


Fig 47. Distribution of spiny dogfish in Jan RV surveys of the southern Gulf of St
Lawrence, 1994-1997.
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Fig 48. Distribution and time series of relative abundance of spiny dogfish in

spring RV surveys of southern Newfoundland, 1972-2005.
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Fig 49. Canadian time series of minimum trawlable biomass of spiny dogfish in
spring (top) and summer/fall (bottom) RV surveys of Atlantic Canada, 1970-2007.
Spring=Mar RV of Scotian Shelf; 4VW=Mar RV of 4VW; NF=spring RV of
southern Newfoundland; Georges=Feb RV of Georges Bank; Summer=July RV of
Scotian Shelf; Fall=Nov RV of Scotian Shelf; S Gulf=Sept RV of southern Gulf of

St Lawrence.
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Fig 50. Canadian time series of relative biomass of spiny dogfish in summer/fall
sentinel surveys of Atlantic Canada, 1994-2006. 4Vn=Sept 4Vn cod longline

survey; 4VsW=Sept/Oct longline survey for 4VsW cod; ITQ=July trawl survey in
4X; Halibut=June longline survey in 4VWX.
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Fig 51. Time series of minimum trawlable biomass of spiny dogfish in spring (top)
and summer/fall (bottom) surveys in Atlantic Canada (solid line) compared to the
matching U.S. surveys (dashed line), 1970-2007.

92



-
\'-""'.
N
Y 4
’
N
V4
\I
N
»
-
-
‘n‘
-
wy
™ |
\I\\\
=
oy
-
I-n““\
"'--
I“l‘lll“"‘
----"
’,
“
A"‘
""".’
Illlllll‘l“'
l""--
""
L J L J ’w
o o o o o
o o (@) (@)
< o™ (q\ —i

(3w 000,) Ssewolq sfews} aine\

1985 1990 1995 2000 2005

1980

Year

Fig 52. Time series of minimum trawlable biomass of mature female spiny dogfish

in the U.S. (NSFC 2006).

93



APPENDIX 1: POPULATION MODELLING

Population Modeling: Methods

Following the approach used by Gibson and Campana (2006) for porbeagle, we used a forward-
projecting age- and sex-structured population dynamics model to estimate abundance-at-age,
exploitation rates and fishery reference points for this population. Within this model, the
population is projected forward from an equilibrium starting point by adding recruitment and
removing catches. Model parameter estimates (e.g. selectivity parameters, catchability
coefficients, productivity parameters) are obtained fitting the available datasets using maximum
likelihood. Nine Canadian fisheries (1986-2006) as well as the total landings of seven countries
from 1960 to 2006 were included in the model. Further details of the data collections are provided
in the main text of this report. A spawner-recruit function (a Beverton-Holt function) was
parameterized using the asymptotic recruitment (R,s,) and slope at the origin (& ) and was used to
model reproduction.

Population dynamics

Of primary interest is the number of fish in year t, of sex s and of age a, denoted N;s,. The
number of fish in each age class in the next year is given by an exponential decay model. Here,
the total mortality rate is given by the sum of the sex and age specific instantaneous natural
mortality rate (M;,) and the fishery (g) specific exploitation rate in each year, sex and age class

9
(Ugs.a)-

7Ms,a
Nt+l,s,a+1 = Nt,s,ae H (1 - ut?s,a) N

9

The spawner-recruit relationship is expressed in terms of the number of females rather than
biomass. Using the letter F to denote the female sex category, the number of female spawners in
year t (SSNy) is a function of N;r 5, and the probability that a female fish of age a is mature at that
age (Mg ,):

SSNt = z Nt,F,amF,a

The life cycle is closed by modeling the number of age-1 fish of each sex in the year t+1 as a
function of SSN; using a Beverton-Holt spawner-recruit (Hilborn and Walters 1992) relationship:

