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ABSTRACT

Dllring [982-04. a dramatic decline of the American plaice stock off West Greenland in abundance and
biomass by 85% and 94% was cbscrved. respectively. Umil 1987, the survey indices were found to vary at a
high fevel. In 1988, the decline of both abundance and biomass was most pronounced and the following ;‘)eriod
until 1990 is characlerized by nearly continuous and dramatic losses. Since 1990, the stock lncked any signs of
recovery. The recently depleted status of the American plaice stock off West Greentand s reflected by
stgnificant fish size reductions from 28 1¢m in 1982 1o 20 3cm in 1990 remaining relatively constant at that
tow level sinee then. During 1990-94. small fish (15-18%cm) have dominated the slock population while a
regularely reappering peak around 30cm was not abscrved any longer. 81% of the abundance and 84% of (he
biomass were distribuied in shallow strata {<200m). A trend of decrcasing lish size with increasing latitude
suggests the existence of nursery grounds in the northern arca off West Greenland. A length-weight relation is
given,

Bascd on a linear cotrelation and regression analysis between stock biomass and the abundance of smali fish
(<=10cim) three vears later, & stock recovery in the near futurc seems untikely becavse of low recruitment being
expected from the extremely low stock biomass in 19921994,

INTRODUCTION

Based on annual groundlish surveys comumenced in 1982 American plaice was lound to be the second
dominaling species of the demersal fish assemblage off West Greenland and has undergone dramatic changes
in abundance and biomass. There are controverse discussions about the effects of climatic conditions and
fishing cflort and their weight us controliing factors of population dynamics {Riitz 1994; Stein and Messtlor(T.
1990, Buch and Hansen, 198%).

Significant reductions of the abundance and biomass of some ccologically and cconomically important fish
species off West Greenland. i.c. cod ((aduy morkua), golden and bouked redfish (Sehastes marinus, 5.
mentelia), Atlantic and spotted wollTish (Anarkichay fupus, :1. minory and starry skate (Raja radiata), may be
related 1o the same general causes. Furthermore, it is evident thal other American plaice stocks in the
Northwest Atlantic have collapsed recently, eg in Division 3M (Zamarro. 1991, Morosova, 1991; De
Ciardenas and Godinho. 1994) and in Divisions 3LNO (Brodie, 1990, Brodie. Morgan and Power, 1994). For
these two American plaice slocks, the existence of a distribution pattern has also been reported {Walsh, 1989,
1990, 1994; Walsh and Brodie, 1987, Brodic and Bowering. 1992). In this context. the paper prescnts changes
in stock abundance, biomass. distribution and length siructure for American plaice off West Greenland (NAFO
Div. 1B-1F, 0-400m depth).

MATERIALS AND METHODS

Analysis ol the stock abundance and biomass indices arc bascd on data derived from annual groundfish surveys
cslablished in 1982, The stratsficd-random surveys covered the shelf arca and contincatat slope oflf West
Greenland (NAFO Div. [B-1F. south of 67°N) outside the 3-mile Jimit to the 400m ischath, The autumn scason
was chosen [or 1he survey because of favourable weather and ice conditions.

The area of investigation is divided in 4 geographic strata, which asc represented in Figure | Each of these 4
strata was subdivided into 2 strata according 1o the bathymctry: shallow strata (0-200m) and decp strata {(201-
400}, Table 1 specifics names of the ¥ resulting strata, their boundarics. depth zones and arcas.

