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Figure B4.1. Commercial landings (metric tons) and total recreational catch, 1962-2005.
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Figure B4.2. U.S. landings (metric tons) of spiny dogfish from NAFO subareas 2-6 by gear type,
1962-2005.
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Figure B4.4. Estimated total recreational catch of spiny dogfish (humbers of fish)
by geographical area, 1981-2005.
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Fig. B4. 5. Estimate proportional standard errors (PSE) for
spiny dogfish landings (A+B1) and discards (B2), 1981-2005, in
Marine Recreational Fisheries Statistical Survey for Northeast
US.
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Fig. B4.6 Length frequency distribution of discarded
spiny dogfish measured (n=946) during 2005 survey of
recreational charter boat vessels.
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Comm Lengths: Females 1982-2005
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Fig. B4.7 Box plots of length (cm) and weight (kg) frequencies of female
dogfish in commercial fishery samples.
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Comm Lengths: Males 1982-2005
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Fig. B4.8 Box plots of length (cm) and weight (kg) frequencies of male
dogfish in commercial fishery samples.
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Fig.B4.9 Comparison of trends in size distribution of kept of female
spiny dogdfish by at-sea observers in gill nets (top) and otter trawl gear
(bottom), 1989-2005. Lines represent lowess smoothes (tension=0.5)
of composite annual size frequencies. Boxes represent medians and
interquartile range of lengths.

43rd SAW Assessment Report 94



S6 110doy JUSWSSISSY M V'S PIEY

‘s910ads jdoy ||e Jo ybiom |ejo] pue spiedsip spiedsip ysybop usamiaq uoneloosse

8y} sjoidap |sued Jybu Jomo| 8YL ‘G002-6861 ‘Pue|buq MON pue dlUEY PIA 9y} Ul SBLBYsl |Mel} 1810
ul spJeosip ysiybop Auids 1o} uoijeLIeA JO SJUSIOILO0D ‘SPIBISIP [B)O} ‘SOljel 3/p JO sajewnjsa Auauend oL g b4

$90 Ld3M UVIA
O Qv 900z 000Z 166l 886]
0000 0000 0000(000( 00( 0( v 9N 00
aN x prer e e | VI ® mm . L.
VI © =
: . ol o NoIO3d :
NOID3Y — & o
[s 1001 0O <
\ x ’ > o
; 1000} _w >
70000, ©
E m .
jooo00r
. Gl
s 000000}
MeJ) Ja)lo ‘pleos
[meJ) Ja)o 3day| sA pJedsiq sqo ! P PAO
dv3IA
dv3aA
900z 000z 66l 886l aN 900c _000c ve6} mwmmor.o
3N : Epaatas 0 VN @ RS .
VNe | aTEI E L0
OIS . 3 NooIY M.m 5
=>21000 o 2 PR -
° o5 g [m] .VO o)
: © S
0000l X 90 ©
- m L} - N-o
{80
=—10005} 60

[MeJ) Jano ‘pledsip |ejo | [mel) 48]0 H/p



96

wodoy 1USWSSIsSyY MVS PISh

"sa10ads 1day |[e jJo JyBlem |ejo} pue spieosip spleosip ysiybop ussmeq

uoneroosse ay) sjoidep [oued Jybl JaMo| 8YL "G00Z-6861 ‘PUBIBUT MON PuE DUENY PIA BY) Ul SaLBYs!) Jou I
ul spJeasip ysybop Auids 1oy UonjeLIeA Jo SJUBIoIe00 ‘Spleosip (.10} ‘solel Y/p Jo sejewnse AJaueny L g ‘bi4

3aN X
VIN ©

NOIO3d

SS90 1d3aM

S oV
oooo oooo oooozoooz o\ ]
Ve : jou
: &mwv‘ 1001
oA 10001
3 100001
& 1000001
B s 30000001

10U |16 :1dey sA piedsig sqO

aN
VIN o

NOI93Y

dV3IA

900¢ 000Cc 661 8861

u]

