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Abstract

A two-phase survey for northern shrimp was conducted in the Hopedale and
Cartwright channels off Labrador during the summer of 1987. The methodology,
described by Francis (1984), proved useful in allowing flexibility in the
allocation of fishing stations to better reflect current shrimp distribution.

Variance was substantially reduced in the final biomass estimates, compared to

the results obtained from Phase 1 of the survey, alone, while the mean values

were similar. Problems associated with the diel variation in shrimp catches were

not solved, however, by this method.

The design is briefy described as well as its application in the 1987
research survey in both areas. '

Résumé

Un relevé portant sur la crevette nordique a &té& réalisé& en deux phases,
pendant 1'&t& 1987, dans les chenaux Hopedale et Cartwright, au large du
Labrador. La méthodologie retenue, décrite par Francis (1984), s'est révélée
utile car elle a permis de disposer les stations avec une souplesse adaptée 2
la répartition actuelle des crevettes. La variance a &té nettement réduite:
dans les estimations finales de la biomasse, par rapport aux résultats obtenus
3 la phase I du relevé seulement, tandis que les valeurs moyennes é&taient
similaires. Cette méthode n'a cependant pas permis de régler les problémes
posés par les variations nycthémérales dans les prises de crevettes.

L'8tude décrit bridvement la conception du relevé ainsi que son
application 2 la campagne de 1987 dans les deux zones.




Introduction

A CAFSAC review of the research trawl survey design for northern shrimp in
the Labrador Channels (as described by Parsons, 1984) has been carried out
because of concerns that some of the assumptions of the stratified random design
were possibly being violated. In summary, it was recommended that:

1. the area covered should be the same from year to year;

2. if the stratified random design is continued, strict adherence to its rules
should be followed;

3. the arithmetic mean should be continued to be used as the best measure of
central tendancy, at present;

4, the practice of droppping sets in strata where few shrimp are found should
not be continued;

5. the practice of fishing in areas of apparent low shrimp abundance at night
should not be continued.

It was also noted that the possibility of combining strata in order to
increase sample size should be examined as well as investigating the use of
alternate sampling designs.

Faculty of the Department of Applied Statistics at Memorial University of
Newfoundland were consulted about a more flexible but statistically valid survey
design. It was further suggested that the efficacy of the stratification scheme
should be examined and compared to simply contouring the catch data. Also, by
using time as a factor, the diel problem might be addressed in a factorial
design, with day/night being crossed with area when biomass estimates are being
made.

Subsequent to these discussions, the author was referred to a paper by
Francis (1984), addressing strategies for stratified random trawl surveys. The
problems dealt with in this paper were very similar to the ones encountered in
designing surveys for northern shrimp. Consequently, the two-phase survey design
described by Francis (1984) was used for the shrimp surveys in Hopedale and
Cartwright Channels in 1987. This paper briefly summarizes the method and gives
examples of its application as used in the 1987 research survey. The results of
the two-phase design are compared with those of the stratified random design
which was completed during Phase 1.

The Method

As the name implies, this type of survey is conducted in two parts, the
first of which is a conventional, stratified random design. Based on the results
obtained in Phase 1, additional sets can be allocated to selected strata in
Phase 2. According to Francis (1984), Phase 2 stations can be allocated using
the following procedure.



Step 1. Calculate the estimated relative gain (reduction in variance) Gi from
adding one station to stratum, by,

- 2
Gi = AiVi/(ni(ni+1))
where A, is the area of stratum,, and n, and V, are the number of
. A i i .
stations and variance of the catch rate'for thé Phase 1 survey in

stratum,, respectively.
Step 2. Allocate 1 station to the stratum with the highest value of Gi'
Step 3. Add 1 to ng and recalculate Gi for the stratum just chosen.
Step 4. Repeat steps 2 and 3 for as many times as necessary.

If Vi is approximately proportional to M; (mean of the catch rate in stratum i)’
then the quantity

= AM?
Gi = AiMi/(ni(ni +1))

will be proportional to G,, and may be used in its place. Francis states that,
because of the high degree of skew in catch rates, M? is more stable than V,

. ' 1, ' . 1
so there is some reason to believe that the Gi allocation will be superior. He
also states that in estimating biomass and its variance, two-phase survey data
are treated as if they came from a conventional survey. The question of how many
stations should be occupied in Phase 1 was addressed and it was suggested that
about 75 % of the total number of stations might be appropriate.

