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Abstract

In two studies conducted in the Northwest Atlantic in 1979, the recovery rates of spaghetti tags
were compared to those of Petersen disc tags. On the eastern Nova Scotian Shelf, 3,301 and 1,001
cod were tagged with spaghetti tags and Petersen discs, respectively. In the southern Guif of St.
Lawrence, 997 and 1,078 American plaice, respectively, were tagged. Over 98% of the recoveries
from each species were made in the first 5 years following release. The spaghetti tag gave a
significantly higher overall rate of recovery than the Petersen disc forcod (0.235 versus 0.158). The

spaghetti tag also gave a higher rate for American plaice (0.098 versus 0.094), but the difference

was not significant.

Introduction

Since its introduction in the early-1960s, the
spaghetti tag (Dell, 1968) has become a popular exter-
nal tag for finfish tagging studies. But few studies have
assessed the recovery rate of this tag relative to other
types of external tags, and the only three previous com-
parisons of Petersen disc tags and spaghetti tags have
presented conflicting results. McDermott and Living-
stone (1963) and Jensen (1963) obtained significantly
higher recovery rates for haddock (Melanogrammus
aeglefinus) marked with spaghetti tags than Petersen
discs, while Hartt (1963) found the opposite for Pacific
salmon (Oncorhynchus spp.).

Prior to 1978, tagging studies in the Northwest
Atlantic on groundfish species primarily used the
Petersen disc tag (Dickie, 1963; Gulland, 1963; Kelly
and Barker, 1963; Kohler, 1963; MS 1975; Martin and
Jean, 1964; Minet, MS 1976; Sandeman and Rees, 1963;
Stobo etal., 1988; Templeman, 1979; Wise, 1963). Since
1978, the spaghetti tag has largely superseded the
Petersen disc, and several other less predominant tags,
in NAFO Subarea 4. This report examines the relative
recovery rates of Petersen discs and spaghetti tags
from experiments conducted in 1979 on Atlantic cod
(Gadus morhua) and American plaice (Hippoglos-
soides platessoides).

Methods

In referring to tag types, we followed the defini-
tions of spaghetti and Petersen disc tags as found in
Jones (1979). Sequentially numbered spaghetti tags

and Petersen disc tags were applied to cod and Ameri-
can plaice in two separate tagging studies (Table 1)
conducted on the eastern Scotian Shelf and in the
southern Gulf of St. Lawrence (Fig. 1). Inthe cod study,
2,000 more spaghetti tags than Petersen discs were
applied because a large scale tagging program was
being conducted at the same time to study the migra-
tion patterns of cod.

In both studies, the fish were caught by ottertrawl-
ing with tow durations of 5-10 min. per set, several tows
being necessary to obtain adequate numbers of fish in
each study. The short tow durations were intended to
minimize stress and damage to the fish. Once on deck
of the research vessel the fish were put into large tanks
and placed in a V-shaped wooden trough where itwas
hand-held while being measured (total length) and
tagged. For each species both tag types were applied to
a portion of each set in order to ensure similarity inboth
tagging conditions and size of fish tagged (Table 1).
The fish were then returned to the sea through a19cm
diam. PVC pipe extending at about a 45° angle from
deck level to sea level; a continuous flow of salt water
was maintained through the pipe to facilitiate fish
movement down the pipe.

The spaghetti tags consisted of 8 cm lengths of
yellow machine labelled No. 20 vinyl tubing attached to
nylon T-bar anchors. A tagging gun' was used to apply
these near the base of the 2nd dorsal fin such that the
T-bar would anchor itself between the interneural
bones. In the case of cod thetag was applied in thearea
of the 2nd dorsal fin while on American plaice it was
applied close to the mid-point of the dorsal fin. Thetags
were inserted at an angle so thatthe exposed portion of

' Tagging guns, and the spaghetti tags, were obtained from the Floy Tag Manufacturing Company, Seattle, Washington.
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TABLE 1. Releases of treatment groups for cod and American plaice tagging studies.
Mean length of release groups given in parentheses.