0
0001
000¢
000€
000Y
0009
0009
0004

Jou |16 :p1edsiq [ejoL

S90 ayvosia

1AMQ 2s1alol

aN
VIN

NOI93Y

aN
VA o

NOI93d

dVIA

900¢ 000c 661 8861

i 0

G

. O

G

Jou 116 :pJedsig AD

9002

dV3A

000¢ V661 886l
00

10

AV

€0

v o ¥0

g o g0

7190

[ : L0

80

18U 116 3/p

0

0

I

I

OolLviayd

Ma AD



L6 110doy JUSWSSISSY M V'S PIEY

‘sel0ads 1day ||e Jo JyBlem |e)jo) pue spieossip spJedsip ysybop usemiaq uoneloosse

ay) sjoidap [aued JyBu Jomo| 8YL "G00Z-686 ‘PUEIBUT MBN PUE DUERY PIN SU) Ul seuaysl ebpaip dojess
ul spJeosip ysiyBop Auids 1o} UoljeLIBA JO SJUSIOILS0D ‘SPIeOSIP [10) ‘solel ¥/p Jo sejewnse Aauenyd zZ1 vg "Bi4

HVv3IA
S90 1d3aM aN 900¢ 000C V661 wwo%o
oY Qv
oooooooooooooozoooz oy vive
3N x e | NOID3Y S0
v : 0l - Q
NOID3Y 2 oL I
{001 @ R
o )
m89 S . Gl
joooor QO
fooo00r @ 0¢
bt 30000001 abpalp dojjeos :p1easiq AD
abpaup dojeos :3day| sA pJeasiq sqo
dv3A dv3aA
b 900z 000z V661 8861
N 900z 000Z 1661 wwoor aN L ) 20
[ J
viNe » v 100
NOID3Y O NOI93Y
(o][5) 001 3 . 200 g
7] . .
€00
: 2
100z R : $0'0 O
<
= S0'0
—Joog 90°0

abpauip dojjeos :pieosiq |e1o | abpalp dojjeos y/p



Number of Observed Trips and CV of total discards
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Fig. B4.13. Trends in relative precision of discard estimates
for spiny dogfish discards in gill net fisheries (top) and the the
effects of increased trips on coefficient of variation (bottom).

43rd SAW Assessment Report 98



Number of Observed Trips and CV of total discards
0.400 2000
0.350 /'.1 7> 1 1800
+ 1600 g
T 0.300 * g
3 # /\ / + 1400 £
2 0.250 A 11200 8 .
F 0.200 1000 9_ g_ —&— CV of total Discard '
o M © = | —0—Number of Observed Trips
F 0.150 1800 3
° 1600 g
> 0.100
o 400 3
0.050 - 1 200
0.000 ‘ ‘ ‘ ‘ 0
1985 1990 1995 2000 2005 2010
Year
CV of Total Discards: Gillnets
0.400
0.350 - y = 1.0094x 02829
£ 0.300 R? = 0.6442
[3]
8 0.250 - .
T 0.200 - ® CV of total Discard '
o —Power (CV of total Discard)
= 0.150
o
> 0.100 ®
(&]
0.050 -
0.000 T T T
0 500 1000 1500 2000
Number of Observed Trips

Fig. B4.14. Trends in relative precision of discard estimates
for spiny dogfish discards in otter trawl fisheries (top) and the
the effects of increased trips on coefficient of variation
(bottom).
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Fig. B4.15. Trends in relative precision of discard estimates
for spiny dogfish discards in trawl and gill net fisheries
combined (top) and the the effects of increased trips on
coefficient of variation (bottom).
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Comparison of new spiny dogfish discard estimates with
SARC 37
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Fig. B4.16. Comparison of total discard estimates
for spiny dogfish using the methodology developed
in this report with estimates derived for SARC 37 in
2003.

