated that there was 

separation amongst species. Not every measurement showed significant differences in the 

means, but every species displayed certain measurements that could be used to positively 

identify them. Additionally, ANOSIM and SIMPER analyses pointed to significant 

differences between species and the traits that drive those differences. PCA results 

supported the significant differences between species and identified correlations such as 

species with shorter tails tended to have the larger disc, long fins equated to tall fins, and 

that species with small spiracles had larger interspiracular and interorbital distances. All 

of these characters can be used to help positively separate species of bathyrajids from the 

ENP. 

Phylogenetic relationships were investigated during the course of this study through 

the construction of three equally parsimonious trees and phylogenetic relationships that 

can be inferred from the trees. Beringraja was assigned as a rooted outgroup based on the 

presence of calcified rostral elements. The presence of a heavily calcified rostrum is 

considered a primitive state for the skates of the ENP (Ishiyama, 1952). According to the 

parsimony trees, B. abyssicola and B. aleutica are the most derived of the species studied. 

They are also the only two species that consistently grouped together on a branch across 

all trees. Conversely, B. interrupta and B. kincaidii are the most phylogenetically 

primitive and closest to Beringraja. While B. kincaidii and B. interrupta are located near 

each other in the parsimonious trees, they are not as closely related to each other as some 
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species in this study. This is unexpected, as B. interrupta and B. kincaidii are the most 

morphologically conservative species in this study. Bathyraja spinosissima appears to be 

closer related to B. microtrachys, than B. trachura is to B. microtrachys, despite the latter 

two being closer in size and coloration. Additionally, B. trachura is consistently closer to 

the B. abyssicola and B. aleutica branch. This is a relatively surprising discovery, as B. 

microtrachys and B. trachura have historically been considered to be one species. Further 

investigations into the relationships between these species are warranted, as obvious 

statistical differences point to the species being morphologically closer to each other. 

A comparison of the various statistical analyses utilized throughout this study points 

to some patterns that prove useful for species identification. Results of the nMDS 

analyses show that B. abyssicola and B. aleutica are morphologically similar, which is 

supported by their locations on the parsimonious tress. Additionally, B. interrupta, B. 

kincaidii, and B. trachura cluster together on the nMDS ordinations, and are therefore 

similar. Bathyraja spinosissima and B. microtrachys are obviously different from the 

other species investigated. ANOVAs found differences in means between the species, 

with pelvic fin length, anterior disc length, and posterior disc length not possessing 

differences in their means. Post hoc tests of the revealed some measurements that are 

significantly different for various species (e.g., head length, interspiracular width, 

interdorsal space, precaudal length, and middorsal thorn count), but also showed 

measurements in which significant differences were not found (e.g., anterior disc length, 

posterior disc length, and snout to maximum disc width). These results support the 

previous ANOVAs that were performed. ANOSIM analysis displayed significant 
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differences between all species investigated, with B. spinosissima being the most 

different to its congeners. Results of the SIMPER analysis showed which characters were 

driving the differences between species, with interdorsal space, pelvic fin posterior lobe, 

interspiracular width, and disc length describing the biggest differences. The character 

traits that drove differentiation in the SIMPER analysis were some of the most significant 

in the post hoc tests of the means and back the hypothesis that seven valid species exist in 

the ENP. PCA analyses supported the results of prior multivariate tests and displayed 

similar trends that could be used to identify individuals to the species level. The 

phylogenetic trees showed that B. kincaidii and B. interrupta were basal and B. 

abyssicola and B. aleutica were the most derived. According to the parsimonious trees, B. 

microtrachys may be closer related to B. spinosissima than B. trachura. This is despite 

the two species being so similar in size and shape that they have been synonymized in 

prior studies. Taken as a whole, the results of multiple multivariate tests and 

morphological differences point to the support of the hypothesis that all the species 

investigated in this study are valid. 

 

Conservation and Fisheries Management 

Results from this study will hopefully assist fisheries managers in developing 

improved management policy by providing enhanced species-specific identification of 

ENP softnose skates. To date there has been relatively little research done on the complex 

systematics of the species included in this study. In California waters, skates are 

commonly taken as bycatch in commercial trawl and recreational fisheries, as well as 
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directed fisheries. Catch statistics from the California Department of Fish and Game 

indicate that landings of skates increased between 1995 and 2001 (Zorzi, Martin & 

Ugoretz, 2001), due to an increase in demand for their “wings.” Previously, skates have 

been viewed as relatively unprofitable target species; however new directed fisheries 

have recently emerged to help supplement local economies (Ainsley, Ebert & Cailliet, 

2011). Skates are sold fresh, frozen, salted, or dried, mostly to Asian markets in southern 

California, and are often used as a substitute for scallops (Martin and Zorzi, 1993). The 

market value of skates increased in the early 1990’s, as a result of a reduction in 

traditional groundfish quotas (Zorzi et al., 2001). In local fisheries most species of skates 

are lumped into one fishery category called “unspecified skates.” This lack of species-

specific identification leads to problems when it comes to setting priorities for the 

protection of softnose skates. 

