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ABSTRACT

Validity of the use of the otolith in age-growth studies of the redfish (Sebastes
marinug) is demonstrated. Otoliths accrue one opaque and one hyaline band a year.
The opague band begins to form in April, the hyaline band in September. Otoliths
preserved in ethanol may be read whole, although those from larger fish are more
easily read after they are sectioned. Otoliths stored dry must be sectioned for reading.

Redfish larvae can he collected in surface waters throughout the period of spawning,
April to September. The fry descend into mid-depths as they grow and first appear
on the bottom in August. Redfish reach an average length of about 50 mm. in their
first year of life.

The sexes grow at virtually the same rate until the tenth year, after which the male
grows more slowly than the female. Redfish of the Guilf of Maine grow more slowly
than those of northern European waters.

While dominant age classes appear in the collections of young fish, they are not
obvious in samples of older, commercially available fish.

v




AGE AND GROWTH OF THE REDFISH (SEBASTES MARINUS) IN THE GULF OF MAINE

By GEORGE F. KELLY AND ROBERT S. WOLF, Fishery Research Biologists
BUREAU OF COMMERCIAL FISHERIES

The redfish of the Gulf of Maine, Sebastes
marinus (Linnaeus), has supported an economically
important fishery in the United States since the
late 1930’s. The fishery has played a major role
in the livelihood of several New England ports,
particularly Gloucester, Mass., and Rockland and
Portland, Maine. Redfish fillets have found a
ready market in this country and, lately, in many
European countries as well. The fishery devel-
oped, as have so many others, first in local waters,
gradually moving out farther and farther as the
closer fishing grounds became less profitable and
as gear and techniques improved. Vessels hailing
from New England ports now fish as far away as
the waters off Labrador. The redfish is also
sought after by many European fishermen on the
shelf areas of much of the boreal North Atlantic.
The vessels of Soviet Russia and Germany have
fished for this species from the northern coast of
Russia itself to certain isolated fishing grounds
. off the coast of Canada. This intensive effort
has underscored the urgency of understanding the
life history of the species.

Sebastes marinus, the redfish or rosefish, belongs
to a North Atlantic species-group that is not well
understood taxonomically at this time. Sebastes
marinus (Linnaeus) and 8. wiviparus Kroyer are
generally accepted as the only valid species of the
genus. The status of S. mentella Travin (1951)
is not firmly established. Andriiashev (1954) has
questioned the validity of the species, stating that
of the characteristics used to separate mentella
from marinus— :
all were poor transient characters or showed only average
differences . . . these forms were distinguished by in-
sufficient investigation over the extent of their broad
range (to the Faeroe Islands, Iceland, Greenland, and the
shores of the U.S.A)).

Andriiashev accordingly reduced mentella to the
status of a subspecies of marinus.

Whatever its taxonomic structure, the group
in general has been studied by many people in
this country and abroad. The importance of

‘ranged from 7 to 71 cm. in length.

this fishery at the international level has greatly
increased the amount of research being done, and
a particularly spirited controversy has developed
about the radically different growth rates derived
by various workers. This paper is primarily
concerned with the growth rate of the redfish
population in the Gulf of Maine. It is to be
hoped that the results of this research will have
wider application; in any event, this information
is necessary for the proper evaluation of the New
England redfish fishery.

BRIEF REVIEW OF THE LITERATURE

1880. R. Collett, working on collections made
in the Bear Island—Spitzbergen area by the
Norwegian Atlantic Expedition of 1876, reported
that redfish fry were about 6 mm. long at birth.

1922, Ad. S. Jensen reported on the extensive
observations that he made on redfish in West
Greenland waters in 1908—9. He collected redfish
fry periodically from the time of the first appear-
ance in the plankton, recording the changes in
size composition for the first 9 months of life.
His data indicated an average length of 5.5 cm.
for fish 8 to 9 months of age. He attempted to

‘estimate a growth rate of the redfish from length-

This population
He suggested
that fish in age-group I ranged from 7 to 17 cm.
in length, in age-group II from 19.5 to 30 cm. in
length, and in age-group III from 31 to 41 cm. in
length. B o

1936. N. P. Smaragdova is to be credited with
the first detailed study of the age and growth
rate of Sebastes. He referred his species to S.
marinus. His work was based on scales, although
he did make a comparative study of scales and
otoliths, The material came from the Barents
Sea and was collected over a period of 12 years,
1921 to 1932. He reported good agreement
between age readings made from scales and those
made from otoliths. He concluded that the
1

frequency data. particular
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redfish is relatively slow growing and long lived.
He estimated the length at 1 year to be 5.4 em.
The oldest fish in his collection, with an estimated
age of 27 years, measured 57 cm. in length. The
data presented by Smaragdova are somewhat
erratic but do not differ greatly from that of
later workers.

1944. V. V. Veschezerov also studied the age
and growth of redfish from the Barents Sea. He
used otoliths to estimate the age of 764 fish rang-
ing in length from 3 to 63 cm. He concluded, as
had Smaragdova, that the Barents Sea redfish
are relatively slow growing and that some of his
fish were as old as 26 years. He estimated the
length at 1 year to be 5.1 em. The largest fish,
58.3 em. in length, was estimated to be 24 years
old.

1949. A. Perlmutter and G. M. (Clarke pub-
lished a detailed study of the growth rate of S.
marinus in the Gulf of Maine and off western
Nova Scotia based on age readings obtained from
the scales. The study was deliberately aimed at
immature fish, or fish less than 23.5 em. in length.
The rate of growth arrived at was comparable to
that published by Smaragdova for the Barents
Sea population of S. marinus. The data suggest
that redfish mature at about 8 to 10 years of age
and are very slow growing.

1951. V. I. Travin published growth data for
S. marinus from the Barents Sea in a paper that
also described a new species of redfish, S. mentella.
S. marinus was described as being restricted to
depths of less than 300 meters, whereas the new
species occurred to depths in excess of 300 meters.
S. mentella Travin is described as having a slower
growth rate than that of S. marinus. Unfortu-
nately, the growth data for both species are pre-
sented simply as average lengths at age without
information on the number of fish involved or the
method used to age the fish. Travin’s growth
data for the two species indicate that they grow
at about the same rate until 4 years of age, after
which mentelle. grows more slowly than marinus.
At 17 to 18 years of age, marinus averages 8 to 9
cm. longer than mentelle of the same age. His
data suggest slightly faster growth than that im-
plied by the data of Veschezerov and Smaragdova
for fish up to about 14 years of age. His largest
fish, 49.9 cm. in length, was estimated to be 18
years of age. Fish estimated at 18 years by
Veschezerov averaged 50 em. in length, while

those considered to be 18 years old by Smaragdova
averaged 44.9 cm.

