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fins but intact vertebral columns. The total length of these specimens was estimated from the
following relationship which was calculated from paired measurements of vertebral length (VL) and

total length (TL) in specimens with intact tails (96 specimens from the 1982 collection and 32 from
the 1981 collection):

, TL = 1.270 vi 0986

(r2 = 0.99; n=128)

When it was realized during the stomach examinaticns that 2 size-classes were represented in
the juvenile redfish length-frequency, a somewhat arbitrary division between size-classes was made
at 90 mm, and all unmeasurable juveniles which appeared to be <125 mm TL were assigned to one of the
2 size-classes on the basis of apparent size. Thus, the rate of recovery (average number of redfish
recovered from cod greater than 29 cm (Lilly, MS 1981)) could be calculated for each redfish size-class
separately for most but not all fishing sets.

RESULTS

Length-Frequency

The length-frequencies of juvenile redfish caught by the trawl and recovered from cod stomachs
revealed two distinct modes (Fig. 1, 2), which are assumed to represent successive year-classes.
Redfish caught by the trawl were measured fresh to the nearest centimetre fork length, whereas those
recovered from cod stomachs were measured to the nearest millimetre total length and subsequently
grouped into 5 mm length groups. The modal lengths were not exactly the same, those of redfish from
the trawl being at 7-8 cm and 11-12 cm (Fig. 1) and those from cod stomachs being at about 7.2 cm
and 10.5-10.9 cm (Fig. 2). Redfish from cod stomachs were smaller than those from the trawl in 1981
as well (Lilly, MS 1981). Part of the difference is due to shrinkage of redfish in cod stomachs
during preservation in formalin: (Lilly, MS 1981), but there may also be selection toward large
redfish by the trawl or selection toward small redfish by the cod, particularly the small cod (<40
cm).- A further possibility in 1982 is the relative absence of cod,and hence of redfish from cod
stomachs, in the region of highest abundance of small redfish in the south between 200 and 300 m. In
1981 redfish in this area tended to be larger than those obtained from shallower depths (Lilly, MS
1981), so most recoveries from cod stomachs in 1982 may have been from areas where juvenile redfish
were relatively small.

Distribution

The smaller year-class was most abundant in trawl catches in the southwestern, southeastern,
and northern parts of Flemish Cap in depths of 200-300 m, with some good catches as shoal as 166 m
in the southwest (Fig. 3). Sets on the shallowest part of the bank did not catch any 7-8 cm redfish
In contrast, the recoveries of this year-class from cod stomachs revealed a broader distribution
which included the shallowest part of the bank but lacked areas of strong concentration (Fig. 4).

The Targer year-class was most abundant in trawl catches in depths of 200-300 m in a broad arc
in the south and a smaller area in the north (Fig. 5). Recoveries from cod stomachs revealed a broad
distribution with no areas of conceptration (Fig. 6).

Abundance

Juvenile redfish were 7-8 cm in length when they were first caught in January-February bottom
trawl surveys (Table 1). The catch of juveniles of this length was 2-3 times greater in 1982 than
in 1981, and in both years the catch was much greater than in 1979. The year-class which appeared
in 1979 was not abundant in later years, but the year-class which appeared in 1981 survived to be
very strong in 1982 .at a length of 10-12 cm. .

The pattern of weak and strong year-classes in recoveries from cod stomachs is identical to
that in trawl catches, with the strong year-classes. appearing in 1979, 1981, and 1982 (Table 2).
However, the order of relative strength was 1981>1979>1982. The year-class which appeared in 1979
was not found later, and the year-class which appeared in 1981 was found in 1982, but at an abundance
less than in 1981 and less than the new year-class in 1982.

DISCUSSION
Length Frequency and Age Interpretation
' The length frequency of juvenile redfish on Flemish Cap in winter 1982 revealed two distinct

modes at 7-8 cm and 11-12 cm F.L. The ages of these fish are uncertain. - Redfish of 7-8 cm, caught
in 1979 and 1981, were determined by interpretation of otolith annuli to be 2 year-olds (Gavaris and
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thfs.year-cla§s is likely due to predation by cod and possibly other predators, including adult
redfish (Kashinstev, 1962; Gavaris & Legge, MS 1981), but other factors such as inadequate food
supply or physical environmental effects (Akenhead, MS 1978; Anon, MS 1980) may have contributed.

The: 1980 year-class was abundant as 1 year-olds but,unlike the 1978 year-class, it survived in
large numbers as 2 year-olds. This success may be due to (1) greater numbers surviving the larval
stage and then swamping the ingestive capacity of predators or (2) decreased predation on juveniles
resulting from either a decrease in predator abundance or the appearance of a strong succeeding
year-class as alternate prey. The 1981 year-class is initially strong in the catches, and again
this could be due to high success in the larval stage or moderate success in the larval stage coupled
with reduced predation in the early juvenile stage. It is unlikely that these various possibilities
can be distinguished without population estimates at the early demersal stage (perhaps October or
November of first year) and seasonal information on mortality from predation.

