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AGE AND GROWTH OF IMMATURE ROSEFISH (SEBASTES MARINUS) IN
THE GULF OF MAINE AND OFF WESTERN NOVA SCOTIA

The rosefish (St'bastt'S mari"1llls) 1 is abundant on
the fishing banks of the Gulf of Main,e and Nova
Scotia in depths ranging from 50 1;0 120 fathoms.
Until 1935, rosefish were marketable only in limited
quantities, and the yearly landings were well under
7,000,000 pounds. Technological advances in han­
dling fish, particularly filleting, quick-freezing, and
the perfection of an automatic scaling machine, in
addition to the development of markets in Mid­
western States, stimulated a rapid increase in the
rosefish fishery to an average yea'rly catch of more
than 100,000,000 pounds. The catch reached a peak
in 1946 of 178,000,000 pounds. As a result of the
growing importance of the fishery, the Fish and Wild­
life Service began a study of the rosefish in the fall
of 1942. This report summarizes one phase of the
investigation; namely, the age and growth of im­
mature rosefish in the Gulf of Maine and off the
Browns Bank area of western Nova Scotia.

PREPARATION AND STUDY OF
MATERIALS

STRUCTURES EXAMINED

From a preliminary examination of the bony struc­
ture of the rosefish it was found that the opercular
bones, otoliths, and scales showed series of sculp­
turings, which, on the basis of previous age studies
on other species of fish, were suggestive of year marks.
Both the opercular bone and the otolith proved
difficult to use in age analysis. In the opercular
bone, the markings on some specimens were indis­
tinct or were marred by a cavernous development
near the base of the bone (fig. 1). The otoliths
appeared more promising for determining the age of
the rosefish. Freshly recovered otoliths or dried
specimens cleared slightly in oil of cloves, oil of
wintergreen, or glycerine, showed dark and light
bands, as did cross sections of dry otoliths (figs. 2
and 3). Otoliths from the larger fish had a greater

1 S,ba.sttJ lnari,ul1 in Ame-rican waters does not grow so large as its counterpart
in European waters. The la,'gest fish we have recorded in the Gulf of Msine

.was 48 em. from the tip ofthe snout to the fork of the tail. Preliminar)" taxonomic
comparison of recentl)' collected data on the American fish with published data
on the European fish indicates extensive variations of the genus thNughout its
range and the need for a complete taxonomic study.

number of bands, but the individual rings were close
together and less distinct. Because of the difficulty
in collecting and preparing otoliths, and in distin­
guishing bands in the larger fish, together with the
fact that only age data and 110 growth data could be
obtained from otoliths, the study of them was dis­
continued. Attention was focused on the scales as
a method of determining age and growth in rosefish.

Rosefish scales are oblong and strongly ctenoid on
their outer edge, the number of rows of cteni being

FIGURE I.-Opercular bone showing growth bands. From a
female fOsefish 160 mm. long taken in the Gulf of Maine,
January 1945. Enlarged 4 times.

FIGURE 2.-otolith showing growth bands. From a male ro~efish

144 mm. long taken in the Gulf of Maine, November 1942.
Enlar-ged 6 times.
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greater on the scales of larger fish. Radii extend
from the focus to the anterior margin of the scale
and are more numerous in the larger than in the
smalIer fish. The circuli are distributed in bands of
different spacings, and a band of wide-spaced circuli
is generalIy followed by a band of narrow-spaced
circuli.

FIGURE 3.-Cross section of an otolith showing growth bands.
From a female ro~efish 70 mm. long taken in the Gulf of Maine,
August 1943. Enlarged 30 times.

AREA OF FISH FROM WHICH SCALE SAMPLE.S
WERE TAKEN

To determine the region on the body of the rose­
fish from which scales should be colIected, the body
was arbitrarily divided into 16 areas (fig. 4). Scales
were taken from the midpoint of each of these areas
and compared as to relative size, regularity, and
circulus count. Four fish were examined in this
manner. It was found that areas 11 and 13, the
region covered by the tip of the pectoral fin and
immediately posterior to it and adjacent to the
lateral line, had the largest and most uniformly
shaped scales with the highest circulus count (table
1). The relatively larger and more uniformly shaped
scales from the "pectoral patch" were easier to
mount and measure than scales from other parts of
the body. Also, since scales from the "pectoral
patch" area have the highest circulus count, it is
most likely that they show'maximum growth from
the beginning of scale formation. All scale samples
in the present study were taken from the "pectoral
patch."

