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Abstract

A nonequilibrium surplus production model {ASPIC) of landings, effort, and survey indices of shrimp in the northern arca
of the Denmark Strait suggests that a maximum sustainable yield (MSY) of 8,400 t can be produced by a stock biomass
of 23,300 1 (B,,;,) at a fishing mortality of 0.36 (F,;,).. The model indicates that biomass was near the stock=s carrying
capacity at the beginning of the fishery (1978), decreased to less than B,,., as landings exceeded sustainable levels in the
late 1980s and early 1990s, then increased to above B, in the late 1990s when landings were relatively low.

Precautionary management targets can be derived from conditional probability distributions of MSY and F,, (e.g., a long-
term target catch of 7,800 t would have a 90% chance of being less than MSY), and risk of management decisions can
be assessed with stochastic projection, which incorporates uncertainty in production model parameters and current biomass
(e.g., the recommended target catch for 1998 has a very low probability of exceeding F, ., or decreasing the stock to below

BMSY)'
Introduction

A fishery for shrimp (Pandalus borealis) in the Denmark Strait began in 1978 and developed to an international fishery
yielding up to 12,500 t annually (Skuladottir 1997). The fishery traditionally operated north of 65° N, but began
exploiting more southerly areas in 1993, Coastal states request fishery management advice for the Denmark Strait shrimp
stock from NAFQ (NAFQ 1997), NAFO has endorsed a >precautionary approach= (o fishery management which is based
on mainfaining By, (the level of stock biomass which will produce maximum sustainable yield, MSY), wh;le limiting
fishing mortality to below the level which produces MSY (F,;,) (Serchuk et al, 1997), ‘

Surplus production models can pmvule guidance on MSY, BMsy, and F,., where information on age siructure is
unavailable or unreliable, and provide a valuable perspective for stock assessment. Skuladottir (1985, 1990) modeled the
exponential relationship of yield and catch-per-unit-effort (CPUE) (Fox 1970) from 1980 to 1989 and reported that
fishing effort on the Denmark Strait shrimp stock was exceeding sustainable levels and annual catches should be reduced
to less than 10,000 t. A preliminary analysis was developed at the November 1997 meeting of the NAFOQ Scientific
Council to apply a nonequilibrium production model (ASPIC, Prager 1994, 1995) to CPUE and survey indices from the
Denmark Strait fishery (Cadrin 1997). The present investigation was performed to revise estimates of MSY, B, and
Fsv» and derive precautionary management targets.

Methods

A surplus production model incorporating covariates (ASPIC; Prager 1994, 1995) was applied to the shrimp fishery in
the northern area ot the Denmark Strait (north of 65°N) using landings, effort (Skuladottir 1997), and the Greentand
survey index of stock abundance (Carlsson 1996). The model assumes logistic population growth, in which the change
in stock biomass over time (¢B/dl) is a quadratic function of biomass (B):



dB3 = 3 - (r/K)I%zl (1

where 7 is intrinsic rate of population growth, and K is carrying capacity. For a fished stock, the rate of change is also a
function of catch (C):

dBjdt = yB- (/K)B2- C, (2)

MSY, B, ., and F, tan be calculated from the production model parameters:

MSY = Kr/4 ‘ 3)
B, =K/2 (4)
| . =p/2 (5

[nitial biomass (expressed as a ratio to B, ,: BIR), r, MSY, commercial catchability (g,) and survey catchability (g,) were
estimated using nonlinear least squares of lognormally distributed observation errors in effort and survey indices. Total
landings and unstandardized effort were reported by Skiladottir (1997). Landings and effort for 1997 in the northern area
were derived from statistics reported through October (3,750 t and 23,100 hr) expanded by a factor of 1.2 to approximate
a full year of fishing (4,500 t and 27,700 hr). Mean number per tow from the Greenland survey (Carlsson 1996) was used
as an independent biomass index. The Norway survey, 1985-1989 (NAFQ 1990}, was negatively correlated with CPUE
and could not be used as a tuning index. Total model error included a penalty function for estimates of BIR greater than
2 (initial biomass exceeding the carrying capacity, Prager 1994). The CPUE and survey indices were iteratively reweighted
based on initial mean square errors (MSE). .Observation errors were randomly resampled for 500 bootstrap simulations
to assess model precision. The recommended catch for 1998 (5,000 t) was used to project the model one year using all
500 bootstrap solutions and providea conditional probability distribution of 1999 biomass. Several alternative analyses
were conducted to assess the sensitivity of results to the penalty function, iterative reweighting, and including catch and
effort from the southern area (south of 65" N).

Results

Annual landings of shrimp in the Denmark Strait increased from an annual average of 6,200 t in the early 1980s 10 a peak
ol 12,500 t in 1988, and gradually decreased to 3,400t in 1996 (Figure 1), Survey indices and CPUE generally declined
in the 1980s and increased in the 1990s (Figure 2), but correlation between CPUE and the survey series was weak (r=0.1).
The model fit the data well: most of the variance in CPUE and the survey index was explained by the production model
(R*=0.86, and 0.54), and there were no apparent patterns in model residuals (A ppendix A). :

The production model indicated that an MSY of 8,400 t can be produced by the Denmark Strait shrimp stock when
biomass is approximately 23,300 t (Figure 3). F,., was estimated to be (.36. The model suggests that biomass was near
the stock=s carrying capacity (47,000 t) in the late 1970s, decreased to 17,000 in the early 19905, then grew to 32,400
in 1998, which is 140% of B .. Annual estimates of F averaged 0.19 in the early 1980s, increased to 0.54 by 1990, then
decreased (o0 0.15 in 1997, which is 40% of F,. Sensitivity analysis showed that results were very similar with no penally
function for 81K8>2 (Table 2), but equal weighting produced a slightly greater MSY estimate. Including catch and effort
from the southern area (south of 65" N) substantially increased estimates of MSY and F,, and decreased the estimate of
B, but decreased goodness of fit. '

