

































































































































































magnitude and reflect the same trend, therefore the liver may be principally used for
metabolism not reproductive effort (Craik 1978).

GSI values for females do not indicate a sez:sonal trend but low HSI values of B. kincaidii
may indicate an increase in reproductive effort in June through September. HSI has been
shown to correspond to reproductive state and environmental conditions (King 1984)
because liver is the principal site of lipid storage in elasmobranchs (Craik 1978). The
liver is the source of vitellogenesis and therefore, unless lipids are being used at a
constant level throughout the year, HSI should reflect storage levels of lipids determined
by reproductive effort or environmental cues. For female B. kincaidii, low HSI values
appeared to correspond to reproductive effort since collection of pregnant females from
June through October reflects the similar trend found in HSI. The seven pregnant
females comprised 11%, 25%, and 31% of adults in June, September, and October,
respectively. Therefore evidence does not indicate a distinct seasonal reproductive cycle
but suggests a slight increase in reproductive effort during the late summer through the

fall (similar to resuits Braccini and Chiaramonte, 2002 found for Psammobatis extenta).
Oviparous elasmobranchs, including skates, have been found adhere to seasonal cycles or

at least have periods of reproductive inactivity (Hamlett and Koob 1999). A high

proportion of non-pregnant and the presence of non-active females throughout the year,
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suggest a resting period following parturition for B. kincaidii. Although it is not known
how long female B. kincaidii are inactive following parturition, resting periods of one to
twelve months have been found in both oviparous and viviparous elasmobranchs
including Squalus acanthias (Dodd 1972), &'himaera phantasma (Malagrino et al. 1981),
Dasyatis sayi (Snelson et al. 1989), Callorftynchus callorynchus (Di Giacomo and Perier
1994), Aprychotrema rostrata (Kyne and Bennett 2002) and Carcharhinus taurus

(Lucifora et al. 2002).

The inability to determine timing of ovulation may also be an indication that B. kincaidii
does not strictly adhere to a seasonal reproductive cycle, however ovum size was
measured in a small number of mature females. To determine a seasonal cycle for B.
kincaidii, timing of ovulation should be apparent by maximum mean egg size with regard
to month. Although no differences in maximum ova sizes between months could be
detected, a seascnal pulse of reproduction must exist in B. kincaidii because egg cases
were only found in late summer to early fall and large proportions of resting females

suggest B. kincaidii does not continuously reproduce.
Egg size is highly variable with regard to maternal size for B. kincaidii. Larger females

should be able to invest more energy into their offspring, such as producing larger eggs.

For example, Braccini and Chiaramonte (2002) and Gademke et al. (2005) found an
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increase in oocyte diameter with TL for Psammobatis extenta and Dipturus laevis,
respectively.

While some viviparous rays have been founad to have only one functional ovary (Hamlett
and Koob 1999), oviparous skates have two functioning ovaries (Braccini and
Chiaramonte 2002, Mabragaiia et al 2002, Ebert 2005). Bathyraja kincaidii appeared to
have two equally functioning ovaries since there was no significant difference between
number of mature oocytes for right and left ovaries. Therefore, total combined number of

oocytes ranged from 2 to 22 for mature female B. kincaidii.

Ovarian fecundity is generally considered an exponential function of length (Bagenal
1978) and B. kincaidii did not appears to produce more eggs as they continue to grow,
and appeared to produce fewer eggs when numbers of eggs are normalized with weight.
Ebert (2005) found that Bathiyraja aleutica produced an increased number of ova until
145 cm TL and then produced tewer eggs with increasing size although number of
mature cocytes increased with TL for five Bathyraja species, while B. parmifera showed
no correlation of number of eggs with regard to maternal size. Additionally, as
previously discussed, it appears there is no correlation between ovum size with maternal

size for B. kincaidii. It is not certain why B. kincaidii does not appear to have a
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reproductive tradeoff of producing fewer numbers of eggs but an investment in larger
eges.

Comparisons of descriptive statistics indicz:ted that previous descriptions of egg cases by
Cox (1963) and Hart (1973) were from B. kincaidii since mean length of egg cases,
without the horns, and lateral keel widths were both within the range noted by Cox
(1963). Ishihara and Ishiyama (1985) noted that egg cases of B. interrupta were
significantly larger than from B. kincaidii. This was also noted for this study with mean
egg case length (without horns) of 58 mm compared with B. interrupta with a mean of 80
mm and mean maximum egg case widths were 45 mm for B. kincaidii but were 61 mm

for B. interrupta.
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Considerations for Fisheries Management

Commercial skate catches are not commonly reported by species, making it impossible to
recognize individual population abundance trends over time. According to Dulvy et al
(2000), stable catch trends mask populationﬁ deciines of some skate species because of
increase abundances of other populations of skate species. Therefore species-specific life

history data are needed to determine affects of, and resilience to, commercial fishing

pressure to individual populations.

