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Abstract

Biological sampling of fish during research vessel survey cruises is often conducted
using length-stratified age sampling schemes. Maturity-at-length or age may be affected
by changes in sampling protocols, and may potentially result in biased estimates of matu-
ration patterns. In such cases, these estimates may be artifacts of the sampling activities
and not accurate estimators of stock dynamics.

In 1992, the Northeast Fisheries Science Center (NEFSC) modified the length-strati-
fied age sampling protocol used during semi-annual research vessel bottom trawl surveys.
While demonstrable gains in the precision of age-length keys for many species have been
obtained with the new protocols, no systematic evaluation of the effects of the sampling
protocol change upon maturity-at-length or age has been performed.

In this study, potential effects of changes in sampling protocol were assessed for two
groundfish species, haddockMgélanogrammus aeglefinusgnd American plaice
(Hippoglossoides platessoideg)ver the critical size range of maturity for both species,
significantly different length frequency sampling was obtained from each sampling scheme
during the 10-year study period. Analyses for American plaice were complicated by the
sexually dimorphic growth. Simulation techniques were employed to assess whether the
observed changes in maturity estimates were a result of the changed sampling protocols.
The simulations suggested that these changes were real phenomena and not artifacts caused

by changes in sampling.
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Introduction pling protocol used during research vessel bottom
trawl surveys which have been conducted since
Biological sampling of fish during research 1963. Prior to 1992, target numbers of fish to be
vessel surveys is often accomplished by usingsampled within broad (several cm) length strata
length-stratified sampling schemes. These schemagere specified for each 6-hour watch of the survey
are designed to derive satisfactory relationshipgruise. In 1992, the sampling procedure was revised
between length and age, but may not always protp sampling one fish at each cm interval per tow
duce data suitable for estimation of other popula(-rame 1). While demonstrable gains in the preci-
tion parameters such as growth or maturation rategjon of age-length keys for various species have
(Armstrong and llardia, MS 1986; Anon., MS 1994; heen obtained (NEFSC, MS 1992) with the new
Morgan and Hoenig, 1997). Moreover, changes irprotocols, no systematic evaluation of the effects
protocols during a sampling time series may potenpf the sampling change on maturity-at-length or age
tially result in biased estimates of population pat-has been performed.
terns. In such cases, these estimates may be arti-
facts of the sampling activities and not accurate In this study, the effects of the 1992 change in
estimators of stock dynamics. sampling protocol on estimated maturity parameters
for two groundfish species, haddockié¢lano-
In 1992, the Northeast Fisheries Science Cengrammus aeglefinys and American plaice
ter (NEFSC) modified the length-stratified sam-(Hippoglossoides platessoidesare assessed. A
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TABLE 1. Sampling protocols for length-stratified sampling of haddock and
American plaice used during Northeast Fisheries Science Center
research vessel bottom trawl surveys, 1963-91 and 1992—present.

Pre-1992 Post-1992
per 6 hour watch per tow
Haddock <8cm 10 fish 1 fish per cm
9-25 cm 5 fish

26-50 cm 15 fish
> 50 cm 45 fish

American plaice <20 cm all fish 1 fish per cm
21-30 cm 5 fish
31-40 cm 25 fish
> 40 cm 20 fish

Monte Carlo-type simulation model was developedtwo five-year blocks, 1987-91 and 1992-96 (rep-

which allowed re-sampling of survey catches ofresenting equal number of years of data collection
these species prior to 1992 and after 1992 usingnder each sampling scheme). Probit analyses
both sampling schemes. The effects of the two sam{inney, 1971) of proportions mature at length were

pling schemes were then compared using the simuised to derive maturity ogives and associated 95%
lated estimates of maturity-at-lengttersusthose confidence intervals for female haddock and male
obtained empirically. and female American plaice for each study period.

