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ABSTRACT

Di scards are a significant conmponent of catch in the Northwest

Atl antic bottomlongline fishery. Because the survival of bycatch
is often I ow, reduction of sublegal bycatch in the bottom set
longline fishery for Atlantic cod (Gadus norhua) is inportant to
the stock rebuilding efforts.

| nvestigati ons were made on the effects of three different hook

si zes and gangion spacing (1.83 mand 3.66 n) on selectivity of
bottom set |ongline gear. Though an increase in catch per hook was
noted using the | arger gangi on spacing, the results were not
statistically significant. An increase from11/0 to 15/0 hooks
reduced the capture of sub-legal cod by 33.5% and only reduced the
capture of legal cod (49 cm and above) by 5.8%
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| NTRODUCTI ON

Longl i ne gear has been described as highly selective for both
species and size conpared to trawl gear (Bjordal, 1988; Lokkeborg
and Bjordal, 1992; Nedreaas et al., 1993; Neilson et al., 1989).
Nevert hel ess, longlines catch sublegal fish; and the bycatch
nortality of sublegal cod can be quite high (MIIliken et al.
1999). In order to reduce the catch and associated nortality of
subl egal cod, researchers have investigated the effects of hook
si ze, hook shape, the spacing between adjacent hooks, bait size,
bait type, depth of set, habitat, the size distribution and
densities of fish on the grounds (Lokkeborg and Bjordal, 1992;
Bj ordal, 1988).

It is generally thought that an increase in the nunber of hooks
results in an increased catch per unit of effort (CPUE)(Beverton
and Holt, 1957; @ulland, 1969). Experinents on nodifying the space
bet ween hooks have shown an increase in the catch per hook with an
i ncrease in the spaci ng between hooks (Ham ey and Skud, 1978).
These results can be attributed to the effects of saturation

(Mur phy, 1960; lonas, 1966; Lokkeborg and Bjordal, 1992). Wen
only a certain nunber of fish are present, they are al

susceptible to the gear. Wien nore hooks are present, they may
catch nore fish but the catch per hook m ght be reduced because
there are fewer fish available to the gear.

Results of studies of the effects of hook size on selectivity are
i nconsi stent. An increase in hook size does not necessarily reduce
the catch of snmaller fish. For exanple, Osi et al. (1993) found
no significant difference in the catch of sublegal (<66 cn

Chi nook sal non (Oncor hyncus tshawytscha) when he conpared a snal
and | arge hook size, yet Gway and Craig (1993) in a study of
snapper (Pagrus auratus) found that a | arger hook reduced the
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catch of the smaller individuals, although a smaller hook
i ncreased the capture of |arger individuals.

Sonme of the inconsistent results of hook size selectivity studies
may arise fromthe confounding effects of hook size, bait size and
bait type (Lokkeborg and Bjordal, 1992, Oway and Craig, 1993).
Johanessen (1983, cited by Lokkeborg, 1990) eval uated selectivity
due to bait size separately fromthat due to hook size, and
concluded that bait size had a | arger effect on selectivity than
hook si ze.

| ncreased spaci ng between hooks nmay i ncrease the average size of
fish in the catch. Studies on the behavior of cod in the vicinity
of baited hooks show that larger fish are better at conpeting for
bai ted hooks, and actively frighten smaller fish away (Bertran,
1988, Lokkeborg and Bjordal, 1992; Engas et al., 1993).

VETHCODS
Gangi on Spaci ng:

Two comrerci al vessels were provided with three sets of 250 hooks
of 11/0 circle hooks spaced 1.83 m (6 ft.) apart and three sets of
175 hooks of 11/0 circle hooks spaced 3.66 m (12 ft.) apart. Al
gangion lengths were 40.6 cm (16 in.) The fishing occurred in
areas that the comercial fishernen had gear and nineteen sets of
each gear were fished and recorded. Trained fisheries biologists
were aboard each vessel and recorded all the catch data. Because
the data were not paired for the different hook spaci ngs used, a
t-test that assumed unequal variances was used to test for

di fferences in catches between the size of cod caught between the
two spacings after the data were standardi zed to catch per hook.

11/0 vs. 13/0 selectivity:

Two conmmerci al boats were each given four sets of 250 11/0 Mustad
circle hooks and four sets of 250 13/0 Mustad circle hooks (Figure
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1). The hooks were spaced 1.83 m (6 ft.) apart and baited with a
simlar bait type and size. Al gangion lengths were 40.6 cm (16
in.) The sets were fished |ike commercial gear with each string
containing alternate sets of hook size to mnimze the effects of
bottom di fferences. Trained fisheries biologists observed al
haul s. Measurenents were taken for all cod and haddock and
recorded with the appropriate hook size. Because the data were
not paired for the different hook sizes used, a t-test was used to
test for differences in catch rates between the two hook sizes.
The data were transformed to catch per hook for the analysis.