1952. A. Kotthaus, working with material
from the coast of Norway and from the Bear
Island region, presented very rapid growth rates,
which resulted from his conclusion that the red-
fish developed three sets of hyaline and opaque
bands a year on fhe otolith. His studies were
based on nearly 15,000 fish, ranging from 11 to 81
cm. in length. He considered that the modes of
the length frequency curve of his entire sample
represented the first seven year classes. While
we disagree with Kotthaus’ conclusions, it must
be admitted that his findings are provocative and
stimulating.

1953. H. B. Bigelow and W. C. Schroeder state
that the redfish is a ‘“very slow growing fish.”
Their opinion is based on Perlmutter and Clarke’s
study and on some specimens they had collected
that averaged 2} inches and were considered to
be about 1 year of age.

1956, E. Bratberg published a careful study
validating the use of scales and otoliths for de-
termining age of redfish. He collected 19 samples
of small redfish regularly from thrce localities
along the coast of Norway for a period of 18
months. Bratberg examined a total of 1,860 speci-
mens ranging in length from 5.5 to 22 cm. He
demonstrated that only one opaque and one hya-
line band is formed in any one year. The periph-
ery of the otolith is opaque from May through
September and hyaline from October to April.
Although he worked mostly with younger fish, he
presented growth data for fish up to and including
age 7.

To sum up, with the notable exception of one
study, the various published growth data demon-
strate general agreement that Sebastes species
grow very slowly. Whether or not it develops in
the future that one or many species are involved,
much of the research accomplished to date indi-
cates less variation in the results of different
workers than has been observed many times
between closely related populations of other
species of fish. The data that will be presented
in this paper and that presented by Perlmutter
and Clarke (1949) strongly suggest a significantly
slower growth rate for the Gulf of Maine stock
than that reported for the redfish in the Barents
Sea and along the coast of Norway.
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OBJECTIVES AND METHODS

The primary objective of this paper is to present
age-growth information on the redfish population
of the Gulf of Maine. This information was
needed for the intelligent planning of our research
program which is, of course, concerned with
determining how this valuable fishery should be
managed.

To attain our objective, it was necessarv to
interpret the banding of the otolith. Eelated to
this was the question of when the first annulus
was completed in the otolith. Some difficult
problems associated with growth during the first
year of life had to be solved. With verified age-
growth data available, it was finally necessary to
determine the age composition of samples from
the redfish population of the Gulf of Maine.

These several problems were approached in
many ways. It was decided, after due considera-
tion of the scale markings, to use otoliths for the
age-composition studies. The samples were largely
obtained from the commercial catches. For the
detailed study of the otolith and the seasonal
nature of its bands, a special station for sampling
small redfish was selected and occupied at
appropriate intervals.

SAMPLING THE COMMERCIAL CATCH

Since large quantities of redfish are landed at
Gloucester, Mass., and Portland and Rockland,
Maine, the bulk of the sampling was performed at
these ports. Port samplers removed the otoliths
from random samples of 25 fish each from those
catches that came from single statistical subareas
(Rounsefell 1948). The otoliths were stored dry
in separate small paper envelopes on which were
recorded the fork length and sex of the fish along
with the necessary interview information. These
samples were sent to the Woods Hole laboratory
for preparation and reading.

SAMPLING BY RESEARCH VESSELS

To augment the sampling of the commercial
catch, the R/V Albatross 1II and a chartered
small commercial vessel, the M/V Priscilla V,
were used to collect material. Whenever possible
all such collections were made on well-known
fishing grounds. These collections provided us
with the necessary samples of the smaller sizes
of redfish not landed in the commercial catch.
A considerable amount of general survey work

has also been done with an Isaacs-Kidd midwater
trawl (Isaacs and Kidd, 1951).

Certain aspects of our research required large
samples of very small redfish. This material was
collected at a special fish-sampling station off
Cape Ann, Mass., where such small redfish could
be obtained in number throughout the year.
Designated the New Scantum station (see U.S.
Coast and Geodetic Survey Chart 71), it is located
42°42’ north latitude, 70°11’ west longitude.
Every effort was made to keep the collecting
activities within 5 miles of this point.

PREPARING THE OTOLITH

Redfish otoliths, particularly those of smaller
fish, may be easily read without any preparation.
Otoliths removed from fresh fish or frozen fish
may be stored indefinitely in 95-percent ethanol
without loss of clarity. For this reason, it became
standard procedure aboard the research vessels to
slit and preserve in alcohol all fish less than 15 cm.
in length. It was not convenient to preserve
quantities of larger fish in this way; instead they
were frozen. Their otoliths were removed in the
laboratory after the fish thawed and were then
preserved in alcohol.

Most of the otoliths used in this study were
collected from the commercial catch. These were
stored dry. Dry otoliths cannot be read whole,
but must be sectioned. They were cut with a dull
razor blade across the long axis just to one side
of the focus. Using slight pressure, the blade was
sawed across the otolith, causing the otolith to
break into two pieces along the line of cutting.
The exposed face, a cross section of the otolith,
was polished with a high-speed carborundum
cutting disk.

READING THE OTOLITH

The otoliths stored in alcohol were read as whole
mounts and needed no further preparation. The
whole otolith was placed in a small watchglass
filled with 60-percent alcohol and examined
directly with a binocular microscope. The watch-
glass was coated on the outside with black lacquer
to provide a contrasting background.

The sectioned otoliths were placed in a slotted
cork, polished face up, for examination with a
binocular microscope. A lamp provided the
necessary illumination along the side of the otolith.
The polished face was shaded from direct lighting
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with an opaque shield so that light was transmitted
up through the otolith from below. The hyaline
zones show up as bands of light, when so illumi-
nated, contrasted against an opaque background.
In similar manner, the number of light (hyaline)
bands were counted from the center to the outer
edge along the longest axis of the face. With a
little experience, one soon learns to shade the
otolith correctly and to position it properly in the
path of light for the greatest ease of reading. As
might be expected, the outer zones of large otoliths
are narrower and more difficult to count accurately
than are those of smaller otoliths.