Multiple international organizations exist with goals to globally protect 

chondrichthyan fishes. Organizations such as the Food and Agriculture Organization 

(FAO) and the International Union for Conservation of Nature (IUCN) have undertaken 

initiatives to set catch limits and implement much-needed management plans. In 1999 the 

FAO put in place an International Plan of Action (IPOA). This IPOA directed various 

international communities to assemble plans to research and protect species of sharks 

from around the globe (Fowler & Cavanagh, 2005). The IUCN puts together a Red List 

of Threatened Species in which they provide a comprehensive approach to evaluating 

conservation strategies for organisms. The IUCN Red List of Threatened Species 

publishes assessments of plants and animals with the intention of setting guidelines and 
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conservation priorities for both government and non-governmental organizations. Recent 

studies have suggested that a quarter of all known chondrichthyans species are threatened 

worldwide (Dulvy et al., 2014). Chondrichthyans possess the lowest percentage of 

species listed as Least Concern in the IUCN Red List, compared to all vertebrate groups 

(Dulvy et al., 2014). Most species of softnose skates included in this study are listed as 

Least Concern due to their deepsea habitats being largely outside of major fishery 

impacts. Other species in the study are listed as Data Deficient, and are likely to 

experience low threat levels, but the paucity of life history information for those species 

hinders their assessment. 

Researchers and policy-makers encounter significant problems when they attempt to 

develop fishery management policies for skates, set conservation measures, and identify 

individual species, due in large part to the lack of knowledge about the skate species 

composition in the ENP. Improvements in the identification of species have broad, real-

world implications, as life history studies lose value if the species they are investigating 

are incorrectly identified. These life history studies form the basis for fisheries 

management decisions and the correct identification of skates is crucial for developing 

refined policies for this group, as well as maintaining the sustainable use of local, natural 

resources. The inherent difficulty of obtaining specimens of ENP bathyrajids, combined 

with outdated descriptions, has led to the need for a simple taxonomic key (Appendix A). 

That key has been provided at the end of this study in the form of an appendix. This key 

can help to drive improvements to fisheries statistics, generate enhanced baseline catch 
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data for the species, and potentially alleviate any impacts of future expansions into 

deepsea fishing. 

The research presented in this study will be provided to governmental and non-

governmental agencies that regulate fisheries and set catch limits. The dichotomous key 

will be useful for fisheries observers, based both on land and at sea, to correctly identify 

the species of softnose skates found in the ENP. The key provides a simple, easy to use 

tool that can be added to any agency checklist. Baseline data for the skate bycatch fishery 

is currently lacking. As species are presently combined into one category, the first step 

that fishery agencies should take is to correctly separate the species out. There are no 

species found in the geographical range considered in this study that are currently listed 

as Threatened or Vulnerable, but some are Data Deficient due to a lack of life history 

material. Part of the paucity of life history information comes from the difficulty in 

positively identifying species. This research will hopefully alleviate those identification 

issues and lead to advancements in our knowledge of the histories of bathyrajids in the 

ENP. The Data Deficient species are of some concern, as fisheries may expand out into 

deeper water, where the Data Deficient species reside. The deepwater species may be 

vulnerable to human impacts, but we cannot set management priorities until more is 

known about their life histories and that cannot be known until skate specimens can be 

identified to the species level. 
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Future Research 

The results of this study provide valuable taxonomic information for use in future 

fishery management decisions; however there is still considerable work to be done before 

the systematic relationships of these skates can be fully defined. There are several 

suggested improvements that could be made for future research into the taxonomy of 

ENP bathyrajids. 

Classical taxonomic revisions based on morphometrics and meristics are important, 

but the data would be greatly improved by combing it with molecular techniques. This 

study included parsimonious trees based on morphological and meristic character states, 

but they may very well be weaker than a tree built on molecular characters. At the onset 

of this study polymerase chain reactions (PCR) primers based on the NADH 

dehydrogenase subunit 2 (NADH2) gene were used, but attempts at PCR failed. Other 

studies have successfully utilized the NADH2 gene for skates from different geographic 

ranges and helped resolve phylogenies for those species (Naylor et al., 2012) and suggest 

that further optimization or redesign of primers might contribute to future studies of 

Bathyraja. 