One advantage of the design is the apparent flexibility provided for in the
second phase. Once Phase 1 has been completed, there is no problem if all Phase
2 stations cannot be completed for various reasons. Time remaining in Phase 2
can also be used most effectively by evaluating the relative gains in relation
to steaming time, rough trawling grounds, ice, etc.

Application

It should first be noted that due to shortage of survey time available in
1987 it was not possible to complete all the stations planned for the second
phase. In conducting such a survey, it is essentially necessary to cover the
grounds twice. Therefore, extra time is needed, compared to the conventional
design. When vessel requests were made in 1987, the design of the survey had not
been decided and additional days were not requested. Nevertheless, it was
decided to go with the two-phase strategy in 1987 to see if it could be carried
out without experiencing major problems.

Phase 1 for the Cartwright Channel required 39 sets spread over 17 depth
strata (Table 1). It was intended that 11 more could be done in Phase 2 for a
total of 50. After Phase 1 was completed, the G and G’ values were calculated
according to the method of Francis (1984). The results clearly indicated that a
large number of extra sets were required in stratum 807, a relatively large area
where the mean catch and associated variance were very high. However, the time
remaining only allowed for five additional sets. Two were completed in stratum
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BO7, one in 710 and one was attempted in 809 but experienced damage and was
Both the G and G’ values were considered in making these choices. Another set
vas also made in stratum 708, not based on the two-phase strategy, but to
reconcile a low catch in a previous set which experienced some damage.

A total of 63 sets spread over 26 strata were assigned to Phase 1 of the
survey in Hopedale Channel (Table 2). An extra 17 were anticipated for Phase 2
but only 11 were completed in the time available. Both the G and G’ values
indicated that most additional sets should be made in stratum 204 with a
substantial number in 203, as well. Of the 11 Phase 2 sets, 6 were made in
stratum 204, 3 in 203 and 2 in 104.

Biomass

Esimates of biomass were obtained for both areas using all sets and were
compared with the estimates from Phase 1 sets, alone. Biomass in Cartwright
Channel, based on the two-phase design, was 4578 t with the upper and lower
confidence intervals at 5662 and 3494 t, respectively (+ 24X). This compares
with 4370 t from Phase 1, alone, but confidence intervals associated with the
latter were + 236% (14,702; -53963 t)! Details of the calculations from both data
sets are given in Table 3.

The effect of two-phase sampling in Hopedale Channel was not so pronounced
as that observed in Cartwright, but variance was greatly reduced after the extra
sets were added. The final estimate was 6037 t, with upper and lower confidence
intervals of 8788 and 3287 t, respectively (+ 46%) (Table 4). The mean esimate
from Phase 1 was higher (6496 t) but less precise with confidence limits at #
87% the mean value (12,127; 865 t).

Discussion

The two-phase survey design described by Francis (1984) appears to be quite
appropriate for northern shrimp and addresses a number of the problems that have
been encountered and dealt with in the past by using the stratified random
method with some flexibility. Essentially, the rationale for the two methods is
similar but Francis’ design eliminates, for the most part, the subjectivity in
selecting extra sets and formalizes the approach. The improvements in precision
shown in the above examples indicate that this methodology should be continued
in any future trawl surveys for shrimp off Labrador. In fact, the design might
wvell be used for other stocks, not only shrimp, but finfish as well.

By using this methodology, most of the concerns expressed previously have
been met (see Introduction). The possibility of combining strata in order to
increase sample size was not considered appropriate because of the changes in
mean size and maturity that occur with depth. Also, because the depths of
highest shrimp concentration vary from year to year, it was felt that the 50 m
precision should be maintained in order to account for such differences. Caddy
(1986) stated that it is vital in sampling crustacean populations to know where
and wvhen spatial segregation by size and maturity occurs and that the population
is correctly defined and samples properly weighted by area before pooling and
analysis. Simple contouring of the research catch data also was considered to be
inappropriate for the same reason. Previous attempts at contouring have not been
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successful, mainly due to the extreme variability in the catch data over small
geographic areas.

Unfortunately, the diel variation still remains a problem. Because day/night
is so difficult to define in terms of trend in catch data, it was not considered
feasible to include time of day as a factor. Also, it would be very difficult to
sample sufficiently in a factorial design, given the importance of maintaining
the depth stratification. Other approaches to this problem include the use of
acoustic methods and/or the use of trawls with a much higher vertical 1lift than
the ones currently used for research surveys. Industry has made substantial
changes in gear over the last several years and one major change has been the
dramatic increase in vertical opening. Some of the trawls now used reportedly
have 1lifts of over 20 m which have resulted in better catches at night when the
shrimp move off the bottom. It is hoped that in 1988 some comparative fishing
can be conducted between the research and commercial gear to determine how
profound these changes have been. Perhaps, by using a higher lift trawl during
research surveys, a significant amount of the diel variation can be removed from
the catch data. It is also hoped that, in 1988, acoustic and trawl surveys will
be conducted for Pandalus montagui in the eastern Hudson Strait area. By
combining the results of the two, more meaningful estimates of shrimp abundance
and availability might be obtainable.
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Table 1. Results of Phase 1 and calculation of relative gain (G, G!) for the

selection of sets in Phase 2 in Cartwright Channel, 1987.

