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Abstract

During 1995 the Canadian Department of Fisheries and Oceans, Science Branch, Newfoundland Region replaced
its Engel bottom otter trawl used in groundfish surveys with a Campelen 1800 shrimp trawl. This paper presents
the results of an exercise to convert daia on American plaice (Hippoglossoides platessoides) collected using the
Engel trawl 1o Campelen equivalents. The data from a comparative fishing exercise suggested that for American
plaice <= 23 ¢m, the conversion factor should be 10.02, for fish >= 40 cm. the conversion factor should be 1.0, and
for fish between 24 and 39 em. inclusive the conversion should be defined by the equation @ In(y)= 39.958 +
(1.358]X - 41 In¢X)]. The conversion resuits in a farge increase in the number of small, young fish,

Introduction

During 1995 the Canadian Department of Fisheries and Oceans, Science Branch, Newfoundland Region replaced
its £rgel boltom otier trawl with bobbin footgear used in groundfish surveys with a Campelen 1800 shrimp trawl
using rockhopper footgear. In order 10 establish a link between the two sets of survey data, comparative fishing
trials were conducted in 1996 to develop conversion factors between the two fishing gears.  The triais were
conducted between the regular survey vessel RV Wilfred Tempieman (WT) using the new survey gear and its sister
ship RV Alfred Needler (AN) using the old survey gear. [t was assumed that there was no difference between
vessels and that the only observed differences in caich were a result of the use of the different fishing gears. Six
specics were investigated, including American plaice. '

A thorough description of the experimental design and analytical methodology can be found in Warren ot al.
(1997 and thus will not be described in defail here. The conversion factors derived are dependent on fish length,
given the different selectivities of the 2 trawls invelved. The purpose of this paper is to illustrate the results of the
conversion faciors and the impact on length and age distribution, as well as trends in stock size of A.plaice in Div,
JLNO, using the newly converted data time series. A similar analysis was conducted for several other species from
the same experiment, including cod (Stansbury 1997) and wilch flounder (Bowering and Orr 1998).

Materials and Methods

Length frequencies, standardized for lowing distance, for American plaice in NAFO Divisions 3LNO were
converted from Engel trawl cawches fo Campelen 1800 trawl calch equivalents for the years beginning in 1985,
The data converted were spring surveys in Div, 3LNO during [985-95 and fall surveys in Div. 3LNO during 1990-
94, Al subsequent surveys were actually carried oul using the Campelen 1800 trawl, The experiment most
relevant to these arvas is the WT-AN trials.  However the carlier trial between the Teleost (using an . identical
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Campclen trawl) and the Gadus Atlantica (using an Engel trawl similar 1o the one vsed in the AN-WT work) was
also examined {Warren, [996).

Results and Discussion

Development of conversion factors

The data gathered during the WT-AN experiment are so scatiered above 40 cm., with a wide range of ratios
sometimes at adjacent length groups, that the equation in this range can not be considered reliable (Fig. 1). Therc
appears to be a similar problem above this length in the Teleost-Gadus experiment as well (Fig. 1). The resulis for
American plaice in the WT-AN cxperiment are the only ones for any specics in either experiment that show a
leveling off of the ratio above 1:1 (Warren et al. 1997). The model fit gives a ratio of 1.127. However, there are
twice as many data points below the predicted line in this range as above it. - The mean ratio in the 41-67 cm range
is 1.06 and the ratio of the sums of number of fish caught over this range is 1.04.