Methods To evaluate whether the 1992 change in sam-
pling protocol resulted in differing sampling dis-
NEFSC research vessel bottom trawl surveytributions, the frequency distribution of fish
data from 1987-96 were examined for cases irsampled at each centimeter in the two five-year
which changes in length-stratified age sampling inblocks of pooled data were compared using Chi-
1992 might have resulted in biased maturity estisquare analysis (Sokal and Rohlf, 1981). The ex-
mates for certain species. The evaluation involvegected distribution of the total numbers caught at
two considerations: 1) situations in which lengthlength during 1992-96 period was derived by mul-
strata in the pre-1992 sampling scheme were relaiplying the observed proportions sampled at length
tively broad, and 2) of these, length strata whichin 1987-91 by the estimated total numbers caught
encompassed the critical size range associated witlit length. The null hypothesis in this procedure is
the onset of maturation. Two species, Georges Banthat the realized distribution sampled in 1992-96
haddock and American plaice were selected for exwas equivalent to what would have been sampled
amination. Georges Bank haddock was chosen bainder the 1987-91 sampling protocol.
cause a pre-1992 length stratum of 26-50 cm was
relatively wide and encompassed fish sizes for A Monte Carlo-type simulation model was con-
which observed proportions mature ranged from 3Gtructed to evaluate the effects of the sampling pro-
to 100% (O'Brienet al, 1993). American plaice tocols on estimated maturity parameters for each
was selected because it exhibits sexually dimorphispecies. Numbers of fish at length were drawn from
growth and maturation rates; males maturing at ®&ach of the pooled five-year blocks of catch-at-
smaller size and younger age than females (O'Brielength data using the sampling protocol associated
et al.,, 1993). with the opposite five-year period (i.e. alternative
sampling). The maturity status of each sampled fish
Size at maturation was evaluated using datavas considered as the outcome of a Bernoulli trial
collected prior and close to the time of spawningin which the underlying probability of being ma-
(Halliday, 1987). Maturity data for both speciesture was derived from a probit analysis of the origi-
were derived from NEFSC spring research vessehal sampled data. Probit analysis was applied to
bottom trawl surveys. The data were pooled intoeach simulated data set and the process was repeated
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500 tm1_es for each comparison. The primary stat_ls- Sampling scheme
tics of interest were the estimated lengths at which

10, 25, 50, 75, and 90% of the population was maMaturity data 1987-91 1992-96

ture (i.e.L;o Lyg Lsg Lys @andLgg ), respectively. 198791 Baseline Alternative
Frequency distributions and associated median valkggo_gg Alternative Baseline
ues of maturity estimates correspondindig L.,

Lgy Lss @and Ly, were derived. Baseline maturity \yhere maturity data are the proportion mature at

estimates were produced for each five-year perioqiength and the sampling scheme is the number of
by repeating the procedure outlined above using thggp, sampled at length in each time block.
sampling design that actually existed during the

period. Median values of maturity estimates ob- Results

tained from alternative sampling were then evalu-

ated with respect to the 80% confidence intervals Sampling intensity for haddock and American

of the corresponding estimates derived from theplaice during the 1987-91 and 1992-96 periods is

baseline runs. summarized in Table 2. The percentage of survey

stations sampled were comparable under both sam-

The simulation approach applied to evaluatepling schemes, and similar numbers of fish sampled

effects of sampling protocol is summarized below:in both periods for each species.

TABLE 2. Sampling intensity of haddock and American plaice for five-year time
blocks prior to and subsequent to the change in NEFSC research vessel
bottom trawl survey length-stratified age sampling protocol in 1992.

