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ABSTRACT

Data from photographic surveys in 1977-85 have been analysed to produce

biomass estimates of shrimp in part of NAFO Subarea 1. The observed

variations in shrimp density and their relations to geographical and

environmental parameters are discussed, and estimates of total biomass

for different size groups in the area examined are presented.

INTRODUCTION

Since 1977 photographic surveys have been carried out in the offshore

shrimp distribution area in NAFO Subarea 1. The amount of shrimp on the

photographs and the observed size distribution have been used for

estimating the level of total biomass and distributional fluctuations

of the stock since introduction of a regression model in 1980.

MATERIAL AND METHODS

Data from the photqgraphic surveys in the area 66°00 - N-69°30'N has been

used to describe shrimp density and distribution and to estimate the

level of total biomass in different years. The planned station grid for

the surveys has been the same throughout the years, but the success of

sampling has varied much from year to year with 	 an almost complete

coverage in the last three years only (Fig. 	 1). The 1985 survey

occupied 26 sampling sites in the area 66°00 -N to 69°30'N, and in all

3,309 photographs from this survey have been examined and added to the

database used in the present work. The amount of photographs now used

for estimating the shrimp stock in the area in question totals to

21,626. Some stations north and south of the area have been occupied

during the later years, but the material is still too small for

estimating the biomass in these areas.

A repeated reading of the older material has now 	 been completed. At

present the whole photographic material classifies	 the shrimp into five

size groups as described by Kanneworff (1985). The	 numbers of shrimp in

each of the size egroups have been counted, and the corresponding

biomass calculated on basis of mean weights in the groups estimated for

each sampling site. The new reading has also included a registration of

the bottom type. It has been possible to distinguish between four

types:



Even structure with clay or sand only;

Clay or sand with gravel and some small stones;

Gravel with stones, a few boulders;

Stones and boulders.

On. each	 sampling station fairly long series of photographs have been

taken in order to level out the sampling errors due to the uneven

distribution of shrimp on the bottom.	 Mean densities and size

distributions have been calculated as averages for each station as

basis for most of the analyses, but as the bottom structure frequently

changes along the sampling track it has not yet been possible to

include the bottom type in those analyses. However, as the character of

the bottom very likely has an influence on the distribution of shrimp,

special analyses have been carried out to elucidate such relations.

RESULTS AND DISCUSSION

Distribution of shrimp. 

The counted number and corresponding biomass per squaremeter of shrimp

in the five size groups as well as the estimated mean weight are given

for all sampling sites for the years 1977-85 in Table 1. Selected

stations which have been sampled , frequently during the years are shown

on Figure 2. This figure shows the observed biomass of shrimp per size

group for each of the sites. It is a striking feature 'that very high

concentrations (mostly of all size groups together) occur on different

locations from year to year. The figure also indicates that this

feature is less pronounced in 1985 than in the other years. Only a few

of the	 sites show a higher degree of stability in the total biomass;

low densities are found in the southern and western slopes of the area

(area codes KF007, KP440 and KX438), densities of average values are

found in the- central flats northwest of Store Hellefiskebanke (KV007,

KZ002, KZ01 .2, LB005 and L8004), while constantly higher densities are

found in Gödhavn Rende (LH014-LJ011) only.

To facilitate an analysis of the distribution of the size groups on the

different sampling sites the 'station effect' has been tested by means

of a simple linear regression analysis (Tables 2-6). Only the period

1981-85 has been included here because of the more complete coverage of

the sampling sites during these years. The results from this analysis

shows firstly, that sampling sites with	 low mean biomass exhibit

constantly low biomass figures in all size groups and secondly, that

only large shrimp (groups four and five) seem to inhabit the same areas

with roughly the same degree of preference from year to year.

On basis of this analysis and the study of the original distributions

(Fig. 2) it is concluded that preferred or non-preferred areas exist,

but that on the other hand concentrations of shrimp of all sizes move

round in the area from year to year. To find possible explanations for

such movements of the stock is the purpose	 of developing descriptive

models	 including parameters which might have an effect on the

migrations of the stock.