Molecular-based trees would assist with defining species, but they would remain 

unresolved and/or skewed without a wider sampling of the study species. Species such as 

B. aleutica, B. microtrachys, and B. spinosissima were under sampled in this study due to 

multiple factors, such as: the use of otter trawls for primary collection, the catch 

locations, and the catch depths. Otter trawls would have limited the collection of B. 

spinosissima, as unpublished MBARI video shows that they prefer rocky substrates, 



164 
 

where otter trawls are impossible or difficult to use. The utilization of long lines across 

the study range would probably have solved this issue. Additionally, the trawls were done 

at the upper edge of the depth ranges for several of these species (Appendix B). Sampling 

from deeper waters would likely give a larger sample size. Furthermore, the sampling 

should be widened to include waters north and south of this study. This is especially true 

for extending the sampling locations north. Bathyrajid species are increasingly diverse in 

the northern Pacific, with some species in this study being more abundant in northern 

latitudes. 

 

Conclusions 

Overall, this study concluded that the seven species examined are distinctly different 

and represent valid species. The validation of the seven species and their redescriptions 

will hopefully prove useful for fisheries biologists and managers. The novel descriptions 

of claspers and neurocrania for these species will help with improving the unstable 

phylogeny that surrounds Bathyraja. Through the application of meristics, 

morphometrics, and multivariate statistical analyses, speciation was shown to exist 

between the closely related species B. interrupta and B. kincaidii, as well as between B. 

microtrachys and B. trachura, which some authors had synonymized. The parsimonious 

trees presented in this study allow for some visualization of the relationships between the 

species, including that B. abyssicola and B. aleutica represent the biggest departure from 

the rajid body plan. The dichotomous key generated from the data will hopefully be used 

in the field to correctly identify bycatch down to the species level and will remove the 
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current practice of combining all skates into one fishery category. Accurate knowledge of 

phylogenies is vital for setting appropriate conservation measurements and for 

determining which species are most vulnerable to human impacts. The systematics 

presented in this study will support past and future life history studies and provide insight 

into the complex relationships between members of the genus Bathyraja. 
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Appendices 

Appendix A: Key to the Bathyraja Species in the Eastern North Pacific off of the 

Continental United States 

 
1a. Middorsal thorns absent ……………………………………….…………………….. 2 

1b. Middorsal thorns present ……..…………………………………………………...…. 4  

2a. Nuchal thorns present; dorsal coloration dark grey to purple; white blotches ventrally; 

large, rough thorns on dorsal surface, especially on the tail; interdorsal distance very 

short or absent; short, robust claspers on mature males; pseudosiphon present………… 

…………………….…………………………………………………….…… B. trachura 

2b. Nuchal thorns absent…………………………………………………………………. 3 

3a. Dorsal coloration grey; pale both dorsally and ventrally; large interspiracular width; 

large interorbital width; wide mouth……………………………...…..….. B. spinosissima 

3b. Dorsal coloration dark brown; ventral coloration pale with dark edges to the fins; fine 

spines on dorsal surface; short, robust claspers on mature males; pseudosiphon present… 

…………………………………………….……………….…..……….... B. microtrachys 

4a. Ventral coloration pale …………..…………………………………………………. 5 

4b. Ventral coloration dark; large snout to maximum disc width length; large preorbital 

length; long, thin claspers on mature males; pseudosiphon present……..... B. abyssicola 

5a. Thorns in a non-continuous, single row on the back; long, robust claspers on mature 

males; projection conspicuously protrudes; U-shaped cleft............................. B. interrupta 

5b. Thorns in a continuous, single row on the back …………………………………….. 6 
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6a. Dorsal coloration dark brown; large interdorsal space; short, stubby claspers on 

mature males, pseudosiphon present…………..…………………………….… B. aleutica 

6b. Dorsal coloration light brown with dark blotching across surface; long, thin claspers 

on mature males; projection does not conspicuously protrude; V-shaped cleft…………… 

……………………………….…………………………………………….….. B. kincaidii 
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Appendix B: List of Material Examined 

Bathyraja abyssicola. 14 specimens- Comparative material: PSRC Baby 062612-1, 

544 mm TL, female, R/V Ms. Julie, Haul 171, San Diego, California, USA, 32.598909N, 

