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In 1960 further investigation of the vertical distribution of salmon in 
the high seas was carried out by the chartered Canadian vessel Fort Ross. 

The vessel left Nanaimo on May 6 and returned on July 25. As much as 
possible of this period was spent in fishing and making related observations in 
an area about 100-150 miles south of Kodiak Island, in the northwest part of 
the Gulf of Alaska. This location was selected because previous experience had 
shown that salmon were relatively numerous in these waters and because it was 
thought that conditions would be favourable for observing relationships between 
salmon distribution and the temperature structure of the ocean. 

Gear and Procedure 

The essential part of the gear consisted of a nylon gill net, 4 1/2" 
mesh, 40 feet deep, with an initial length of 400 fathoms. This was suspended 
from buoys by drop-lines. By using drop-lines of different length, the net 
could be set at anyone of five levels which collectively covered a depth range 
of 200 feet from the surface. In conjunction with this adjustable net, a con
ventional surface gill net was used. This was of 4 1/2" mesh throughout, 20 
feet in depth, with an initial length of 300 fathoms. Due to loss or damage 
incurred during operations, both nets were subsequently shortened, as shown in 
Table I. 

As far as proved feasible, the procedure followed was to set the adjust
able net at successively greater depths on consecutive nights until the greatest 
attainable depth was reached. A new series was then started. Similar series 
were also conducted during the daytime to provide information on diurnal move
ments of salmon. Due to bad weather and other circumstances the program was 
unavoidably interrupted at times. 

The first fishing operations were carried out at Lat. 550 N, Long. 155°W. 
Relatively strong currents experienced at this location created operational 
difficulty and at an early stage in the program the station was moved about 100 
miles eastward to Lat. 550 N, Long. 1520W (Fig. 1 and Table I). 

Catches 

Catches and associated data are summarized in Table I. The depth net 
was set on 29 occasions and yielded a total of 435 salmon (276 sockeye, 132 
chum, 27 pink). The surface net was set on 26 occasions and yielded 711 salmon 
(497 sockeye, 131 chum, 70 pink, 3 coho)" Since the surface net differed from 
the adjustable net in length, depth, and possibly in tension and catching 
efficiency, it served mainly as a general indicator of the availability of fish 
at the surface during the periods when the depth net was operated at the 
various levels. Since the depth net was set at the surface as well as at 
deeper levels the catches from this gear alone are considered in Figures 2 and 
3. These figures show the percentages of sockeye and chum salmon caught at 
each level after weighting for the number of sets made, the amount of gear set 
and the number of hours fished.* The point at which the season was divided 

* Fish caught in a set made on July 13 are omitted from consideration 
since a net of different mesh size was used on this occasion. 
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into earlier and later periods was determined by an enforced suspension of 
operations from June 11 to June 21. On resumption of fishing the temperature 
structure of the water~ the proportions of mature and immature fish caught~ and 
the vertical distribution of the sockeye all appeared to have changed markedly. 

Because of the small number of sets at each depth and because the 
various levels could not be fished simultaneously, the percentages represented 
are subject to wide error. Nevertheless certain general conclusions seem 
rea sonab Ie. 

SOCKEY\i 

Daytime fishing during the early period showed sockeyes to be distributed 
throughout the veTti cal range whi ch wa s investigated. The large preponderance 
of fish at the 80~ to 120-foot level may be exaggerated, since the surface gill 
net showed that sockeye were also plent.iful at the surface at the time when 
these fi sh were caught (Table I ). Nevert.heless it is concluded that only a 
small fraction of the sockeye population was available to surface gill nets 
fishing by day at this time of year, the rest of the population being distributed 
at depths downwaI'd to more than 160 feet. 

Night-time fishing during the same period indicated some upward shift, 
ina smuch as no fi sh were caught below 160 feet. and relatively greater numbers 
than in daytime fishing were taken in the top 80 feet. Many fish, however, were 
still present at the same levels as in the daytime. 

In the later fishing period (June 22 to July 5) only one sockeye was 
caught below 80 feet. Again there was an indication of a shift to the surface 
by some fish at night, but again there were many fish present at the same level 
as in the daytime. This level, however, was not 50 deep as in the early part 
of the season. Except at the 0- to 40-foot level, catches of sockeyes were 
consistently greater in daytime than in night-time fishing. 