The results from both. experiments would indicate that the upper cut off shoutd be around 40 con. Given that the
WT-AN curve is the more reliable one above 40 em, but that most of the residuals are betow the fine, and that (he
observed data would suggest a ratio closer o 1:1, we decided that the curves from both conversions should be
leveled off at 40 emoat 1:1,

Al the lower end of the curve the equation from the WT-AN rises extremely steeply (Warren et al 1997). This is
based on very low sample-size (6 fish < 17 cm caught by the Engel). Sample size docs not become at all reasonable
until the 20-21 ¢m range (26 fish caught by the Engel). This suggests a lower cut off immediately above this
length, and so to convert these smaller lengths we multiplied by the conversion for 22.5 em, the mid point of the
22-23 ¢m length grouping. Fish below thai size should not be ignored, as they were routinely caught as small as
6.5 cm in the Engel surveys, and leaving oul fish less than 20 em would eliminate a large portion of the
population. Also, because of the wide range of lengths al a given age for A. plaice, fish as old as 6 or 7 will be
affected by whatever is done with fish Iess than 20 em. We feel that it is better to make a conversion (albeit an
underestimate) than to not convert this tength group, This will result in three classes of estimates of abundance at
age: very unreliable (approximately ages 1-3), intermediate reliability (approximately ages 4-3) and good reliability
(approximately ages 6-and above). These differences in reliability wil! resull from-the variable proportions of the
population made up of fish less than 20 em in these age groups. However, these levels of reliability are probably
not much different from what they were with the Engel givén the selectivity of that trawi,

The conversion used is as follows (for fish at fength X
for 24 cm < X < 39 em use the cquation from Warren' et al. 1997 to caleulate the conversion factor:
In(y)= 39.958 + 0.358[X - 41 In(X)}]

for 23 cm < X the conversion factor is 10.02
for 40 ¢m > X the conversion factor is 1.00.

Application of conversion factors

Afler the length frequencies were converted to Campelen (rawl catch equivalents they were used in the standard
stratified analysis program, along with annual age-length keys collected for each sex and cach NAFO Division.
This provided total numbers of American plaice caught, by length and age group, per standard Campelen set (0.8
nautical mile tow distance in 15 minutes with a wing spread of 16.84 m). In a separate analysis, the length-weight
relationship used historically for the 3LNO American plaice stock (logio wi = 3.3247 logie len - 5.553) was applied
to the converted abundance at length values to obtain biomass al length, and then summed over all lengths to get
total estimated biomass in Campelen equivalents. Results of the biomass caleulalions are contained in Brodie et al.
{1998). '

For surveys conducted in Divisions 3LNO in spring 1985-97 the length data are shown in Tables la and 1b. The
impact of the conversions on the smallest lengths can be casily seen in - Fig. 2. Al lengths less than 24 ¢m, the
difference in abundance is a factor of 18.3 (10,02 conversion factor multiplied by . 1.83 swept area difference).
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When age length keys are applied 1o the converted data, the age compositions are shified toward younger fish (Fig.
3, Tables 24 and b). .

For surveys conducted in Divisions 3LNO in autumn 1990-94, the same procedure was used. However, at this time,
the converted Tength frequencies have not been transtated into numbers at age. This will be done in a subsequent
analysis. The trends in total abundance, for both the converted and unconverted data in the spring and fall serics,
are shown in Figure 4. All datasets show the decline in stock size in the early 1990°s, with the relative values
estimated for the Campelen trawl bung, y higher,
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Table 1a. Abundance index (millions) of American plaica, by tength group, from Canadian spring surveys i Diw, ALNQ. Daia_converled t9
Campelen traw! catch equivalents. ’ : C