Bootsirap estimates suggest that MSY was precisely estimated (relative interquartile range, IQR, of bootstrap estimates
was 6%), and other parameters were estimated with moderaie precision (IQRs were 8% to 31%). Stochastic projection
of 5,000 t catch in 1998, which was recommended by the NAFO Scientific Council, suggests that biomass will slightly
increase to 34,200 t with an 80% bootstrap confidence limit of 30,800 to 41,000 t, which is weli above B, (23,300 1)
(Figure 4). The projection also indicates that a 5,000 t catch will slightly decrease F to 0.15 in 1998 with an 80%
confidence limit of 0.12 to 0.17, which is well below F, ¢, (0.36) (Figure 5).
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Discussion

This analysis provides guidance on stock status and management advice for the shrimp stock in the northern area.of the
Denmark Strait. Limit reference points can be defined directly from model results: according to the precautionary
approach, the fishery should be managed to limit catch to less than 8,400 t, maintain a stock biomass of at least 23,300
t, and limit F to less than 0.36. Precautionary targets can be derived from conditional bootstrap distributions of MSY and
F . along-term target catch of 7,800 t would have a 90% probability of being less than MS8Y, and a long-terin target
F of 0.27 would have a 90% chance of being less than F,,.,. These limits and targets apply to a healthy stock, which has
a biomass greater than B, .. If the stock should decrease to less than B, .. more restrictive catch and F targets should be

advised to rebuild the stock to at least B, ..

MSY?

These results apply to the northern area of the Denmark Strait stock. Recent landings from south of 65°N are apparently
from a previously unexploited resource which is not accurately represented by CPUE ot survey catches in the northern
area. Including catch and effort from the southern area in these analyses produces unrealistically high values of 7 (Table
2).

Estimates of MSY and effort at MSY (f,) were less than those reported by Skuladottir (1990} and CPUE,, was greater’
(Table 1). The lower MSY estimate from ASPIC, as compared to previous estimnates by Skuladottir (1990) may result
from several aspects of this revised analysis: more years of data providing more contrast in production observations,
assuming logistic growth rather than Gompertz growth (Fox 1970), allowing for non-equilibrium conditions, or tuning
biomass estimates with the survey index.

The increase in biomass estimates since 1992 suggests that the stock can sustain the recent levels of catch. However, the
increase in CPUE may result from qualilative changes in effort in the northern area or technological improvements in
fishing power, and stock biomass may not have increased as substantially as the survey abundance index suggests. 1t -
relative changes in CPUE and survey indices do not reflect changes in stock biomass, model results may be misleading.

Modifications to this analysis should be explored to improve input data (e.g., effort standardization and development of
survey biomass indices).
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Table 1. Comparison of production model estimates from Fox models (bkuladoltu 1990) and ASPIC of the shrimp fishery in the
northern area of the Denrnark Strair,

Fox Model #1 Fox Model #2
Estimate ASPIC © 2-ymean CPUE 3-y mean CPUE
MSY (1) ' 8,400 | . 11200 10,000
fusy (br) ' : 68,100 _ 112,500 101,300
CPUEwsy (kg/hn) | L ‘ 99 99
2/3fusy (hr) : 45,400 73,300 67,500
CPUE@2/3usy (kg/hr) | 164 130 138

Yield@2/3 fusy () 7,500 10,200 9,300
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Table 2. Results from alternative ASPIC analyses of the shrimp fishery in the Denmark Strait.

Model Settings *

BIR>2 Penalty?
Reweighted?

Y N Y

Data from South? N N Y
Resulis _ _

BIR 2,155 3.620 2069 2.004
R ) -0.720 0.703 0.920 ’ 2.197
K 46,580 47,700 C 38330 18,840
MSY 8,382 8,379 8.821 10,350
Busy ) 23,290 23,850 19,170 9?422
Fusy 0.360 0351 0.460 1.099
Diagnostics

MSIi CPUE 0.026 0.024 0.026 0.032
MSE survey 0.027 0.025 0.054 0.032
RXCPUE 0.855 ' 0.873 0.827 0.766
R survey 0.542 0.531 0712 0613

* analysis reported in Appendix A and described in text.
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Figure 1. Landings of shrimp from the northern area of the Denmark Strait, 1978-1997 (1997 landings are

preliminary).
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Figure 2. Catch-per-unit effort of survey indices of abundance of shrimp in the northern area of the Denmark Strait.
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Figure 3. Yield of shrimp in the northern are of the Denmark Strait as a function of estimated biomass.
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Figurc 4. Bootstrap distributions (80% confidence limits and interquartile ranges) of estimated stock biomass of
shrimp in the northern area of the Denmark Strait 1978-1998 and projected 1999 biomass based on 5,000t
of catch in 1998




Fmsy

Fishing Mortality
[=)
-

Q +——t

——

1
: '*‘#- L

L | | B "

+——t

77 78

79

4 + + + 1 + + + t + + + t + + ——
BG 81 82 83 B84 B85 86 B7 BB B9 890 91 92. 83 94 95 96 97 9B 99

Year

Figure 5. Bootstrap distributions {(80% confidence limits and interquartile ranges) of estimated fishing mortality of
shrimp in the northern area of the Denmark Strait 1978-1998 and projected 1998 fishing mortality based on
5,000 t of catch in 1998.
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