43rd SAW Assessment Report 101



Gill net (L) and Trawl (R), females, kePEAR

110 198819921996200020042008

©
o
Vi
VA

Length (cm)

_______N_/__/_’ \ T

———f S =S -_— -

~
o

50
198819921996200020042008
YEAR

Gill net (L) and Trawl (R), females, Discard
YEAR

110 198819921996200020042008

90
____.___7,/:>/________ ___;N;__

70 —

Length (cm)

50
198819921996200020042008
YEAR

Fig.B4.17 Comparison of trends in discard and kept of female spiny
dodfish by at-sea observers in gill nets (left) and otter trawl gear, 1989-
2005. Lines represent lowess smoothes of composite annual size
frequencies.
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Fig. B4.18. Comparison of trends in discard and kept of MALE spiny

dodfish by at-sea observers in gill nets (left) and otter trawl gear, 1989-

2005. Lines represent lowess smoothes of composite annual size

frequencies.
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Fig. B4.19. Size frequency distribution of female spiny dogfish landed or
assumed to be dead discard in gill net, otter trawl, and recreational fisheries,

1982-1991.
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Fig. B4.20. Size frequency distribution of female spiny dogfish landed or
assumed to be dead discard in gill net, otter trawl, and recreational fisheries,
1992-2001.
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Fig. B4.21. Size frequency distribution of female spiny dogfish landed or
assumed to be dead discard in gill net, otter trawl, and recreational fisheries,
1991, 1993, 1995, 1997, 2000-2005.
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Fig. B5.1. Offshore Sampling strata for NMFS research trawl finfish

surveys.

107
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Fig. B5.2. Inshore strata used in NEFSC R/V trawl surveys.
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Swept Area Estimates of Spiny Dogfish Biomass in Canadian
DFO survey; 1980-2005
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Fig B5.4 Summary of DFO Canadian R/V trawl survey swept area survey estimates
(mt), 1980-2005 for males, females and total. Map data express average densities
per standard tow, binned at a 20 minute square aggregation. Survey estimates
provide courtesy of Bette Hatt and Stratis Gavaris, DFO.
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Figure B5.6a. Length composition of spiny dogfish from the NEFSC spring and autumn bottom
trawl surveys, 1968-1977 (Offshore strata 1-30, 33-40, 61-76).
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Fig. B5.6b. Length composition of spiny dogfish from the NEFSC spring and autumn bottom
trawl surveys, 1978-1987 (Offshore strata 1-30, 33-40, 61-76). Note the scale for
spring 1985 and autumn 1981 are higher.
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Fig. B5.6c. Length composition of spiny dogfish from the NEFSC spring and autumn bottom
trawl surveys, 1988-1997 (Offshore strata 1-30, 33-40, 61-76). Note the scale for
spring and autumn differ and spring 1990 and 1996 are also higher.
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Fig. B5.6d. Length composition of spiny dogfish from the NEFSC spring and autumn bottom
trawl surveys, 1998-2006 (Offshore strata 1-30, 33-40, 61-76). Note the scale for
spring and autumn differ and spring 2002, 2005, and 2006 and autumn 2001 and

