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Abstract

An age disaggregate index of abundance was derived from both the gillnet and linetrawl
sectors of the sentinel survey in NAFO Divisions 2J3KL. A generalized linear model was
applied to the catch and effort data at age for each gear and survey method with an
assumed Poisson distribution for catches. Through the use of different gears which have
very specific selectivities, it is possible to track year-classess through the five years the
sentinel program has been operational..

Résumé

Un indice de l'abondance par classe d'âge a été tiré des secteurs de la pêche à la senne et
de la pêche à la palangre du relevé sentinelle effectué dans les divisions 2J3KL de
l'OPANO. À l'aide d'une hypothèse de distribution de Poisson pour les captures, on a
appliqué un modèle linéaire généralisé aux données sur les prises et l'effort selon l'âge
pour chaque engin et méthode de relevé. L'utilisation de différents engins comportant des
sélectivités très particulières permet de suivre les classes d'âge au cours des cinq années
d'application du programme des pêches sentinelles.
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Introduction

The sentinel program has been running in NAFO Division 2J, 3K and 3L since 1995
giving five complete years of catch and effort data from 60 sites. Lengths and weights
have been sampled by quarter in all sites over the portion of the year the program is in
operation. .  A detail description of the sentinel program is given in Maddock Parsons et
al. (2000).

In the last assessment (March 1999) an age-aggregated standardised catch rate series was
derived for both the gillnet and line trawl portions of the sentinel program. In this
assessment an attempt is made to produce an age-disaggregated index of abundance for
the five years of  gillnet and linetrawl data.

Methods

Catch-at-age

The catch from the sentinel program in  2J3KL are divided into cells defined by Gear
type (gillnet 5 ½ inch, gillnet 3 ¼ inch and line trawl), NAFO Division (2J, 3K, 3L),  and
Divisions broken down into Statistical unit area (i.e. 3Ki 3Lh etc.), Year (1995-99) and
Quarter. Age-length keys are generated for each cell using fish sampled from both fixed
and experimental sentinel survey sites. Experimental  sites are fished at the discretion of
the fishermen in various locations in the general vicinity of the fixed site. There were no
fixed sites using 3 ¼ gillnets. Length frequencies and age-length keys were combined by
cells. Numbers of fish at length were assigned an age using the age-length key for the
cell. When there was a lack of sampling cells were collapsed into larger ones until all fish
are assigned an age.  For example, if there were non-matches by quarter then quarters
were combined to  the half-year; and if necessary half-years were combined to the year. If
necessary unit areas were combined within division for the year. The last level of
collapse is to adjacent 3cm length grouping within gear, division and year survey.
Because there are  little to no discards in the sentinel program and the fishermen sample
all of the fish for line trawl and gillnet sets, catch numbers-at-age can be reliably
produced for these two gears.

Standardization

The catch-at-age and catch per unit effort (CPUE) were standardised to remove seasonal
and spatial effects. Results from an informal working group at the 1999 Rimouski Zonal
Assessment meeting suggested that for gillnet, only sets fished during July to November
with a soak time between 18 and 24 hours should be included in the analysis. For line
trawl, sets fished during August to November with a soak time less than or equal to 12
hours are selected. Zero catches were generated for ages not observed in a set. Sets with
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effort but no catch are valid entries in the model. Ages in the model ranged from 3 to 10
for 5 ½ inch gillnet, 2 to 10 for 3 ¼ inch gillnet and 3 to 9 for linetrawl. A generalized
linear model (McCullagh and Nelder 1989) was applied to the catch and effort data for
each gear and survey method.  The response distribution was specified as Poisson and the
link function was chosen to be log.  That is, the Poisson mean parameter iµ is related to
the linear predictor by

βµ ii Χ′=)log(
where  iΧ  is a vector of explanatory factors for catch observation i (i.e. month, site, age
and year) and  β  is a vector of coefficients to be estimated from the data.

