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Fig. 9. Plots of weighted (by catch-in-number) mean temperature
and depth of capture for large and small long-finned squid
and butterfish, by season, including‘lines of one standard
deviation on each axis.

“switch” fishery as described by Nagasaki (unpub-
lished data), where small squid would likely not be
taken in night tows where the other species/size-
groups are taken.

Foreign fishery data

Analyses of the foreign fishery data indicated the
lowest percentage of tows with a by-catch of butterfish
were during October-December (21-43%), in area 3
(35%), in depths between 56-110 m or over 185 m by

Italian and Spanish vessels (Table 3). Highest percen-
tages of tows with a by-catch of butterfish were during
January-March (82-76%), in area 5 (78%), in depths
between 111-185 m and by Japanese vessels. Little
difference was seen in by-catch percentages in the time
period of day.

Coefficients of overlap in preferred depth as des-
cribed for the survey data using equation 3, are pro-
vided in Table 7. Lowest coefficients occurred in
November in areas 2 and 4, and in March in area 3.
However, since these were based on data collectedina
directed squid fishery, the corresponding weighted
mean depths for butterfish may have been biased
toward the depths which were assumed to be preferred
by squid. Also, the fishery was restricted to the foreign
fishing windows which were themselves established, in
part, by depth.

Further analyses provided information on the spe-
cifics of butterfish by-catch, including the proportion
of the total catch comprised of butterfish. Data were
summarized by country, month, area, depth range and
time period. Proportionally few tows (1.2%) caught no
squid or butterfish, or reported catches of butterfish
with no squid (1.2%). Over 46% (1 100) had no butter-
fish by-catch associated with the squid catch, with
most of those in area 3 (56-110 m depths) during
November and December. Of those which took both
squid and butterfish ( 1 196 or 51%), the amount of
butterfish exceeded squid in only 42 tows (4%). Most of
those tows were made during January-March, and the
butterfish catches were three times as large as squid.

The highest ratio (12.7) of butterfish to squid catch
was seen during October in area 1, and in November in
area 2 (11.6) (Table 8). However, the number of
sampled tows in these areas/months were very low (3
and 9, respectively). Summarized ratios exceeded 0.25
only in area 4 during September (0.35, 45 tows) and
December (0.38, 14 tows), but were based on small
sample sizes. Lowest by-catch ratios occurred during
November in area 1 (0.01, only 4 tows), during August
in area 2 (0.003, 34 tows), during December in area 3
(0.02, 528 tows), during October in area 4 (0.03, 10
tows) and during December in area 5 ( 0.03, 57 tows).

The allocation of butterfish to the foreign fleet fish-
ing for squid has generally been based on an allowable
by-catch equivalent to 6% of the allocated amount of
long-finned squid (Atlantic mackerel, squid and butter-
fish Fisheries Management Plan of the Mid-Atlantic
Fishery Management Council). The overall by-catch
ratio for this sample was 0.07 of the total sampled squid
catch. By country, the by-catch ratio was 0.07 for Spain
(respresenting 69% of tows and 61% of catch), 0.14 for
Japan (8% of tows and 13% of catch) and 0.03 for Italy
(23% of tows, 26% of catch).
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TABLE 6. Coefficients of overlap in environmental preferences between large
and small, long-finned squid and butterfish, in the Southern New
England and Mid-Atlantic areas, by season, from NMFS bottom
trawl sampling, 1976-85.
Species/ Overlap coefficients
size-group Season Squid/large  Squid/small Butterfish/large
Depth
Squid/small All 0.88
Spring 0.87
Summer 0.99
Autumn 0.86
Butterfish/large All 1.00 0.84
Spring 0.98 0.74
Summer 0.55 0.51
Autumn 1.00 0.84
Butterfish/small All 0.89 1.00 0.85
Spring 0.88 1.00 0.75
Summer 0.99 0.98 0.60
Autumn 0.97 0.96 0.96
Temperature
Squid/small All 0.90
Spring 0.97
Summer 0.96
Autumn 0.87
Butterfish/large All 0.95 0.97
Spring 0.98 0.91
Summer 0.82 0.67
Autumn 0.91 0.97
Butterfish/small All 0.88 1.00 0.97
Spring 0.94 0.94 0.88
Summer 0.98 1.00 0.72
Autumn 0.88 1.00 0.99

USA interview data

The total number of interviewed trips along with
reported catches of squid and/or butterfish by area are
presented in Table 9. Primary areas (those with the
greatest number of trips) with reported catches of these
species were Statistical Areas 537 and 539 (Fig. 11).
The highest catch rates for squid occurred in areas 538
and 632, and for butterfish in areas 616, 537 and 526.