2005 are also different.
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Figure B5.6e. Catch per tow of spiny dogfish, 2006
NEFSC Spring survey.
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Figure B5.6f. Catch per tow of spiny dogfish,
2006 NEFSC Spring survey.
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Fig. B5.7a.. Length composition of male and female spiny dogfish from the NEFSC spring
bottom trawl surveys, 1980-1989 (Offshore Strata 1-30, 33-40, 61-76). Note
the scale for males in 1985 is larger.
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Fig. B5.7b. Length composition of male and female spiny dodfish from the NEFSC spring
bottom trawl surveys, 1990-1999 (Offshore Strata 1-30, 33-40, 61-76). Note
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Fig. B5.7c. Length composition of male and female spiny dogfish from the NEFSC spring
bottom trawl surveys, 2000-2006 (Offshore Strata 1-30, 33-40, 61-76). Note
the scales for males in 2002, 2003, 2005, and 2006 are different.
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Fig. B5.8a. Length composition of male and female spiny dogfish from the NEFSC autumn
bottom trawl surveys, 1980-1989 (Offshore Strata 1-30, 33-40, 61-76). Note
the scales in 1981 are larger.
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Fig. B5.8b. Length composition of male and female spiny dogfish from the NEFSC autumn
bottom trawl surveys, 1990-1999 (Offshore Strata 1-30, 33-40, 61-76). Note
the scale for females in 1996 is larger.
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Fig. B5.8c. Length composition of male and female spiny dogfish from the NEFSC spring
bottom trawl surveys, 2000-2005 (Offshore Strata 1-30, 33-40, 61-76). Note
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for males in 2005 is larger.
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Fig. B5.9a. Length composition of spiny dogfish from the Massachusetts spring and
autumn bottom trawl surveys, 1978-1987 Note the scales for Spring and
autumn differ.
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Fig. B5.9b. Length composition of spiny dogfish from the Massachusetts spring and
autumn bottom trawl surveys, 1988-1997 Note the scales for spring and
autumn differ and spring (1989,1995) and autumn (1988,1989) are also
different.
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Fig. B5.9c. Length composition of spiny dogfish from the Massachusetts spring and
autumn bottom trawl surveys, 1998-2005. Note the scales for spring and
autumn differ and note the scale change in autumn 2000 and 2002-2005.
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Mature Male to Female Ratio, Spring Survey, 1980-2006
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Fig. B5.13a Ratio of numbers per tow of mature males
(>60cm) to mature females (>80 cm) spiny dodfish in
NEFSC spring trawl survey, 1980-2006. Line represents
Lowess smooth with tension =0.5.
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SD vs Means by strata, Spring Survey: 1993-2006
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Fig. B5.14 Comparison of SD of strata vs Mean of strata for female
spiny dogfish in NMFS Spring survey, 1993 to 2005 (top) and 1980
to 1992 (bottom). Lines represent lowess smooth with tension = 0.50.
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SD vs Means by strata, Fall Survey: 1993-2006
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SD vs Means by strata, Fall Survey: 1980-1992
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Fig. B5.15. Comparison of SD of strata vs Mean of strata for female
spiny dogfish in NMFS Fall survey, 1993 to 2005 (top) and 1980 to
1992 (bottom). Lines represent lowess smooth with tension = 0.50.
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Fig. B5.16. Evaluation of survey design efficiency for NEFSC spring and fall R/V
surveys for female spiny dogfish, 1980-2006. Design efficiency is the sum of two
effects: stratification and allocation. A design efficiency of zero is equivalent to a
simple random sample.
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Fig. B5.17. Trends in fraction of positive tows and tows exceeding 1000
kg/tow for female spiny dogfish in fall survey (top) through 2005. Bottom
panel depicts total catch taken in large tows and their fraction of total
catch in the NMFS survey 1967-2005. Dogfish sex information prior to
1980 is incomplete.
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Fig. B5.18. Trends in fraction of positive tows and tows exceeding 1000
kg/tow for female spiny dodfish in spring survey (top) through 2005.
Bottom panel depicts total catch taken in large tows and their fraction of
total catch in the NMFS survey 1967-2005. Dogfish sex information prior
to 1980 is incomplete.
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Females, Spring, Offshore strata, Weight
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Fig. B5.19. Bootstrap sampling distributions of mean weight per tow for
female and male spiny dogfish taken in the spring survey for offshore strata.
Confidence intervals are based on the percentile method and represent 90%
of the realized values. Number of bootstrap realizations per year =2000.
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Fig. B5.20 Comparison of parametric and bootstrap
90% confidence interval widths of female weight per
tow for spring survey, 1980-2006.
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Fig. B5.20.1. Distribution of spiny dogfish in 2006 NEFSC spring
research trawl survey. Yellow dots represent number per tow.
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March-April, 1963-2005
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Spring Survey: comparison of 2006 vs 1993-2005