Thus catch is assumed to have a Poisson probability distribution with the mean iµ  related
to the factors month nested within site and age nested within year by

))(()())(()()log()log( milikijiii myearlageksitejmonthE ββββµ ++= ,

where  iE   is and offset parameter for fishing effort and  mlkj ,,,   indicate the level for
each of the four factors, for example June for the factor month, and where

1 if month
0 if month( ) {i

j
jmonth j =

≠= .

Fishing effort was measured in terms of number of nets for gillnets and number of hooks
for line trawls. Expected catch per unit of effort for each age in each year were computed
for the two gear types from the estimated parameters  to obtain relative indices of
population numbers at age that could be used in further analyses of the status of the stock.

Results

Gillnet 3-¼ inch Experimental Survey

The number of sets and summary statistics for soaktime for 3-¼ inch gillnets are given in
Table 1.1. Table 1.2 gives the number of hauls entering the model after applying soak
time and season selection limits described under methods. Forty four percent of the set
were excluded from the analysis, mainly due to failure to meet soak time criteria. All but
one haul used only a single  net for sampling out of  486 sets (Table 1.3).  Catch at age
data for 3-¼  inch gillnets are given by division in Table 1.4 for the period 1996 to 1999.
Catch was low in 1995 in all divisions and increased up to 1998 and declined in 1999.
The dominate age taken with this gear is age 4 for all years in 2J3K except 1999 in 3K
where the modal age was 3. In Division 3L however, the modal age varied from age 6 in
1996 to age 3 in 1997, back to age 6 in 1998 and back to age 3 in 1999.  Month and site
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combinations that had zero catches for all years in the sentinel survey are listed in Tables
1.5. These cells were removed from the analysis.

In  the model output (Table 1.6) SEQCODE is a sequential community (site) code
starting with 1 in Black Tickle in Labrador and ending with 60 at Point Lance on the
southern Avalon Peninsula. Parameter estimates and standard errors are given in Tables
1.6. The parameters of interest are labelled Age (Year). The values with the high STD.
ERR are associated with very low catch numbers at age in that year.  The type 3
likelihood ratio statistics show all effects are significant (Table 1.6 page 14). The lsmeans
for the Age (Year) parameter estimate are transformed to arithmetic scale in Table 1.7 to
give the standardized relative mean numbers per net at age. The scale parameter is
estimated to be 3.44 indicating that the data may be over-dispersed as a consequence of
outliers.  This is of interest and needs to be investigated in further studies.   Person
residuals, the square root of the ith contribution to the Pearson’s chi-square, are plotted
against predicted values (Fig. 1). The observed pattern is due to a high frequency of zero
and ones in the data.

  The procedure described above is adopted  for the four other gear/survey type
combinations. Major differences for each gear/survey type are highlighted below.

Linetrawl  Fixed Survey

Forty percent of the sets were excluded from the analysis for failure to meet soak time
criteria leaving 628 sets to be used in the analysis (Table 2.2). The overall mean soak
time dropped from 15 hours to 3 hours after selection Gear amount ranged from 150 –
1000 hooks per set (Table 2.3). Catch at age data for the Sentinel line trawl by division
are given in Tables 2.4. Catch was higher in 1995 and 1997 and lowest in 1999 in
Divisions 3KL. Linetrawl was not used to any great extent in the sentinel program in 2J.
The dominant age taken with this gear is age 5 except for Division 3K in 1995 for which
the modal age was 4.  Site locations for this run ranged from Coachman’s Cove in White
Bay to River Head, St. Mary’s Bay.  There were only 21 sites using linetrawl in 3KL.