The standard gear used was-the 140-feet bottem (rawd with 22m horizomal net opening. This trawl was rigged
with a heavy ground gear and cquipped with a smali mesh liner inside the cod end. Standard towing required
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30 minutes and 4.5 knots were aimed as the towing speed. I case of net damage or hangup before 15 minutes
towing time, the haul was rejected from cvaluation. [n 1987 and 1988, some hauls were ol excluded although
their towing lime was intentionaily reduced 1o 10 minutes due (o large catches being expected from races of the
ccho sounder,

The suneys were primarily designed for the assessment of cod (Cadis morkuay. The applicd stralegy was (o
distribute the sampling effort according both to the stratum areas and to cod abundance. Conscquently, fifty per
cent of the hauls were allocated proportionally 10 strals by stratum area while the other fifty per cent were
apportioned en the basis of revicew of the histerical mean cod abundance/nn’. Hanis were randomly distributed
within trawlablc areas of the strata. Numbers of valid hauls per stratum are lisied in Table 2. The main feature
ol cffort distribution shown in this (abic is the high umber of tows allocated in shatlow steata 1.1, 2.1, 3.1 and
4.1{0-200m). The deep strata 1.2. 2.2, 3.2 and 4.2 (201-400m} arc characterized by extremely rough trawling
grounds. Since 1992, the effort has been reduced significantly (30%) duc to technical rcasons and a
combination of West and East Greenland surveys.

Catch number and weight of American plaice (Hippoglossoides platessoices Fabricius. 1780% were recorded.
Total lengths measurcments were determined to the centimeter below, [n 1994, 1,589 individual round fish
weightings on board were conducted with a precision of 5g. A lincar correlation and regression between log-
transformed weight and length data was conducted.

Stratificd abondance and biomass estimates were calculated using the "swept arca” method (Cochran, 1933;
Saville. 1977). Coefficient of catchability was sct arbitrarily to 1.0 for all specics, Censequently, estimates can
be considercd only as trawlable abundance and biomass defined as "relative indices of fotal stock abundance
and biomass®. Strata including less than 5 hauls were excluded from calculations. The variation i survey itrea
arising therefrom is negligible as the haul distribetion was [airly consistent over the total time scrics.

Respective confidence tntervals (C1) arc given at the 95% levet of significance in per cent of steatified mean
abundance and biomass.

All lincar correlation and regression analvses were conducled using CS$ Siatistical Seftware. 1991,

RESULTS

Trends in Stock Abundance and Biomass Indices and Spatial Distribution

Tables 3 and 4 list the abundance and biomass indices for American plaice by stratum and total. 1982-1994,
with the accompanicd confidence intervals. Figures 2 and 3 show the aggregate abundance and biomass indices
owver the last 173 years, From these tables and figures it can be concluded that:

1. The main feature of the aggregated abundance and biomass indiccs over the survey years for
Amcrican plaice is the global decreasing trend in their values. with the latter vears cstimaticns being the lowest
on record. Abundance and biomass decreased from 80 million in 1982 (o [ million individuals in 1994, ie a4
reduction by 85%. and from 17.000 lons in 1982 1o 1,000 tons in 1994, i.c. a reduction by 94%. During 1982-
87, abundance and biomass varied cnormeusly among 56-115 millien individuals and 8.000-22.000 (ons.
respectively. In Y988, the decline of both indices was most pronounced and continned sikce then.

2. Dureng 1982-94. Amcrican plaice was found o be most abundant in northern and shallow strata.
i.c. strata 1.1 and 2.1. the highest densities per square mile being observed in stratum 2.1, Although the fish
decreased from all strata. the pronounced decline of the tolal estimates in {988 was finally determined by the
losses from the northern and shallow strata. 81% of (he total abundance and 83% of the otal biomass were
found in shallow strata (1 1+2.1+3.1+4.1). thus only i9% and 16% being concentrated in deep stiata
(1.242.2+3.2+4.2), respectively. Comparing the abundance and bicinass indices i must be considered,
nevertheless. that the area of shallow sirata contributes 75% of the tolal area surveved. Consequently, American
plaice shows o preference in depth distribution,

Length Structure and Size Distribution Pattern

Length disaggregated abundance is given tn Table 3 and shown in Figurcs 4a and 4b for the entire survey
period. Weighted mean length a1 aggregated shallow and decp strata can be taken from Table 6 and Figure 5
while Table 7 and Figure 6 show weighted mean length for strata aggregated by latitnde.