Year
Length{cm) $985 1966 1987 1988 1989 1990 1991 1992 1893 1994 1995
45 0.5 0.4
85 0.6 11 £.4 0.4 09 1.3 N o .
85 34 20 6.1 &8 7.9 34 08 1.2 a7
10.5 44 6.4 21.0 153 119 92 68 7.2 - 28 : 08
125 12.4 12.4 198 11.8 182 234 194 48 14 1.8 1.8
14.5 252 222 296 258 25 48.5 225 209 51 54 34
18.5 L3:8] 41.2 743 505 65.6 840 §0.1 ars 11.2 39 38|
18.5 108.7 100.4 182.0 96.2 141.1 185.3 96.4 46.7 333 162 69
205 164.5 167.8 2693 186.3 2998 2638 155.9 78.1 208 395 15.9
25 2978 2734 4214 3498 408.5 418.3 255.8 1221 164.4 549 284
245 20223 2619 345 300.7 294.0 3312 196.3 86.7 1108 808 as.9
265 236.5 239.2 2818 258.1 2382 2133 1318 738 929 497 373
285 197.9 194.0 2445 2268 1951 1423 0B 54.7 730 379 34.6
305 1700 173.8 2211 195.8 158.7 1042 857 40.2 488 29.5 220
325 158.5 1571 1847 171.8 1449 804 48.5 306 39.9 224 18.5
345 132.2 133.8 158.1 142.9 122.3 74.8 3.8 203 268 17.3 133
365 1157 107.4 125.5 114.9 1.8 Bte 29.0 14.5 18.9 1.8 91
285 100.7 66.9 96.0 81.0 8.7 47 9 221 15 141 8.2 7.4
405 B2.5 68.9 895 725 54.5 k1] 17.2 6.8 8.0 8.1 5.5
42.5 897 552 60.9 589 48.0 308 15.3 79 7.0 4.6 43
445 583 43.2 48.2 47.1 k18] 248 14.2 80 T 48 4.0 25
48.5 433 3.7 35.1 380 215 214 11.3 53 38 21 15
46.5 323 2318 Ty 259 221 153 g2 X ] Al 12 0.8
50.5 238 186 189 18.8 15.1 111 57 20 20 11 08
525 17.2 122 13.6 128 1.1 8.0 49 1€ 1.5 04 04
54.5 1.5 89 10.0 10.0 8.4 5.4 34 1.8 1.0 08 0.4
56.5 9.1 6.8 7.5 6.8 8.2 49 30 1.1 08 4 X:] 04
58.5 es 49 55 49 4.5 4.4 22 1.1 0.5 03 az
80.5 50 3.4 43 3.2 az 28 15 a7 0.5 03 00
625 a5 21 3.3 22 23 2.3 10 05 04 04 0.1
845 25 19 2.0 18 1.8 1.8 09 0.6 03 02
86,5 1.3 11 15 10 1.3 1.0 05 0.4 0.2 0.0 i DO
68.5 o8 03 08 05 0.8 07 as 02 8.0 0.0
705 0.3 03 0.3 02 0.3 0.2 0.2 0.0 o1
725 032 01 0.2 090 0.1 91 0.1 0.2 0.0
74.5 0.2 0.1 0.1 [+ ]+] 0.1 0.1 00 ag 00
76.5 0.1 ] 0.0 01.
78.5 0.0 .0
Total 2444.6 2263.6 A0Z0.6 2554.2 25516 2273.3 13326 685.9 767.2 391.5 261.2]

Table 1b. Abundance index {millions) of American plaice, by length group, from Canadian spring surveys in Div. 3LNO. Data in Engel units. J