The purpose of this study was to provide life hisiory information for B. kincaidii since it
is taken as bycatch in commercial trawl fisheries in California. Since currently there is
no directed fishery for B. kincaidii, it is important to know survival rates after discard to
determine current fishing mortalities. Survival rates of 40% have been found for
discarded skates of trawl fisheries, unless provided up to 6 hours to recover
(Laptikhovsky 2004), which resulted in 60% survival. Assuming approximately 40% of
landed B. kincaidii are being removed from the population, there is still considerable
fishing pressure on this population. Bathyraja kincaidii has moderate growth and can
attain an exploitable body size relatively early but they are late to mature. Late maturity
is one of the life history characteristics that influences how resilient a species is to
exploitation (Dulvy et al. 2000) because intrinsic rate of population increase is mainly

determined by age and size at maturity (Dulvy and Reynolds 2002). Therefore 5.
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kincaidii may be vulnerable to population declines even without a directed fishery, and
this study can provide minimal guidelines for catch size limits for this species in
California waters. Although, when comparing growth coefficients with skate species that
have been shown to have population declin;s, it appears B. kincaidii may not be
vulnerable since its’ growth coefficient is higher than all species listed including species
whose populations have not been shown to be in decline (Table 5). However, further

research is needed to validate age and growth estimates of B. kincaidii to prevent errors in

fisheries management and for the sustainability of the stock.
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Table 1. Bias and precision values for vertebrae and
precision values for caudal thorns for B. kincaidii. Read 1
for vertebrae was dropped because significant (s)
differences were found between read | and read 2 (p =
0.021) and read 1 and read 3 (p = 0.020). No significant
difference (ns) was found read 2 and read 3 (p = 0.753).
Between-read bias was not tested for caudal thorns. Final
precision values are shown for vertebrae and thorns.

Total No.

No. unreadable

n (female)
n (male)

Reads 1,2,3
APE

Ccv

D

Bias

Round 1-2
Round 1-3
Round 2-3

Final Precision Values

APE
cv
D

Vertehrae
190

Vertebrae
2

100
88

Vertebrae
10.60%
13.50%
7.80%

Vertebrae
s, p=0.021
s, p=0.020
ns, p=0.753

Vertebrae
reads 2 and 3
9.70%

9.00%

0.40%

Thrt-)rns
63

Thorns
0

28
35

Thorns
14.50%
19.70%
11.40%

Thorns
reads 1,2,3
14.50%
19.70%
11.40%

60
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Table 2. Age-length data for B. kincaidii were fit with each of the following growth models.
Growth parameters and r-squared values are given. The 3 parameter von Bertalanffy growth
model provided the best fit of data.

Growth Mode] __ L k t L, R?

3 parameter von Bertalanffy ~ 557.8 mm  (0.207 -2.147 199.8 0.72
2 parameter von Bertalanffy ~ 480.9 0.0024 110 0.41
Gompertz 547.1 mm 0.933 -0.258 215.2 0.72
Logistic 5413 mm 1.367 0.957 228.7 0.71




Table 3. Eos case morphometrics foB. kincaidii.

n min-max_{mm) mean (mmj}
Length (without horns) 7 52.6-62 57.7
horn length (anterior) 7 22.2-38.4 30.5
horn length (posterior) 7 26.6-55.5 45.3
keel width (lateral) 7 40.8-46.7 44.9
anterior apron width 7 15.7-22.8 18.8
posterior apron width 7 20.5-25.2 23.8
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Table 4. Growth parameters for B. kincaidii, among validated age and growth studies.

Sds Sk S Low) L k
Riaaiam Wrirg (1989) bth Sanll 2BanTL 0332 8y certrumedee aedyss
Belrgabinicdi Clnert bcth @I BRemIl. 0213 ~Ters 18y e
Rganoagd Hildm(1972) fomle  WoanIl T8anll. QI8 15y ORCH dnoad Vinoe 1973)
mie  G/anIlL &7anll. QIS 18y
Rianideaes Alid-Agiz (1993} famle Tanl. Ol0emT. 05 Tyr MA
e %7anll. 035 Ty Tyr
Ryanoreagi Ryladand Amyi (1989) bth F5emTL(Hdn 197) 98anTl, (I3 Ty ac
Ryamicreetlza Rytored ord Ajmd (1984) txth &5amIl Fanll. QE 9y C;II'_'
Rgadmea Rylrelard A (1989 tah 1(Pam (Hidn 197) 13IewH. QO 12y arc
lacagaadie Sulikeractd et . (X18} fomle FAmmT. 009 By MA
mule 10emTL(Rkirset d. 1990) 1218omTL Q0 78y 19y
Ryabvadnon Hidn(1972) fomde 112amTl. HBdanTl. Q19 0y OIC (Hidn ad Vinee 1973)

