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Introduction

Exploitation of salmon in Greenlend waters first developed te any extent
in the early sixties. Originally only set gill-nets were operated inside
fjords and islands by locel fishermen. In 1965 Faroese and Norweglans sud-
ceedled in offghore salmon fishery with drift-nets, soon to be followed by
Danes and Greenlanders. The only statistical data on the fishery from the
very start are anmual catches in metric tons bty nations (Table 1), Even
though the table provides only the ammual catches, it does indicate an ex-
tremely rapid develomment of fishing intensity, which can be confirmed by
a survey of the participating drifters not registered in Greenland (Table 2).
The limitatione of the fleet since 1970, however, does not reflect a corre=-
sponding decresse of fishing power. Although ineufficient data for an accu-
rate eoatimate are aveilable, it is assumed that average fishing capacity at
least has doubled in the years 1968-71,

The inshore set gili-net fishery is carried ocut along the west coast of
Greenland from Julianehd#b to Disko, lat. 60%00 ‘N-70 00 "N with main centers
of fishing in the vicinity of the large towns. Some limited catohes are ta-
ken as far north as Upernavik, lat. 72045"N and at Angmagssalik on the eant
coast,

Numerical information on the set gill-net fishery is limited to annual
catches distributed by districta, viz. the ICNAF Divigion 14-1F (Table 3).
These data are not available by sessons prior to 1963; and after 1968, when
drift-netting was adopted by the Gréenlanders, the catches of the two fishe-

1 Presented to the ICES/ICNAF Joint Working Party on North Atlantic Selmon, ICES, Charlottenlund, March 1974.
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ries cannot be separasted. The additional drift-netting dees not seem to chan-
ge the distritution of vatches on districts, however. In some yesrs the majo-
rity of the catches is landed in the districts north of Godthdb, in other
Years salmon seem to be more abundant a.nd./or available to the south. Much
information on guantitative ocourrence of salmon in coastal waters is not
supplied by the table, as no data on effort can be produced.

Prior to 1969 the drift-net fishery was nainly oconfined to the area of
the Store Hellefisk Bank, oxtending as far south as Kangamiut in the early
part of the semson. In 1969 the fishery apread over a rather wider area,
extending from Sukikertoppen in the south to Disko in the north, and in the
following years extending ail along the west comst from Disko area to
Julianehdb, From the commercial drift-net fishery, diary informatiem on fi-
shing positions in number of gear opsrated and corresponding yields are
compiled eince 1270, which enable a gemeral impression of the distribution
and relative sbundance and/or availability of salmon in West Greemland off-
shore waters, Tablee 4, 5, & and 7 show per bi~weekly period, and fi shing
aread, the effort, catch and catoh per wmit effort of a more or lese .-~
giderable part of the drift-net fleet in the seasons 1970, 1971, 1972 and
1973+ In the 1570 table the data are grouped according to ICNAF Divisioms,
whereas areas selected with special reference to an appropriate distribu-
tion of the ealmon fishery are applied for the subsequent three seasons
{Fig. 1).

4 glance at the four tables reveals very few cormon trends as to seaso-
nal ocourrence of palmon over time and place, described by the catche-per -
unit-effort figures. Salmon seen o be abundant offshore from July to
November-Decerber to the extent they can be captured in set gill-neta on
the coast. There is a tendency for the fishery to start later in the Disko
area than in the other areas. When in some years the seasnn starts i ter
in the southernmost areas the reason may be ice difficulties. The values
of the overail fishing per period at the bottocm of the subles suggest -
general decline of occurrence from Auguet and throughout the seasom, but
conaidering especially the year 197c this tendency is not guite consistent.

Gear and Methods

With the ainm of determining to what degree the catches of malmen are
effected by food, wave hight, wind force and direction during tishing, each
of these factors was investigated in comnection with the execution of the
international salmon tagging experiment at West Greenland in 1972. The chen-
gen in the catch per unit offort ms a result of these influencesa may or ey
not be a direct reflection of the changes in relative abundance of salino,
but may merely suggest a change in behaviour, o.g. vertical migration which
mekes them less vulnerable o the fishing gear. In the following the gear
operated and the date collected by the vessels invelved in the tagging ex-
periment shall be described. Likewise a disoussion on the most appreopriate
indioes of effert is included in this section.
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Gear.