. Year -
Length {cm 1885 1988 1987 1988 1989 1990 1881 1592 4893 1984 1995
4.5 0.0 0o 00 0.0 0.0 00 0.0 00 0.0 0.0 .o
£.5 o0 00 0.1 0.0 .0 040 [} 00 0.0 00 0.0
a5 02 0.1 0.3 04 +X) Q2 0.0 01 00 9.0 0.0
10.5 0.2 0.4 1.1 08 08 a5 0.4 0.4 02 0.0 0.0
12.5 0.7 07 1.1 08 5] 1.3 11 0.3 01 0.1 01
14.5 14 12 1.6 14 12 2.6 13 1.1 03 03 02
18.5 3.2 22 4.1 28 36 48 3.5 2.0 X3 02 Q.2
185 60 55 88 52 Ty 101 56 25 18 08 0.4
205 9.0 - 92 18.3 10.2 14.3 14.4 8.8 41 50 z2 0.9
225 18.2 14.9 230 18.1 222 228 14.3 6.7 2.0 35 1.8
24.5 270 242 ok} 2886 27.0 306 18.4 7.8 10.2 5.5 38
28.5 338 342 418 37.0 341 305 189 104 13.2 7.0 52
28.5 404 98 50.0 46.2 3928 29.¢ 188 1.0 148 7.8 8.9
30.5 46.3 473 60.1 §3.2 429 283 18.2 1.0 12.7 80 8.0
a5 518 S21° 846 §7.2 478 297 16.0 8.8 131 71 63
345 52.2 830 -62.8 56.4 48.2 208 15.1 g5 10.6 71 55
36.5 51.8 48.2 580 513 447 274 138 69 2.0 57 43
38.5 48.4 4286 481 436 s 234 11.4 55 7.2 4.7 38
40.5 45.0 38.5 379 395 268 98 9.4 5.4 4.9 33 a0
42.5 36.0 30.1 31 1.0 281 16.8 85 4.3 38 25 24
44.5 307 238 26.3 257 201 13.4 81 33 28 22 1.4
48.5 23.6 17.2 18.2 19.7 15.0 1.7 83 29 1.9 12 o8
48.5 176 13.0 5.1 14.2 1290 84 5.4 20 17 08 0.5
805 13.0 102 10.3 10.3 B2 6.1 3.2 1.1 11 086 05
825 g4 68 7.4 7.4 -2 4.4 27 0.9 0.8 0.2 0z
54.5 83 49 55 54 4.4 25 20 REH o6 0.5 0.z
58.5 5.0 37 4.1 36 3.4 2.7 17 X3 [+X] 0.4 a.z
585 36 27 30 27 2.4 2.4 12 0.6 0.3 0.2 LA
805 27 1.8 24 1.7 17 1.4 09 0.4 03 0.2 0.0
625 1.9 1.2 18 1.2 1.2 13 0.5 0z 02 0.2 ¢.0
64.5 14 10 1.4 0.8 18 0.8 0.5 03 02 0.1 0.0
&85 0.7 0.8 a8 08 o7 06 03 2.2 [} 2.0 0.0
685 04 0.2 05 03 0.4 G4 03 &1 0.0 ©.0 08
0.8 02 2] 0z 01 0.2 1 a1 c.0 0.1 0.0
725 01 *RY] o1 00 0.1 00 0.1 o1 0.0 09
745 01 0.0 0.0 00 Q0.0 0.1 0.0 00 0.0
76.5 0.0 0o 0.0 0c 0.0 o]
78.5 0.0 2.0 0.0
Total 588.4 5$20.1 635.3 §78.2 507.4 378.2 216.2 111.8 126.7 72.2 54.3




Table 2a. Abundance index (millions) of American plaice, by age, from Canadian spring surveys in Div. 3LNO.

Data converted to Campelen trawl catch equivalents.