mie 15omIL 5anIL Q19 8y
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Table 5. Skate species listed in order of maximum theoretical size. Species populations thought
to be in decline are indicated by an asterisk. Bathyraja kincaidii has a growth coefficient higher

than all species listed and significantly higher than those species in decline.

Species Study Linf{em) k Age ot Malurity MaxAge(yrs) 1
B, kincaidii (sandpaper) Current Study B=356 0.213 7 18
Raja inomata (California)  Smith and Perez in prep B=73 0.18 i3
Rafa rhina (longnose) Zeiner and Wolf 1993 F=107 0.16 101011 I3
M=97 0.25 7 i3
*Amblyraja radigia {(thomy) Sulikowski et al. 2003 F=127 011 16 0.43
M=120 0.13 16
*eucoraja ocellara {winter) Sulikowski et al. 2003 F=137 0.039 11.3 19 0.13 (Frisk et ai. 2002)
M=122 0074 11 18
*Dipturis laevis (bamdoor)  Gademke et al. 2005 B=166 (.14 ~0 11 0.2 {Frisk et al. 2002)
Raja binouculata (big) Zeiner and Wolf 1993 F=168 037 10to 11 12
M=140 043 75 11
*Dipturus batis (common)  DuBuitt 1972 B=254 (057 il 23 0.27
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Figure 1. Geographic distribution for Bathyraja kincaidii ranges from northern Baja to the Gulf of
Alaska. They are known to occur up to 1500 meters depth. Samples were collected from trawl and

slope surveys conducted by the National Marine Fisheries Service primarily from central California,
and from Washington to Southern California.
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Birth mark, age
0

Birth mark, age
0

Figure 3. Sectioned Vertebral Centra from a 583 mm TL female. In this photo,
taken under transmitted light, opaque bands are dark, wide bands; translucent bands
appear white or clear and are narrow. Each translucent band was associated with a
previous opaque band and was counted to determine age estimates. This sample
was deterinined to have 9 band pairs.
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Figure 4a. Whole caudal thorn, circle indicates caudal thorn tip; b. Measurement of caudal
thorn growing length using calipers, circle indicates thorn tip; c. Measurement of caudal

thorn base length using calipers, circle indicates thorn tip; d. Measurement of caudal thorn
height using calipers, circle indicates thomn tip.
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posterior posterior
tip

anterior anterior posterior anterior

a. b. c.

Figure 5(a) Whole caudal thorn, superior view, 0.5 mm longitudinal sections included the thorn tip;
(b) Whole caudal thorn, superior view, (.5 min transverse sections were taken anterior to the thorn
tip; (¢) Caudal thorn with right side polished away.
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Caudal thorn tip

Protothorn

Figure 6. Whole caudal thorn indicating the caudal thorn tip, protothorn and subsequent opaque and
tranlucent bands. Translucent bands were ridged on the outside surface.
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Figure 7. Length-frequency histogram of samples collected for age
and growth analyses from trawl and slope surveys conducted by the
National Marine Fisheries Service (SCL and NWFSC). (a). Males (n
= 196}; (b). Females (n = 197).
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Figure 8. The length-weight relationship (y = 0.000182x 33%8%; 1> = 0.89) for both sexes
combined (n = 384), was curvilinear and significant (p = 0.002) for Bathyraja kincaidii.
No significant differences were found between female and male regressions (p = 0.578),
therefore data were combined.
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(y =0.0072x + 0.0255; > = 0.88) was linear and the regression was significant
(p < 0.001) for females and male Bathyraja kincaidii combined (n = 393).
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Figure 10. Age bias plots for vertebral centra reads; (a). Read 1 versus read 2. Paired

T-test indicated significant differences between read 1 and read 2 (n = 188; p = 0.021);

b). Read 1 versus read 3. Paired T-test indicated significant differences between read 1 and read 3
(n = 188; p =0.020); (c). Read 2 versus read 3. T-test indicated no

significant differences between read 2 and read 3 (n = 188; p =0.753). Bars indicate

