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Abstract

Biclogical sampling of fish during rescarch vessel survey cruises is often conducted using length-stratified age sampling
schemes. Maturity analyses may be affected by changes in sampling protocols, and may potentially vesult in biased estimates of
maturation patterns. [n such cases, these estimates may be artifacts of the sampling activities and not accurate cstimators of stock
dynamics.

In 1992, the Northeast Fisherigs Science Center modified the length-stratified age sampling protocol used during research vessel
bottom trawl surveys conducted semi-annually since the 1960s. 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 analyses has been performed.

In this study, potential effects of chunges in sampling protocol were assessed for two groundfish species, haddock
(Melanogrammus aeglefinus) and American plaice (Hippoglossoides platessoides). Over 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 further complicated by the 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.

Introduction

Biological sampling of fish during research vessel survey cruises is often accomplished using by length-stratified age sampling
schemes. These schemes are designed to derive satisfactory relationships between length and age, but may not always produce data
suitable for estimation of other population parameters such as growth or maturation rates (Armstrong and llardia, 1986; Anon., 1994;
Morgan and Hoenig, 1997). Moreover, changes in protocols during a sampling time series may potentially result in biased estimates
of poputation 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-stratitied sampling protocol used during research
vessel bottom trawl surveys conducted since 1963, Prior to 1992, target numbers of fish to be sampled within broad (several cm)
length strata were specified for each 6-hour watch of the survey cruise. In 1992, the sampling procedure was revised to sampling
one fish at cach cm interval per tow (Table ). While demonstrable gains in the precision of age-length keys for various species
have been obtained (NEFSC, 1992) with the new protocols, no systematic evaluation of the cffects of the sampling change on
maturity analyses has been performed.

In this study, the eftects of the 1992 change in sampling protocol in estimating maturity parameters for two groundfish species,
haddock (Melanogrammus aeglefinus) and American plaice (Hippoglossoides platessoides) were assessed. A Monte Carlo-type
simulation model was developed which allowed re-sampling of survey catches of these species prior to 1992 using the post-1992
sampling scheme, and vice versa. The ctfects of the two sampling schemes were then compared using the simulated estimates of
maturity at length versus those obtained empirically.

Methods

NEFSC research vessel bottom trawl survey data from [987-1996 were examined for cases in which changes in length-stratified
age sampling in 1992 might have resulted in biased maturity estimates for certain species. The evaluation involved two
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considerations: 1) situations in which length strata in the pre-1992 sampling scheme were relatively broad, and 2) of these, length
strata which cncompassed the critical size range associated with the onset of maturation. Two species, Genrges Bank haddock and
American plaice were selected for examination. Georges Bank haddock was chosen hecause the pre-1992 length stratum of 26-30
cm was relatively wide and encompassed fish sizes for which observed propottions mature ranged between 30 and 100% (O'Brien
etal., 1993). American plaice was sclected because it exhibits dimorphic growth and maturation rates; males maturc at a smalier
size and younger age then females (O'Brien e af., 1993),

Following the recommendation of Halliday (1987) to assess size and age at maturation using data collected prior and close o
the time of spawning, maturity data for both species were derived from NEFSC spring bottom trawl surveys, pooled into ihe five-year
blocks 1987-199] and 1992-1996 (representing equal years of data collection under each sampling scheme). Probit analysis (Finney,
1971) of proportions mature at length were used to derive maturity ogives and associated 95% confidence intervals for female
haddock and male and female American plaice for each study peried.

To evaluate whether the 1992 c¢hange in sampling protecol resulted in differing sampling distributions, the frequency
distribution of fish sampled at each centimeter in the two tive-year block of pooled data were compared using Chi-square analysis
{Sokal and Rohlf, [981). The expected distribution of the 1992-1996 period was derived by multiplying the ohserved proportions
sampled at length in 1987-1991 by the estimated total numbers caught at length. The null hypothesis in this procedure is that the
realized sampled in 1992-1996 is equivalent to what would have been sampled under the 1987-1991 sampling protocol.