No differences could be detected between each
of the otoliths from a single fish; one of the pair
was selected for whatever job was at hand with-
out any consideration being given to whether it
was the right or left otolith. In fact, the two
otoliths of any pair were so much alike that almost
anyone could separate out the pairs if a large num-
ber of pairs from one age group of fish were com-
bined into a single sample.

STUDIES OF THE OTOLITH
SEASONAL NATURE OF BANDING IN OTOLITH

Our study of the formation of the bands in the
otolith, like that of Bratberg (1956), was based on
collections made from young fish. In all, 1,921
otoliths from 8 samples of fish collected over an
18-month period were examined to determine the
nature of the material at the periphery of the
otolith. The results of this study are presented
in figure 1. We determined the percentage of
otoliths with each type of material at the periph-
ery, hyaline or opaque. The number of otoliths
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Ficure 1.—Seasonal variation in the nature of the material
at the periphery of the otolith of young redfish from the
New Scantum station. Samples were composed of fish
from pre-annulus to age-group VII. Figures on curve
indieate number of specimens in each sample.

with an opaque margin is at a maximum during
the months of July, August, and September.
The number of otoliths with a hyaline margin
reaches its maximum in January and February.
The seasonal change is striking and unequivocal.
There can be no question whatever about the
annual nature of the banding in the otolith of the
Gulf of Maine redfish. While it is more difficult
to follow this sequence in the otoliths of older red-
fish, careful examination reveals no deviations
from this general pattern. The outermost mar-
gin of any completed hyaline band may confidently
be regarded as an annual ring and will be con-
sidered here as the annulus that marks the end of
a year's growth.

In figure 2, a series of otoliths from the sample
of 1,921 otoliths used in the analysis of the
peripheral material are arranged by season and
age group to demonstrate further the seasonal
nature of the banding. Although photographs of
material of this sort leave something to be desired,
the gradual change in the nature of the peripheral
band can be followed.

Bratberg (1956) went one step further. He
demonstrated the concomitant formation of annuli
on both the scale and the otolith, indicating that,
in younger fish at least, comparable growth data
may be derived from either scale or otolith.

COMPARING WHOLE MOUNTS AND CROSS
SECTIONS OF OTOLITHS

The otoliths from a 7-year-old redfish are shown
in figure 3. One otolith as it appears in a whole
mount and the other in cross section following the
preparation procedure outlined earlier. To deter-
mine the extent of agreement, comparative read-
ings were made of whole mounts and cross sec-
tions of otoliths from 298 redfish ranging in length
from 11 to 40 em. The results are presented in
table 1. There was 85-percent agreement be-
tween the two methods in those otoliths with less
than nine annuli. The agreement is progressively
poorer as the fish increase in length and age. The
sample was not large enough to analyze these
disagreements with any statistical validity.

COMPARING SCALES AND OTOLITHS

The pattern of annulus formation is the same
in the scales and in the otoliths from the same
specimen (fig. 4). The results of the age-reading
comparisons of the scale and otolith from two
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FicurE 2.—Seasonal change in the peripheral material of the otolith of redfish, by age groups (pre-annulus to age-group
VI), in collections from the New Scantum station. The black and white dots indicate the positions of the annuli.
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TABLE L.—Age-reading comparisons of pairs of ololiths from the same fish, one otolith cut, the other whole
[Otoliths from 298 redfish from 11 to 40 em. in length: collected April 19, 1953)

WHOLE OTOLITHS

Number of Number
annubi=» [ 1| 2 3| 4| & 6] 7| &} w0 || 213141518 17|18|19|20 (21| 222324 of
T otoliths
1
T
T3 1 1
4 2|1 2
5 2 [0 4 T o - u
5 wlss| 3| 1 B 59
7 41261 1 3
8 3| 6 1 1 10
9 3| 4] 2|1 10
E 10 1| 4] 3| 2| 3 13
§ 11 1| 2] i R )
o 12 1| 3] 2| 3| 1 10
% 13 . 1| 2] 2 1)1 1 1 ]
E 14 1 2] 3|1 2] 1] 1 11
” 15 1|1 1 3
s | 3 3
17 T 1] 1 2
18 1 1 2
19 1| 2 1 1
/) 1 1 2
21 1 1
22
23 1 1
24 1 1
Nugl ber 1l24ior 53|82 1|6 |ufo|8|1|4|3]|5]5]|6]2 3|1]|1]1 298
otoliths [

TaBLE 2.—Age-reading comparisons of seales and otoliths from youny redfish collected at the New Scantum stalion in 1953

A. Scales and otoliths from 134 fish, 515 cm. in length, collected March 11, B. Scales and otoliths from 201 fish, 5-11 em. in length, collected April 20.
before new growth had started after new growth had started
SCALES SCALES
Number of Unread- | Number Number of Unread- | Number
annuli=» 1 2 3 4 5 6 able of. annuli=» 1 2 3 4 5 6 able of
f scales scales 3 scales scales
1 5 5 1 9 1 10
g 2 2 80 2 34 n 2 174 1 5 180
e
£ 3 1 10 11 E 3 1 8 1 8
© °
g 4 2| 1] 2141 4 23 g 1 2 2
7] %]
§ 5 1 9 10 é 1
Yy 6 1 1 S 6 1 1
Unread- Unread-
able able
otoliths otoliths
Number Number
of 7 81 12 1I5( 11 2 [] 134 of 9 175 | 6 4 1 6 201
otoliths otoliths
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Freure 3.—Whole-mount and cross-section preparations of otoliths from an 18.1-cm. female redfish. Seven annuli are

visible.

samples of small redfish collected in March and
April 1953, totaling 335 fish, are presented in
table 2.  The agreement is gencrally excellent, in
one casc being 88.8 percent and in the other 95.5
percent. In older fish, the scale annuli become
progressively more difficult to distinguish with
any certainty, so no attempt was made to run
comparison tests in older age groups.