NAFO Release Number Length range

Species Div. dates Tag type of tags (cm)
Cod 4T 12-16 Apr 1979  Spagheiti 3,301 24-111 (58.6)
Petersen disc 1,001 26-105 (56.1)
American 4T 16-19 Sep 1979  Spaghetti 997 22-59  (34.8)
plaice Petersen disc 1,078 23-64  (35.1)
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Fig. 1. Release locations forthe comparative tag experiments on cod
and American plaice.

the tag would lie close to the side of the fish, pointing
posteriorly. The Petersen discs were also yellow (1.8
cm diam.) and placed in the same locations of each
species. A thin stainless steel wire was passed through
the dorsal musculature through a temporarily inserted
hollow needle. The Petersen discs were then slipped
over the ends of the wire on either side of the fish and
attached by twisting each end of the wire with a pair of
pliers. A reward was paid for each tag received, with
recoveries made by fishermen and processing plant
personnel.

Recoveries from 1979 to 1988 inclusive were used
in this analysis. Overall recovery rates were calculated
as the proportion of numbers recovered to numbers
released. In calculating the recovery rate for a given
year, recoveries made in previous years were first sub-
tracted from total released in year one. It was assumed
that the total recaptures of each species were com-
pleted by the end of 1988; there have been only 2 recov-
eries of the tagged cod since 1985, both in 1986, and
only 2 recoveries of American plaice have been made
since 1986, both in 1987.

The relative recovery rates of the two tag types
were tested using the normal approximation to the dif-

ference in binomial proportions (Malik and Mullen,
1973) with a critical value of Zogs = 1.98 (Ho: Ps = Py),
where Z is total mortality, Ho is null hypothesis, Psisthe
proportion of spaghetti tag returns, and Py is the pro-
portion of Petersen disc tag returns.

Results and Discussion

Both tags had a retention span on each species of
more than 5 years but over 99 and 98% of the recoveries
for cod and American plaice respectively were made
during the first 5 years. Regardless of tag type a higher
recovery rate was obtained for cod (0.217) than Ameri-
can plaice (0.101), probably due to differences in the
relative intensities of the fisheries. Catches in the
directed cod fishery in Subdiv. 4Vs during the 1978-82
period increased from 15,377 to 40,110 tons with asso-
ciated fishing mortalities for age 3+ fish ranging from
0.326 to 0.442 (Sinclair and Smith, MS 1987). Catches
of American plaice in Div. 4T, however, declined stead-
ily from 10,086 to 6,542 tons during the same period
(Waite and Tallman, MS 1987). American plaice
catches inthe area have traditionally been a by-catchin
the Div. 4T cod fishery, and no estimates of fishing
mortality were available for the 1978-82 period. Given
its status as a by-catch fishery, it seems likely that the
exploitation rate on Div. 4T American plaice was lower
than that for Subdiv. 4Vs cod.

Cod recaptures were 775 (0.235 recovery rate) with
spaghetti tags and 158 (0.158 recovery rate) with
Petersen discs, while American plaice recaptures were
98 (0.098 recovery rate) with spaghetti tags and 101
(0.094 recovery rate) with Petersen discs. A breakdown
of recoveries and recovery rates by year (Table 2) dem-
onstrate the differences between tag types over longer
terms. Over 43% of cod tag recoveries of each tag type
were made during the year of release (8 months at
large), probably due to the intensive summer cod
fishery in the area of release. Over 74% of the total
recoveries had occurred by the end of 1980. Annual
recoveries decreased steadily following the year of
release, with the recovery rate for spaghetti tags declin-
ing more rapidly than that for Petersen discs. In all
years, the recovery rate of cod tagged with spaghetti
tags was higher than those with Petersen discs (Fig.
2A) and overall, the spaghetti tag gave a significantly
higher recovery rate (Z = 2.4, P<0.02).
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TABLE 2. Numbers of cod and American plaice recovered by year with year-specific
recovery rates in parentheses. Yearly recovery rates are adjusted for numbers

recovered in previous years.

Tag

Recoveries by year

Species type 1979

1980 1981 1982 1983+

Cod Spaghetti
Petersen

344 (.104)
59 (.059)

American Spaghetti 14 (.014)
plaice Petersen 5 (.005)

244 (.083)
52 (.055)

.0
55 (.051)

98 {.036)
22 (.025)

57 (.022) 32 (.013)
17 (.020) 8 (.009)

15 (.016) 17 (‘.019)
5 (.005) 13 (.013)

28) 25 (.026)
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Fig. 2. Annual recovery rates of spaghetti tags and Petersen discs
applied to cod and American plaice in 1979. Yearly recovery
rates are adjusted for numbers recovered in previous years.