A Monte Carlo-type simulation model was constructed to evaluate the effects of the sampling protocols on maturation analyses
for each species. Numbers of fish at length were drawn from each of the pooled five-year blocks of catch at length data using the
sampling protocol associated with the opposite five-year period, i.e. altemative sampling.  The maturity status of each sampled fish
was considered as the outcome of @ Bernoulli trial in which the underlying probability of being mature was derived from a probit
analysis ot the original sampled data. Probit analysis was applied to each simulated data set and the process was repeated 500 times
for cach comparison.” The primary statistics of interest were the estimated lengths at which 10, 25, 50, 75, and 90% of the population
was mature (i.e. Ly, Lys, Ly, Ly, and Ly, ), respectively. Frequency distributions and associated median values of maturity estimates
corresponding t0 Ly, Ly, Lgy, Ly, and Ly, were plotted. The procedure was also repeated using the sampling protocol and maturity
probability distribution from the same five-year block; the two runs therefore constituted a baseline of maturity estimates for cach
period. The simulation approach is summarized below; the model sequence is illustrated in Fig. 1. Median values of maturity
estimates obtained fram alternative sampling were then evaluated with respect to the 80% confidence intervals of the corresponding
estimates derived from the baseline runs. '

Simulation approach:

Sampling scheme

Maturity data 1987-1991 1992-1996
1987-1991 Baseling Alternative
1992-1996 Alternative Bascline

where maturity data is the proportion mature at length and the sampling scheme is the number of fish sampled at length in cach time
block.

Results

Sampling intensity for haddock and American plaice during the 1987-1991 and 1992-1996 periods is summarized in Table 2.
The percentage of survey stations sampled was comparable under both sampling schemes, and similar numbers of fish sampled in
both periods for each specics.

Significantly different maturity ogives between the two five-year periods werc obtained for female haddock and for both sexes
of American plaice (Fig. 2 and 3). For haddock, maturation occurred at smaller sizes in the 1987-1991 period although at about the
same rate {L¢. slope of the ogive). Estimates of Ly, the median length at maturity, was 32.5 cm for female haddock during 1987-
1991 and 37.5 cm during 1992-1996 (Table 3). For American plaice, maturation of males occurred at smaller sizes in the 1992-1996
period, but females matured at greater sizes for that same period. Values of Ly, for male plaice were 23.2 em and 21.3 em for the
1987-1991 and 1992-1996 periods respectively, and 28.2 cm and 29.8 em, respectively, tor female plaice (Tables 4 and 3).

The empiricat pooled length frequency catch and sampling distribution for each study period are presented in Fig. 4 for haddock
and Fig. 5 for American plaice. Significant differences were obtained in the sampled distributions between periods for each species

(for haddock, ¢* = 725.84, p < 0.01, 54 df; for American plaice, ¢ = 191.97, p<0.01, 48 db).

Figure 6a-d provides an example of the simulation results for female Georges Bank haddock. The frequency distributions and
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medians of estimates of L, obtained from the 500 probit analyses are plotted tor each of the four simulation scenarios: a) bascline
run for 1987-1991; b) alternative sampling of 1987-1991 data; ¢) baseline run tor 1992- 1996; and d) alternative sampling of 1992-
1996 data. Median estimates from the baseline runs at cach level L, - Lyg were within 0.1 ¢m of the corresponding values from the
original maturity ogives for each species in each time period.

Figures 7-9 present simulation estimates of  Lyy-Ly, for haddock and male and female American plaice, respectively. For
haddock (Fig. 7), all median values of proportions mature at length generated from the alternative sampling simulations lie within
the 80% confidence interval of the baseline runs, Median values of alternative sampling become more similar to baseline values at
increasing levels of proportions mature at length. The variability in the distribution of estimates for both alternative sampling and
baseline simulations was greatest at the upper and lower tails (i.e., L, and Lgy) than for Ly, In no instance did the median maturity
estimates from the 1987-1991 period overiap with the 80% confidence intervals from the 1992-1996 period. This indicates that the
change in sampling scheme had no effect upon the maturity estinates, and that the difference in maturation rates between the two
time periods is real and not an atrifuct. Similar results and conclusions were obtained for male and femate American plaice (Figures
§ and 9, respectively). ’ '

Discussion

In spite of significantly different length distributions of sampled fish in F987-1991 vs. 1992-1996 due to a change in sampling
protocol implemented in 1992 in the NEFSC bottom traw] surveys, results from the Monte Carlo-type simulations indicate no bias
was introduced in deriving maturity parameters for haddock and American plaice. However, simulation results did identify arcas
in which improved data collection might increase the precision of maturity analyses. The observation of increased variubility in
simulation estimates for L,y and Ly, (the lower and upper tails of the maturity ogive) is one such example; additional sampling beyond
that provided by length-stratified age sampling is a possible solution to better estimate this pertion of the ogive. On the other hand,
estimates of Ly, appearcd to be extremely robust with respect to the sampling scheme used, suggesting that this important parameter
is well-established in the population and less susceptible to the vagaries of sampling than the upper and lower tail regions,