INDEPENDENT READINGS OF OTOLITHS

The number of annuli and the nature of the
material at the periphery of the otolith can be de-
termined from whole otoliths with up to at least
nine annuli. Two readers independently deter-
mined this fact from a sample of 1,809 otoliths
(table 3). They were in complete agreement on
the annulus count and virtually in complete agree-
ment as to the nature of the peripheral material.

The otoliths of larger fish become progressively
more difficult to read as age increases. Three lots
of 100 otoliths each from older fish (VII to XX )
also were read independently by two investigators.
Thirty-one percent of the age readings agreed
exactly, and 59.7 percent agreed to within 1 year.
In a few instances, the readings deviated from

Dots indicate hyaline zones.

each other by as much as 9 years. The avcrage
agrecment between readers for each of the lots
was +1.16, +£1.87, and +1.85 years. These data
illustrate the difficulty of estimating accurately
the age of older fish, and suggest the limits of re-
liability that can be placed on determinations of
age of older redfish.

AGE AND GROWTH

Gravid female redfish are commonly found in
April and the first of the newborn 5-mm. larvac
may be collected at this time; redfish are born
from then until September. The larvae quickly
ascend to the surface layers of the ocean where
they are taken in surface plankton tows. By
mid-May, larvae as long as 12 mm. appear in the
plankton, and by mid-June, postlarvae 20 mm.
long may be collected. The young descend
slowly as they grow, and for this reason the size
range in the uppermost layers of the water shows
little significant change throughout the spawning
season. In March, April, and June, 1953, all
otoliths from small redfish taken on the hottom
had one or more completed annuli. The one-
annulus fish ranged in length from 45 to 70 mm.,
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Fraure 4,—Comparison of scales and otoliths from a 6.1-em. female with one annulus (top row), a 6.9-em. female with
two annuli (middle row), and a 13.0-em. male with four annuli (bottom row).
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TaBLE 3.—Comparison of age readings by two readers of otoliths from 1,804 redfish, collected at New Scantum station, August
17, 1955

[0 =opaque: H=hyaline]

READER A
Number of .
1 2 3 4 6 7 8 9 Number of]
"“‘3““" o | H| olB| o]l |l o Bl o]lrR| o[ 8B| 0o |]8H]| ojHE/| 0| H| otaliths
0
"
o 2 2
2
H
.0 33 | 3 371
" 7 7
o Loas| 7 1,050
4.
e H 13 13
g K 27 27
g H 5 5
o 126 126
A )
H 2 2
0 104 194
7
H 1 1
o 9 9
8
H
) 2 2
9
H
Number
of otoliths 2 38 | 10 |1,03) 20 | 27 | 5 | 126 | 2 | 194 | 1 9 2 1.809

the two-annulus fish had & range in length of from
55 to 110 mm., while the three-annulus fish
ranged from 80 to 120 mm. In the August col-
lections of the same year, a group of fish 21 to 48
mm. in length appeared on the bottom, all of them
with uniformly opaque (pre-annulus) otoliths.
The periphery of these otoliths, however, showed
signs of a developing hyaline edge. Most of these
pre-annulus fish had some scales (fig. 5). None
of the scales had developed an annulus. The
first annulus, therefore, appears to be formed
sometime between August and March, probably
in late winter.

The scales begin to form first along the lateral
line on the posterior half of the body. Redfish
34 mm. in length have been found with much of
the posterior half of the body covered with scales
(fig. 5). By the time that these small fish are
about 40 mm. in length, they have acquired their
full complement of scales.

GROWTH DURING FIRST YEAR

The conclusions of Perlmutter and Clarke (1949)
concerning the growth of redfish in their first year

are reasonable on the basis of the material that
they were able to collect and examine. They
concluded that young redfish reach a length of
about 20 mm. at the end of the first full year.
It 1s, however, our opinion, as well as that of many
European workers, that redfish reach 50 mm. or
more in length during their first growing season.
We believe this because the otoliths and scales of
redfish up to about 50 mm. do not show an an-
nulus, and because all of the material that we have
analyzed indicates that these young fish reach an
average length of 50 mm. in just a few months.
We were fortunate in having at our disposal a
large number of collections made by other workers.
The length frequency data compiled from these
collections, from our own collections, and from
various published records, are presented in tables
4 to 11 and are illustrated in figure 6.

Redfish larvae are abundant in the surface
waters throughout the spawning period. As the
season progresses, the greater numbers of larger
larvae in the plankton increase the average length
slightly: from approximately 10 mm. in May to
more than 20 mm. in early September. Young
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Fraure 5.—Posterior portion of flank of a 34+-mm. redfish,
showing the newly formed seales.  The seales along the
midline have two or more eireuli, while the smallest
(and newest) scales on the dorsal and ventral surfaces
have none or one circulus. Some scales were rubbed
off when the fish was captured.

fish varving in length from 20 to 50 mm. appear
on the bottom in August for the first time. There
is a general lack of fish between 20 and 40 mm. in
length in any of these collections. What material
we do have leads us to conclude that the fish in this
size range were probably somewhere between the
surface and the bottom. Recent research, the
results of which are not plotted on figure 6, has
demonstrated that redfish slowly descend as they
grow and that these 20- to 40-mm. fish may be
found in the middepths. This particular phase of
redfish early life-history will be discussed only
briefly at this time.

Some very revealing samples of young redfish
were collected at depths of 10, 20, 30, 40, 60, and
100 meters with the Isaacs-Kidd midwater trawl
in August 1957 (Albatross II1 cruise 99). At this
time, these fish varied from 10 to 40 mm. in length,
At 10 meters, all lengths within this range occurred
with the average being about 22 mm. The largest
collections per tow, made at 20 meters, contained
many times more specimens than all the rest of the
tows at the other depths. The average length of
this sample taken at 20 meters was 23 mm. At
40 meters and at 60 meters the samples were small,
but the average length was slightly larger than
the average length of fish at 20 meters. The
length was approximately 27 mm. at a depth of 60
meters. Two tows at 100 meters failed to collect
any young redfish. A similar cruise (Albatross I11
cruise 102) in September 1957 demonstrated the
further growth and descent of the young. The
largest samples per tow came from depths of 80,
100, and 110 meters. The average lengths varied
from 34 to 40 mm. without any marked relation
to depth.
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Ficure 6.—Length frequencies of young redfish taken by research vessels in the Gulf of Maine.