In the tagging experiment 4 remearch vessels and & out of the total
fleet of 22 commercial vessels not regietered in Greenland participated.

The majority (more than 9o %) of the drift-nets operated by the commer-
cial vessels were manufactered from monofilament nylon twine 0.5 = 0.6 mm,
with a mesh size of 130 or l4c mm. The reminder were multifilament nylon nets.
The length of the nets varied from 18 m to 37 m, but by far the greater part
were gbout 33 m, extending to a dept of about 5 m. The top of the nets were
mounted with floats or a floating rope. A combined sinking and hauling rope
Was mounted with stropas to the footrope. The individual nets were tied to-
gether in units of usually loo. In most of the fishing operations the nets
are shot about sunset. Bauling starta before sunrise and is finished earljer
or later in the day depending on weather, number of nets entangled, number of
seabirds as bycatches etc.. Certain conditions, such as weather, ice and pro-
ximity to the shore necesaitated fishing at daylight, generslly with a limi-
ted amount of gear.

The nets operated by the research vessels were monofilament nylon nets
exclusively, 46 m long, 3-4 m deep, half of them with a mesh size of 13%c mm
and the other helf 150 mm. The basie gear units consisted of 2o nets arranged
with lo nets with 130 mm meshes followed by lo netes with 150 tm meshes. While
the netes of the "Adolf Jensen" were mounted similar to the cormercial nets,
the nets of the other 3 resecarch vesssls were equipped with a strengthning
rope, used for hauling, atteched to the headrope.

Materisal.

The following data relevant to the present study were collected by the
staff of the research vessels and by observers placed on board the commer-
cial veasels involved: approximate mid point position and approximate dura-
tion of fishing, number of nets used and corresponding number of salmon
caught. Supplementary information on surface temperature, light intensity,
wind direction and force and wave hight were recorded on the research ves-
sols, Besides, stomachs of salmen unsuitable for tagging from the "A.T.
Cameron" cruise were brought back to the laboratory and exaninéd with regard
to foed itens occurring and weights of the various apecies. On the "Adolf
Jensen" ths sicmach content of salmon were exarined on board with respect
{0 species occurrence.

- Indices of effort

For the purpose of estinmating abundance and/or availability of ealmon
in Greenland waters the only effort date nvailable - apart from these pro-
duced by the observer nnd research vessela in the fishing season 1972 - are
number of neta shot.

Fishing effort of driftenets is among other things a product of the mize
of the net aren (or total length of nets, when equally deep) and the dura~-
tion of the fishing operation. A gombination of the two factors: total length
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of nets x fishing time can be obtained for the fishery carried out in con~
nection with the tagging experinent. Introduction of the tine factor in t. e
indices of effort however may alsc introduce biases in the estimations of
catch per unit effort, resulting in under- or overecatimates of abundance,
The reason is that effort changes with duration of fishing time and with the
tioe of the day the nets are fishing. The strings of nets wre usually set in
atraight lines, but after sone time, depending on wind and current they will
curve vwhich in good weather noy result in increasing catchability, In case
of stormy weather the nets will eoven collapese and the consequence is decline
of efficiency. Analyses of yield in relaotion to the time of thke day neta are
fishing suggest that generally the catches are decreasing after munrise, and
after 1o a.n., are leas then 25 % of the early norning catches. Prolongation
of nethauling during the day dus to rough weather, entangled nets etc, con=
sequently does not result in significant additional catches of salnon. Catch
por unit effort of nets staying for a long period in the water will gene-
rally be underestimated.