11/0 vs. 15/0 selectivity:

One comrerci al vessel fished commercial |ongline gear. Each haul
consisted of three lines with 300 hooks, spaced 1.83 m (6 ft.)
apart; accordingly 900 hooks were fished per haul. The gangi ons
were 40.6 cm (16 in.) long and the lines were rigged with
alternating hook sizes. Therefore, each haul had 450 hooks of 11/0
and 450 nodified 15/0 hooks alternately spaced. The 15/0 hooks
were constructed fromthe sanme gauge wire that was used to
construct the 11/0 hooks (Figure 1). Hooks were baited with squid
and clanms and the sizes of the bait were kept constant for both
hook sizes. The vessel fished for twelve days and usually fished
four hauls a day, though six hauls and three hauls in a day al so
occurr ed.

A paired t-test was used to evaluate the effect of hook size on
the catch of legal (49 cm and above) and sub-1legal (below 49 cn
cod. The data were separated into | egal and sub-legal catch for
each haul. A paired t-test was perfornmed on the catch rates

bet ween the two hook sizes to determne if the different hook
sizes selected for different sized fish.
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RESULTS

Gangi on Spaci ng

No significant differences (a < 0.05) were detected in the catches
per 250 hooks between 34 sets with the gangi ons spaced 1.83 m (6
ft.) apart and 35 sets with the gangi ons spaced 3.66 m (12 ft.)
apart (Table 1). The 3.66 mspacing resulted in a 26.6% i ncrease
in the total catch of cod caught per hook, a 31.6%increase in the
catch of sub-Ilegal cod caught per hook and a 22.6% i ncrease in the
catch of legal cod caught per hook relative to the 1.83 m spacing
(Table 1). A Kol nobgorov-Smirnov test on the length frequencies of
the two spacings detected no difference between the treatnents
(Figure 2, Table 4).

11/0 vs. 13/0

There were no significant difference (a < 0.05) in the catch rates
by 11/0 and 13/0 hooks (Figure 3, Table 2). Use of the 13/0 hooks
resulted in an 11. 1% reduction in the total catch of cod, a 23.9%
reduction in the catch of sub-legal cod and a 2.6 % reduction in
the catch of legal cod (Table 2). A Kol nogorov-Smrnov test on the
I ength frequencies of the two spacings detected no difference
between the treatnents (Figure 4, Table 4).

11/0 vs. 15/0

There was a significant difference (a < 0.05) in catches of al

cod and catches of sublegal cod by 11/0 and 15/0 hooks. There was
no significant difference in the catch of legal cod (Figure 5,
Tabl e 3). Conparisons of the catch rates of 52 sets of the two
hook sizes showed that the 15/0 circle hooks resulted in a
reduction in the total catch of cod by 14.6% a 33.5% reduction in
the catch of sub-legal cod and a 5.8%reduction in the catch of

| egal cod (Table 3). A Kol nogorov-Smrnov test on the length
frequenci es of the two spacings detected a highly significant

difference (a < 0.01) between the treatnments (Figure 6, Table 4).
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DI SCUSSI ON

Catch per hook of all the cod increased when the |larger 3.66 m
gangi on spacing with 125 hooks was conpared to the 1.83 m spacing
with 250 hooks. It is difficult to state conclusively if the

hi gher cod catch per hook rates when using the 3.66 m spaci ng was
the result of differences in the popul ations of cod available to
the gear or nore likely, due to the fact that the | arger spacing
caught nore cod per hook because nore cod were susceptible to
capture by each hook due to the fewer nunber of hooks present. It
is probable that the gear with the | arger spacing was cl oser to
saturation than when the hooks were spaced cl oser together. This
woul d result in higher catches per hook. Simlar findings were
reported by Haml ey and Skud (1978) in a study of hook spacing in
the halibut fishery. They theorize that as hook spacing increases,
catch per hook al so increases in an asynptotic function.

Though the 13/0 hook did not show a statistically significant
difference in the catch of sub-legal cod relative to the 15/0
hooks, the 24% observed di fference bears further investigation.
Few cod were caught by either hook size during the sanpling
peri od.