Data of tables 4-11

plotted by time of collection.
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F1cure 7.—Length composition of the three youngest age
groups collected at the New Scantum station in 1953
(<1, 1, and II) and 1954 (L, II, and III). The 1952
year class is shaded.

LENGTH COMPOSITION OF SMALLER FISH

The length composition and growth of age-
groups I, II, and III (1954) taken at the New
Scantum station over an 18-month period is pre-
sented in figure 7. Similar data for the first seven
age groups are given in table 12. While growth
in the second and third years is not as rapid as in
the first year, one can clearly observe the progres-
sion of modes. It may be noted that most of the
growth takes place in the period April to August.
Even at these young ages there is a wide range of
sizes in any one age group.

TABLE 4.—Length frequencies of 781 redfish fry from the

R/V Grampus collections in the Gulf of Maine, 1912
[Data from Bigelow 1914]

July August

Length

P
e Ll L]

12 mm
13 mm
14 mm.__
15mm.

200mm. .. JE [ R S (RO (SRR (PN P,
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TaBLE 5.—Length frequencies of 457 redfish fry from the TABLE 7.—Length frequencies of 97 redfish fry from the
R/V Grampus collections in the Gulf of Maine, 1914 R|V Albatross IT collections in the Gulf of Maine, 1931

1es < made from rer i
[Data from Bigelow 1917; exact count of specimens not available] [Measurements made {rom preserved material]

May June Between
July August Length b anel 18and
. uly 10
Langth 21 22 17 18 v
it 25 27 28 11 12 13
12
311111 TR R E J PR 52
6mm__. 15
Tmm__. {l,
fKmm___ 2
Omm_____._| X | X | X | X | X Jecca| X Jomecc]eeeed! x| x o MMML o] S S e e e
Wwmmo_____| x| x| x | x| x| x| x |[cccojeeeee| x| x 0 AT | L e e -
mmmo__._.| x| x| x 1 x| x|t x| x|..|] x1x  l2mm.._... oo 1) ] e e e
12mm_._...| x |.....] x| x| x |-cc.d] X | x|l x| x| e e evmemeen ] e
1I3mme ool X |ecoeeciiofmm e x| X feeeee| x [ x| e
lg mmo_ e e e eee] x| X e X e e e e[ |
15mm._._
wmm. o feeaeo|aoae 82
17mm_._
}3 mﬂ_‘_‘ TaBLE 8.—-Length frequencies of 2,234 redfish fry from the
20 mm_ . R/V Atlantis collections in the Gulf of Maine, 1932
21 mm.._
2 mm.._ [Measurements of preserved material]
235110 ¢ DA RO USRI SRR VRO DRSSPSR PUVUPIS PRI RSy FIPR S P
N o July
Total._._.} 6| 38( 42 43| 150 2104 | 21 1l 35 15 Length
22 23 24
42
TanvLe 6.—Length frequencies of 1edfish fry from the RIV }i}
Grampus collections in the Gulf of Maine, 1915 3
221
[Data from Bigelow 1917: some material still available was measured and data 201
inclizded; exaet count of specimens not available] 173
99
44
August September Sta- 26
Length |May|June tion 13
31 14 10300 6
4 6-71 31 1 2 14 %
JRRR PEVITR PRSI PR, 1,262

1 TaBLE 9.—Length frequencies of 53 redfish fry from the
= I = R/V Albatross TIT and BM/V Priscilla V collections in
S I I the Gulf of Maine, 1953

[Measurements of preserved material}

PR B [ NP SO Length August | Septem- | Novem-
17 ber 8 ber 10

PR R I R I IR R R R R

Total..] 1 2 |Many.|] 2120] 24 [Swarm..[1|3 |4 1 3

1 Specimens found among old eollections and larvae were measured.
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TABLE 10.—-Le-'n€lh frequencies of 325 redfish fry from Lhe TaBLE 11.—Lenglh frequencies of 97 redfish fry from the
M|V Priscilla V collections in the Gulf of Maine, 1954 R/V Albatross III collections in the Gulf of Maine, 1955
[Measurements of preserved material) [ Measurements of preserved material]
Length Febru- | April 21 [ August 7 August
ary Length
17 18 19

AMM._ . immmmmmmciccammmmmmmmmmemme e e e 36
B MM aan 53
T M e aes 59 30 1 )1 1 PSSR
BN e e 31 5mm.
O MM, . e - 15 fmm._
10 mm 11 7mm.
11 mm.. 7 ] mm.
12 mm.. 3 9 mm.
DEI0 33} 1 | Vg USRI [P 1 10 mm..
A2 MMM o m i cimeemmmmemeeee| L el 1 mm..
L 135 41D ¢ P uupayasnpnayuuyaysypupepe (N SRR PR, 12mm..
T30 11 1 | RS RRRPIR sy D S PRSI UY [ 13 mm..
P T35 141 o U U U U SRRy PRy I N PR 14 mm..
Y48 411+« TSty [ ) PR R JR 15 mm.._
U35 111 1) [ R R RIpRepunyey I | B PSRRI 16 mm__
49 MM e B e 17 mm__
LT J8131 + | RS aaes) D {3 I W (A, 1ISmm_.
118 111 DR aaapsaauersy R - N IR I PR R 19 mm.
Jii 111 + | R auaasy I (|1 IN- I (AU 20 mm.
[ 35111 ) TIPSl DT N I ) P 21 mm.
£33 111 1 + WS R SRR pupnnur) I - B PApURpS R . 42 mm
53111 ¢ | P ——————————rsy N N I N (S,
[ 111+ PR - T N, N (S Total e 23 72 2
278111 1| [ —aapsepspuepepyeyors) I S (- (N (A ——.
B8 MM oo ieeciccceieemema e 2 |
BOMM. e 2 2l
L7 ¢+ b« FE PSPPSR PR [ S (A

Total. - oo aa———— 3 26 215

500398 O—59——3
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TaABLE 12.—Length frequencies of redfish, by age

Age-group <I

Age-group I

Age-group II

Age-group III

Mar.

Apr.

June

Aug.

Nov.

Mar.

Apr.

June|Aug.

Nov,

Mar.

Apr.

June|

Aug.

Nov,

Mar.

Apr.

June | Aug.

Nov.

Totat males.___________.....