2000

/

—
(8)
o
o

1000

SD of Strata Wt/Tow

500

500 1000 1500 2000
Mean of Strata Wt/Tow

Fig. B5.20.2. Comparison of SD of strata vs Mean of strata for
female spiny dogfish spring in NMFS spring survey, 2006 with 1993
to 2005 pooled. Lines represent lowess smooth with tension = 0.50.
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Estimated Fraction of spiny dogfish population biomass in inshore strata of NMFS fall
survey, 1975-2005
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Fig. B5.21. Fraction of total spiny dogfish swept-area estimates of
population biomass in inshore strata in NMFS fall (top panel) and spring
(bottom) bottom trawl survey.
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Total Stock Biomass, both sexes, all sizes (mt)
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Fig. B6.1 Swept area estimate of total dogfish biomass (000 mt) (top) and biomass of
individuals between 36 and 79 cm in spring R/V trawl survey, 1968-2006. Lines represents
Lowess smooth with tension factor = 0.5.
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Stock Biomass(>=80 cm) (mt)
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Fig. B6.2 Swept area estimate of dogfish biomass (000 mt) greater than 80 cm, 1968-2006
(top) and for mature females only (bottom), 1980-2006 in spring R/V trawl survey. Line
represents Lowess smooth with tension factor = 0.5. Spiny dogfish sex in R/V survey
unavailable prior to 1980.
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Immature Female Stock (36-79 cm) (mt)
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Fig. B6.3 Swept area estimate of female (top) and male (bottom) spiny dogfish biomass (000
mt) 36-79, 1980-2006 in spring R/V trawl survey. Line represents Lowess smooth with tension
factor = 0.5. Spiny dogfish sex in R/V survey unavailable prior to 1980.
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Swept Area Biom., Pups, Nom. Footprint
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Fig. B6.4 Swept area estimate of dogfish biomass recruits in spring R/V trawl survey, 1968-
2006. Recruits defined as individuals less than 36 cm.
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Pup Size, NMFS Spring Survey

Comparison of Average Length of Mature Females and

Year
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Fig. B6.5 Comparison of average length of mature female spiny
dogfish caught in NMFS spring survey and female juvenile dogfish
caught in the same year.
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Fishing Mortality
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Fig. B7.1. Estimates of F based on Beverton-Holt model for two assumed
levels of M and 5 assumed levels of size at entry into the fishery.
Estimates are based on a 3-yr moving average of size composition of the
NEFSC spring survey, 1980-2006
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Biomass (mt)
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Means of Stochastic Biomass Estimates
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Fig. 7.2. Mean estimates of total, exploitable and mature female biomass from
stochastic model. Assumes minimum trawl! footprint = 0.01 nm”2.

Mean estimates of biomass from stochastic model. Assumes minimum trawl
footprint = 0.01 nm”*2. SSB target is 200,000 mt.

Female
Total Exploitable Exploitable Total Spawning
Exploitable Female Male Biomass| Population [Stock Biomass|Fraction > SSB
Year Biomass Biomass (mt) (mt) Biomass (mt) (mt) target

1990 570,113 339,405 230,208 582,274 234,229 0.706344
1991 532,641 278,419 253,722 664,850 269,624 0.840524
1992 379,501 169,227 209,773 553,731 220,002 0.658844
1993 322,345 93,716 228,128 544,415 186,132 0.347196
1994 261,387 55,102 205,785 460,932 133,264 0.000284
1995 329,048 77,600 250,948 519,920 120,664 0.00324
1996 316,075 81,413 234,162 520,782 114,091 0.000788
1997 319,828 69,005 250,323 489,233 91,458 0
1998 185,468 77,142 107,825 406,287 51,821 0
1999 167,483 66,023 100,960 358,185 52,562 0
2000 286,458 96,233 189,725 343,602 61,552 0
2001 291,695 107,026 184,169 337,686 64,844 0
2002 278,283 63,794 213,989 371,200 58,376 0
2003 241,697 39,745 201,452 347,176 53,625 0
2004 237,536 17,432 219,604 338,170 47,719 0
2005 327,077 54,587 271,991 453,881 106,180 0
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SSB__, Fem Exploit Biom ---,& Mal Exploit Biom..., 1990-1998, Min.
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Fig. B7.3a. Sampling distribution of population biomass for mature females (red),
exploited female (dashed), and exploited male biomass (black), 1990-1998. Years
represent midpoint of 3-yr average; i.e., 1998 is average for 1997-1999. Sampling
distribution represents joint effect of sampling variability and variations in average
footprint of trawl (min estimate of footprint, assumes no herding effect of doors).
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SSB__, Fem Exploit Biom ---,& Mal Exploit Biom..., 1999-2005, Min.
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Fig. B7.3b. Sampling distribution of population biomass for mature females (red),

exploited female (dashed), and exploited male biomass (black), 1990-1998. Years
represent midpoint of 3-yr average; i.e., 2005 is average for 2004-2006. Sampling