Part of the mentioned 'station effect' could possibly be assigned to

the bottom material or structure. As stated earlier a classification of

bottom types has been carried out during the reading of photographs. An

analysis in which all 17,704 photographs from the years 1981-85 have

been used as separate observations (in contrast to the station averages



normally used) has been made specially to illustrate the effect of the

bottom type in combination with the effects from the hour of sampling,

temperature, latitude and longitude (Tables 7-11). This analysis

indicates, that some of the variation in the shrimp biomass is actually

correlated with the type of bottom. It is also indicated that the five

size groups to a certain degree react differently to the bottom types.

' Because of the uneven distribution of the shrimp on the bottom, an

analysis of this kind naturally involves high variations in the

dependent variable; thus low correlation coefficients can he accepted

for this model.

Development of the model. 

In order to find a shape of the descriptive model (i.e. a set of

parameters which explains resonable parts of the variations in the

observed biomasses), which is suitable for estimating a total biomass,

a basic model including the following parameters has been used:

Depth (DE), ranges from 162 to 506 meters;

Latitude (LA), the area between 66 °00"N and 69°30 -N has been

sampled-within the depth range;

Longitude (Lo), the area between 54°30'W and 59°15'W has been

sampled within the depth range;

Hour of sampling	 (KL), only sampling in daylight-hours has

occurred;

Bottom temperature at the time of sampling (TO);

Bottom temperature in the sampling stratum one year earlier (T1);

Bottom temperature in the sampling stratum two years earlier (T2);

Temperature four years earlier in the 050 m layer West of Fylla

Bank (T4).	 •

The primary runs of the basic model also include the squared values of

the parameters and the crossproductn in order to analyse the total

response surface of the parameters (Table 12).

A logarithmic transformation has been applied to the dependent variable

(biomass per squaremeter), because the distribution of the shrimp on

the bottom is assumed to be contagious with a clumping size of roughly

the same size as the counted (photographed) area.

The bottom temperatures have been recorded during a hydrographic cruise

in July and during the photographic' survey in July-August 1985.

Isolines for for the bottom temperature in	 this period is shown in

Fig. 3.

The basic model has been optimized by means of different starting

points and by using different procedures for choosing or discarding

elements of the basic model. In order to avoid too much 'noise" in

crossproduct effects all crossproducts, 	 which involve correlated

parameters, have been removed before the filtering processes. To find

Usable combinations of elements in the model the 'Stepwise' procedure

from the 'Statistical Analysis System' computer package has been

applied. This procedure saves such time, but naturally the combination

of remaining elements from such a process is only to be regarded an one

of many possible solutions. It has been the aim to find fairly simple

models, in which both the correlation coefficient for the model is

acceptable and all the parameters significantly explain the variations

of the dependant variable.



As in earlier works	 (e.g.	 Kanneworff,	 1985) one model describing the

tote/ biomass (i.e. all	 size groups combined) has initially been

developed. However, after	 the repeated reading of all photographs, in

which five size groups have been established (in stead of the earlier

three groups), it has now been possible to 	 investigate how the various

parameters act on the biomass of the different size groups. Tables

13-18 show the elements in the final models for the five size groups

and for the combined material. From Table 19, which sums up the various

models it is clearly seen, 	 that the degree of latitude (and its square)

is of importance	 for the distribution of all size groups, while the

depth seems to influence the biomass of the middle groups of shrimp

mainly. Fluctuations in east-west distribution (degree of longitude) is

only significant	 for groups one and five.	 The effects of the

temperature show	 an interesting pattern,	 where group one seems to be

connected with variations in TO, group two with T1, 	 group three with T2

(and to a lesser degree with TO), group four with T4 (and T1), and

group five with T2. This could be interpreted so, 	 that the size groups

are more or less connected with age groups, eventually as an indirect

effect. The hour of sampling seems to have a certain effect on the

large shrimp only, but as the sampling has only occurred during hours

with daylight, possible fluctuations especially in the amount of shrimp

of the other size groups might be hidden by this sampling pattern.

Only half of the variations in the observed biomasses are explained by

these models. An inclusion of e.g. bottom type and hour of sampling in

the model used	 for estimating the biomass would certainly raise the

correlation coefficient,. but an explanation of the observed -moving

concentrations" would still not be satisfactory.	 A further adjustment

of the model is thus needed, and other parameters have to be tested for

their possible connection with the movements of the shrimp biomass.