Average length (mm.)__.._.
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group and sex, collected at New Scantum station, in 1953

15

Agegroup IV

Age-group V

Age-group VI

Age-group VII

Apr,

Jung

Aug,

Nov,

Mar,

Apr, | June | Aug.

Naov,

Mar,

Apr,

June

Aug.

Nov,

Mar,

Apr,

June

Aug,

Nov,
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TaBLE 12.—Length frequencies of redfish, by age

Age-group <I Age-group I Age-group II Age-group III
Length

Mar.|Apr.|June|Aug.|Nov,|Mar.|Apr.|June[Aug.[Nov.|Mar.|Apr.|June|Aug.| Nov. | Mar. | Apr. | June | Aug. | Nov.

FEMALER

Average length (mm.y_. ..

Grand total

Grand average length
mm) e 41.1 (50.2 |57.5 |AL.1 |61.2 [A8.8 |77.8 |78.2 |78.6 |60.2 [95.0 | 106.0 | 105.0 | 101.9 | 117.5 | 112.0 | 135.6
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group and sex, collecled at New Scantum slalion, in 1958—Continued

Age-group IV Age-group V Age-group VI Age-group VII

Mar. | Apr. | June | Aug. | Nov. | Mar.{ Apr. | June { Aug. | Nov. | Mar. | Apr. | June | Aug. | Nov, | Mar. | Apr. | June | Aug. | Nov.

.-—cnutawaam-:-unww.huwwul

12 10 10 1 11 L 48 b I (R 58 1 27 10 |oeee-s 4 |- 12 ) 3 I R 4
110.4 | 127.5( 13L0( 107.5( 146.5 | 131.5 | 155.1 | 160.5 |...._.. 161.5  152,5 | 176.6 | 179.5 [..____. 172.5 |- ... 199.6 | 222.0 | ... 201.3
22 2 32 2 89 10 100 56 1 109 1 4 b - b (R 31 18 [...-... 6

113.4} 1246 130.0 | 115.0 | 146.2 | 131. 5| 160.9 | 159.3 | 137.5 | 160.7 | 152.5 | 176.2 |} 176.0

....... 174.4 |.._....| 205.2 | 215.8 |.__._._| 1925
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there is within any one age group.

PERCENT
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0
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0
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0
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LENGTH COMPOSITION OF AGE GROUPS

The length composition of 18 age groups (<1 to
XVII) by sex is presented in figure 8 and in table
13. It may be noted again how large a size range
In the tenth

FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

vear, when most of the redfish have become

mature, the growth rates of the males and females
change, the females continuing at the higher rate.
This difference becomes quite distinet within a
period of only 1 year.

— VI

Vil

= VI

-1 X

- X1

— X1

~ X111

- X1V

- X V

X V|

~X VIl

0]

100

LENGTH

200
IN MILLIMETERS

300

N ane

Fraure 8.—Length composition of all age groups in combined samples of redfish taken in the Gulf of Maine in 1953 by

research vessels and the commercial fishery, totaling 1,255 males and 1,251 females.
moving average of 5.)

(5-mm. groups smoothed by
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GROWTH RATE

Growth curves for the redfish, sexes treated
separately and combined, are presented in figure 9.
The mean lengths at age for the sexes separately
and combined are listed in tables 14 and 15. Males
and females grow at approximately the same rate
for the first 10 years of life. The growth curve is
unusual in that for the first 10 years it is approxi-

SEXES COMBINED
400

mately linear. At 20 years of age, the growth
rate of both the male and the female has markedly
decreased, but it is apparent the fish are still
making definite growth. Growth curves (fig. 10)
in the years 1951, 1952, and 1953 are generally
alike but there are some slight differences.
Whether these are significant cannot be stated at
this time.

SEXES SEPARATE

rr rr1rir1rrrTrrrr1rror1r1r1rir rTrrrri1ir1r1rrrr1riirrrirrrid
¢ 1786 FisH
L ]
300} 1
. I
[0
)
-
Y _ 3955 FISH _ \5’\657 FISH —
s
3
-
= 200} - = -
2
I
[ ol | _ - _
(L]
=4
ul
-

100

N I N T TN T Y Y T N NS N o B

) WD S NN N TN N N N N U o N O [ (N I A |

1
6 8 10 12 14 16
AGE-YEARS

18 2020+

2 4 6 8 10 12 14
AGE-YEARS

16 18 2020+

Fraure 9.—Growth curves for the sexes, separate and combined, fitted to the mean lengths at age and based on samples
of redfish from catches of the research vessels and the commercial fishery, collected in the Gulf of Maine in 1951,

1952, and 1953.

The growth curve of the sexes combined includes 512 unsexed fish.

(See table 14.)
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TABLE 13.—Length frequencies of redfish, by age

[Based on all research-vessel and

Length Number of males in age-group—

<l] 1 I | 11 | IV v VI | VII | VIIT| IX X XI | XII | XII| XIV| XV | XVIIXVII|XVIII| XIX | XX [xX+

175 mm.
180 mm.
185 mm._
190 mm._
185 mm._
200 mm.
205 mm._
210 mm.

P TL 2o e Sniuta) NS IS IS S B
220 mm._
225 mm.
230 mm._
235 mm.
240 mm.
245 mm.
250 mm..
255 mm.
260 mm.
265 mm.
270 mm.
275 mm.
280 mm_
285 mm.._
290 mm._
295 mm._
300 mm.__
305 mm_
210 mm.
315 mm.
320 mm.
325 mm.
330 mm.
335 mm_
340 mm.
345 mm.
350 mm._
355 mm._
360 um._
365 mm._
370 mm.
3756 mm._
380 mm._
385 mm._
360 mm._
305 mm._
d00mm. e e

Total fish..

P 40.8 |67.9 [94.2 |118.8 [135.2 |157.1 |177.5 |203.7 |238.9 |245.0 [262.1 [265.9 |272.8 |278.0 (280.5 |282.3 |283.1 |306.3 | 203.9 (270.2 [______|312.5
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group and sex, sampled in the Gulf of Maine, in 1953

commercial-catch samples; see figs. 8 and 10]

Number of females in age-group—
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TaABLE 14.—Length frequencies of redfish, by age group, sexes combined, from all samples collected in the Gulf of Maine in

1951, 1952, and 1953
[Includes 512 unsexed fish]

Length

Number of fish (sexes combined) in age-group—

VIL | VIII | IX X | XI | XII | XIII | XIV} XV | XVI[XVIIIXVII]} XIX | XX XX+

25mm......