Temperature 

The temperatures within the vertical interval in which fishing was 
carried out (over the whole fishing season and at all levels) varied from about 
4.50 C to lOOC. Since the species has been found elsewhere in temperatures as 
low as 3°C and as high as 15°C (in surface fishing) it is obvious that no 
absolute limits were imposed by this factor. Actually, bathythermograph records 
showed that 4° water prevailed down to depths of at least 750 feet. Never
theless the catch records indicate that during the night-·time of the earlier 
period of fishing and during both day and night of the later period, sockeyes 
were confined to a much shallower zoneo It is noteworthy, however~ that 
whereas the wide vertical range observed in the daytime during the first period 
coincided with a condition of small temperature change with depth, the limit 
of downward distribution in the later period was accurately represented by the 
thermocline which had then developed (Fig. 2). This is in agreement with data 
obtained in 1959 (Manzer and LeBrasseur, 1959). 

A general limit on depth could conceivably be imposed by (a) recognition 
of a "preferred" (although not an absolute) temperature, (b) the di stribution 
of food organisms (perhaps in conjunction with a preferred feeding time of day), 
(c) a need to remain near the surface for purposes of navigation. 

, 
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Fig.l. Fishing stations occupied by M/V Fort Ross,1960 



DAY SETS 

Fi shing 
time 

Date (hr.) 

17 .51 6.25 
18.51 5.00 
19.51 5.75 

2.6 6.00 
4.6 9.00 
5.6 6.00 
6.6 7.50 
7.6 6.00 

22.6 8.00 
23.6 6.00 
24.6 8.50 
1.7 6.50 
2.7 6.50 
4.7 7.00 

NIGHT SETS 
18.51 11.00 
19.51 9.00 
3.6 8.50 
4.6 9.00 
5.6 9.00 
6.6 11.00 
7.6 9;50 
8.6 8.50 

10.6 10.00 
23.6 9.00 
24.6 9.00 
1.7 9.50 
2.7 11.00 
4.7 9.00 
5.7 7.50 

13.7 10.50 

Table I. Salmon catches by M/V Fort Ross, 1960. 

Surface Net Depth Net 
Length Fishing Length 
of net depth of net 
(fath.) Sockeye Chum Pink Coho Total (feet) (fath.) Sockeye Chum 

300 19 6 0 0 25 0-40 400 10 4 
300 4 2 0 0 6 40-80 400 3 6 
300 6 1 0 0 7 - Net lost -
300 94 1 0 0 95 80-120 200 76 5 
300 19 2 0 0 21 120-160 200 24 2 
250 10 1 0 0 11 160-200 200 9 11 

- Not set - 0-40 200 5 3 
250 4 1 0 0 5 40-80 200 12 4 
250 3 0 0 0 3 160-200 200 0 1 

- Not set - 0-40 200 4 1 
250 8 6 0 0 14 40-80 200 25 1 
250 8 7 0 0 15 80-120 200 1 0 
250 8 3 0 0 11 120-160 200 0 0 
250 2 9 0 0 11 160-200 200 0 0 

Total 185 39 0 0 224 169 38 

300 14 5 0 0 19 0-40 400 15 2 
300 13 3 0 0 16 40-80 400 2 26 
300 54 1 0 0 55 80-120 200 38 3 
300 52 4 0 0 56 120-160 200 1 0 
250 29 5 0 0 34 160-200 200 0 0 

- Not set - 0-40 200 5 11 
250 19 11 0 0 30 40-80 200 4 13 
250 19 12 0 1 32 80-120 200 4 6 
250 10 3 0 0 13 120-160 200 5 0 
250 4 10 4 0 18 160-200 200 0 0 

- Not set - 0-40 200 11 2 
250 21 3 0 0 24 40-80 200 15 12 
250 29 18 43 1 91 80-120 200 0 10 
250 17 4 16 37 120-160 200 0 0 
250 23 5 1 0 29 160-20g 200 0 0 
300 8 18 6 1 33 0-40 200 8 8 

Total 312 102 70 3 487 108 93 

IPosition: Lat. 55°N, Long. 1550 W. All other sets made at Lat. 55°N, Long. 1520W. 

23 1/4" mesh used (depth net only). All other sets made with 4 1/2" mesh. 