1. A conlinuous decrease of tlic mean length is the main [cature observed from 28.fem in 1982 to
200.3¢m e 1990 remaining relatively constant at that low level since then. During 1990-94. small fish (£5-
18cm) have dominated the stock population while o regularcly reappering peak around 30cm was not observed
any longer.

2, Comparing weighicd mean length of shallow and deep strata, it is derivable that shallow and deep
strala show a parallel declining trend from 28cm and 27cm in 1982 to [9em and 2icm in 1994, respectively.
Both trends are very similar lacking any pronounced differences. By contrast. when coniparing the weighted
mean length of the strata by latitude. a constant increase of fish size from northern areas, ie. stratum 1. to
southern areas. i ©. stratum 3 is evident. The highly variable estimates for stratum 4 arc affected by the sample
effort directed mainly o shallow arcas but being extremely irregular in deeper soundings because of trawling
problems arising from its rough ground.
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Weighi-Length Relationship

Figure 7 disptays the length-weight relationhip for single fish data. With a regeession analysis of these data. the
equation Wig)=0 0036 105*L(cm)3 233315 s obtained. paramicters of correlagtion being r2=0.Y77. p<0.00000.

Relationship Between Stock Biomass and Abundance of Small Fish {<=16cm)

In order 1o investigate the presence of a spawning stock biomass-recruitment relationship the stock biomass
dala and the abundance off small fish (<=16cm) were listed in Table 8 as substracied from Tables 4 and 5. The
abundance indices of small fish were shilted by 3 years. The data which are shown in Figure 8 were analysed by
a linear corrclatien and regression model. the resulting parameters and function being significant and n=10,
=043, p=0.04, {(x)}=4950.4+0302x In conirast. insignificance was oblained in cases of fime shifting
amounting to 2 or 3 years (p=0.58 and (.28}. Based on the rcsults shown in Figure 8 it seems evident, that the
recruitment is low when the stock biomass is tess than 5,000 tons.

DISCUSSION

During the survey years 1982-94. a dramatic decline of the American plaice stock off West Greenland in
abundance and biomass by 85% and 94% was observed. respectively. Untit 1987, the survey indices were found
1o vary at a high level. [n 1988, the decline of both abundance and biomass was most pronounced and the
following period until 1990 is characierized by nearly continuous and dramatic losses which coincide with a
high fishing activity in the arca. Although there was no fishing cffort directed to groundfish since 1990, the
stock lacked any signs of recovery but continued to decline. Although the fish decreased from all strata, the
pronounced decling of the lotal cstimites in 198% was finally determined by the losses from the northern and
shaltow sirata. Decreases have sulfered the other main groundfisk stocks in that arca with a similar magnitude.
i.c. cod. golden and beaked redfish, Atlantic and spotied wolffish, starey skate {Riitz, 1994), Furthermore, the
stock colfapse of the American plaice off West Greenland coincides with the recent depletion of other American
plaice stocks in the Northwest Atlantic, e.g. in Division 3M (Zamarro. 1991 Morozove, 1991; D¢ Cdrdenas
and Godinho, 1994) and in Divisions 3LNQ (Brodie, 1990, Brodie, Morgan and Power, 1994).