Trips reporting catches of eithér or both species
are summarized in Table 10. The greatest number of
these ‘pure’ trips were reported in areas 621and 612 for
butterfish, and in area 537 for squid. By month, the
greatest number of trips reporting squid alone
occurred during November and December; while the
highest percentage of trips reporting squid (which did
not also report butterfish) and the highest catch rates
for these ‘pure’ trips were during June. Butterfish were
caught without squid more frequently during October,
November and September than in other months, while
highest catch rates in these ‘pure’ trips occurred in

February and January. The greatest proportion of trips
reporting butterfish alone (relative to all trips reporting
butterfish) occurred during August-October.

Discussion

The seasonal and temporal distributions of long-
finned squid and butterfish based on NEFC broad-
scale survey data indicate a high degree of overlap in
temperature and depth preferences. Comparisons of
the proportion of tows which contained both species,
by size-group, indicate that these preferences are asso-
ciated with high degrees of co-occurrence inthe survey
tows, during most seasons and in most time periods of
the day. Significant negative relationships between
annual abundance indices and proportion of zero tows
for large squid and butterfish suggest that these
species/size-groups do not significantly aggregate or
disperse with changes in abundance. If this is so, in
years of high abundance, by-catch would be likely to
increase in the fishery directed to the other species.
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Fig. 10. Proportion of all tows which caught large long-finned squid, small long-finned squid, large butterfish and small
butterfish, that also took each of the other species/size-groups, by time period.

TABLE 7. Coefficients of overlap in depth preferences between long-
finned squid and butterfish, by area and month, basedona
subset of data from the 1984 squid directed foreign fishery.
Data are from the NMFS Foreign Fishery Observer Pro-

gram.
Area

Month 2 3 4

Jan 0.85 0.93 0.96
Feb — 0.98 0.63
Mar 0.89 0.36 0.95
Aug 0.89 — —

Sep 0.95 — 0.83
Oct — 0.61 —

Nov 0.43 0.94 0.30
Dec — 0.75 0.77

Data from the 1984 squid directed foreign fishery
which occurred in restricted areas along the shelf edge,
showed that the lowest by-catch of butterfish, asso-
ciated with relatively high catch rates of squid, could be
expected during January in area 4 (1 000 kg/tow, ratio
of 0.05) and during November and December in area 3
(over 800 kg/tow, with ratios of 0.03 and 0.02, respec-
tively). These low ratios were attributed to both low

catches of butterfish in general and to high proportions
of tows which took no butterfish.

The USA squid and butterfish fisheries encompass
a broader area than occupied by the foreign fleet, but
are concentrated in the southern New England-Mid-
Atlantic region. Most trips which reported catches of
one of these species, also landed the other. While 61%
of the interviewed trips which landed butterfish also
landed squid, 78% of the butterfish landings were from
trips which caught squid. Fifty-nine percent of inter-
viewed trips reporting squid landings during 1984 were
from trips which also took butterfish (32% of the total
trips landing squid). In general, catch rates for each
species were greater in those trips which took both
species, than for those with only one species reported.

Nagasaki (unpublished data) reported the ability of
Japanese fleets to direct effort at either squid or butter-
fish when these species inhabit the same grounds. Fine
scale spatial separation, due to such factors as differ-
ential diurnal vertical migration may account for the
ability to direct to one or the other species, even though
the habitat preferences are, in general, very similar.
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TABLE 8. Catch and by-catch ratios of butterfish (Bf/Ls = butterfish TABLE 9. Number of trips, total and mean catch-per-trip (metric
catch/long-finned squid catch) in the squid directed tons) long-finned squid and butterfish, from the USA
fishery during 1984, by area and month. Data are from a fishery interviews during 1984.

subset of 1984 NMFS Foreign Fishery Observer Program
trip records.