Total fish. .
Mean length
(mm

—
OO0 00 i 0 ORI

185.9

213.0 [240.3 |254.8 (269.8 [280.1 [287.7 1300.0 |310.9 [310.6 [323.6 (331.4 | 339.7 (347.3 [367.5 | 351.3
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1951 1952 1953
A0 T T TT T T T T T T T T T T T TT T 17T TTTTTTTITTTTTTTTITT T g TTrrrririd Tri1rrTT
Q 30IFISH v Q 353 FISH

300

zooL

LENGTH IN MILLIMETERS

i

0 TN T N T N R W Y I 1 T T TN N U Y Y T T A | T I T T O N O T I A |
2 4 6 8 10 12 14 16 18 2020+ 2 4 6 10 12 14 16 18 2020+ 2 4 6 8 10 12 14 16 18 2020+
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Fraure 10.—Growth curves for the sexes fitted to the mean lengths at age, for redfish sampled from the commercial
fishery in 1951, 1952, and 1953

AGE COMPOSITION

Age composition of the redfish sampled from
the commercial catch in the Gulf of Mainein 1951,
1952, and 1953 is presented in figure 11. These
fish ranged in age from 2 to more than 20 years.
The bulk of the fish were from 6 to 14 years of age.
Certainly in these samples there is no striking
evidence of excessive reduction of the older age
groups from one year to the next. It is interesting,
therefore, to observe the data presented in figure
12 on the changes in length composition of sam-
ples that are available for the period 1936 to 1953.
The most obvious change is the decrease in the
modal groups over the length range of 27 to 32 cm.
These are fish of approximately 10 to 15 years of
age.

There are possible explanations for the changes
observed over this 18-year period. The modes
which appear in 1936 dominated the fishery and
may very well represent one or more very strong
year classes. This could account for the relatively
greater number of older fish some years later.
There is a detectable shift toward the smaller
sizes from 1941 on. In the period 1945 to 1949
there appears to have been another strong year
class; the mode moves from about 25 cm. in 1945
to 28 cm. in 1949. Again in 1949, another such
group is suggested at around 25 ecm., reaching 27
to 28 em. by 1953, This argument is admittedly
tenuous; however, the data do suggest that there
may well have been some very strong yvear classes
during the period. 1936 to 1953, and since 1936, at
least, the biggest fish have not been excessively
exploited in proportion to the smaller size groups.
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TABLE 15.—Length frequencies of redfish, by sex and age group, from

Number of males in age-group—
Length

<I| I II | III | 1V \% VI | VII | VIII| IX X XI | XII [ XIII [ XTIV | XV | XVI[XVII|IXVIII| XIX | XX [XX+

25mm___.... . J) USRI IR PR N PO FR
30mm.___

80 mm__ . - (RPN NSO RSN [SISIVRVN PRIV PRI PRI I, _
85 mm_. S I U (- - I N N SRRSO USRI PRNpIE PN RN MRS RPN SRR PSIII PPN AU PP I S
0mm. . feeaofoeao | B9 oo
95 mm..

—
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g8
g
H
i
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[X]
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| Nk oo
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v
v
'
St DN Pt et Bt bt 13 G =t S O D GO SR e OO

Total fish..| 15| 60 | 488 21 18| 176 | 101 92 82 20 78 3 % 55 38 38 23 20 10 4 1 3

Mean lengh
(mm.)_.___ 49.8 |67.9 [94.3 |120,7 [137.3 [160.2 |183.1 |205.8 [235.4 |248.2 |258.4 (266.0 |270.9 |279.8 [281.1 (283.2 [201.4 (301.5 | 301.0 [285.0 |202.5 |312.5
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all samples collecled in the Gulf of Maine in 1951, 1953 and 1953

Number of females in age-group—
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AGE GROUP

Ficure 11.—Age composition of redfish sampled from the commercial catch in the Gulf of Maine, 1951, 1952, and 1953.

Age composition of the juvenile fish taken from
the New Scantum station off Cape Ann shows
large differences in year-class strength (fig. 13).
These fish ranged in age from young of the year
to 7-year-olds. Age-groups II and V stand out in
the 1953 collections. Age-groups III and IV were
notably lacking. The same age-group relation
existed in the 1954 collections. The age-group
data presented in figures 11 and 13 suggest that
these age-group differences lessened by the time
the fish became available to the commercial fishery.

DISCUSSION AND CONCLUSIONS

Our data show that only one annulus is formed
per year in the otolith of the redfish of the western
Atlantic. This conclusion is in accord with that
of Bratberg (1956) for the redfish of the eastern
Atlantic.

There is no doubt in our minds that redfish
lay down only one annulus a year. While it is
understandable how incorrect interpretations of
length-frequency data are possible when one con-
siders the exceptionally wide spread of sizes at
age, there is no justification for suggesting that
more than one annulus is laid down each year in

the otoliths, on the basis of subjective analysis of
redfish length-frequency data. Some other form
of verification must be submitted before any
consideration can be given to the suggestion that
more than one opaque and one hyaline band is
laid down in a single year in the otolith.

It is our opinion that the young do not normally
pass through the winter scaleless and that an an-
nulus is formed in both scale and otolith during the
first winter. However, the time of first-annulus
formation in the scales could be markedly affected
by several factors. Hydrographic conditions vary
greatly within the Gulf of Maine. _The initial
growth of the young redfish may not be sufficient
in areas farther north, around Greenland for
example, for them to start scales before the first
winter. The time at which the larvae are spawned
likewise could profoundly affect the growth
attained in the first year.