Therefore, when analysing the effect of the various factors which arec
sugpected to have an influence on catch per unit effort, duration of fishing
as part of effort is not considered. As the only effort fipures availabl:
fron other years than 1972 are nuiber of nets shot, this neasure of fishing
power is also adopted for the analyses of the 1972-data. It night be argued
that the nets used by the cormercial vessels were not quite uniforn regar-
ding length which suggest effort expressed as niles of neta to be a . .re
appropriate indices of effort. Correlating number of nets shot with length
of nets operated by weeks, areas and subareas however resulted in a correla-
tion coefficient of r = 0.9978, which means that using number of nets as
effort is juetified.

In one instance, investigating inshore - offshore distribution by means
of research and commercial catches effort is represented by miles of nets
fished (Table 9 and lo). The reason is that the nets of the two categories
of vessels are not equally long. Consequently the catch per research and
per commercial net cannot be compared directly.

Fig! areas

The data of relevance for the presemt study, compiled from the commer-
cial vessels ana from the research vessels, are grouped in weeks, in areas
along the West Greenland coast and in subaress defined by distances from
the shore, The divisions are selected with special reference to an appropria-
te distribution of the salmon fishery on fishing grounds. The designstions
and the limite of areas and subnreas (see Fig. 1) are the following:

Area I 70030“N - 68°4o'N
Disko Bank and coastal bank west of Disko

Avea II  68°%40°W - 66°35°N
Store Hellefisk Bank

irea ITI 66°35°N - 65°25°N
Lille Hellefisk Bank
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Area IV 65°25°N - €335
Sukkertoppen Bank and Fylla Bank

area V. 63°35°N - 62%0°N
Fiskengs Bank and Dana Bank

Area VI 620N - 60°00°N
Coastal Bank West and South of Arsuk

Subarea 1 Inamide Baseline

Subarea 2 Baseline - 6-mile limit

Subarea 3 6f-mile limit - 12-mile limit
Subarea 4 12-nile limit - 30-mile limit
Subarea 5 3o-mile limit = 6o-mile limit

A few shots of nets were made outside the divisions above. The corre-
sponding salmon catches are referred to the Davis Str, and the Labrador Sea,
north wmd south of latitude 60°oo’N reapectively.

Results

Annual Distribution and Relative Abundance

During 1970 the catch end catch per unit effort data suggest that in
all areas there was a general decline in the bi-weekly catch per unit effort
as the season progreesed. In Area II there wes a decrease in catch/effort
during the first half of August but it increased during the second half of
August and then declined by approxinately 7% % from fugust to Novenber
(Table 4). On the whole season the best catch/effort was obtained in ICNAF
Division 1E followed by Divieions 14, 1D, 1B and 1C (Ta.'ble 4, Fig. 1).

During 1971 a sinilar patiern of seasonal catch decline is evident in
all areas (Table 5), The overall catch per unit effort during 1971 was
higher than in 1970 with the highest average catch rates ocourring in areas
I1I, IV, V and VI, Catches in Areas I and II were soncwhat lower but wer
approximately double those of 197c for the respective areas. It must be
erphasized, however, that the efficiency of each individual fishing opera~
tion doubled during the period 1968 to 1971 as a result of increased usc of
nonofilament nets, progressive use of the nost efficient nesh size, ipproved
fishing techniques and general increase in crew skill and experience {2r.on.
1973).

During 1972 in Areas I, III and V the catch rates declined steadily
from August to October {Table 6). In Areas I, IV and VI, the catch rates
were low during the first half of August and increased during the second half
of August and also during the first half of September in Areas IV and VI
after which thoy declined. The highest abundance, based on catoh per unit
affort datas was in Area V followed by Areas III, IV, VI, I and II. The in-
dex of sbundance in Area V was 2.7 tines that in Area II.
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The catch per wnit efforit during 1973 was lower than that during 1971
and 1972 and also poesibly lower than that in 197c bearing in nind the in-
creaped fishing efficiency of gear used in 1973. Catches in early July were
low for areas where effort was expended but the catch/effort incressed du-
Ting the second half of July and early August in Areas II, III and V and
decreaged thereafter (Table 7). There was & small catch in Area I. In Area
IV the catch/effort peaked during the second half of August and then decrea-
sed sharply. In Area VI the catch was low in proportion to the total ocatch.
The catch rates were very good (44 to 78/lco nets) fron late July to early
Septenber after which there was no effort in Area VI.