-118.607885W, 1118.8 m, 13 July 2011; PSRC Baby 062812-1, 1087 mm TL, mature 

male, R/V Raven, Haul 181, Tijuana, Mexico, 32.092243N, -118.686307W, 968 m, 15 

October 2011; PSRC Baby 020513-1, 498 mm TL, female, R/V Ms. Julie, Haul 15, 

Flattery Rocks National Wildlife Refuge, Washington, USA, 47.607135N, -

125.586053W, 1212.3 m, 25 May 2012; PSRC Baby 022813-1, 897 mm TL, female, 

Monterey, California, USA; PSRC Baby 022813-2, 1241 mm TL, female, Monterey, 

California, USA; PSRC Baby 022813-3, 1340 mm TL, female, Monterey, California, 

USA; PSRC Baby 110813-1, 1125 mm TL, female, R/V Noah’s Ark, Haul 333, Pismo 

Beach, California, USA, 35.159721N, -121.666863W, 1139.2 m, 29 September 2012; 

PSRC Baby 121016-1, 1079 mm TL, mature male, Haul 129, Monterey, California, 

USA, 36.641215N, -122.148045W, 30 June 2016; PSRC Baby 121016-2, 1386 mm TL, 

mature female, R/V Noah’s Ark, Haul 89, King Range National Conservation Area, 

California, USA, 40.135833N, -125.048889, 1203.6335 m, 18 September 2015;  

PSRC Baby 121016-3, 1331 mm TL, mature female, R/V Excalibur, Haul 137, Morro 

Bay, California, USA, 35.3861111N, -121.6700000W, 1229.2872 m, 14 July 2015; 

PSRC Baby 121816-1, 1013 mm TL, female, Haul 129, Cambria, California, USA, 

35.807680N, -121.970027W, 30 September 2016; PSRC Baby 121816-2, 930 mm TL, 

immature male, F/V Last Straw, Haul 112, Elk, California, USA, 39.127778N, -

124.204167W, 1160.0372 m, 24 June 2015; PSRC Baby 121816-3, 1038 mm TL, mature 



179 
 

male, F/V Last Straw, Haul 179, San Diego, California, USA, 32.469167N, -

118.5450000W, 1072.9041 m, 17 July 2015; PSRC Baby 121816-4, 1056 mm TL, 

mature male, F/V Last Straw, Haul 179, San Diego, California, USA, 32.469167N, -

118.5450000W, 1072.9041 m, 17 July 2015. 

Bathyraja aleutica. 12 specimens- Comparative material: PSRC Bale 011212-1, 436 

mm TL, female, R/V Pandalus, Haul 25, Prince William Sound, Alaska, USA, 

60.162667N, -147.09W, 220.2 m, 26 July 2007; PSRC Bale 062812-1, 1198 mm TL, 

female, R/V Excalibur, Haul 47, Lincoln City, Oregon, USA, 45.027584N, -124.50973W, 

379 m, 6 September 2011; PSRC Bale 070313-1, 908 mm TL, immature male, R/V 

Noah’s Ark, Haul 108, Eureka, California, USA, 40.253407N, -124.60897W, 427.5 m, 23 

July 2012; PSRC Bale 090913-1, 1191 mm TL, mature male, R/V Noah’s Ark, Haul 108, 

Eureka, California, USA, 40.253407N, -124.60897W, 427.5 m, 23 July 2012; PSRC Bale 

110813-1, 900 mm TL, immature male, R/V Noah’s Ark, Haul 40, Long Beach, 

Washington, USA, 46.298489N, -124.662618W, 494 m, 29 May 2012; UW046435-1, 

267 mm TL, immature male, Haul 46, Bering Sea, Alaska, USA, 57.77930N, -

173.88879W, 665 m, 16 June 2002; UW046435-2, 280 mm TL, immature male, Haul 46, 

Bering Sea, Alaska, USA, 57.77930N, -173.88879W, 665 m, 16 June 2002; UW046435-

3, 275 mm TL, immature male, Haul 46, Bering Sea, Alaska, USA, 57.77930N, -

173.88879W, 665 m, 16 June 2002; CAS 232270, 360 mm TL, immature male, Yakushi 

Maru, Haul 38, Southeast Bering Sea, Alaska, USA, 59.9600N, -167.4325W, 620 m, 15 

June 1979; CAS 232256-1, 258 mm TL, immature male, Yakushi Maru, Pribilof Island, 

Alaska, USA, 58.3233N, -174.4148W, 725-730 m, 22 June 1979; CAS 232256-2, 306 
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mm TL, immature female, Yakushi Maru, Pribilof Island, Alaska, USA, 58.3233N, -

174.4148W, 725-730 m, 22 June 1979; PSRC Bale 121016-1, 1179 mm TL, mature 

female, R/V Ms. Julie, Haul 72, Port Orford, Oregon, USA, 42.7703N, -124.7597W, 13 

September 2015. 