_ aS3N, (o2
Nt+1,s,l - OfSSNt € *05
1+
R

asy

Here, « is the slope at the origin, and in the deterministic model is the maximum rate at which
female spawners can produce age-1 recruits at low population sizes (Myers et al. 1999); Ry, is the
asymptotic recruitment level, expressed as the number of age-1 recruits. Rasy 1S the limit
approached by R; as S; approaches infinity (Beverton-Holt models are often written in terms of the

half saturation constant, K, which is related to Ray by: Rasy =aK). A 1:1 sex ratio at birth is

assumed. The model is written so that recruitment can vary around the fitted relationship through
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the log of a recruitment deviate for each year ( &, ), in which case a correction for transformation

bias based on the standard deviation of the log recruitment deviate (o ) is applied to each deviate,
however attempts to estimate deviates to date have not been successful. As written, a lognormal
error structure for recruitment (Myers et al. 1995) is assumed. In comparison with the other
commonly used 2-parameter SR model, the Ricker model, the Beverton-Holt model has the
advantage that Ras, can be rescaled and interpreted as an estimate of carrying capacity (Myers et
al. 2001), but typically provides estimates of & (and its related reference points) that are higher
than those from the Ricker (Myers et al. 1999). Reference points provided by this model are
therefore not precautionary with respect to SR model selection.

Commercial fisheries

9

The influence of commercial fisheries are included in the population dynamics through U , .

This term consists of two separable components: the gear (or fishery) and sex specific selectivity
of the commercial fisheries SJ° and the exploitation rate of the fully exploited age class by each

: 9.
gear in each year, U, :
9 _ 059

Ulsa =57

t,s,a

Selectivity was assumed to follow a double half Gaussian selectivity curve:

—(a-s%)’
exp —@=Su) if a<s?®
ngs full
s = -
a
2
—(a-s{
: g,s
exp e if a<sy,
R

where g refers to the commercial fishery. In this model, the age at which fish are fully selected by

the fishery is denoted S{ . The steepness of the decline away from the age at full selectivity is

governed by the v parameters for the left and right sides of the curve. Note that selectivity
includes both the retention selectivity of the gear as well as contact selectivity (the probability
that fish come into contact with the gear). Length-frequency data was not available for all
fisheries and some assumptions are made about the selectivity of the fisheries. All foreign
landings are assumed to have been removed by trawling with a selectivity equal to the more
recent summer research vessel (RV) trawl survey. The selectivity of the trawl fisheries is also
assumed to match the summer RV survey. Selectivity is estimated for the gillnet and the directed
longline/handline fisheries as length-frequency data is available for these fisheries. Nearly all

recent landings come from these fisheries.
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We assume the catch is taken during a short time period half way through the year, an
approximation attributed to Pope (Quinn & Deriso 1999) and that the total catch (biomass) in

each year by each fishery (C?) is known without error. The exploitation rate (proportion of the

vulnerable biomass removed) in each fishery in each year is then:

Cg

g,s
tsasa Wsaze

ud =

where W; , s the sex specific weights at age.

Initial conditions

Two approaches were used to estimate the population size and age structure at the start of the
time period (1960). The first approach involved estimating two parameters: Njgg 1 and Zgri. The
first parameter is the number of age-1 dogfish in 1960 and the second is used to estimate the
abundance of dogfish in other age classes in 1960 using an exponential decay function. The
second approach adopted for the model runs presented here was to estimate Njg40; and to assume
an unfished equilibrium age structure (reported landings in the early 1960’s were quite low).

Predictions from the model

Parameter estimates are obtained from the model by minimizing the discrepancies between the
observed data and predictions from the model. The model is fit to research survey catches, survey
proportions-at-age and the proportions-at-age in some of the commercial fisheries. Constants used
in the model are listed in Table A1.1. Thus we want to obtain predictions of the survey catches

( Iti ) where the superscript i is used to index the survey, and to obtain the predicted length

composition of the catch in the fisheries and the length composition of the survey catches.

Under the assumption that the survey catch is proportional to abundance, the predicted catch is
given by:

7(M53+Fsa) i
=q Ze “'s0aNisa

Here y is the proportion of the mortality that occurs prior to the survey, set equal to 0.25 for

surveys occurring in the spring, 0.5 for surveys occurring in the summer and 0.75 for surveys
occurring in the fall. None of the surveys cover the full range of the population, so the
catchability of each survey, ', included both the catchability of the gear as well as the proportion
of the population in the area covered by the survey. Thus, with the exception of the summer
groundfish survey which is broken into two parts to reflect a vessel change, an assumption exists
that the distribution of dogfish has not changed systematically during the period covered by the
surveys.
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