distribution represents joint effect of sampling variability and variations in average
footprint of trawl (min estimate of footprint, assumes no herding effect of doors).
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Average Fully Recruited F for Stochastic Estimator
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Fig. 7.4 Average fully recruited F derived from stochastic F estimator. Average F on
mature females represents ratio of female landings to mature (>80 cm) spiny

dodfish.
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Average F on
Mature Females
Average F on |(landings/mature
Year Females Fem)
1990 0.088 0.074
1991 0.082 0.050
1992 0.177 0.083
1993 0.327 0.121
1994 0.465 0.156
1995 0.418 0.211
1996 0.355 0.223
1997 0.234 0.149
1998 0.306 0.413
1999 0.289 0.292
2000 0.152 0.201
2001 0.109 0.106
2002 0.165 0.105
2003 0.168 0.058
2004 0.474 0.078
2005 0.128 0.024
159




F female__,F on Mat Fem ---,& F Males..., 1990-1996, Min. Footprint
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Fig.B 7.5a. Sampling distribution of F on fully recruited sizes for mature females (blue
dashed), exploited female (solid red), and exploited male biomass (black dashed),
1990-1998. Years represent midpoint of 3-yr average; i.e., 1998 is average for 1997-
1999. Sampling distribution represents joint effect of sampling variability and variations
in average footprint of trawl (min estimate of footprint, assumes no herding effect of
doors), variation in discards in trawl, gill net and recreational fisheries, and annual
changes in selectivity patterns.
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Effect of Size Selectivity Pattern on Pups per Recruit
YEAR
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Fig. B7.6 Effect of size selectivity of fishery and F on the expected
pups per recruit. Abscissa represents F on fully-recruited length
classes. Selectivity changes vary across years due to changes in
commercial landings patterns and varying degrees of discard
mortality. Selectivity patterns are described in Appendix xx
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F female__, F on Mature Fem --- 1990-1998, Min. Footprint
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Fig. B7.7a Predicted sampling distribution for pups per recruit given variations in size
selectivity and fishing mortality, 1990-1998. Pups per recruit represents integral measure
of the force of mortality on longterm reproductive potential. Year represents a 3-yr
average centered on the year label, i.e., 1998 is average for 1997-1999. PPR values
above one suggest that the force of mortality is low enough to allow population growth.
Histograms represents effect of landings plus discards on entire population of female
spiny dodfish.
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F on females, 1999-2005, Min. Footprint

800
o 1999

400
200

Frequency

2000

anjep

800
600
400
200

2001

Frequency

2002

anjep

800
600
400
200

2003

Frequency

2004

anjen

800
600
400
200

2005

Frequency

[¢)]

0 1 2 3 4
Pups per Recruit

Fig. B7.7b Predicted sampling distribution for pups per recruit given variations in size
selectivity and fishing mortality, 1999-2005. Pups per recruit represents integral measure
of the force of mortality on longterm reproductive potential. Year represents a 3-yr
average centered on the year label, i.e., 1998 is average for 1997-1999. PPR values
above one suggest that the force of mortality is low enough to allow population growth.
Histograms represents effect of landings plus discards on entire population of female
spiny dogfish.
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1968-1996 data
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Fig. B8.1 Comparison of parametric and non-parametric stock-recruitment
model fits for spiny dogfish captured in NMFS spring survey for 1968-1996
(top) and 1968-2006 (bottom). Nonparametric model fits base on lowess
smoothes with tension=0.6. Estimated SSBmax, 1968-1996 of 215 k mt,
corresponds to average catch of 33.2 kg mature females/tow. Estimated
SSBmax for the 1968-2006 period increases to 304 k mt or 46.8 k mt.
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Fig. B8.2 Temporal pattern of .spawning stock and recruits for 1968-
2006. Swept area estimates of abundance based on NMFS spring

survey.
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Fig. B8.3 Model residuals from Ricker model vs mean length of mature
female spiny dogfish. Odds ratio test statistic suggests that odds of
recruitment less than model prediction is of 4.5 times greater when
females are below median size of 87 cm.
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Figure B10.1. Spiny dogfish spawning stock biomass (mt) projections, 2006-2024,
for three scenarios: Status quo (full F=0.128), Rebuild F(=0.03), and Zero F. Boxes
represent interquartile ranges.

43rd SAW Assessment Report

170

dass