95% confidence intervals.
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Figure 11. Final band counts determined for a 463 mm TL female B. kincaidii
resulted from the agreement of at least two independent reads on whole caudal thorns.
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Figure 12, Caudal thorn base length to total length relationship (y = 0.0041x + 2.582;
2 = 0.3347) for both sexes combined of Batliyraja kincaidii (p <0.001; n = 101).
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Figure 13. Caudal thom base length relationship with regard to tail position (1
represents anterior-most caudal thorn and 20 represents posterior-most caudal
thorn) for immature (n = 6) and mature (n = 4) Bathyraja kincaidii. Bars
indicate standard error.
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Figure 14. Total number of caudal thorns for 10 B. kincaidii samples ranging from 220

mm TL to 549 mm TL to show whether ontogenetic increases in numbers of caudal thorns

OCccurs.
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Figure 15. Age bias plot for vertebrae versus caudal thorns for B. kincaidii
(n = 46) indicated a significant difference between age estimates from
vertebrae and caudal thorns. Diagonal line represents a 1:1 relationship in
age estimates for thorn age estimates compared to caudal thorn age
estimates. Bars represent 95% confidence intervals of caudal thorns.
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Figure 16. Season changes in centrum edge characteristics for vertebrae of

Bathyraja kincaidii (n = 84).
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Figure 17. Seasonal variability of marginal increment ratios (MIR’s) for vertebrae of
Bathyraja kincaidii. ANOVA found no significant differences among months (p = 0.311).
Numbers indicate sample size and bars indicate standard error.
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Figure 18. The von Bertalanffy growth curve for male and female Bathyraja
kincaidii (n = 188). Maximum likelihood ratio indicated no significant ditference
(p = 0.089) between female (Linf = 537.3; k = 0.237; t_, = -1.628) and male
(L, =580.2; k =0.185; t, = 2.530) growth parameters were combined
(L=554.2;k=0213;t,=-2.1120) and r* = 0.71.
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Figure 19. Length-frequency histogram of samples collected for
reproduction analyses from commercial samplers, museum
collections, and both trawl and slope surveys conducted by the
NMEFS (SCL and NWFESC). (a). Males (n = 259); (b). Females (n =
247).

83



% Inner Clasper Length {mm)

78

30 5

25

20 -

15 4

g
_ PR
E B 4k
=4 Aty
O gk
g &
2 7 ATy
= 6 s O ap L0 s
T 51 LA, e
o 4 - *
= a
g 9
it LR

1-
1 t T T T 1 ] T T 3 g T d
100 200 300 400 500 800 700 100 200 aco 400 500 600 700
Total Lenpth (mm) Total Lenpth (mm} ’
a. b.

Figure 20. (a). Inner clasper length (expressed as a %) to total length (mm) relationship for juvenile
(light gray), adolescent (dark gray), and adult (black) B. kincaidii (n = 252). (b). Shell gland width
(expressed as a %) of total length (mm) relationship for juvenile, adolescent, and adult B. kincaidii
(n = 193).
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Figure 21. Plot of length versus proportion mature indicatated 50% maturity at 467 mm
TL and 492 mm TL for female (gray) and male (black) B. kincaidii, respectively.
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Figure 22. Plot of age versus proportion mature indicated 50% maturity at approximately
7.1 and 7.5 years for female (gray) and male (black) B. kincaidii, respectively.
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Figure 23. (a). Mean GSI values for mature male Batltyraja kincaidii. ANOVA indicated no
significant difference among months (p = 0.634); (b). Mean GSI values for mature female
Bathyraja kincaidii. ANOVA indicated no significant difference among months (p = 0.90).
Numbers indicate sample size and bars indicate standard error.
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Figure 24. (a). Mean HSI values for mature male Bathyraja kincaidii. ANOVA indicated a
significant difference among months (p < 0.001). (b). Mean HSI values for mature female Bathyraja

kincaidii. ANOVA indicated no significant difference among months (p = 0.011). Numbers indicate
sample size and bars indicate standard error.
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Figure 25. Numbers of immature, mature, inactive, and gravid female

Bathyraja kincaidi collected by month.
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Figure 26. Mean egg diameter by month for female Bathyraja kincaidii. Numbers
indicate sample size and bars indicate standard error.
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Figure 27. Relationship between the largest mature ovum and TL of B. kincaidii (n =
65). Overall trend indicates egg size does not increase nor decrease with maternal size.
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Figure 28. Relationship between mean number of mature eggs and total length
for B. kincaidii. Numbers represent sample size, bars represent standard error.
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Figure 29. Number of eggs/gram to total length relationship for B. kincaidii.
Numbers represent sample size and bars indicate standard error.
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Figure 30. Egg capsule taken from a 495 mm TL female B. kincaidii. Anterior horns bent
inward as previously noted by Cox (1963) and Hart (1973).