Bathyraja interrupta. 16 specimens- Comparative material: UW 46479, 417 mm TL, 

male, Haul 48, Bering Sea, Alaska, USA, 57.8372N, -173.892W; 497 m, 20 June 2002; 

UW 46452-10, 454 mm TL, female, Haul 67, Bering Sea, Alaska, USA, 59.3654N, -

177.6026W, 246 m, 25 June 2002; UW 46452-11, 463 mm TL, female, Haul 67, Bering 

Sea, Alaska, USA, 59.3654N, -177.6026W, 246 m, 25 June 2002; UW 46452-14, 544 

mm TL, male, Haul 67, Bering Sea, Alaska, USA, 59.3654N, -177.6026W, 246 m, 25 

June 2002; UW 46452-15, 370 mm TL, female, Haul 67, Bering Sea, Alaska, USA, 

59.3654N, -177.6026W, 246 m, 25 June 2002; UW 46452-16, 511 mm TL, female, Haul 

67, Bering Sea, Alaska, USA, 59.3654N, -177.6026W, 246 m, 25 June 2002; UW 46452-

17, 625 mm TL, female, Haul 67, Bering Sea, Alaska, USA, 59.3654N, -177.6026W, 246 

m, 25 June 2002; UW 46452-21, 482 mm TL, male, Haul 67, Bering Sea, Alaska, USA, 

59.3654N, -177.6026W, 246 m, 25 June 2002; UW 46458, 752 mm TL, female, Haul 84, 

Bering Sea, Alaska, USA, 60.5989N, -178.8197W, 2002; UW 46464, 410 mm TL, male, 

Haul 65, Bering Sea, Alaska, USA, 59.3972N, -177.8658W, 443 m, 24 June 2002; UW 

46442-1, 663 mm TL, female, Haul 38, St. George Island, Bering Sea, Alaska, USA, 

56.4639N, -171.8309W, 327 m, 18 June 2002; UW 46442-2, 717 mm TL, mature male, 

Haul 38, St. George Island, Bering Sea, Alaska, USA, 56.4639N, -171.8309W, 327 m, 18 

June 2002; UW 46447, 435 mm TL, male, Haul 79, Bering Sea, Alaska, USA, 59.9462N, 
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-178.9305W, 284 m, 27 June 2002; UW 46450-1, 672 mm TL, male, Haul 56, Bering 

Sea, Alaska, USA, 58.5699N, -176.6988W, 464 m, 22 June 2002; UW 46450-2, 768 mm 

TL, mature male, Haul 67, Bering Sea, Alaska, USA, 58.5699N, -176.6988W, 464 m, 22 

June 2002; CAS 232254, 289 mm TL, immature male, Yakushi Maru, Unalaska Island, 

Alaska, USA, 54.3912N, -167.2012W, 485-520 m, 10 June 1979. 

Bathyraja kincaidii. 39 specimens- Comparative material: PSRC Bkin 012312-1, 531 

mm TL, mature male, R/V Noah’s Ark, Haul 96, Fort Bragg, California, USA, 

39.410919N, -123.974946W, 235.6 m, 21 June 2011; PSRC Bkin 012312-2, 475 mm TL, 

female, R/V Noah’s Ark, Haul 96, Fort Bragg, California, USA, 39.410919N, -

123.974946W, 235.6 m, 21 June 2011; PSRC Bkin 013012-1, 545 mm TL, male, R/V 

Noah’s Ark, Haul 96, Fort Bragg, California, USA, 39.410919N, -123.974946W, 235.6 

m, 21 June 2011; PSRC Bkin 013012-2, 533 mm TL, mature male, R/V Noah’s Ark, Haul 

96, Fort Bragg, California, USA, 39.410919N, -123.974946W, 235.6 m, 21 June 2011; 

PSRC Bkin 020612-1, 575 mm TL, mature male, R/V Noah’s Ark, Haul 67, North Bend, 

Oregon, USA, 43.543611N, -124.690059W, 458.3 m, 7 June 2011; PSRC Bkin 020612-

2, 544 mm TL, female, R/V Noah’s Ark, Haul 48, Tillamook, Oregon, USA, 45.362077N, 