The existence of a bathymetric pattern in stock distribution has been found for the Grand Bank by Walsh and
Brodie (1987). who report that during the period 1984-1986, the shallower strata {535-183m) contained 80% of
the American plaice biomass. The same characteristic is obscrved by Brodie and Bowering (1992) for American
plaicc in Flemish Cap. They realized from Canadian surveys carried out from 1978 to 1985, that American
plaicc on Flemish Cap werc highest in abundance in shallow strata, generally less than 366m. Those
obscrvations do agree with the Jindings presented that 81% ol the abundance and 84% of the American plaice
biomass off West Greenland are distributed in shallow strata (<200m). Considering the fish density per square
mile, no depth preference was derivable for the West Greenland stock. The occurrence of American plaice off
West Greentand beyond 400m has not been determined because of survey strategy being designed for cod.
However. there is some evidence from few deep trawds carried that American plaice is also distributed beyond
400m. corresponding with the depth range described for American plaice in the Northwest Allantic by Scott
and Scoll {(1989). Based on obscrvalions of Iglesias. De Cirdenas and Paz {1994) from calches of the Spanish
flect. the prescnce of American plaice al depths >800m was confirmed.

The recently depleted staius of the American plaice stock off West Greenland is reflected by significant fish size
reductions from 28 1cm in 1982 to 20 3cm in 1990 remaining relatively constant at that low level since then.
During 1990-94, small fish (13-18cm) have dominated the stock populstion while a regularely reappering peak
around 30cm was not obscrved any lenger. Growth indications for single cohorts between successive years are
hardly derivable from the length distributions. the only occurring in 1990-1991 with pronounced peaks at 14-
15cm and £6-17cm. respectively. Whikc there were no indications for depth dependent size distributions as has
also been found for the Flemish Cape stock (Bowering and Brodie, 1994}, the resulting trend of decreasing fish
size with increasing latitude suggests the existence of nurscry grounds in the nertheru area off West Greenland.
The existence of nursery arcas for other American plaice populations has been reported in the literature. From
the papers published by Walsh (1989, 1990, 1994) it scems clear that three arcas of highly concentrated
Jjuvenile American plaice are lound on the Grand Bank. which might be the nursery arcas of that population.

A lincar corrclation and regression analysis between the abundance of small fisl: (<=16cm) and stock bionass
was carried out in order (o asscss the recent stock status in relatton to fulure development. Significant resulis
were found for a 3 vear time shifting of the abundance of small fish assuming that the stock biomass in a given
vear s a controlling factor of their abundance 3 vear later, These underlving assumptions are made because
dircct estimations of recruitnent and spawning stock biomass are imposstble due to unavailability of age
determinasions and maturity opives. However. the sigmficance of the model indicates the presence of a
recruitment-spawning stock relation and the mean age of the small fish (<=16cm) amounting to 3 years. The
tested variation of both variables were found to be insignificant applying a 2 and 4 vears time shifiing. It should
be pointed out, that the significant relation is based ounly on 10 data points. Conscquently. the reduced
recrutiment in case ol i stock biomass amounting to less than 5,000 tons should be taker as a rouph estinae,
However, a stock recovery in e near Tuture seems undikely becanse of fow recruitinent being expected from the
extremely low stock biomass in 1992-1994,

In relation to American plaice in Divisions 3LNO. Bredic (1990) specutates on the factors that could have
caused the severe stock decline observed in the mid-1980s arguing that for such a stock not subject to large
variations in recruitment. containing fish of about 15 year-classes in the commercial catches. the sudden
decreases obscrved in the indices were difficult 1o comprehend, as onc would expect to sce much more gradual
changes. Accerding 1o him. aithough the recruitment was lower, and calches were higher than the Fy
reference level, neither of these [actors fully explain the decreases, and theoriscs on the [act that very cotd water
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found on the Grand Bank throughout the mid-1980°s could have influenced the abundance estimates of that
slock, cither through changing availability. natural mortality or some other factor. Afier 1986, and until 1993,
biomass and abundance indices of the American plaice stock in Divisions 3LNO continued their decreasing
trend, as assessed by Brodic. Morgan and Power (1994). More curious is the case of the American plaice stock
in Division 3IM. Zamarro (1991} reporied for the American plaice stock of the Flamish Cap (Div. 3M).
relatively stable biomass fromi 1983 10 1987 (cxcept a peuk in 1986) with a reduction from 1988 to 1990 as
obscrved from Soviet Uaijon and EEC surveys, which really dilfered in magnitede. Morozova (1991} reported a
great decline of both abundance and biomass fromn 1986 to 1990 in accordance with the results (rom trawl-
acouslic surveys conducted by the USSR, Finally, De Cérdenas and Godinho {1994) report that, despite of the
cstimated biomass and abundance differences existing between Russian and EEC surveys, it appeared that the
stock had steadily declined from 1986 to 1993, When comparing the trend of American plaice abundance and
biomass indices in Division 3M with the trend that is presenled for American plaice off West Greenland, it is
surprising to rcalize that both show a great decline in the same period 1986-1993, with the same peak 1 1986,