Pink Total 

0 14 
0 9 

0 81 
0 26 
0 20 
0 8 
0 16 
0 1 
0 5 
0 26 
2 3 
0 0 
0 0 
2 209 

1 18 
0 28 
0 41 
0 1 
0 0 
0 16 
0 17 
0 10 
0 5 
0 0 
0 13 

15 42 
7 17 
0 0 
0 0 
2 18 

25 226 
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Fig. 2. Percentage of sockeye salmon caught at each depth fished (weighted for fishing effort). 
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Fig. 3. Percentage of chum. salmon caught at each depth fished (weighted for fishing effort) .. 



Age and Maturity 

The age·-composition of sockeyes caught by the depth net, as determined 
from scales, was as followsz 

Age 41 42 52 53 6
3 

Unknown 

May 17 to June 10, noo 1 114 40 27 21 9 

% 54 19 13 10 4 

June 22 to July 5, no. 0 36 7 9 0 4 

% 0 64 12 16 0 7 

Whi Ie 42 fi sh predominated in both periods, the figures indi cate that the 
63 and some of the 52 fish had moved out of the area by late Juneo No third
year fish were taken, probably because of the relatively large mesh-size used. 

Maturing and immature fi sh in these catches were segregated by weighing 
the gonads and applying the criteria proposed by Godfrey (1959). According to 
this classification, 91,% of all fish caught during the earlier period were 
maturing, whereas only 49% in the later period were in this condition. 

No consistent differences in vertical distribution were round between 
maturing and immature fish or between the various age groups. 

Early season daytime fishing showed that chums, like sockeyes, were 
present at all depths investigated (Fig. 3). There was also evidence of a with
drawal of fish from the deepest level and a greater concentration at the surface 
during the night. Many fish were still present, however, at intermediate 
levels. 

In the later period~ chums did not show the marked upward shift which 
characterized the distribution of sockeyes. Daytime sets, while only yielding 
3 fish , were sufficient to show the presence of the species down to the 160- to 
200-foot level. Night catches were consistent with the previously noted 
tendency of both chums and sockeyes to make a moderate upward shift at this 
time. 

In contrast with the sockeye, it was noted that chum catches were con
sistently greater in night sets than in daytime sets (except at levels where 
the species appeared to be absent at night). This suggests a difference between 
the two species in the rhythm of diurnal activity and perhaps in time of feeding. 

Temperature 

Since chums are known to tolerate temperatures from 10 or 20C to 150 C, 
it is even more evident than in the case of the sockeye that the observed depth 



distribution was much less extensive than the limits imposed by this factor. A 
relationship with the thermocline was strongly suggested by night catches but 
was not evident for the few fish caught by day (Fig. 3). 

Age and Maturity 

Age determinations of chums caught in the adjustable net were as follows: 

Age 3 4 Unknown 

May 17 to June 10, no. 8 80 8 

% 8 83 8 
-----

June 22 to July 5, no. 15 9 3 

% 56 33 11 

All chums caught in the earlier period were considered to be maturing 
fish. In the later period~ 30% were placed in this category. Preliminary 
examination of the data ha s not di sclosed di fferences in verti ca 1 di stribution 
that can be associated with differences in age or state of maturation. 

PINK SALMON 

The small number of pink salmon caught does not permit any detailed 
conclusions on depth distribution. The species was taken at depths between the 
surface and the l20-foot level. 

General 

The 1960 observations were made in a restricted area. A general pictUre 
cannot be presented until findings have been reported from other parts of the 
North Pacific Ocean and the Bering Sea. The results reported here bear consid
erable resemblance to findings reported by Japanese observers who experimented 
with echo-sounders on sabnon fishing grounds in the western North Pacific 
(Hashimoto and Maniwa, 1956, 1959). They reported the presence of fish schools 
during the daytime in mid-July at depths of 20 to 40 meters, in close associ
ation with a scattering layer and with the thermocline. At night, some fish 
rose to the surface but others remained at the same level as in the daytime. 
The greatest depth at which fish schools were recorded was 60 meters - i.e. 
equivalent to the deepest fishing of the Fort Ross. The species involved in 
these Japanese observations could only be inferred from surface catches, which 
included sockeye, chum, pink and coho salmon. 

An obvious fact that emerges from the Fort Ross observations is that a 
majority of the sockeyes and chums caught (by day and by night and throughout 
the fishing season) were at levels below the reach of standard floating gill 
nets. 
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