-124.654244W, 430 m, 3 June 2011; PSRC Bkin 0201412-1, 542 mm TL, female, R/V 

Noah’s Ark, Haul 48, Tillamook, Oregon, USA, 45.362077N, -124.654244W, 430 m, 3 

June 2011; PSRC Bkin 021412-2, 448 mm TL, male, R/V Noah’s Ark, Haul 48, 

Tillamook, Oregon, USA, 45.362077N, -124.654244W, 430 m, 3 June 2011; PSRC Bkin 

061212-1, 535 mm TL, female, R/V Excalibur, Haul 31, Long Beach, Washington, USA, 

46.402376N, -124.666273W, 1050.4 m, 26 August 2011; PSRC Bkin 061212-2, 522 mm 
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TL, male, R/V Excalibur, Haul 31, Long Beach, Washington, USA, 46.402376N, -

124.666273W, 1050.4 m, 26 August 2011; PSRC Bkin 061512-1, 535 mm TL, male, R/V 

Excalibur, Haul 31, Long Beach, Washington, USA, 46.402376N, -124.666273W, 

1050.4 m, 26 August 2011; PSRC Bkin 061512-2, 553 mm TL, female, R/V Noah’s Ark, 

Haul 54, Newport, Oregon, USA, 44.636403N, -124.632914W, 252.5 m, 5 June 2011; 

PSRC Bkin 061512-3, 338 mm TL, male, R/V Noah’s Ark, Haul 46, Tillamook, Oregon, 

USA, 45.406623N, -124.576685W, 389.6 m, 3 June 2011; PSRC Bkin 061512-4, 415 

mm TL, male, R/V Noah’s Ark, Haul 46, Tillamook, Oregon, USA, 45.406623N, -

124.576685W, 389.6 m, 3 June 2011; PSRC Bkin 061812-1, 542 mm TL, female, R/V 

Noah’s Ark, Haul 50, Lincoln City, Oregon, USA, 44.995374N, -124.5752W, 441.9 m, 4 

June 2011; PSRC Bkin 061812-2, 616 mm TL, mature male, R/V Noah’s Ark, Haul 50, 

Lincoln City, Oregon, USA, 44.995374N, -124.5752W, 441.9 m, 4 June 2011; PSRC 

Bkin 061812-3, 356 mm TL, male, R/V Noah’s Ark, Haul 50, Lincoln City, Oregon, 

USA, 44.995374N, -124.5752W, 441.9 m, 4 June 2011; PSRC Bkin 062112-1, 250 mm 

TL, male, R/V Noah’s Ark, Haul 56, Newport, Oregon, USA, 44.595353N, -124.53477W, 

142.9 m, 5 June 2011; PSRC Bkin 062112-2, 478 mm TL, female, R/V Noah’s Ark, Haul 

56, Newport, Oregon, USA, 44.595353N, -124.53477W, 142.9 m, 5 June 2011; PSRC 

Bkin 062112-3, 276 mm TL, male, R/V Noah’s Ark, Haul 56, Newport, Oregon, USA, 

44.595353N, -124.53477W, 142.9 m, 5 June 2011; PSRC Bkin 062112-4, 210 mm TL, 

male, R/V Noah’s Ark, Haul 56, Newport, Oregon, USA, 44.595353N, -124.53477W, 

142.9 m, 5 June 2011; PSRC Bkin 062112-5, 435 mm TL, female, R/V Noah’s Ark, Haul 

48, Tillamook, Oregon, USA, 45.362077N, -124.654244W, 430 m, 3 June 2011; PSRC 
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Bkin 062612-1, 576 mm TL, female, R/V Excalibur, Haul 26, Ocean Shores, 

Washington, USA, 46.996986N, -124.707605W, 119 m, 25 August 2011; PSRC Bkin 

062612-2, 510 mm TL, male, R/V Excalibur, Haul 26, Ocean Shores, Washington, USA, 

46.996986N, -124.707605W, 119 m, 25 August 2011; PSRC Bkin 062612-3, 485 mm 

TL, female, R/V Excalibur, Haul 26, Ocean Shores, Washington, USA, 46.996986N, -

124.707605W, 119 m, 25 August 2011; PSRC Bkin 020113-1, 591 mm TL, mature male, 

R/V Noah’s Ark, Haul 47, Tillamook, Oregon, USA, 45.539539N, -124.536993W, 451.6 

m, 3 June 2011; PSRC Bkin 020513-1, 551 mm TL, female, R/V Noah’s Ark, Haul 47, 

Tillamook, Oregon, USA, 45.539539N, -124.536993W, 451.6 m, 3 June 2011; PSRC 

Bkin 030613-1, 525 mm TL, female, R/V Ms. Julie, Haul 41, Manzanita, Oregon, USA, 