Strong conclusions about the facters which led to the actual situation of the American plaice stock off West
Greenland and future predictions are hardly to derive from the presented data. Fishing activities directed to
groundfish ir former years could be a responsible factor of the major observed decling in both abundance and
biomass indices. 1t might also be possible 1o speculate on the fact that marked changes which has undergone
the chimate at West Greenland (Stein and Messtord, 1990) could have had # negative effect on the recruitment
process of the stock. It could be argued 1go that shrimp fisherics taking place nowadays in the area do not allow
the stock 1o rebuild, However. there is good evidence (hat (he stock is at present in & poor status compared o
former years, and that it has difficultics to rebuild. In this context further studics, like assessing the population
dynamics. accompanicd by he consideration of other parameters that could influence the dynamics of that
stock and which unfortunately arc unknown, ¢.g. the offect of the by-catches by the shrimp fisheries, would
probably help to answer some of the questions arised.
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Table 1 Specification of strata.
Stratum geographic boundaries depth area
south north east west (m) (nm2)
1.1 64°15N  67°00N  50°00'W  57°00'W 1-200 6805
1.2 64°15'N  67°00'N 50°00'W  57°00'W 201-400 1881
2.1 62°30'N  64°15'N 50°00'W  55°00'W 1-200 2350
22 62°30N  64°15'N  S0°00'W  55°00'W 201-400 1018
31 60°45N  62°30N  48°00'W  33°00'W 1-200 1938
32 60°45N  62°30'N  48°00'W  53°00'W 201-400 742
4.1 S59°00°'N  60°45'N  44°00'W  50°00'W - 1-200 2568
42 59°00N  60°45N  44%00'W  50°00W .201'400 971 '
Sum . 18273

Table 2 Numbers of valid hauls by stratum and total, 1982-94.

YEAR 12 2.1 22 3.1 3

2 4.1 42 TOTAL
1982 20 11 16 7 9 [ 13 2 84
1983 26 i1 25 11 17 5 18 4 117
1984 25 13 26 8 18 6 21 4 121
1985 10 8 26 10 17 5 21 4 101
1986 27 9 21 9 16 7 18 3 110
1987 25 11 21 4 18 3 21 3 106
1988 34 21 28 5 I8 5 18 2 31
1989 26 14 30 9 8 3 25 3 118
199¢ 19 7 23 8 16 .3 21 6 103
1991 19 1t 23 7 2 6 14 5 97
1992 6 6 6 5 6 6 7 5 47
1993 9 6 9 6 10 8 7 0 55
1994 16 13 13 8 i0 6 7 5 78

Table 3 Abundance indices (n*1,000) by stratum and total, 1982-94. Confidence intervals {Cl)
are given in per cent of the stratified mean at 95% level of significance.