This study did not address the effect of length-stratified age sampling on maturity at age (see Morgan and Hoenig, 1997), or
the sex ratios of sampled fish effecting maturity parameters. In both the pre-1992 and post-1992 NEFSC sampling schemes, the sex
of an individual fish is not determined until after the fish has been selected for sampling. In this study, results for haddock were
probably not affected since sex ratios for most gadoid species are 1:1 across the size range, and growth rates are similar fur cach sex.
However, for American plaice, sex ratios became severely skewed towards females above 30 em (Fig. 10), suggesting that for species
exhibiting sexually dimeorphic growth and maturation rates sampling modifications should be made. -Cuauses for the different
responscs between male and female American plaice are unknown and pose interesting scientific issues. Results of this study,
however, are sufficient to reject the hypothesis that changes in sampling protocols are responsible for the shitts.
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Table 1. Sampling protocols for length-stratified age sampling of haddock and American
plaice used during NEFSC research vessel bottom trawl surveys from 1963-1991
and [992-present.

Pre-1992 Post-1992
per 6 hour watch per tow
Haddock <8cm 10 fish | fish per ¢cm

9-25¢m 5 fish.
26-50 em 15 fish
>50¢em 45 fish

American plaice <20cm  all fish I fish per cm
21-30cm 15 fish
31-40 em 25 fish
>40cm 20 fish

Table 2. Sampiing intensity of haddock and American plaice for five-year time blocks prior 1o 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 Sampted
Georges Bank Haddock

1987 23 20 409 96
1988 26 21 249 149
1989 31 30 388 251
1990 23 23 723 246
1991 21 20 322 184

91% coverage 926 fish
1992 23 23 139 105
1993 25 25 265 153
1994 22 22 933 124
1995 i9 19 796 208
1996 28 28 1827 3443

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

0% 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




Table 3. Estimates of proportions mature at length {em) for female Georges Bank haddock ebtained from
probit analysis of maturity observations collected during NEFSC research vessel spring bottom trawl
surveys for the periods 1987-1991 and 1992-1996 (with associated 95% Confidence Intervals).

1987 - 1991 period 1992 - 1996 period
95% Limits 95% Limits
Probability Length  Lower  Upper Probability Length  Lower Upper
0.01 21.27 1592 2447 0.01 2636 2263 2882
0.02 2258 17.68 25,53 0.02 27.66 2427 299%
0.03 23.41 18.79  26.20 0.03 28.49 25.31 30.61
0.04 24.04 1963 2671 0.04 29.11 2009 3113
0.05 2455 2031 2712 0.05 2962 2673 31.56
0.06 2498 2089 2747 0.06 30,05 2727 3192
0.07 2536 2039 27.78 0.07 30.42 2774 3224
0.08 2570 2185 28.06 0.08 30,76 2816 32.53
0.09 26.01 2226 2831 0.09 31.07 2855 31279
0.10 2629 22.64 28355 010 3135 2890  33.03
0.15 2747 2420 29.52 0.15 3252 3035 34.03
0.20 28.41 2544 30.29 0.20 3345 3150 3484
0.23 29.21 26.49 3097 0.25 3435 3248  35.54
0.30 2093 2743 31.58 0.30 3497 3335 3618
0.33 30.60 2829 3215 (.35 3564 3.4 3678
0.40 31.23 0 2940 32,70 0.40 3627 3489 3735
0.45 31.85 2988 3324 0.45 36.88 3560 37.92
0.50 3245 3064 3379 0.50 3748 36.28  38.50
0.55 33.06 3138 3434 0.53 38.08 3696  39.09
0.60 3367 3202 3492 0.60 3869 3762 3970
(.65 3431 3287 3554 0.65 3932 3829 4035
0.70 3498 3363 36.21 0.70 3998 3898 41.06
0.75 3570 3442 3697 0.75 40.70 39.69 41385
0.80 36,50 3527 3785 0.80 41.50 4046 4276
0.85 3743 3620 3893 0.85 4243 4133 43384
0.90 38.62 3732 4034 (.90 43.60 4239 4524
0.91 3890  37.58  40.69 0.91 4389 4264 4538
0.92 39.21 37.86  41.08 0.92 4419 4291 4596
0.93 3955 3816 41.50 0.93 44,53 4321 46.37
00.94 3993 3850 41.98 0.94 4491  43.54  46.83
0.95 40.36 3888 4253 0.95 4534 4392 4736
0.96 40.87 3932 4319 0.96 4585 4435 4798
0.97 41.50 39.86 4399 0.97 4647 4489 4875
0.98 42.33 40.56  45.08 0.98 47.30 4560 4978

0.99 43.64 41.65 46.80 0.99 48.60 4670 5141
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Table 4.  Estimates of proportions mature at length {cm) for male American plaice obtained from
probit analysis of maturity observations collected during NEFSC research vessel spring
bottom trawl surveys for the periods 1987-1991 and 1992-1996 (with associated 95%
Confidence Intervals).