Synchrony of Strong Year-Classes

Although predation on juveniles appears to be important in reducing abundance of a year-class,
it would seem that such predation is not the major factor affecting redfish recruitment, for strong
year-classes appear synchronously over wide geographic areas. The two strong modes at 7-8 cm and
11-12 cm found on Flemish Cap in winter 1982 were also abundant in the catch of a research survey on
the Scotian Shelf in March-April 1982 (T. Kenchington, Bedford Institute of Oceanography, Dartmouth,
N.S., pers. comm.). A strong mode at 7-8 cm was also caught in research surveys in winter 1981 in
the Gulf of St. Lawrence and on St. Pierre Bank (unpubl. data). These juveniles would represent the
1980 year-class. In October-November 1981 small redfish (67-70 mm TL) were very abundant in stomachs
of cod taken by line-trawl off Placentia Bay and Cape St. Mary's, southern Newfoundland. Fishermen
reported that whales and large numbers of seabirds were feeding on these juveniles, and that these
fish had not been seen previously in this area. These juveniles may represent the 1981 year-class.
In all these areas these recent year-classes represent what may become the first successful redfish
recruitment since the early 1970's.

A series of successful year-classes centered on 1971 or 1972 appears in the age compositions of
commercial or research vessel catches from Flemish Cap (Gavaris, MS 1981), St. Pierre Bank (Atkinson,
et al., MS ]?81) and Gulf of St. Lawrence (McKone, et al., MS 1981). 1In the Gulf of Maine a dominant
year-class appeared in research vessel catches in 1971, and length-frequencies from research vessel
catches before and since 1971 have shown this to be an isolated successful year-class (Mayo, 1980).
It .is possible that the apparent series of successful year-classes in other areas is an artifact of
errors in ageing, and that there was in these areas, as in the Gulf of Maine, a single dominant
year-class in 1971. "Research vessel catches in the early 1970's should be examined to confirm or
negate this possibility.

It is possible to go back even further in comparing recruitment on Flemish Cap with that in the
Gulf of Maine. Templeman (1976) examined length frequencies from research surveys and commercial
sampling on Flemish Cap from 1958 to 1974 and concluded that there had been 3 moderately successful
year-classes, in 1952, 1953, and 1957, a very successful year-class in 1959 (or a pair of successful
year-classes in 1959-60), and another pair of highly successful year-classes in 1963-64. Mayo
(1980) examined research vessel length: frequencies from 1963 to 1978 and age-length keys from surveys
in 1975-77 and concluded that in the Gulf of Maine there had been strong year-classes in 1953 and
1963 and some moderately strong year-classes in the late 1950's. In both areas there was no. further
strong recruitment until 1971 (or at least the early 1970's). Considering the possibility that the
slow growth of redfish may result in some error in assignment of nominal year-class to the modes,
the similarity between Flemish Cap and Gulf of Maine is most striking.

The appearance of strong redfish year-classes synchronously over wide geographic areas supports
the hypothesis that some broad scale physical factor operating at the larval stage is the major
mechanism promoting the production of large year-classes.
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Table 1. Stratified mean catch{per tow at length in numbers for small redfish

(<16 cm) in research bottom-trawl surveys on Flemish Cap, January-February,

1978-82.

Length (cm) 1978 1979 1980 1981 1982
5
6 0.14 0.01 0.04 1.14
7 1.67 0.04 36.10 66.84
8 1.39 0.20 34.51 100.43
9 0.01 0.18 0.16 0.06 14.53
10 0.02 0.35 0.22 0.04 101.27
M 0.08 1.34 0.08 0.1 250.83
12 0.32 0.67 0.10 0.18 182.92
13 0.80 0.22 0.36 0.16 40.15
14 1.33 0.49 0.29 0.13 1.69
15 1.39 0.87 0.24 0.09 0.56




Table 2. Mean number of redfish in two size-dasses1 recovered from cod

(>29 cm) caught during research bottom-trawl surveys on Flemish Cap, January-
February, 1978-82.

Length (mm) 1978 1979 1980 1981 1982

45-89 0.12 2.85 0.04 3.51 1.35
90-124 0.0 0.28 0.0 0.02 1.08
Total 0.12 3.13 0.04 3.53 2.43

! When the size-classes of some specimens in a set were not known, these specimens
were assigned to the two size-classes in the same ratio as specimens whose correct
size-class categorization was known. This will result in some error. The value
for the larger size-class in 1979 is almost certainly too high.
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