Number of stations Number of fish
Caught Sampled Caught Sampled
Georges Bank Haddock

1987 23 20 409 96
1988 26 21 249 149
1989 31 30 588 251
1990 23 23 723 246
1991 21 20 322 184
92% coverage 926 fish

1992 23 23 139 105
1993 25 25 265 153
1994 22 22 933 124
1995 19 19 796 208
1996 28 28 1827 343
100% coverage 933 fish

American plaice

1987 49 42 523 349
1988 51 50 513 360
1989 52 43 680 367
1990 57 53 818 384
1991 54 50 874 486
90% coverage 1 946 fish

1992 61 60 567 383
1993 58 58 649 363
1994 65 63 814 376
1995 67 65 1203 514
1996 65 62 954 380

97% coverage 2 016 fish
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Significantly different maturity ogives between occurred at smaller sizes in the 1987-91 period al-
the two five-year periods were obtained for femalethough at about the same rate (i.e., slope of the
Georges Bank haddock and for both sexes of Ameriegive). Estimates df.,, the median length at ma-
can plaice (Fig. 1 and 2). For haddock, maturatiorturity, was 32.5 cm for female Georges Bank had-

dock during 1987-91 and 37.5 cm during 1992-96.
For American plaice, maturation of males occurred

1.00

o
3
o

at smaller sizes in the 1992-96 period, but females
matured at greater sizes for that same period. Val-
ues ofL., for male plaice were 23.2 cm and 21.3

tively, and 28.2 cm and 29.8 cm, respectively, for

cm for the 1987-91 and 1992-96 periods respec-
/ female plaice.

Proportion Mature
o
(o)
o

/ The empirical pooled length frequency catch
and sampling distribution for each five-year period

0.25

are presented in Fig. 3 for haddock and Fig. 4 for
American plaice. Significant differences were ob-
tained in the sampled distributions between peri-

0.00
20

Fig. 1.

s %0 % 4485055 gds for each species (for haddook = 725.84,
Length (cm) p < 0.01, 54 df; for American plaic&? = 191.97,

Maturity ogives of proportions mature at Iengthp <0.01, 48 df).

(cm, and associated 95% Confidence Intervals)

for female Georges Bank haddock derived from  Figure 5a—d provides an example of the simu-

probit analyses of maturity observations col-lation results for female Georges Bank haddock.

lected during NEFSC spring research vesseThe frequency distributions and medians of esti-

bottom trawl surveys in 1987-91 (dotted line)mates ofL,, obtained from the 500 probit analyses

and 1992-96 (solid line). are plotted for each of the four simulation scenarios:
a) alternative sampling of 1987-91 data; b) baseline
run for 1987-91; c) alternative sampling of 1992—
96 data; and d) baseline run for 1992-96. Median

0.75 1

estimates from the baseline runs at each leygt
Ly, were within 0.1 cm of the corresponding values
from the original maturity ogives for each species

Proportion Mature
o
3

' / in each time period.
Figures 6-8 present simulation estimates of
L,—L,, for Georges Bank haddock and male and
Males S Females 10 -90 ) ) _
female American plaice, respectively. For haddock

(Fig. 6), all median values of proportions mature at
length generated from the alternative sampling
simulations lie within the 80% confidence interval

Fig. 2.

T s m s of the baseline runs. Median values of alternative
Length (cm) sampling become more similar to baseline values
at increasing levels of proportions mature at length.
length (cm, and associated 95% Confidenceva”ab'“_ty in the d_lstnbutlon of _estlm_ates f_or both
Intervals) for male and female American pla- alternative sampling and baseline simulations was
ice derived from probit analyses of maturity greatest at the upper and lower tails (iLg, and
observations collected during NEFSC spring Lgg) than forL.,. In no instance did the median
research vessel bottom trawl surveys in 1987—maturity estimates from the 1987-91 period over-
91 (dotted line) and 1992-96 (solid line). lap with the 80% confidence intervals from the

Maturity ogives of proportions mature at
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Fig. 3. Length frequency distributions of the total catch (solid lines) and sampled
catch (bars) of Georges Bank haddock during NEFSC spring research ves-
sel bottom trawl surveys in 1987-91 and 1992-96. Vertical lines repre-
sent length strata in the 1987-91 sampling period (see Table 1).
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Fig. 4. Length frequency distributions of the total catch (solid lines) and sampled