Bratberg established the concomitance of annu-
lus formation in scale and otolith. To detect
annulus formation, there must be sufficient new
growth to contrast with the old. Bratberg
studied changes in the spacing of the circuli in the
scale and the seasonal accretion of opaque material
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Fiaure 12.—Percentage length composition of redfish, by sex, sampled from the commercial cateh in the Gulf of Maine,
1936 to 1953. No data are available on distribution of the sexes for 1936 and 1937; and only a portion of the
sample was sexed for the years 1938 through 1942, as indicated by an asterisk (*). Females (dashed line); males
(dotted line).
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Ficure 13.—Percentage age composition of redfish, pre-
annulus to age-group VII, collected at New Seantum
station, April 1953 to August 1954.

in the otolith. His study indicated that the an-
nulus in both the scale and the otolith began to
form in March and April. By May all fish showed
obvious signs of new growth. Similarly, the

studies reported in this paper show a sharp in-
crease in April in the percentage of otoliths with
an opaque edge, with over 90 percent of the oto-
liths having an obvious annulus by the early
part of June. Another study—that of Perlmutter
and Clarke—showed essentially the same thing.
Their data suggested quite strongly that renewed
growth may be detected on the scales in April.
Further, the greatest number of scales with nar-
rowly spaced circuli were taken from fish collected
in February. All of these findings are consistent.

The age-composition studies of small fish pro-
vided verification of our interpretation of the
otolith. In figure 13, it is apparent that there
were two dominant year classes in the samples
taken off Cape Ann. This population was followed
for a period of 18 months, during which the
complete cycle of the banding of the otolith was
studied. When the fish were first collected in
April 1953, the otoliths were observed to be
developing the opaque band. By February 1954,
the otoliths uniformly bore hyaline bands. The
opaque bands were beginning to develop again in
April, and by August all had well-developed opaque
bands. It is plain that the sequence observed of
year-class dominance could not have occurred had
the otoliths laid down several series of bands. If
they had, the dominant year classes would have
appeared to have aged several years during the 18-
month period of sampling.

The wide differences in Jength at age observed
may be the result of the failure of some young fish
to form a discernible annulus the first year. More
likely, it is & result of the extended period of spawn-
ing. Collections made in late summer contain
young redfish varying in length from 10 mm. to
more than 50mm. For this reason, even assuming
that all these redfish put down a detectable annulus
during their first winter, it is not surprising to find
that any one age group taken from the com-
mercial catch may have a length range of more
than 100 mm. It is not necessary to hypothesize
extremes in growth rates to account for the spread
of sizes at age.

Most of our data on thie length at age is based
on samples of the commercial catch, and these
samples come from many areas in the Gulf of
Maine. Most biologists working with redfish
believe that the fish move about very little and
this admits the possibility of different growth rates
in different areas.
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Fiaure 14.—Comparative growth rates of various Sebastes populations.

All important and relevant growth data that
have been published to date are presented in table
16. All growth data based on the premise of a
single annulus a year are consistent. The data of
table 16, with the exception of those of Smarag-
dova and Veschezerov, are presented in figure 14
in the form of growth curves for the purpose of
comparison. The erratic nature of Smaragdova’s
data (the age appears to be underestimated occa-
sionally) was probably due to the fact that he used
a geographically mixed sample. To alesser degree,
the same remarks possibly apply to Veschezerov’s
data. It must be remembered that until Travin
published his paper there were at least two fairly
well-defined population groups that were not recog-
nized as such in the northern European waters.
Travin’s age-growth data for the subspecies
marinus and mentelle from the Barents Sea show
the rate of growth of the populations. A growth
rate derived from Bratberg’'s data is virtually
identical to the growth rate for redfish from the
Gulf of Maine. Perlmutter and Clarke’s growth
data on the Browns Bank redfish show the slowest
growth of any group of redfish. The curve based
on their Gulf of Maine material adjusted for time

of annulus formation indicates a somewhat slower
rate of growth than we found. The age-length
data presented by Kotthaus are also plotted to
show the extreme differences between his concept
of redfish growth and that of other workers.

Kotthaus (1952) reported fish longer than 80
cm. from European waters. In recent years, sev-
eral specimens measuring between 74 and 83 cm.
in length and weighing from 14} to 19} pounds
have been landed at Gloucester, and some have
been reported in the local newspaper (Gloucester
Times, July 30, 1953, and April 5, 1955). Most
of these large fish came from the southeastern
Grand Bank. It is interesting to speculate on the
possible age of such fish. Our data indicate that
it would be possible for one of the faster-growing
females to reach this size in about 40 to 50 years.
It seems probable that some redfish may live to
an age in excess of even 50 years.

In conclusion, our results agree with those of
several of the earlier growth studies and especially
with those which were based on the premise of one
annulus being laid down each year. It is evident
that Sebastes is a slow-growing, long-lived fish.
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TABLE 16.—Growth studies of the redfish, Sebastes marinus marinus and S. m. mentella, 7n the North Atlantic Ocean

[Age In years; average length in ¢m., on January 1]

Average length of—
. Sebastes
Sebastes marinus marinus marinus
mentella
Age Barents Sea Browns Gulf of Maine Norway Norway Barents Sea
Bank coast
Smaragdova | Veschezerov Travin Perlmutter { Perlmutter Kelly Kotthaus Bratherg Travin
(1936) (1944) (1951) and Clarke ! | and Clarke ! | and Wolf2 (1953) (1956) (1951)
(1949) (1949)
5.4 5.12 6.26 4.7 5.2 5.5 17.2 6.28
9.7 7.22 9.05 6.9 7.6 7.8 22.2 10.01
10.0 9.98 12.87 9.2 9.9 10.1 34.2 13.09
12.6 12.60 16. 50 11.2 12.1 12.5 39.1 16. 30
14.7 15.38 19.95 13.2 13.9 14.7 43.8 19,32
17.4 18.20 23.49 15.0 15.4 17.3 49.0 22,10
17.5 21. 30 26. 61 16.7 16.9 19.8 56.6 25.27
20.1 24.60 29.62 18.1 18.9 22.7 |- - 27.77
19.6 28.06 32.69 19.3 21.8 u.9 29,84
2.6 32.84 35.33 20.8 [ . 26.3 |- 31.81
2.5 36. 68 38.00 22.5 | 27.4 33.44
26.5 3870 . -- 28.5 35.20
28.6 40.08 29.5 |. 36.47
3.3 43. 50 30.4 |. 37.69
32.3 45.28 31.3 38. 51
36.3 . 32.1 |- 39.12
39.2 32.8 40.16
44.9 33.6 40.45
46.3 34,4
47.5 35.0 -
1.2 1 8300 ). o e
5241 B335 e
53.9
5.9
55.4 |-
57.0 |-
57.0 |.

1 Average length adjusted to observed annulus numher.
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