1087 - 1991 period 1992 - 1996 period
95% Limits 95% Limits
Probability Length  Lower  Upper Probability Length  Lower  Upper
0.01 13.60 11.59  15.1] 0.01 9.81 793 11.32
0.02 14.73 1291 16.09 0.02 11.15 944 1253
0.03 15.44 1375 16.72 0.03 12.00 1039 1330
0.04 15.98 1437 17.19 0.04 12.64 11.11 13.87
0.05 16.42 14,88  [7.58 0.05 [3.16 11,76 14.35
0.06 16.79 1532 £7.91 0.06 1361 12,19 14,75
0.07 17.11 1569  18.20 0.07 13.99 12.63 15.11
0.08 17.40 16.03  18.46 0.08 14,34 13.02 1542
0.09 17.67 16.34  18.69 0.09 14.66 13.37  15.70
0.10 17.91 16.62 18.9] 0.10 14.95 1370 15.97
0.15 18.93 1779 19.82 0.15 1616 1504 17.07
0.20 19.73 18.71  20.55 0.20 17.11 1611 1795
0.25 2042 19.49  21.19 0.25 17.94 17.02  18.71
0.30 21.04 20,18 21.76 0.30 18.68 17.83 19.39
0.35 21.61 20.81 2231 (.35 19.36 18.58  20.03
0.40 22,16 2140 2283 .40 20.01 1928  20.64
0.45 2268 2197 2335 0.45 20.64 19.96  21.24
0.50 2320 2251 2387 0.50 2126 2062 21.84
0.55 2372 2305 2439 0.55 2187 2127 2244
0.60 24.25 2358 24.94 0.60 22.50 2192 2306
0.65 2479 2412 2352 0.65 2305 2259 2371
0.70 2536 2468 26.14 0.70 2384 2328 244
0.75 2598 2527 26.82 0.75 24,57 24.01 25.17
0.80 26.67 2592 27.5% 0.80 2540 2481  26.04
0.85 2748 26.66  28.49 0.85 26.35 2573 27.07
.90 2849 2758 29.64 ’ 0.90 27.56  26.86 2838
0.91 2873 2780 2992 0.91 2785 2713 2870
0.92 2899  28.04 30.23 0.92 28,17 2743 2905
0.93 29.29 28.30  30.57 0.93 28.52 2775 2943
0.94 29.61 28.59  30.94 0.94 2891 2812 29386
0.95 29.99 28,92 3137 0.95 2935 2852 3035
0.96 3042 2931 31.88 0.96 29.87 28.99  30.93
0.97 3096 2979 3251 0.97 30.51 29.58  31.64
0.98 367 3042 3334 0.98 31.36 3036 3259

0.99 3280 3140 3466 0.99 3270 3158 34.09
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Table 5. Lstimates of proportions mature at length (cm} for female American plaice obtained from
probit analysis of maturily ebservations collected during NEFSC spring research vessel
bottom traw! surveys for the periods 1987-1991 and 1992-1996 (with associated 93%
Confidence [ntervals).