Biomass estimates. 

For all strata accordant to the stratum system defined by Carlsson

Kanneworff (1979)	 biomass	 indices have been calculated by inserting the

parameter estimates from the regression analyses together with relevant

values for the elements of the models 	 into the equations for the five

size groups (Tables 14-18). Biomass estimates 	 for the investigated

area, 66°00'N -	 690 30'N, within the depth range 100-600 meters were

calculated and summed up to produce estimated	 levels of the total

biomass for the years 1981-85. The calculated biomass estimates. for the

period are as follows:

year	 1981	 1982	 1983	 1984	 1985

tons	 154892	 188230	 171196	 184758	 160238

Fig. 4 shows these estimates broken down into the 	 five size groups. The

trends in the figures are in good 	 agreement	 with trends in the

corresponding July-September CPUE-figures for Subarea 18 for the years

1981-83, but not for the last two 	 years (Carlsson,	 1986).

As only half of the variations observed 	 in the	 biomass figures is

explained by the model a fairly large disagreement with other measures

of shrimp density	 (e.g. CPUE) is to be expected. However, also the

differences in sampling periods (normally from the 	 last part of July to

the end of August)	 and sampling sites compared to	 those occupied for

the CPUE-figures might give rise to larger disagreements.

No large variation in the contributions of the five size groups to the
.	 _
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tote/ biomass can be seen in Fig. 	 4, apart from the decrease from 1982

to 198]. This decrease is mainly due to a lower value of the biomass of

group five in 1983.

In order to visualize the effect of the different parameters in the

five models separate maps for each of the size groups and for each year

have been drawn with isolines for different levels of biomass per

squaremeter (Figs. 5-9). The five size groups exhibit very different

distribution patterns, the small shrimp (groups one and two) being

concentrated in the northeastern part, while the large shrimp seem to

inhabit a fairly broad belt north and northwest of Store Hellefiske-

banke. The distribution pattern of the larger shrimp corresponds on the

whole with the distribution of the commercial fishery in the areas

(Carlsson, 1986).

Small shrimp seem to have been fairly constant through the years, while

larger shrimp exhibit some displacements. For the area west of Store

Hellefiskebanke it is	 indicated, that shrimp of middle size (group

three) were of less density in 1981 than in the other years. This area

shows, however, a decreasing density of larger shrimp (groups four and

five) through the five year period.

CONCLUSION

Analysis of the distribution of shrimp in	 the photographic material has

shown that special areas exist, which exhibit more or less constant

densities of shrimp from year to year. It is also shown, however, that

high concentrations of all sizes of	 shrimp occur on differrent

locations . in different years.

By means of a regression model biomass estimates of different size

groups of shrimp have been calculated for the total area-examined for

the years. 1981-85. The total biomass seem to have been fairly constant

through the years, however, large shrimp seem to have been less

abundant in all areas in	 1983 and	 1985, while in part of the area a

somewhat lower biomass of middle sized shrimp is indicated for 1981.
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Table lb. List of stations occupied in 1981-83 with numbers and

biomass per squaremeter. The estimated mean weight of shrimp per

station is also given.