45.76475N, -124.40875W, 151.8 m, 3 June 2012; PSRC Bkin 030613-2, 536 mm TL, 

mature male, R/V Ms. Julie, Haul 41, Manzanita, Oregon, USA, 45.76.475N, -

124.40875W, 151.8 m, 3 June 2012; PSRC Bkin 080813-1, 563 mm TL, mature male, 

R/V Ms. Julie, Haul 41, Manzanita, Oregon, USA, 45.76475N, -124.40875W, 151.8 m, 3 

June 2012; PSRC Bkin 080813-2, 430 mm TL, female, R/V Noah’s Ark, Haul 193, Santa 

Catalina Island, California, USA, 33.514113N, -118.702399W, 323.7 m, 18 July 2012; 

PSRC Bkin 080813-3, 478 mm TL, mature male, R/V Noah’s Ark, Haul 193, Santa 

Catalina Island, California, USA, 33.514113N, -118.702399W, 323.7 m, 18 July 2012; 

PSRC Bkin 110713-1, 260 mm TL, immature male, R/V Noah’s Ark, Haul 11, Flattery 

Rocks, Washington, USA, 48.128192N, -125.663567W, 209.4 m, 24 May 2012; PSRC 

Bkin 110713-2, 521 mm TL, mature male, R/V Noah’s Ark, Haul 11, Flattery Rocks, 

Washington, USA, 48.128192N, -125.663567W, 209.4 m, 24 May 2012; PSRC Bkin 
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110813-1, 511 mm TL, mature male, R/V Noah’s Ark, Haul 132, Moss Beach, California, 

USA, 37.537123N, -123.017422W, 372.9 m, 30 June 2012; PSRC Bkin 110813-2, 491 

mm TL, mature male, R/V Noah’s Ark, Haul 132, Moss Beach, California, USA, 

37.537123N, -123.017422W, 372.9 m, 30 June 2012; PSRC Bkin 110813-3, 405 mm TL, 

mature male, R/V Ms. Julie, Haul 113, Sonoma Coast State Park, California, USA, 

38.382510N, -123.580247W, 351.4 m, 25 June 2012; PSRC Bkin 111113-1, 504 mm TL, 

mature male, R/V Ms. Julie, Haul 113, Sonoma Coast State Park, California, USA, 

38.382510N, -123.580247W, 351.4 m, 25 June 2012; PSRC Bkin 111113-2, 372 mm TL, 

female, R/V Ms. Julie, Haul 113, Sonoma Coast State Park, California, USA, 

38.382510N, -123.580247W, 351.4 m, 25 June 2012. 

Bathyraja microtrachys. 7 Specimens- Comparative material: Bmicro 10.30.09-1, 

695 mm TL, mature male, Haul 2000-1, Monterey, California, USA, 36.45281N, -

122.27742W, 2250 m, 10 April 2009; Bmicro 10.30.09-2, 675 mm TL, mature male, 

Haul 2000-2, Monterey, California, USA, 36.37902N, -122.23083W, 2080 m, 9 October 

2009; Bmicro 10.30.09-3, 754 mm TL, mature male, Haul 2000-3, Monterey, California, 

USA, 36.39689N, -122.27504W, 2150 m, 9 October 2009; Bmicro 10.30.09-4, 640 mm 

TL, mature male, Haul 2000-3, Monterey, California, USA, 36.39689N, -122.27504W, 

2150 m, 9 October 2009; Bmicro 10.30.09-5, 715 mm TL, mature male, Haul 2000-4, 

Monterey, California, USA, 36.35564N, -122.09995W, 2350 m, 10 October 2009; PSRC 

Bmic 101016-1 630 mm TL, female, 37.700121N, -123.046982W, Farallon Islands, 

California, USA, 2680-2900 m, 1 March 1991; CAS 80848, 164 mm TL, immature male, 
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R/V Wecoma, Farallon Islands, California, USA, 37.3853N, -123.2610W, 2635-2470 m, 

29 July 1991. 

Bathyraja spinosissima. 4 specimens- Holotype: CAS 25617, 164 mm TL, immature 

male, Arcturus, Station 72, Cocos Island, 4.833333N, -87.00W, 1399 m, 3 June 1925. 