The experiment with American plaice occurred in
September 1979. Since fishing effort for American pla-
ice in Div. 4T is quite low during the last few months of
the year compared to the spring-summer period, rela-
tively few recoveries were made in 1979. Consequently,
the recovery rates for tagged American plaice in 1979
(Fig. 2B) appear anomalously low for both tag types
relative to the other years. The largest percentage rec-
overy for each tag type on American plaice occurred
during 1980 and then, as with cod, declined steadily in
subsequent years. Although the Petersen disc gave a
marginally higher recovery rate than the spaghetti tag
with American plaice, the difference was not significant
(Z = 0.07).

The results for cod in this study are in accordance
with those of both Jensen (1963) and McDermott and

Livingstone (1963) for another gadoid, haddock. The
latter study provided data from which we derived recov-
ery rates of 0.140 and 0.044 for spaghetti tags and
dorsally applied Petersen discs respectively. McDer-
mott and Livingstones’ (1963) work involved several
treatments; for our calculations we combined their
damaged/undamaged fish subgroups to derive the
overall recovery rate values. Jensen (1963), in two
separate experiments, also demonstrated higher per-
cent recoveries for spaghetti tags than for dorsally app-
lied Petersen discs (12.9% versus 2.5% and 14.9%
versus 11.2%, respectively). His data for haddock,
although not explicitly stated, also support our obser-
vation for cod of a faster decline in the recovery rates of
spaghetti tags than Petersen discs.

In contrast, Hartt (1963) obtained recovery rates
for Pacific salmon in one study of 0.009 and 0.080 for
spaghetti tags and Petersen discs (3/4" diam. red and
white) respectively, while in a second study values of
0.126 and 0.137 were obtained. However, both studies
relied on recoveries from gillnet fisheries, the first more
so than the second. He surmised that the better
Petersen disc recovery rate in the first study was duein
large part to increased catchability of salmon resulting
from the discs snagging in gillnets. Our studies, and
those of Jensen (1963) and McDermottand Livingstone
(1963) relied primarily on trawl fisheries for recoveries,
a gear which is less likely to snag on tags. Hartt (1963)
also obtained a much lower recovery rate (0.013) using
the 1/2" diam. white Petersen disc as opposed to the
3/4" diam. red and white tag and ascribed this differ-
ence to the reduced visibility of the smaller tags.

There is considerable variation in the magnitude of
the difference in recovery rates between tag types
across studies with gadoid fish. In our cod study,
spaghetti tags were recovered at a rate 1.5 times that of
Petersen discs, while in haddock studies, spaghetti
tags have been recovered at rates of 1.3 and 5.2
(Jensen, 1963) and 3.1 (McDermott and Livingstone,
1963) times those of Petersen discs. We suspect this
variation may be attributable to the smaller sample
sizes in the haddock studies, which ranged widely from
179 to 572 releases per treatment.

With respect to the faster decline in recovery rates
for spaghetti tags relative to Petersen discs, which were



42 J. Northw. Atl. Fish.

observed for cod in the current study and for haddock
(Jensen, 1963), we can only speculate as to possible
causes. Jensen (1963) found substantial variation in
the visibility of different tags in a comparison between
shipboard and plant processing procedures, which
suggests that various aspects of commercial handling
procedures could influence recovery rates. Alterna-
tively, differential tag retention could influence recov-
ery rates of different tags, since in the case of cod,
consistent trends were observed (Fig. 2A). Such an
explanation, however, could notapply to American pla-
ice due to inconsistency in the recovery rate trends
(Fig. 2B).

We conclude thatfor gadoidsin general the spagh-
etti tag is preferable to the Petersen disc tag with
respect to recovery rates, while for flatfish either tag
may be suitable. However, it should be noted that the
enhancing effect of Petersen discs on catchability in
gillnets mitigates against their use in calculation of
mortality rates in studies where such gear comprise a
significant component of the fishery.
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