Y8810.1981
085 STNO ARCOOE TAN r_uoi UEN1 0042 0084 0884 0E85 USUI 5882 8503 8904	 uSuS W5AR
42 6022 JL020 284.26 1.98 11.01 0.034 0.666 0.973 0.242 0.064 0.11 2.73 5.55 1.92	 0.78 5.5648 6023 K8011 610.20 0.59 1.11 0.047 0.183 0.292 0.1168 0.003 0.15 0.13 1.6/ 0.54	 0.03 5.2449 6021 10-007 610.20 U.11 0.75 U.003 0.005 0.048 8.036 0.008 0.01 0.02 0.34 0.29	 U.08 6.8250 6020 KL006 452.56 0.17 0.64 0.064 0.079 0.1E23 0.004 0.0011 11.18 0.31 8.12 0.03	 0.00 3.7751 6019 88440 342.39 0.48 2.89 0.009 0.004 0.129 0.129 U.049 U.24 0.34 0.75 1.05	 0.51 6.0352 6024 K8004 616.98 8.30 0.140 0.004 0.311 0.134 0.034 2.07 3.14 1./4 1.02	 0.44 4.113 6031 1<1001 650.88 0.96 6.15 0.052 0.129 0.409 0.362 0.001 0.1, 0.53 . 2.97	 0.08 6.3854 6030 KT436 661.04 0.58 4.82 0.000 0.000 0.026 0.536 0.020 0.00 0.00 0.16 4.46	 0.20 8.2855 6033 KV002 583.00 0.84 3.31 0.556 0.045 0.137 0.098 0.065 1.44 0.17 U.82 0.82	 0.115 3.9456 6029 82448 501.72 0.25 1.64 0.002 0.038 0.117 0.07/ 0.01/ 0.01 0.16 0.68 0.63	 0.1/ 6.5557 6034 K2003 572.91 1.13 6.25 0.228 0.216 0.621 0.28b 0.029 0.62 0.06 2.15 2.32	 0.30 5.5458 6026 8/012 6.50.54 0.38 2.74 0.013 0.062 0.082 0.179 0.046 0.03 0.26 0.48 1.49	 0.48 7.1859 60 82015 579.67 2.v2 12.80 1.194 0.650 U.20/ 0.322 0.032 3.22 2.5/ 4.03 2.61	 0.37 4.3960 6028 08004 539.01 0.94 4.41 0.304 0.410 U.I.54 0.147 U.029 0.82 1.21 0.81 1.19	 0.31 4.6761 6027 LE005 616.98 2.63 9.90 1.160 1.001 0.349 0.107 0.015 3.13 3.90 1.92 0.79	 U.I5 3.7662 6036 LH014 373.38 1.49 7.31 0.463 0-536 0.601 0.181 U.007 1.02 1.34 1.45	 0.07 4.9;6364 b0b76 038 LJ011L5014 216.96644.10 2.25 12.444.13 0.5600.19/ 1.1470.350 0.8010.511 0.1580.044 0.006

0.005
1-.600.59 4.591.40 4.931.74

	

1.18	 0.06

	

