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Abstract

The calculation of proportion mature-at-age and ﬁean weight-at-age from length
stratified sampling are dependent on the Jength distribution of the population. The Dépt.
of Fisheries and Oceans in St. John’s Newfoundland changed its survey bottom trawl in
the fall of 1995. Comparative fishing experiments between the old and new fishing gears
showed that the new gear (Campelen) caught more small fish of most species than the old

" (Engel) gear. Conversi:ons‘ of the Engel time series to Campelen equivalents results in an
increase in the number of small fish in the popﬁlation, This paper examines the effect of
this change on maturity-at-age, mea.n weight-at-age and spawning stock biomass for
American plaice (Hippoglossoides platessoides). The shift in the perceived length
frequency distribution of the population results in an increase in age at 50% maturity (the
fish appear to be maturing later) and a decrease in mean weight-at-age. S8B calculated
frorh these parameters is lower for the Campelen equivalent data. The difference is
.generally less than 10%, but in 1995 SSB calculated from the Campe!en. equivalent data
is almost 37% lower. Trends in fnaturity-at-age, mean weight-at-age and SSB ox;er the
time period are generally the same for the Engel and Campelen equivalent data.
Constructing a time series which consists of unconverted Engel data followed by
Campelen data can be misleading. The change in estimated maturify and weight-at-age,

and SSB has implications for both biclogical studies and the setting of reference levels.

Introduction

Proportion mature-at-age, mean weight-at-age and spawning stock biomass are

important parameters in the estimation of population growth rate, potentiél yield of a




fishery and reference levels for the precautionary approaéh. Shifts in these pé.rameters
will result in changes in the subsequent estimates (Welch and Foucher, 1988; Serchuk ef
al., MS 1997; Sinclair, MS 1997). These parameters could change as a result of actual
variation in the population or because of a change in sampling.

In the falf of 1995, the Department of Fisheries and Oceans in the Newfoundland
Region changed its survey gear from an Engel 145 High Lift otter trawl to a Campelen
1800 shrimp trawl. Comparative fishing studies showed that the Campelen trawl was
more efficient at capturing srﬁall fish of most species than the Engel trawl (Warren et al.,
MS 1997). Length based conversion factors were developéd from these trials. When
these conversion factors are applied to the Engel time series for American plaice
(Hippoglossoides platessoides) there is an increase in the estimated abundance of fish
less than 40 cm, with the magnitude of the increase varying with fish length (Morgan et
al, MS 1998). |

The perceived length frequency of the population will affect the calculation of
proportion méture-af—age (Morgan and Hoenig, 1997) and mean weight-at-age when
length stratified sampling designs are used. This is because a given age group straddles
several length classes and the proportic;n mature and weight increase with léngth. The
change in estimated length frequency of the population resultin'g.from the conversion of
Engel data to Campelen equivalent'data should produce changes in the estimates of
proportion mature and mean weight-at-age and SSB derived from these data. This paper
examines the difference between these estimates for Engel and Campelen equivalent data

for American plaice in NAFO Div. 3LNO.

Materials and Methods

Data used in this study were collected during the Department of Fisheries and
Oceans spring research vessel surveys of NAFO Diviéions JLNO from 1985 to 1995
using tht; Engel 145 High Lift otter trawl. In addition, data for spring 1996 and 1997
using the Campelen 1800 shrimp trawl were examined. All surveys were conducted
using a stratified random survey design (Doubleday, 1981).

Data from 1985 to 1995 were converted to Campeien equivalents as outlined in

Morgan ef al. (MS 1998). The conversion equation was:



Nerx = CFx ® Nix

where:

Ncex = the converted number at length x
NEx = number at length x from the Engel’s data

. CF, = the conversion factor for length x

for x<23 cm CF=10.02
for2dcm<x< 40_ cm In(CF)=39.958 + 0.358(x —l4l In(x)]

. for x>40 cm CF=1

The original numbers at length and the converted numbers at length were used to
produce population numbers at length using swept area calculations. Population numbers .
at age were also produced from thé converted numbers at length. During these surveys,
length frequency data were colleclted from every successful fishing set. Ages were
determined from otoliths collected .according to a length stratified sampling scheme. For
fish that were sampled for age, maturity stages were determined at sea according to the
criteria of Templeﬁ#n et al. (1978), Starting in 1990, fish weights were also collected at
sea from the fish sampled for age determination. Proportion mature-at-age, mean weight-
at-age and SSB were calculated using the conven:ed and unconverted data, as well as the

1996 and 1997 survey data.

Estimated proportion mature-at-age was calculated as:

J
2. P()Plali) Pl )
=
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where:




P(j)= estimated fraction of the catch that is length J
P(a| j)= proportion of the sampled fish in length category j which are age a

P(m|a, j)= proportion of the sampled fish at age & which are mature in the length

category f

J = number of length classes

Age at 50% maturity was estimated for both data sets using a logistic model with a logit

link function and a binomial error (SAS, 1939).

Mean weight-at-age was calculated as:

J :
2 P wi Plwilas )
jo -

2 P())P(al))
j=1
where:
| w;= weight

P(w;la, j)= proportion of sampled fish at age « which are weight w, in the length

category j

and the other symbols are as defined above.

SSB was calculate simply as:

A
2N MW,
a=1

where N, is the estimated population number-at age @. Only females were included in the
estimate of SSB. Since this study is concerned with the effect of perceived popuiation
length frequency on proportion mature-at-age and mean weight-at-age, the population
numbers at age from tht; converted time series were used with both the Engel and

Campelen equivalent estimates of maturity and mean weight-at-age,



- Results

Estimated proportion mature-at-age tended to be lower for the converted data than
for the original Engel data (Fig. 1 and 2). Trends over time were very similar for the two
series. The change in maturity between 19935 (fast Engel survey} and 1996 (first
Campelen suﬁey) appears similar in direction for the two series, although not always in
magnitude {e.g. males age 8, Fig. 1).