Inshore vs. Offchore Distributiorn and Abundance (1972)

In Area I during weeks 36-38 the best catches werc obtained in subareas
1 to 4 (Tables 8, 9). During weeks 39-41 the best catch rates were obtained
in subarea 5, i.e. offshore. Thus in Area I during 1972 there was a shift
in distribution from inshore to offshore as the season progressed.

In Area IT during weeks 33, 35-37 all catches were made in subareas 3
and 4 where catch rates were generally low except for week 33. Catchce du-
ring weeka 38-41 indicate that where data is available the catch rates were
fairly uniforn through subaress 2-5 and were of a simlar order of nagnitude
t0 those obtained in Area I during the sane time period.

In Area IIT during week 32 the best catches were in subareas 3, 4 and
5 and lower in subares 2, During weeke 33-~36, 38 and 40 the catch per unit
effort decreased from subareas 2-4 and ae the season progressed there was
an inverse relationship between catch rates and distance fron shore. With
the exception of week 32 the sane general trend was evident fron the research

vessel data (Table lo).

In Area IV during week 32 there was an increase in catch/effort frou
subarea 2 to 4 and a narked decrease from subares 4 to 5. In the renaining
part of the season cobserver and research vessel data indicate that the catch

rates decrease from inshore to offshore.

In Area V during weeke 33-35 there were rather high and umiform catches
in all subareas fished. During the remainder of the season the observer and
regsearch vessel data sugrest that snmeller catches were obtained as the ef-

fort nmoved offshore.

In area VI there is too small anount of data to relate inshore and off-

shore catch rates.

In Davis Str., Labrador Sea and at Banst Greenland catches by commercial
vessels during weeks 4o and 41 were very low {1-6 per loc nets or l.6-3.7
per riles of nets). On the other hand catches by reasarch vessels in the
southern Labrador Sea during weeks 33 and 35 were good {(21.7 and 18.6 per
niles of nets respectively).
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Factors Affecting Abundance and/or Availabiiity.

The average weighte of food occurring in salnmon stomachs were plotted
againet fishing areas using a least squares regression fit. Alsc for each
subarea and week the catches of salmon/loo nets were plotted ngainst the

average weights of food in the stomachs of salmon. Similarly the results of
the four research vessels were combined and the average salnon catches/loo
nets were plottet against surface temperature, wind forece and wave height
using o lenst squares regression. The cateh/loo nets versus wind direction
during fishing was also analyzed to deterrine whether wind direction had
any effect on the catch,

The nost common itens oocurring in the atomachs of Atlantic salnon
within the fishing aress zot West Greenland were sand launce, cepelin, amphi-
pods, euphausiids and fish renning which again were probably nninly launce
and capelin. In the Labrador Sea the main itens of diet were Arctic sgquid
Gonatus fabricii lanternfish, Poralepis corefonoides boreslis, anphipods
and fish remains (Table 11), There was a significant positive correlation
(r = 0,77, P <.02) between average weights of food in stomachs of salmon
and fishing area, i.e. the gverage weight of food/salmon increased frono
north to south (Fig. 2). 4 significant positive correlation aleo exists
(r = 0.61, P <,05) between the number of asinon caught/loo nets and the
average weight of food in the salmon stomachs (Fig.3).

There are also significant positive correl tiona between the surface
tenperature and the average nurmber of salnon/loo nets (r = 0.37) (Fig. 4),
the wave height (n) and the average number of saluon/loo nets (r = 0.66)
(Fig. 5). There was no significant correlation between the wind force and
the average nunber of saluon/loo nets. Analysis of the catch per unit effort
versus wind direction indicated that in gemeral this parameter didn’t appear
to significantly alter the catch per unit effort of salnon when considered
in light of the other factors.