0.14	 0.05 44A1-: 
•

YEAR.1982
088 S1110 ARLDOE 1_Ak 1_018 1_850 01121 I.E142 0883 0184 0114S 8501 8502 8803 8804	 8505 UBAk
65 6232 KA011 464.43 0.29 1.44 0.043 0.093 0.142 0.014 0.003 0.13 0.57 0.79 0.11	 0.03 4.8Y66 6231 81007 572.91 0.04 0.31 8.005 0.007 0.005 0.012 0.012 0.01 0.03 0.03 0.10	 0.14 7.4267 6216 4L006 25/.64 0.49 2.37 0.302 0.114 0.127 0.04/ 0.000 U.81 0.44 0.75 0.38	 0.00 4.0268 6217 80003 352.56 3.0S 16./7 0.120 0.950 1.512 0.392 0.020 0.38 3.90 8.62 3.13	 0.74 5.5069 6229 4<8440 615.a 0.65 2.87 U.216 0.214 0.166 0.051 0.008 0.61 0.85 11.95 0.40	 0.09 4.5970 6218 1<81304 539.01 1.05 6.85 0.1100 0.165 0.504 0.302 0.013 0.03 2.93 2.48	 0.75 6.51/I 6219 80006 606.81 4.02 14./5 1.963 1.341 0.610 0./06 0.0/1 5.40 5.19 3.35 0.79	 0.11 3.6772 6228 K1001 437.31 1.43 6.60 0.470 0.334 0.410 0.146 0.005 1.32 1.34 2.72 1.17	 0.05 4.6073 6223 KT436 596.64 0.56 3.95 0.008 0.025 0.258 0.21/ 0.051 0.02 0.11 1.52 1.78	 0.52 7.0874 6227 K8002 644.10 0.27 1.60 0.034 0.023 0.132 0.022 0.004 0.10 0.10 0.78 0.59	 0.04 6.0215 6221 KV001 647.49 0.90 4.91 0.249 0.1/5 0.210 0.106 0.073 0.70 0.70 1.53	 0.77 5.4476 6224 KXOUY 661.83 0.78 5.37 0.058 0.042 0.346 0.250 0.096 0.12 0.17 I:5:8 2.05	 1.00 6.8777 6222 K14381 55.96 0.005 0.028 0.176 0.061 0.007 0.01 0.49	 0.07 6.2078 6226 K2003 5/6.30 0.72 3.81 0.160 0.115 0.291 0.140 0.024 0.45 0.46 1.6Y 1.14	 0.1479 6235 8/012 667.83 0.41 2.93 0.019 0.029 0.130 0.195 0.035 0.05 0.12 0.78 1.62	 0.46 7.1780 6234 1<3014 281.31 0.48 2.98 0.007 0.083 0.250 0.132 0.009 0.03 0.34 1.45 1.07	 0.09 6.1681 6225 L0005 485.14 1.04 5.50 0.211 0.289 0.2r, 0.211 0.036 0.59 1.16 1.66 1.71	 0.38 5.2987 6236 L0012 498.33 0.85 4.11 0.191 0.267 U.279 0.090 U.011 0.55 1.0% 1.59 0.70	 0.12 4.0583 623/ LEUUS 443.92 1.18 4.59 0.551 0.408 0.272 0.042 0.00.5 1.50 1.20 1.43 0.33	 0.84 3.8884 6239 L0004 400.02 0.53 2.16 0.046 0.117 0.244 0.057 0.007 0.14 0.71 1.39 0.45	 0.07 J.2185 6249 L8014 539.85 1./S 7.66 0.241 0.961 0.510 0.031 0.004 0./5 3.04 2.81 0.04 4.38be 6238 L8440 322.05 0.22 4.61 0.000 0.035 0.487 0.181 0.017 0.00 0.14 2.83 1.47	 0.18 6.4087 6246 Li1002 430.43 0.63 4.41 0.019 0.211 0.301 0.090 0.0186 0.06 0.67 1.71 0.71	 0.07 5.4588 6247 L0006 355.95 1.06 4.68 0.206 0.514 0.312 0.027 0.007 0.62 2.06 1.75 0.19	 0.07 4.3989 6241 L8008 176.26 8.0U 0.00 U.000 0.000 0.000 0.000 0.000 U.UU 0.0u U.00 U.00	 0.0090 6240 18014 462.28 1.63 10.31 0.086 0.444 0.479 0.467 0.153 0.22 1.82 2.10 3.83	 1.62 6.3391 6244 L1001 508.50 0.05 0.25 0.006 0.019 0.000 0.019 0.000 0.02 0.08 U.00 U./6	 0.00 5.6192 6245 LT004 452.65 0.25 1.90 0.003 0.010 0.081 0.129 0.029 0.01 0.04 0.48 1.07	 0.30 7.5293 6242 LV011 467.02 1.94 12.00 U.010 '0.281 1.126 U.395 0.075 0.03 1.18 6.82 3.20	 0.77 6.1794 6243 L2008 481.38 U.10 0.24 0.000 0.027 0.004 0.038 0.022 0.00 0.11 0.02 0.32	 0.29 7.78
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SIZE	 GROUP S

PARAMETER

all	 1 2 3 4 5

DE 3

LA 4 3 2 6 11 2
LO 5• 2 7

TO 4 8
T1 8

T2 6 4 3

T4 2

DExDE 1 6 1 1

LAxLA 3 5 1 5 1.0

LOxLO 1 5

TOxTO 9

T1xT1 9

T2xT2 9

T4xT4 12

DExLA 2 8 2 3

DExLO 4 7 13

LAxLO 6 7

LAxT1 8 7

LAxT2 7 4

KLxT2 5 6

KLxT4 4

T1xT4 6

- 26 -

Table 19. Combinations of parameters, their squares and crossproducts

after determination of the best possible models for the different size

groups. The figures in the table give the rank of significance for the

elements in the model as seen in Tables 14-19.
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Fig. 1. Map of sampling stations in 1977-85. The shaded areas in the

circles denote years in which sampling has been carried out, and the

- exploded - parts of the circles show years in which small shrimp

(groups one and two) have been dominating.
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samling sites 1977-79. For area codes see Fig. 1.
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