Linetrawl Experimental Survey

Thirty four percent of the set were excluded from the analysis, mainly for  failure to meet
soak time criteria, leaving 796 sets to be used in the analysis (Table 3.3). The overall
mean soak time dropped from 14 hours to 3 hours after selection. Gear amount ranged
from 50 –1000 hooks per set,( mode = 350) (Table 3.3). Catch at age are given by
division in Table 3.4. Catch was similar to that taken with linetrawl in the fixed survey.
For this analysis the most northern site was St. Charles in southern Labrador and ending
at River Head St. Mary’s Bay.  There were 23 sites using linetrawl in 3KL.
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Gillnet 5 ½ in. Fixed survey

Forty three percent of the set were excluded from the analysis for failure to meet soak
time criteria leaving 2463 sets to be used in the analysis (Table 4.3). Gear amount ranged
from 1- 4 nets per set with most using 2 nets (Table 4.3). Catch at age are given by
division in Table 4.4. Catch was higher in 1996 and 1998 and lowest in 1995 in all
divisions. Division 3L had the highest catch and there was  very little catch in 2J. The
dominant ages taken with this gear were age 6 and 7. This survey covers the full range of
the sentinel survey from southern Labrador to Point Lance on the southern Avalon
Peninsula.

Gillnet 5 ½ in. Experimental Survey

Forty three percent of the sets were excluded from the analysis, mainly for failure to meet
soak time criteria leaving 3786 sets to be used in the analysis (Table5.2). This survey
method had 1323 sets more than the fixed gillnet survey. Gear amount ranged from 1-5
nets per set with most using 2 (Table 5.3). Catch at age are given by division in Table 5.4.
Catch was similar to that taken with the 5 ½in. gillnet in the fixed survey.

Age disaggregated indices by Gear and survey method

Age disaggragated indices by Gear and survey type are given in Figure 2. Year-classes
can be followed sequentially from 3 ¼ inch gillnets through the linetrawl fishery to 5 ½
inch gillnet. This is illustrated for the 1990 and 1992 year-classes for experimental survey
sites (Figure 3). The 3-¼ inch  gillnet catches predominately age 4 cod while the
linetrawl catches age 5 and 5 ½ inch gillnet catches age 6 and 7.

Discussion

It is the intent to use the gillnet and linetrawl standardized catch rate at age as indices of
abundance, at least, for the inshore range of the northern cod stock. For3Ps cod stock on
the south coast of Newfoundland an age dissagregate index from the gillnet fishery in the
sentinel program was used in the calibration of the SPA (Brattey et al. 1999).

 The sentinel survey is the only sampling program that covers a large geographical range
for the inshore portion of the stock.  The model removes seasonal and spatial effects from
the raw data to give a standarized index of cod abundance for the five years the program
has been running.

The strength of any index is its ability to track year-classes. The catch rate series derived
from the sentinel program using three different fishing gears that have different size
selectivity characteristics appears to show year classes that track through the gears. It is
important therefore that the Sentinel  Program continue using all three gears in order to
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track relative weak year classes. There appears to be  little difference in the age structure
sampled within gear for the different survey methods (Fixed vs. Experimental) although
this was not formally tested in the present analyses. The apparent lack of difference is not
surprising given the close proximity of the experimental sites to the fixed sites.

Large numbers of  fish were sampled for age and length frequencies. However, 42% of
the catch/effort data did not enter the model due to failure to meet the selection criteria
established by the ad hoc working group at the Zonal cod stock Assessment Meeting in
Rimouski in 1999. Most of these data were rejected due to long soak times. No methods
have been developed to date to model the sentinel catch/effort data with soak time as a
covariate. It was felt at the Rimouski Zonal Assessment that investigations into the
functional forms might not be productive but the meeting conceded that the relationship
between soak time and abundance remains an unsolved issue.

The five model runs were all over dispersed as indicated by the scale parameter greater
than 1. This is a phenomenon that sometimes occurs in models with a Poisson
distribution; however all statistics are adjusted appropriately using the deviance divided
by degrees of freedom as an estimate of the multiplicative overdispersion factor. (SAS
Institute Inc).  Nevertheless, alternative models, such as the negative binomial, should be
explored and the sensitivity of the estimates to the assumed model examined.

Given that the different kinds of sentinel data are different but not completely
independent, and given the ability to track year-classes through survey types, there may
be some advantages in putting all the data into a single analysis which includes survey
type as a factor.  This will be explored in future analyses.
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