finother factor which affect the catch rate and the abundonce indices is
the tine of the day the nets are fishing, as already touched on. This is evi-
denced by results obtained on the A,T. Cameron during 1972 when records were
kapt of the nunbers of salmon caught per each 2 hours interval during sets
when the tagging boat was operating, These results are sumarized in the
following table.
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Date Set 4-=6 6=8 8-10 lo-12 12-2 Total
Aug. 11 186 - 13 o - 0 13
" 13 188 - 23 13 20 6 62
" 17 189 - 9 2 1 3 15
" 18 190 - 17 5 12 T 41
" 19 191 n T 7 5 3 33
" 20 192 ki 1 4 0 o 12
n 21 193 - 13 (8 - 12 caught 8) 21
" 28 196 - 2 1 [} o 3
" 29 197 - 7 3 2 1 13
" 30 198 - 2 (8 - 2 caupht 2) 4
" 31 199 - o] o ) -
Sept. 1 200 - o] 0 o -
i 2 201 - 5 o ° -
" 5 202 - 22 2 2 1 27
" lo 203 - 2 Q ' o o 2
Discussion

Atlantic seloon were reported to have been present at West Greenland
during 1935 and 1936, especially in the autum, about 200 being ceught in
the autwm of 1935 (Jensen, 1939, 1948). This period was one of above aver=
age tenperaturee (Hernann,Lenz and Blacker, 1973) and it is quite posaible
thet the occurrence of large nunbers of galoon in Greenland at this tine is
aseocinted with this warnming trend. During 1969 the Canadian research ves-
sel A.T. Caneron experienced the best salnmon catohes in Disko Bay and wa-
ters over Store Hellefisk Bank (May, 1973). Since 1969 there seens to be
a trend developing towsrd a nore southerly distribution of the saloon possi-
bly as a result of the cooling trend evident along the West Greenland Const
(Hernann, Lenz and Blacker, 1973). For exanple, during 137o the salnon were
fairly equally abundant in sareas I to ¥V and nost abundant in Area VI, Sal-
mon were nost abundant in Areas III to VI &uring 1971, in areas III to
VI during 1972 and in areaa V to VI during 1973.

45 regerds the inshore va,offshore distribution, in gemeral, it nay be
stated that for 1972, the only year for which data are available, salmon
were more or less equally abundant both inshore and offshore during early
August in areas III, IV and V and during nid-August in areas IIT and V.
Thereafter the salmon were more abundant inshore (inside the 12.mile 1imit).
There was also & very dramatic decline in relative abundance as the season
progressed., This seasonal decline wag algo evident in 1970, 1971 and 1973.

It must be noted that salmon were also very abundant, ae evidenced by
research vessel catches, in the mid-Labrador Sea during August. They were
relatively much less abundant in Davie Str. Northern Labrador Sea, Umanak
Fjord and East Greenland during September and eerly October.
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There is a relationship between the feeding intemsity of Atlantic sal-
mon, expressed ag weight of food/ealmen, and fishing areas. Since the in-
crease in abundance proceeds in the same direction alorg the West Greenland
Coast ps the increase in feeding inteneity and also in view of the fact
that the average number of salmon caught per loo nets is directly proportio-
nal to the amount of food in salmon stomachs, it is a fair assumption to
say that the distribution of food species in part accounts for the spatial
digtribution of salmon along the coest. Alsc since the number of salmon
caught per loo nets is directly proportiomal to surface temperature, it ie
quite poseible that surface temperatures also plays both a direct and an
indirect role in the salmon distribution and abundance in that it affects
the distribution t the salmon themselves since salmon are known to -be more
abundant in surface temperatures of 3 to 6° (May, 1973} and also the limit-
ing effect of temperature on the distribution, both vertically and elong the
coast, of the prey species of the salmon. These prey epecies are mainly sand
launce, capelin, paralepidids and euphausiids altheugh many other species
are alsc of incidental importance to the diet of salmon at West Greenland
{Lear 1972). The decline in salmon abundance after August, during 1972 may
have been associated with a series of gales and deteriorating weather con-
ditione during which the surface temperature decrecased from 4.50 ¢ to 20 C
{(Christensen, 1973).