Comparative material: OSUO 1863 017, 1492 mm TL, female, Cannon Beach, Oregon, 

USA, 45.84833N, -125.575W, 2121 m, 7 June 1969; OSUO 1885, 984 mm TL, female, 

Pacific City, Oregon, USA, 45.28N, -125.85333W, 2605 m, 19 March 1970; OSUO 1893 

030, 935 mm TL, female; Lincoln City, Oregon, USA, 44.953333N, -125.591667W, 

2700 m, 6 July 1969. 

Bathyraja trachura. 19 specimens- Comparative material: PSRC Btra 011212-1, 490 

mm TL, female, R/V Excalibur, Haul 93, Redwood National Park, California, USA, 

41.39515N, -124.760808W, 1079.3 m, 20 September 2011; PSRC Btra 062112-1, 647 

mm TL, male, R/V Noah’s Ark, Haul 65, Reedsport, Oregon, USA, 43.79441N, -

124.981551W, 1233.6 m, 7 June 2011; PSRC Btra 062212-1, 598 mm TL, female, R/V 

Noah’s Ark, Haul 65, Reedsport, Oregon, USA, 43.79441N, -124.981551W, 1233.6 m, 7 

June 2011; PSRC Btra 062212-2, 805 mm TL, mature male, R/V Noah’s Ark, Haul 65, 

Reedsport, Oregon, USA, 43.79441N, -124.981551W, 1233.6 m, 7 June 2011; PSRC 

Btra 062212-3, 746 mm TL, female, R/V Noah’s Ark, Haul 61, Waldport, Oregon, USA, 

44.307933N, -124.985313W, 648.1 m, 6 June 2011; PSRC Btra 021513-1, 516 mm TL, 

female, R/V Ms. Julie, Haul 15, Flattery Rocks National Wildlife Refuge, Washington, 

USA, 47.607135N, -125.586053W, 1212.3 m, 25 May 2012; PSRC Btra 0320613-1, 381 

mm TL, female, R/V Noah’s Ark, Haul 190, San Clemente Island, California, USA 
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32.711826N, -118.6717W, 102.3 m, 17 July 2012; PSRC Btra 0320613-2, 899 mm TL, 

mature male, R/V Noah’s Ark, Haul 190, San Clemente Island, California, USA 

32.711826N, -118.6717W, 102.3 m, 17 July 2012; PSRC Btra 080913-1, 649 mm TL, 

male, R/V Noah’s Ark, Haul 175, Santa Rosa Island, California, USA, 33.449459N, -

120.600798W, 1155.6 m, 13 July 2012; PSRC Btra 080913-2, 404 mm TL, female, R/V 

Noah’s Ark, Haul 175, Santa Rosa Island, California, USA, 33449459N, -120.600798W, 

1155.6 m, 13 July 2012; PSRC Btra 080913-3, 580 mm TL, female, R/V Noah’s Ark, 

Haul 70, Newport, Oregon, USA, 44.384536N, -124.981356W, 638.9 m, 8 June 2012; 

PSRC Btra 080913-4, 568 mm TL, female, R/V Noah’s Ark, Haul 70, Newport, Oregon, 

USA, 44.384536N, -124.981356W, 638.9 m, 8 June 2012; PSRC Btra 080913-5, 495 mm 

TL, male, R/V Noah’s Ark, Haul 70, Newport, Oregon, USA, 44.384536N, -

124.981356W, 638.9 m, 8 June 2012; PSRC Btra 080913-6, 511 mm TL, male, R/V 

Noah’s Ark, Haul 70, Newport, Oregon, USA, 44.384536N, -124.981356W, 638.9 m, 8 

June 2012; PSRC Btra 111113-1, 575 mm TL, immature male, R/V Noah’s Ark, Haul 70, 

San Simeon, California, USA, 35.647268N, -121.891564W, 1058.6 m, 4 July 2012; 

PSRC Btra 111113-2, 744 mm TL, mature male, R/V Noah’s Ark, Haul 70, San Simeon, 

California, USA, 35.647268N, -121.891564W, 1058.6 m, 4 July 2012; PSRC Btra 

120813-1, 735 mm TL, mature male, R/V Ms. Julie, Haul 70, Del Norte Coast Redwoods 

State Park, California, USA, 41.53146N, -124.712003W, 909.5 m, 22 June 2012; CAS 

66872, 294 mm TL, female, Yakushi Maru, Haul 37, Southeast Bering Sea, Alaska, USA, 

1 June 1979. 

 