MAXIMUM NUMBER OF SETS IS 50 NUMBER OF SETS FOUND IS 39
TOTAL # NAUTICAL MEAN CATCHES ~ CATCHES
STRATUM SETS SQUARE MILES CATCH WT VARIANCE RELATED TO G RELATED TO G
701 2 46.00 0.97 0.57 0 0
702 2 73.00 18.75 170.02 0 0
703 3 71.00 0.47 0.12 0 0
705 2 33.00 1.64 5.31 0 0
706 z 46.00 63.80 219.45 0 0
707 YA 36.00 42.086 151.03 0 0
708 3 45.00 100.25 4,883 .31 0 0
709 3 54,00 137.45 4,130.41 0 0
710 3 90.00 79.96 6,059.56 z 0
711 z 16.00 128.00 7,129.37 0 0
712 2 44.00 68.95 3,042.78 0 0
801 2 §9.00 - 26.40 6380.44 0 0
806 3 78.00 101.58 4,560.61 0 1
807 2 67.00 318.65 70,703.04 9 7
808 2 47.00 125.76 3,642.31 0 1
809 2 37.00 259.36 10,6985.99 0 z
810 2 7.00 54.87 37.32 0 0
SEQUENCE # G STRATUM G VALUE Gx STRATUM Gx VALUE

11 807 52,897,657.76 807 75,967,214.20

10 807 26,448,828.88 807 37,983,607.10

9 en7 15,869,297.33 807 22,790,164.26

8 807 10,579,531.55 809 15,348,226.26

7 807 7,556,808.25 807 15,193,442.84

6 807 5,667,606.19 807 10,852,459.17

5 807 4,408,138.15 807 8,139,344.38

4 710 4,090,203.00 809 7,674,113.13

3 807 3,526,510.52 807 6.330,601.18

2z 807 2,885,326.79 808 5,822,768.49

1 710 2,454,121.80 806 5,231,477.67
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Table 2. Results of Phase 1 and calculation of relative gain (G, G!) for the iy

selection of sets in Phase 2 in Hopedale Channel, 1987.

i MAXIMUM NUMBER OF SETS IS 80 NUMBER OF SETS FOUND IS 63
3
TOTAL #  NAUTICAL MEAN CATCHES CATCHES"
]STRATUM SETS SQUARE MILES CATCH WT VARIANCE RELATED TO G RELATED TO Gx
I 102 2 46.00 21.93 748.85 0 0
| 103 2 40.00 58.90 3,519.80 0 0
| 104 2 40,00 388.06 40,700.90 0 3
| 105 3 54.00 98.61 653.85 0 0
106 3 52.00 86.31 6,908.97 0 0
| 107 3 86.00 87.40 12,747 .55 0 0
| 108 3 177.00 34.65 9,644 .66 ) 0
I 109 3 41.00 25.50 345,44 0 0
202 2 84.00 0.69 0.56 0 0
203 2 174.00 139.26 29.115.26 B g
204 4 398.00 70.56 16,968 .42 10 6
205 4 319.00 1.80 5.86 0 0
206 4 304.00 56.70 4,344.03 1 z
207 2 173.00 2.17 0.28 0 0
208 2 187.00 2,687 7.45 0 0
209 2 185.00 3.03 9.86 0 0
210 2 305.00 3.02 16.99 0 0
211 7 184.00 0.54 - 0.24 0 0
712 2 124,00 0.02 0.00 0 0
214 2 42.00 1.77 0.09 0 0
303 2 37.00 0.98 0.13 0 0
304 2 30.00° 49.38 2,326.30 0 0
305 2 20.00 13,39 148,61 0 0
306 2 25.00 27 .45 1,459.08 0 0
307 2 31.00 3.22 19.59 0 0
308 2 60.00 1.886 . 3.86 0 0
3JEQUENCE # G STRATUM G VALUE G* STRATUM  Gx VALUE
17 203  146,915,601.96 203 97,858,831.99
, 16 204  134,393,280.08 203 = 48,929,415.99
i 15 204 89,595,520.06 104 40,157,483.63
! 14 203 73,457,800.98 204 39,432,407.45
| 13 204 63,996,800.04 203 29,357,649.60
| 12 204 47,997,800.03 204 26,288,271.64
i 11 203 44.074,680.59 104 20.078,741.81
10 204 37,331,466.69 203 19,571,766.40