YEAR 1.1 12 21 22 31 32 4.1 42  TOTAL CI
1982 313840 5092056 293973 37348 2R438 21331 10414 78027.5 318
83 4606020  64B1.0 534936 28704 27254 400.8 RULO 1154433 538
1984 18249.6 02579 537649 43657 29285 22440 17932 89603.5 46.0
1985 213868 59731 228197 61856 26316 2386 31615 62396.8 265
1986 22038.0 11392.8 587408 95556 29367 23875 44622 111512.8 44.6
1987 23322.1 33143 262262 2356 .4 10265 562479 335
1988  10962.9  3475.1 R026.0 56977 35646 7994 10357 33562.0 25.0
1589 93712 4454.0 113627 37747 87642 14450 391718 340
1990 386165 64644 82266 26136 10830 1491.5 6054 291016 363

1991 7825.7 45361 51684 18989 15166 6385 12400 0518 237850 251
1992 85292, 49967 30187 27042 12326 17073 17432 1744 2410683 294
1993 58559 32842 {2016 12125 630.8 694.0 398.0 132770 19.7
1994 22116 35242 1488.0 15141 623.6 2822 16605 188.8 114937 23.9

Table 4 Biomass indices (tons) by stratum and total, 1982-94. Confidence intervals {CI) are
given in per cent of the stratified mean at 5% level of significance.

YEAR 1.1 1.2 2.1 22 il 32 4.1 4.2 TOTAL CI
1982 60483 9465  TW7.1 1151 9192 362 1559 173941 337
1983 74501 11542 117723 6069 10083 877 1661 222456 473
1984 17040 7611 8OG30 BOT0 6066 3872 3649 1329346 5t
1985 19401 6008 38018 10616 5200 487 3213 83544 301
1986 21450 1147.2 84292 13851 7033 4521 4597 147262 40.6
1987 31289 3382 54696 645.4 2275 5808 9 359
1988 9187 2929 16988 8075 8143 1366 2363 4904.3 290
1989 5199 2943 1476.7 3.5 21202 2876 . 50708 54.7
1950 3933 3967 12199 3136 2128 2868 2213 30443 352

1991 3489 3936 4873 2597 2653 1254 1884 1724 22460 279
1992 5818 4103 2285 1834 1509 2503 1517 25.1 19910 28.1
1993 3242 2217 #3.1 1018 66.6 0.7 235 893.6 20.6
1994 1449 4137 1337 1428 643 338 1091 284 10728 329



Table 5 Length disaggregated abundance indices, mean length and standard deviation, 1982-

1994
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Table'6 Weighted mean length (cm, by abundance) for strata aggregated by depth, 1982-94.

YEAR SHALLOW STRATA DEEP STRATA

11,21, 3.1 4.1 12,2232 42
1982 28,24 2740
1983 25.54 26.17
1984 24.53 2425
1985 23.62 23.97
1986 22.68 22.15
1987 25.24 : 21.60
1988 23.71 2291
1989 23.55 20.43
1990 20.46 19.99
1991 18.99 21.89
| 1992 19.97 20.61
1993 18.42 2020
1994 19.20 20.98

Table 7 Weighted mean length (cm, by abundance) for strata aggregated by latitude, 1982-94,

YEAR STRATAl.land12 STRATA2land22 STRATA3.land3.2 STRATA 4.1and4.2

1982 26.56 29.63 29.74 23.00
1983 2421 26.53 31.19 26.40
1984 2131 25.57 26.65 26.80
1985 21.37 25.86 27.46 20.50
1986 20.70 23.33 26.60 20.20
1987 2248 27.20 29.00 26.60
1988 19.56 2597 27.69 27.20
1989 18.29 23.28 28.80 27.10
1990 17.10 22.84 26.00 27.29
1991 17.88 20.79 25.80 23.29
1992 19.52 2047 23.34 19.64
1993 18.51 20.40 21.81 16.20
1994 19.89 20.70 22.45 18.32

Table 8 Stock biomass (tons) and abundance of small fish (<=16cm, n*1,000) three years later
as listed in Tables 4 and 5, 1982-91.

YEAR BIOMASS ABUNDANCE

1982 17394 7351
1983 22246 14593
1984 13293 5593
1985 8354 6283
1986 14726 8972
1987 9809 11560
1988 4905 8437
1989 5071 7382
1990 3044 5382

1991 2246 4523
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