The 15/0 hook did show a reduction in the catch of all cod and
sub-1egal cod caught. Additionally, the paired t-test did not
detect any differences in the catch of |egal cod caught between
the two hook types. The effect of additional increases of hook
size (11/0 vs. 15/0) in fact reveals a significant effect of hook
si ze on catch of sublegal cod. This reduction is substantial yet
lends itself to the question: can we reduce the catch of subl egal
cod further? The | ogical progression of this work would be to

i ncrease the hook size again to determne if we can reduce the
catch of sublegal cod further.
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T-test: Assuming Unequal All Cod Sub-legal Sized Cod Legal Sized Cod
Variances (<49 cm) (>49 cm)
Distance between gangions 1.83m 3.66 m 1.83 m 3.66 m 1.83 m 3.66 m
Total catch per 1000 hooks / set 113.9 144.2 43.1 56.7 70.8 87.5
Mean per 250 hooks 28.618 36.057 10.765 14.171 17.853 21.886
Variance 487.031 710.703 70.670 114.440 317.584 423.281
Observations 34 35 34 35 34 35
Hypothesized Difference 0 0 0
Df 65 64 66
t Stat -1.264 -1.473 -0.871
P(T<=t) two-tall 0.211 0.146 0.387
t Critical two-tall 1.997 1.998 1.997

Tabl e 1:

Results of t-test analysis on the standardi zed catch data

for the three grouping in the hook spaci ng experinent.

T-Test: Assuming Unequal All Cod Sub-legal Sized Cod Legal Sized Cod
Variances (<49 cm) (>49 cm)

Size of circle hook used 11/0 13/0 11/0 13/0 11/0 13/0
Total catch per 1000 hooks / set 88.67 78.82 32.17 24.47 55.33 53.88
Mean per set (250 hooks) 22.167 19.706 8.333 6.235 13.83333 13.471
Variance 421.797 418.596 87.601 46.316 138.2101 195.140
Observations 24 17 24 17 24 17
Hypothesized Difference 0 0 0
Df 35 39 31
t Stat 0.379 0.831 0.087
P(T<=t) two-tall 0.707 0.411 0.931
t Critical two-tail 2.030 2.022 2.039

Table 2: Results

of t-Test analysis on the standardi zed catch data
for the three grouping in the hook size experinent.

Paired t-Test All Cod Sub-legal Sized Cod Legal Sized Cod
(<49 cm) (>49 cm)

Size of circle hook used 11/0 15/0 11/0 15/0 11/0 15/0
Total catch 1715 1464 547 364 1168 1100
Mean per set 33.019 28.250 10.519 7.000 22.500 21.250
Variance 670.921 466.309 158.843 66.471 394.647 369.211
Observations 52 52 52 52 52 52
Pearson Correlation 0.869 0.920 0.868
Hypothesized Difference 0 0 0
Df 51 51 51
t Stat 2.680 4.215 0.895
P(T<=t) two-tail 0.010 0.000 0.375
t Critical two-tail 2.008 2.008 2.008

Table 3: Results of

a paired t-test analysis on the standardized

catch rate for the three groupings in the hook size experinent.
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Kol nogor ov- Sm rnov Test Results

Hook Spaci ng Experi nent

Si gni fi cant
Conpari son D D os D o1 D fference?
1.83 vs. 3.66 2.8031 3. 8068 4.5623 NO

kkhkkkhkhkhkkhhkkhkhkkhkhhkhkhkhkhkhkhhkhkhkhkhhkhkkhkhhkhhkhhkhkhhkhhkhkhkhkhhkikkhkkhkikkikkhkhkkkikkhkx*

Hook Size Conpari son Experinents

Si gni fi cant
Conpari son D D os D o1 D fference?
11/0 vs. 13/0 0. 0924 0.4121 0. 4939 NO
11/0 vs. 15/0 0. 0867 0. 0553 0. 0663 YES* *

** Significant difference at a = 0.01.

Tabl e 4: Results of Kol nbgorov-Snmrnov test on the |length
frequenci es of cod caught t determne if both hook sizes
sel ected for the sane sized fish
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Figure 1. Hook sizes used in
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Figure 3. Means and 95% confi dence intervals for all,
subl egal and | egal sized catches of cod fromthe 11/0 and
13/ 0 hooks. The data were grouped by haul .
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Figure 4. Length frequencies for both 11/0 and 13/ 0 hooks
standardi zed to nunber caught per 250 hooks.
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Figure 5. Means and 95% confi dence intervals for all,
subl egal and | egal sized catches of cod fromthe 11/0 and
nodi fi ed 15/0 hooks. The data were grouped by haul .
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