204 29,865,173.35 204 18,777,336.88
203 29,383,120.39 206 14,855,363.71
204 24,435,141.83 204 14,083,002.66
203 20,987,943.14 203 13,97¢,833.14
204 20,362,618.19 104 12,047,245.09
206 20,072,893.82 204 10,9563,446.52
204 17,229,907.70 203 10,484,874.86
203 15,740,957 .35 2086 9,903,575.81
204 14,768,492 .32 204 8,762,757.2
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Table 3. Biomass estimates from Phase 1 (A) and from complete two-phase
survey (B) for Cartwright Channel, 1987.

a2 e

- xo
i
X
oo
) ~JNN
} R . -
“ ! : 1
O~ N0 O (N O <+ N0 D~ 0 . ; _ O NNO-GMINNINN G < O < 0
NO OO INMG VOO (NN ” i CNO $++=- VO N~ OIS =0 NN
ll-wl-lll-‘-I‘.Il 5 VI.lllIll.lIll.lll
| OOOINC—~—D0-0~O0MMINNN . N OOPINC =« (NN DOOMININN
. ~ ~=SINONINNOQOT Mt [T ~ NP N~ND-ON T M
- N—=O~-O~QINNO0 O aa~ - NG~ 0~ 1 PINT O o
O OMO ™M _ . OO~ <N | M ']
w A PN e : mUZ N
t
D ! : > o )
N--.-.---”---n ' < Z o sis s 0 o|n o o sjln w9 sle 0.
W NO QA INMIORF =t NN . DN+~ NONS =~ MIPF O~ NI
ie O FIND QN HO N Ot )00 n A0 N0 Ol =t NPt 1N-0M
. LN NONONNO WO BN NM ! ™. L ~INDON O N0 O0POOOXAMNINM
MO —INTINIOS NN QDO - | : Z . M0 TN NN VDN LT O~ PO
o b OO —O et O MIINN : ] o o TOM N\ e NN
- — NGt I ' oo ot - T <t it =) -—
w 177]
J~ o ¢ sj» s 6 6 6 8 8 s s 5500 : b= s ol o s s|e 0 o o|s o & s s @
=G MO0M~ONMBNNO- N MO _ =-0MPNOM=PNMDNTNO MO
INIINNONNMIING-MINOMING N . ZINNINNONNOINCNINBOINON
NONNINOINOCOYMN-JOMY n DNONIVNONOC DY MINODME
[ OMNOP-NNANDMIN SN N m3 MIUNEPI~ NN TMIN N
H K ] . o~
! XN
- e -
] *® in ¢ w :
NN 0-0IN VO O OIN-0-BN 0 | * [ U-DNIN =D NN QAOT 0PMN-0
NONFRODO NS 00~ ¢ INO N M0 * ; NSO N DOONS N OIS INNBo~
4 8 8 ® % 5 6 S 8 5 s B s 8 B O ! »® . e ® ajls 8 * 20 & & S0 & 0 NN B
S5O0 OMINON 00— 000 i , SO0 PMINNN 0P ~INNG <0
KL v OTOMNNNO—NININD < " < - VSN NNOONININDO
et vt M= x , =t et | (el
o '
& .
) < m% ) .
SO NN ON O O~ TIO (N Y vt L oo ANONNNNNSON O G OIINNO —
L O N TN OISO SN MINNNO- O JaN COMNH NOB—~P OO NSO N O
= o » v s o v 9 2 08 ¢ 8 e Z <<OO P~ o sle o o sie o o oo s o ole o
D0 —OINSONO NN N —AN € Al = N n OO~ MINT PN NS N—dOO I
- ™M NOO-MIANOMIN~-OM T =D O < o — M NOOD S INONYI-OM
— I DIOND v = U b e v . ~ OTOIN | CINNY Y
I< o | e
w3 S>> 1] :
wm ' Hl <€ ! i
w acw b 2 !
w 4 O oo n
LW 9] ~ e i w R )
INNOINNNMIMIMNNMENCNNCIN W <ty W DINCNPINNNG I NN NN
. O =< K P ;
n o - X<t o~ S mw o |
- 2 - < o . =iz
T = 4 0 LN x. _
L] — « M D m !
— - 0> < ! A
w = - T oox knu wi x _
=X O (T Y] ww =D i -
=ty NONNTO——ONG0O O - > . N DO O~ 0NN~ O
<COO OCOO0O—ODOOO ZNuwzZ J CO0| OOOQCOH-HOOOOO—~
RN oIty W O < @SS ARSI 00000 <
Lo . oz > =
w ——<<l 1 0
b =0 -~ . .
- [+ - |
o<<ll !