1987 - 1991 period _ ‘1992 - 1996 period

95% Limits ] . 95% Limits
Probability Length Lower Upper Probability  Length  Lower Upper
0.01 1982 1841 2093 0.01 2182 2049  22.87
0.02 2080 1953 21.82 .02 2276 21.56 2371
0.03 2143 2023 2238 0.03 2335 2223 44
0.04 2190 2077 22.81 C0.04 23.80 2274 24.65
0.05 2228  21.20 23.15 0.05 24.16 2345 2497
0.06 22.61 2156 2345 0.06 2447 2350 2525
0.07 . 2289 2189 2371 8.07 2474 2381 2550
008 2315 2217 2394 0.08 2499 2408 2572
0.09 2338 2243 2415 009 2521 2433 2592,
0.10 2359 2267 2435 0.10 T2541 2456 26.11
015 2448 2366 2516 C0157 2626 2550 26.88
0.20 25.18 2444 25381 0.20 2693 2624 27.50
0.23 2579 2511 2637 0.25 27.51 2688  28.03
0.30 2633 2570 2688 0.30 28.02 2744 2852
0.35 2683 2625 .27.36 0.35 28.50 2796 2897 .
040 2731 2676 2782 0.40 2895 2844 2941
0.45 . 2777 2725 2826 045 2939 2891 29.84
050 2823 2772 2871 0.50 2082 2936 30.27
0.55 2868 2819 29.17 0.55 3025 2980 30.70
0.60 2914 28.66  29.64 0.60 30.69 3024 3115
0.65 2962  29.14  30.13 0.65 315 30,69 3163
0.70 30012 29.63  30.66 .70 3162 36 3213
0.75 3067 3006 3123 0.75 3214 3165 3268
.80 3127 3073 31.88 0.80 3272 3220 3331
0.85 3197 3140 3265 0.85 3339 3283 34.04
090 . 3286 3222 3363 . 0.90 3423 3361 3498
0.91 33.07 3242 3386 0.91 3443 3380 3521
092 3331 3263 34.12 0.92 3465 3399 3545
0.93 33.56  32.87 3441 0.93 3490 3422 3573
0.94 3385 3313 342 0.94 3547 3447 3603
0.95 T34.017 3343 35.09 0.95 3548 3475 3638
0.96 3456 33.78 3552 ’ 0.96 3584 3508  36.79
0.97 3503 3420 3605 0.97 3629 3548 3729
0.98 3565 3477 36.73 0.98 36.88 3602 3797

0.99 3664 3566 37.86 0.99 37.82 3686  39.03
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Fig. 1. Sequence of operations within the Monte Carlo-type simulation model used in this study, in
which observed length frequencies of sampled fish were iteratively re-sampled to generate
simulated maturity data for re-analysis and comparison.
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Fig. 2. Maturity ogives of proportions mature at length (¢m, and associated 95% Confidence Intervals)
for fernale haddock on Georges Bank derived from probit analysis of maturity observations

collected during NEFSC spring research vessel bottom trawl surveys in 1987-1991 (dashed line)
and [992-1996 (solid line).
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Fig. 3. Maturity ogives of proportions mature at length (cm, and associated 95% Confidence Intervals)

for male and female American plaice derived from probit analysis of maturity observations
cotlected during NEFSC spring research vessel bottom trawl surveys in 1987-1991 (dashed line)

and 1992-1996 (solid line).
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Fig. 5. Length frequency distributions of the total catch (solid lines) and sampled fish (bars) of
American plaice during NEFSC spring research vessel bottom trawl surveys in [987-1991 and

1992-1996.Vertical lines represent divisions between length strata in the 1987-1991 period (see
Table 1). , : *




\

35

- 13 -

30
25 |
20 -
15 |
10 -

Frequency

50 -
40
30
20
10

Frequency

|

1987-1991 samplmg
with
1987-1991 maturity data

|
- . ,
il 1992-1996 sampling
[ with
il 1987-1991 maturity data

30
25 |
20 -

Frequency

10 -

30 -
25 4
20
15 -
10 -
5 .

Frequency

15 4

01

with

1992-1996 maturity data |

1992-1996 samphng N

B 111111 P

1987-1991 sampllng i

with

1992-1996 maturlty data It

il rﬂﬂﬂ g

24 26 26 27 28 29 30 31 32 33 éﬁ 35

L 10

(A)

(C)
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1996; and d) alternative sampling of 1992-1996 data.
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, Fig. 7. Simulation results for haddock at levels of L1, L.25, L5q, L.75, and Lgg for the four scenarios
encompassing the periods 1987-1991 and 1992-1996; horizontal bars represent the 80%
confidence interval of the frequency distributions associated with each estimate (see Fig. 6),
circles represent median values, with alternative sampling (closed circles) results positioned
above baseline runs (open circles) for each time period,
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Fig. 8. Simulation results for male American plaice at levels of L, L25, L5p, L75, and Lgg for the
four scenarios encompassing the periods 1987-1991 and 1992-1996; horizontal bars represent the
80% confidence interval of the frequency distributions associated with each estimate (see Fig. 6),
circles represent median values, with alternative sampling (closed circles) results positioned
above baseline runs (open circles) for each time period.
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Fig. 9. Simulation results for female American plaice at levels of L, L25, Lsg, L75, and Lgg for the
four scenarios encompassing the periods 1987-1991 and 1992-1996; horizontal bars represent the
80% confidence interval of the frequency distributions associated with each estimate (see Fig. 6),
_ circles represent median values, with alternative sampling (closed circles) results positioned
above baseline runs (open circles) for each time period.
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Fig. 10. Sex ratios (females : males) observed in this study for haddock and American plaice sampled
during NEFSC bottom trawl surveys in 1987-1991 (dashed line) and 1992-1996 (solid line).
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