Year
Age (yrs) 1885 1986 1987 1988 1989 1980 1991 1892 1983 1994 1995
0
1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 23 4.4 27.9 85 6.2 97 1.7 45 24 0.0 0.0
3 50.2 31.3 1007 80.4 86.8 45.5 306 33.5 9.5 25 2.0
4| 159.0 1088 2216 1913 4451 3483 84.1 598 1205 214 1.1
5/ 2638 2560 4602 3686 3361 6187 3982 1103 1381 99.2 41.9
6| 4546 5614 7475 6166 5518 3779 3642 1801 1801 1060 57.5
7| 5857 5772 6562 5439 4702 371.0 1802 1509 16041 854 59.9
8| 3898 307.1 398.3 - 3150 2737 2003 1129 63.4 89.4 433 499
9| 2080 1937 18486 2178 1876 1305 67.5 341 322 20.0 275
10 140.2 ge1 101 853 747 77.5 352 17.5 16.5 5.4 8.3
i1 843 46.0 418 48.6 39.8 324 223 9.4 7.6 4.0 2.7
12 452 344 33.8 326 271 215 13.4 54 43 1.4 05
13 22.7 217 199 18.7 16.8 14.4 7.2 33 1.8 1.2 0.1
14 14.0 89 111 2.0 9.7 8.8 5.5 1.8 13 1.0 0.0
15 9.5 73 8.9 8.7 86 7.0 55 3.0 1.5 0.5 0.0
16 4.2 38 42 4.8 4.0 4.2 22 1.6 0.8 0.3 0.0
17 6.9 21 1.9 1.6 2.5 26 1.3 03 0.6 0.0 0.0
18 0.1 0.6 0.9 0.8 08 09 07 0.5 0.1 0.0 0.0
19 0.0 0.1 0.2 0.1 0.2 0.3 0.2 0.1 0.1 0.0 0.0
Ages 1+ | 24445 22638 30209 25553 25418 22715 13330 689.7 7670 3913 2615
Ages 6+ | 19691 1862.2 22105 19065 16675 12492 8183 4816 4965 2684 2065
Ages 9+ 5291 4166 4086 4310 371.8 300t 1611 771 66.9 337 39.2
(Ages 12+ 96.6 78.9 81.0 79.3 69.7 59.7 36.1 16.0 10.5 4.4 0.7
Table 2b. Abundance index {millions) of American plaice, by age, from spring surveys in Div. 3LNO. Data in
Engal units.
. Year
Age(yrs) 1985 1986 1987 1988 1989 1950 1991 1992 1993 1994 1995
0
1 0.1 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 0.1 03 1.5 0.5 04 0.3 0.1 0.3 0.1 0.0 0.0
3 27 1.6 54 4.2 4.8 2.3 1.7 1.8 0.5 0.1 0.1
4 11.2 6.8 13.0 1.7 26.1 19.8 4.8 34 7.8 1.2 0.8
5 221 17.5 285 275 26.4 48.3 271 7.0 10.8 76 48
6 45.5 55.5 74.2 69.4 68.5 356 397 19.3 19.4 13.1 9.2
7] 1039 12041 1471 1247 987 601+ 305 23.9 281 174 11.6
8| 1257 1132 1522 1216 1058  63.2 30.9 181 274 15.8 13.2
9 94.1 93.0 922 1065 84.5 593 29.4 14.8 14.4 9.5 9.3
10 71.9 52.8 55.2 46.5 3786 40.7 18.5 9.2 87 3.0 38
1 446 25.1 228 266 20.0 17.8 12.2 51 4.1 21 1.2
12 242 18.8 184 - 17.7 14.0 1.7 7.4 29 23 0.8 0.3
13 12.4 11.8 10.8 10.2 84 7.7 . 40 - 1.7 1.0- 06 0.1
14 77 4.9 6.0 6.5 5.1 4.7 3.0 0.9 0.7 0.5 0.0
15 5.3 39 4.4 42 46 33 21 1.3 0.4 0.3 0.0
16 26 2.1 2.3 28 2.2 23 1.3 0.9 05 0.1 0.0
17 06 1.1 1.0 0.9 1.3 1.4 0.7 cA1 0.3 0.0 0.0
18 0.2 0.3 0.6 05 0.5 0.5 0.3 0.3 a1 0.0 0.0
19 0.1 02 02 0.2 0.1 0.1 0.2 0.1 0.1 0.0 0.0
Ages 1+ 6750 5290 636.0 5790 509.0 379.0 -2140 1111 1287 72.2 542
Ages 6+ 5388 5028 5873 5352 4513 3085 1802 986 1075 63.2 48.5
Ages 9+ 2637 2140 2139 2225 1783 1495 78.1 373 32,6 16.9 14.5
Ages 12+ 53.1 431 437 42.9 36.3 3.7 19.1 8.2 5.4 23 04
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Figure 4. Abundance index for ages 1+ for Engel and Campelen equivalents.
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