A
C
gU
-V
ID
EFFECTIVE D

STUDENTS

i
|
! | _
_N {

Wal od

Fe Ui

Ad




A) and from complete two-phase
1987. P P

(

10

Table 4. Biomass estimates from Phase 1

WEIGHTS

survey (B) for Hopedale Channel

L O QNN T - O ONOUIONUND NI O MO — OO
86963204524802482200196658

ooooooooooooooooooooooooo

89039185058530?97000068993

T ONONTY D < L O
OO M 0y ™M ey
Mo WO onwp < Lo B |
-r — N

oooooooooooooooooooooooooo

WP OO MOOIMO e O e O A A O O UMD 0O
WMN—HOOINM O MO r e el <SEONOUNOUIIND
LOH LY <L 67362235 e
10ICIONMN 11 (o)

5366295726959?3863028743409

OO < M O O DT OO+ 1 O CINMOLN P~ OO O <P <

HLOCNONIO O N M~ [~ O~ A M VN OO T O

ANEII OO O N OO OO NI et e e 1
CNreded et

m30612810966008?3942799952?
ﬁ990633656258?1609507933428

#r{ OO D P~ FLN O NS NOOINM NI OO A O NN~ N |
M25898632 H7 w <N

60146439915996468744788143

881891843521?3309005977947

..................... .

3?65823618276456510318646
L~ UNOOMN  ~0 N
S TN i NN

22233333224442222222222222

NO.SETS

M234567892345678901 TONVIUNO -0
OOOOOOOOOOOCACOOOO0 M1 000000
I e e P P T D R TS TN SN LSRR X TN [ Tot [ P of o TapToaTag TanTea ten

S

4.82

LCWER

UPPER

67.54

AVERAGE
MEAN

36.18

LOWER
865303.
4

UPPER
12126632,
2.78 ALPHA=0.05

TOTAL
WEIGHTS

TOTAL
6495968.
EFFECTIVE DEGREES COF FREEDQM=

STUDENTS T-VALUE=

PONDN~NI MO —N\OUONLNO VST O VMO —IONNOY
86463204578802482200196658

ooooooooooooooooooooooooo

892391850535307:97000068993

e CILHOUIL P O < L) OI<F L
-\ ON~SOM —M ™ Indiam b if
IO OO ~ioy < o
(8] — Lo L

ooooooooooooooooooooooo

DAL OMMOMNM AP e} SPOIMUNOUND
MO F LD OV MO ONMILD O M
HUIONONONIM 6% (o))

..........................

VIO OIS~ OO NN~ M O IR~ MO M

B QO I <P (N erd O MO IO P OAD e e OOV ONOLNI~ CO OO < <P

HUONONONSOVIE- M~ O O MM M OO I WO

[ar{alarfaslat[agloaTar hniloaton land andeslantond patonite To) o by bon L EpTag]
Neted et

W.u.30012810950008?3942799952?

n/\xu/g9763365697871609507933428
18086745002162232001093731

M25698632 ~ iy

DO QO IO MY OWDLN ROV IO CO T < < ™~ QO OO v T
887‘.8918437917330900597?947

oooooooooooooooo

PP OUNOOS UKN [ealaniTs]
lm2221 [aale T o]

2243333325.0.442222222222222

NO.SETS

NOY<FUND M~ ONONN<FUNRO DN e TNIUNO 0O
OOOOCOOOOOOOOOOOO0 e  —OOOO000O
B L Lo U L U Do B N TN ToN TN TaN Tk Tat [aN Tat T R Mot Faa Tan T an Toa Tap T )

STRATUM

18.31

=0.05

3286839.

UPPER LOWER
8787697.
2.09 ALP

EFFECTIVE DEGREES OF FREEDOM= 19

TOTAL
6037268.

STUDENTS T-VALUE=


http:ALPHA=0.05
http:19323.81
http:11185.70
http:12751.27
http:35722.49
http:ALPHA=0.05
http:16968.42
http:29115.26
http:12751.27
http:40700.91