catch (bars) of American plaice during NEFSC spring research vessel bot-
tom trawl surveys in 1987-91 and 1992-96.Vertical lines represent length
strata in the 1987-91 sampling period (see Table 1).
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Frequency distributions (bars) and medians (symbols) of estimated length
at 10% maturity I(, ;) for female Georges Bank haddock obtained from
500 bootstrap replications of probit analyses for each of the four simu-
lation scenarios: a) alternative sampling of 1987-91 data; b) baseline
run for 1987-91; c) alternative sampling of 1992-96 data; and d) baseline
run for 1992-96.
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Fig. 6.  Simulation results for Georges Bank haddockFig.- 8. ~ Simulation results for male American plaice at
at levels ofL, g, Lyg Lgg Lys andLy, for the levels Qleo, Lo Lso Lss andLg, fo.r the four
four scenarios encompassing the periods 1987— scenarios encompassing the periods 1987-91
91 and 1992-96; horizontal bars represent the and 1992-96; horizontal bars represent the

80% confidence interval of the frequency dis-
tributions associated with each estimate (see
Fig. 6), symbols are the median values. Alter-
native sampling (closed symbol) results are po-
sitioned above baseline runs (open symbol) for
each time period (circles represent estimates each time period (circles represent estimates
for the 1987-91, squares represent estimates for the 1987-91, squares represent estimates
for 1992-96). for 1992-96).

80% confidence interval of the frequency dis-
tributions associated with each estimate (see
Fig. 6), symbols are the median values. Alter-
native sampling (closed symbol) results are po-
sitioned above baseline runs (open symbol) for

1992-96 period. This indicates that the change in

L 90+ ‘ o o, sampling scheme had no effect upon the maturity
: P estimates, and that the difference in maturation rates
2 751 S -, ‘ between the two time periods is real and not an ar-
g 1992 - 1996 . : : tifact. Similar results and conclusions were obtained
2 e - :s:. for malg and female American plaice (Fig. 7 and 8,
2> : P : respectively).
5 ; 11987 - 1991
ZiLas - S R . .
- Discussion
Lo —=%=_ The change in sampling scheme in 1992 re-

: ‘ ‘ ‘ : : : sulted in significantly different length distributions

214 16 18 20 22 24 26 28 30 32 of sampled fish after the change compared to 1987—
Length (cm) 91 period. Results from the Monte Carlo-type simu-

Fig. 7.  Simulation results for male American plaice at lations indicate no bias was introduced in deriving
levels ofL,q L, Lo Los @andLg, for the four  maturity parameters for Georges Bank haddock and
scenarios encompassing the periods 1987-91American plaice as a result of this change. How-

and 1992-96; horizontal bars represent theeyer, simulation results did identify areas in which

80% confidence interval of the frequency dis- jmnroved data collection might increase the preci-
t':ri'gug;n:y%izcl’g'::g(:hvg'me?i?;: veasiﬂgqsatil(tse?_esion of maturity analyses. Increased variability in

g ' simulation estimates fdr, , andL,, (the lower and

native sampling (closed symbol) results are po- . . -
sitioned above baseline runs (open symbol) for YUPP€r tails of the maturity ogive) suggests that ad-

each time period (circles represent estimatesditiof‘§‘| sampling bgyond that provided by Ie_ngth-
for the 1987-91, squares represent estimatestratified age sampling may provide better estimates
for 1992-96). for this portion of the ogive. Estimates &f,
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ably not affected since sex ratios for most gadoid
species are 1:1 across the size range, and growth
3] rates are similar for each sex. However, for Ameri-
can plaice, sex ratios became severely skewed to-
wards females above 30 cm (Fig. 9), suggesting that

2] for species exhibiting sexually dimorphic growth
/\ /\/’\ A k A and maturation rates sampling modifications should
oY 4 be made. Causes for the different responses between
W/VW w v _V\ W W male and female American plaice are unknown and
pose interesting scientific issues. Results of this
15 20 25 30 35 40 45 50 55 60 65 70 75 study, however, are sufficient to reject the hypoth-

esis that changes in sampling protocols are respon-

12 sible for the shifts.
American plaice

Georges Bank Haddock

Sex ratio (female: male)
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