Provided that salmon are present in an 1rea, the availability to the
gear is related to the wave height. Within the limits of wave conditions
during which fishing was conducted by the research vessels, an increase in
wave height tended to increase the salmon catch., This waa often evidenced
by a sudden increase in ocatch if the combination of wind and current in-
creased the height of the waves from calm conditions to waves of 1 to 2
uetree in height. The fturbulence at the surface possibly deoreases the
light intensity such thnt the meshes of the nets are less visible. Posei-
bly also the currents generated by wind and wave action may alao activate
feeding or orientation and this increaged apctivity makes them more vulner—
able to the gear. The wind force was not significantly correlated to catch
per unit effort tut in the 1ight of the previous discussion it rmuet be as-
pumed to exert some influence. Data on wind force and salmon catches in the
drift-nets fishery in the Baltic Sea revealed a non-linear relationship
with highest catches at 3.5 Besufort (Thurow, 1973). The direction of the
wind appeared to have a very minor influence on the catch per unit efforis
of the drift-nets. The wind direction has beem noted to affect salmon cat-
ches in the Newfoundland-Labrasdor ares where onshore winds tend to give in-
creaged catches and offshore winds tend to reduce the catches. This possi-
bly also applies to the Weet Greemlend set net fishery.
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Table 1.

Year  Norwy
1960 o
1961 o
1962 )
1963 e
1964 o
1965 -8
1966 32
1967 78
1968 138
1969 250
1970 270
1971 340
1972° 178

Catches at West Greenland, 1960-72, in metric tona, roumd
fresh weight. (Based on data available at 31 March 1973).
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Drift-Net
Farces Sweden

o o

o o

o o

o o

o o
26 )
a7 <]
155 o
134 4
215 3o
259 8
255 o)
147 o

Denmark

Q 0 o0 9 o 0o o

85
272
355
358
645
4ol

Gill Net and Drift-Net

Pigures not available, but catch is known to be less than Faroes.
b - Provieional.
Including 7 metric toms ceught on long-line by one of two Greenland

vessele in the northern Labrador Sea early in 1970.

4 - Up to 1968, g1l net only, after 1968 gill net and drift net.
in brackets for the 1969 catch are an estimate of the

Greenlana’ Total
6o 60
127 127
244 244
466 466
1539 1539
825 861
1251 1370
1283 160l
579 1127
1360(385) 2210

1244 2146°
1449 2689
1306 2032

The figures

ninimam drift-net citch.

Table 2. Number of vessels (excluding Greenland registered veassels)

Year Denmark Farce _FNorway Sweden Total
1965 > 1 1 o 2
196€ o 1 1 o 2
1967 4 4 3 o 1
1968 lo 2 4 1 17
1969 15 6 11 2 34
1975 13 7 1o 1 31
1971 11 3 8 o 22
1972 12 4 8 o 24

fishery 1965 - 72,

Number of vessels

which have taken part in the West Greenland drift-net
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Table 11, Occurrences of prey species in stomachs of Atlantic salmon caught
by the research vessels A. T. Cemeron and Adolf Jensen in the fishing areas
at West Greenland and Labrador Sea, August-October, 1972

AREA

Species I1 IIT v v Vi 15
Empty 16 y 1 1 9 5
Fish remains 8 1 29 8 1 13
Mallotus wvillosus 4 19 76 15 5T
Lantern fish 3 19
Paralepis sp. 1 1
Paralepis ¢. borealis 2 8 6
Gadus morhus 1
Boreogadus saide 1
Gaidropsarus argentatus 6
Ammodytes sp. 117 58 87 66 61
Sebastes marinus 1
Sculpin {unid.) 1 2
Fish larvee (unid.) 1
Gonatus fabrieii 2 T 3b
Polychaete worm 1 2
Amphipod 30 3 38 L 10 12
Euphausiid 8 11 48 9
Pasiphaes tarda 1
Shrimp (unid.} 1
Total no. of
stomachs examiped k7 Té 17T 90 1s 46
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Fig, 1. Ares map of West Greenland showing ICNAF divisions, fisghing areas

(I = VI) and subareas (1 - 5).
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Fig. 2.. Average weight of food in salmon stomachs versus fishing area based
on data from A. T. Cemeron cruise during 1972.
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