Long-finned squid Butterfish

No. of Squid Butterfish No. of Total Mean No. of Total Mean

Area Month tows (kg) (kg) Bf/Ls Ratio Area trips catch catch trips catch catch
1 Oct 3 252 3 200 12.70 512 1 0.02 0.02
1 Nov 4 4 325 45 0.01 513 7 0.12 0.02
2 Jan 50 70 659 2039 0.03 514 18 124 007 54 251 0.05
2 Feb 1 10 0 0.00 515 1 0.02 0.02
2 Mar 120 246 588 10 923 0.04 521 3 0.15 0.05 5 0.03 0.01
2 Aug 34 5047 18 . 522 1 0.81 0.81 2 095 048
2 Sep 37 6 181 1290 0.21 524 2 0.49 0.25
2 Nov 9 1730 20 085 11.61 525 11 207 019 6 065 0.1
3 Jan 81 79 628 3335 0.04 526 38 30.90 081 51 289.01 567
3 Feb 114 122 622 5778 0.05 537 572 873.43 153 575 347560 6.04
3 Mar 15 12132 2 851 0.24 538 80 42246 528 49 5.08  0.10
3 Oct 203 212 830 17 106 0.08 539 402 124.21 0.31 382 37.99  0.10
3 Nov 424 339 880 11 349 0.03 611 84 1198  0.14 91 950 0.10
3 Dec 508 468 360 8033 0.02 612 63 11584 184 174 27.07  0.16
B Jan 128 127 994 6 127 0.05 613 41 4919  1.20 35 950 0.27
4 Feb 240 251913 33 503 013 614 13 327 025 69 794  0.12
4 Mar 232 369 636 45 673 0.12 615 5 197 039 2 0.09  0.05
4 Sep 45 3976 1147 035 616 138 24200 175 121 997.94 825
4 oct ] 138 5 0.04 621 144 6579  0.46 306 4276  0.14
4 Nov 10 4785 160 0.03 622 200 27272 1.36 150 12079  0.81
4 Dec 14 5610 2116 038 623 1 050 050 1 020 020
625 15 224 015 18 0.39  0.02
5 Mar 3 862 21 0.24 626 74 150.14  2.03 61 884 0.14
5 Dec 57 72 190 2269 0.03 627 2 1.12 0.56 1 005 0.05
Italy 533 626 993 21 855 0.03 631 14 1.00 007 16 083 005
Japan 189 302 369 44 856 015 632 48 219.81 458 16 124 0.8
Spain 1631 1475574 110552 0.07 635 1 001 001 1 002 002
Total 2353 2405521 177 263 0.07 Total 1968  2592.83  1.32 2197  5039.63 229
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Fig. 11. USA Statistical Reporting Areas of the Northwest Atlantic. Three-digit statistical areas are grouped based on the first two digits (e.g. area
53 is comprised of statistical areas 533, 534, 537, 538, and 539).
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TABLE 10. Monthly distribution of the USA fishing trips reporting long-finned squid and/or
butterfish interviewed during 1984.

Trips reporting catch of

Trips with only % pure trips®

Month

Squid Butterfish Both Squid Butterfish Squid Butterfish
Jan 201 185 158 43 27 21.39 14.59
Feb 160 158 123 37 35 23.13 2215
Mar 142 129 106 36 23 25.35 17.83
Apr 113 94 78 35 16 30.97 17.02
May 172 184 107 65 77 37.79 41.85
Jun 133 142 65 68 77 51.13 54.23
Jul 103 113 53 50 60 48.54 53.10
Aug 94 155 62 32 93 34.04 60.00
Sep 110 187 80 30 107 27.27 57.22
Oct 150 292 110 40 182 26.67 62.33
Nov 275 295 176 99 119 36.00 40.34
Dec 315 263 226 89 37 28.25 14.07
Total 1968 2197 1344 624 853 31.7 38.83

? Percent of all trips reporting given species which did not also report the other species.

The USA domestic mixed-species fishery, with
effort directed at either species at various times of the
year, has not hereto been required to limit the catch of
the other as by-catch. However, by-catch of small but-
terfish has been problematic to the USA butterfish
fishery in recent years (NEFC, MS 1987). Analyses in
this paper indicate that large butterfish are most separ-
ated from small butterfish during summer. Coinci-
dently, summer is the period of low butterfish landings,
mostly because vessels are targeting other species dur-
ing that period. However, if a need develops to limit
by-catch of either species by the domestic fishery, it is
likely that seasonal, diel and areal management mea-
sures could be effective. Measures such as concentrat-
ing butterfish fishing in summer months, or at night,
and in particular areas could be effective. Such mea-
sures may, however, require that the USA domestic
fishery expand its operations beyond their traditional
inshore southern New England — Mid-Atlantic fishing
grounds.
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