The lower estimated proportion mature-at-age for the converted series results in a
higher age at 50% maturity for that time series compared to the original dam (Fig. 3).
Again, trends over the time period are very similar for the two series. Continuing the
unconverted series with the Campelen series that began in 1996 would not change the
perception of any trend in age at 50% maturity compared to extending the converted '
series.

Mean weight-at-age was lower for the converted data than for the original Engel
data (Fig. 4 and 5). Trends over time were similar for the two series, although there was
a greater difference between the two series in the last two years for males (Fig. 4). There
were several instances (e.g. female age 6, Fig. 5) where extending the unconverted Engel
series with the new Campelen series would result in a change in perception of trends,
Specifically, the converted series shows an increase in mean weight-at-age between 1995
and 1996 while the unconverted seres shows a decrease in mean weight-at-age.whenK
joined to the éampe]en series.

Differences in proportion mature and mean weight-at-age were greatest for
intermediate ages (Fig. 6). For proportion mature-at-age these were ages 3 to 7 for males
and 510 9 for females. For mean weight-at-age these were ages‘3 to 9 for males and 4 to
9 for females.

S8B showed the same trend over time for both the converted and original data
{(Fig. 7). The converted time series was 2.5 to 6 % lower than the original series over the

1990 to 1994 period, but was 37% lower (7400 tons) in 1995,
Discussion

Proportion mature-at-age and mean weight-at-age were generally lower when
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calculated using the converted time series than when using the original Engel data. The

length based conversion has a greater effect at smaller sizes and increases the proportion

of smaller fish at a given age. These smaller fish weigh less and are less likely to be

mature resulting in a decrease in mean weight and proportion mature-at-age. This effect

was greatest at intermediate age classes. The largest ages are composed of fish greater
than 40 ¢m and therefore have no change in len_gt‘h frequency distribution when the
conversion is applied (i.e. CF=1 .0). The youngest ages span fewer length classes and
many of the length classes are < 23 cm to which a constant convefsion factor is :applied,
again resulting in little change in the length frequency distribution.

There were generally only small differences between the SSB calculated from the
converted data and the original Engel data. There was a larger difference in 1995, which
was aresult of a ]argc;r difference in proportion mature and mean weight-at-age between
tﬁe two seriés for ages making up the bulk of the SSB. Trends in proportion mature-at-
age would aléo affect the magnitude of the difference in SSB between the two series if
the proportion of the SSB made up of fish in the age classes most affected by the
conversion changed.

T.he trends in proportion mature and rhean weight-at-age and SSB were generally
similar over the tir_ne period for both series. However, if the unconverted time series
from 1985-95 is extended by the Campelen series beginning in 1996 trends can appear to
be different than if the converted series is joined with the new Campelen series. For any
studies spanning this time period t.hF series should either be treated s&_:parately-or the
converted data used with the new Campelén series. This conclusion would apply to all
species for which conversion factors are available since comparative fishing trials
indicated an increased number at smaller lengths for all of the species studied {Warren,
1996, Warren ef al., MS 1997). This résuit has implications not only for studies of
maturation and growth, but also for the setting and monitoring of reference levels f'or the
precautionary approach since reference levels will be affected by the lower SSB,
proportion mature and mean weight-at-age (Serchuk et al, MS 1997, Sinclair, MS 1997),

The conversion does not make the Engel time series fully ‘Campelen equivalent’,
The accuracy of the estimated conversion factors is poor at the smallest and largest sizes
(Warren ef al., MS 1997). Because of this a constant conversion factor has been applied
to the smallest and largest fish (Morgan et 2/, MS 1998). There will be little effect of

this on proportion mature-at-age since the smallest fish are all immature and the largest



s
é:e all mature. There will be some impact on the estimates of mean weight-at-age but the
magnitude of the impact can not be determined at this time.

~ The differences detected in this study h.ighlight the fact that our estimates of |
proportion mature and mean weight-at-age and SSB do not reflect the true values of these
parameters. Rather our estimates are subject to the sélectivity of cur sampling gear and

will change when this selectivity changes.
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Figure 1. Proportion mature-at-age for males ages 3 to 8 for the Engel (solid line, 1985-

95), Carripelen equivalent (dashed line, 1985-95) and Campelen (dashed line, 1996-97)
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Figure 2. Proportion mature-at-age for females ages 6 to 11 for the Engel (solid line,

1985-95), Campelen equivalent (dashed line, 1985-95) and Campelen (dashed line, 1996-
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Figure 3. Age at 50% maturity for males and females for the Engel (solid line, 1985-95),

Campelen equivalent (dashed line, 1985-95) and Campelen (dashed line, 1996-97) data.
No result is shown for males for 1995 as there was not a significant fit of the model to the

data.
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Figure 4. Mean weight-at-age for males ages 3 to 8 for the Engel (solid line, 1985-95),

Camnelen emuivalent (dasked line 1985-95% and Camnelen (dashed line. 1996-97) data
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Figure 5. Mean weight-at-age for females ages 6 to 11 for the Engel (solid line, 1985-

95), Campelen equivalent (dashed line, 1985-95) and Campelen (dashed line, 1996-97)
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data for males (solid line) and females (dashed line) for proportion mature-at-age and

mean weight-at-age.
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Figure 7. Spawning st‘ock. biomass (‘000 tons) for Engel (solid line, 1990-95), Campelen w
equivalent {dashed line, 1990-95) and Campelen data (dashed line 1996-97, top panel).
The bottom panel shows the difference in spawning stock biomass in thousands of tons

(solid line) and percent (dashed line) between Engel and Campelen equivaleﬁt data.
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