COLLECTION OF SCALE DATA

Scale colIections were obtained from j-andom lots
of fish taken from individual trips of rosefish draggers.
I n each case, the boat captain was interviewed and

FIGURE -i.-Numbers indican' areas fr,-,m which scales were remo\'ed for examination and study. The darkened patch on areas II and 13
is ref"rred to in the text as the "pectoral patch,"



AGE AND GROWTH OF IMMATURE ROSEFISH 209

TABLE I.-Circuius counts and anterior radii of rosefish sca/fS from various body areas

210
261
197
.18.1
246
351
262
340
455
427
4M
461
509
438
445
.lS.l

122
239
132
195
148
192
140
270
267
160
.114
24-2
297
266
286
UO

118
205
142
149
166
207
149
196
264
241
282
227
261
227
230
225

Anterior radius I

1 --- _
2. • __ • _
.1 . _. . _
4 ._ ._. • _
5 •__ . _
6 • __ • ._. _
7 . _. • _
8 .• _
9 . _
10 • _
11 . _.. _
12 • _
13 • . _. ._

I !t~~~:::::::::::::::::::::::1

14.1
1M
139
208
1M
195
li.l
191
22.1
2Z8
HO
231
253
237
244
196

78
129
84

105
94

102
89

143
12Q
112
146
12,1
144
1.18
142
122

56
76
82
%
88

113
77
95

114
106
120
106
125
108
115
110

80
108
84
94
97

105
88

101
98

105
125
106
117
112
III
110

Circulus count I
-----...,..----------1--------,---------

Specimen I I Specimen

Area I Area \!---------------______________~~ :_~_I ~_·_I_~~__I ~:..._I_~_I ~~J__~_·_
I;~ I
11.1
166
118
180
116
139
198
200
2.10
178
220
195
217
173

1 •• •• ._

I~ ~ ~ ~~~~ ~~~m~~ ~~~~ ~~ ~ ~~~~~ ~I7 . _
8••• • • • _
'l

i<i========== =: :=:==== === =:=::11- _. __ • • • _
12. _••• • _
1.l_ •• _
14 _•• . • • __ ---I
li~= =::: :===: :===== ::=========,

I In millimerers. magnified 100 times.
'Male, 174 mm.,Jeffreys Ledge'January 1943.
• Male, 1H n\ln.• Jeffreys Ledge, anuary 1945•
• Female, 198 mm., Cashes, OCto er 194.1.
, Female, 304 mm.. ClIshc., October 1943.

reported fishing in only one biological area.2 Only
these "pure" trips were sampled in order to obtain
homogeneous data from each area. The length of
the fish was measured to the nearest millimeter by
means of a measuring board.3 These samples have
been continuously collected since August 1942.
Early in 1943, it was noticed that random sampling
of the commercial catch resulted in few samples of
scales from fish under 200 mm. in length. To obtain
more adequate sampling of the fish in this size
category, scale collections were taken from as many
fish under 200 mm. as could be procured.

PREPARATION AND METHOD OF EXAMINING
SCALE SAMPLES

All scales were read using a modification of the
scale projector described by Van Oosten, Deason,
and Jobes (1934). The machine was calibrated to
produce an image 99.6 to 100.6 times the size of the
object projected. Scale measurements used in the
present analysis were based on an average magnifi­
cation of 100 times. The projected image of the
scale was measured along the median radius from
the center of the focus to each annulus and to the
anterior margin of the scale by marking off these
distances on a strip of cardboard and then meas­
uri,ng them with a millimeter rule.

EXAMINATION OF SCALE MATERIAL

Scales were mounted in corn syrup, or glycerine­
gelatin, or dry, on glass slides, or were impressed on
celluloid, depending on the size of the scale. Clearest
mounts were obtained of the smaller scales, either dry,
or after alizarin staining, in the liquid media. The
larger scales were more easily handled as celluloid'
imprellsions. Each 1I1ide was given a code number.
Data on size, sex, and locality were omitted from
the label to prevent their. influencing the investi­
gators in determi'ning the age readings.

2 From &I studr 1)£ the \Ic~~rcc Qf infesution of rosefish with the CQPcp"d para­
!liitl!' (Sphyrion. I"",pi) and informil~ion on the life history I,r the parasite. plus
determination or centers or fishill~ clJncentr:ltioll and [he size cnmpo~ition r,(

the C3[Cl1 at these places. [he rosefi:sh stock was sllbdh'ided irno population units.
hut enclosed in \'arious bioloQ'i.:al areas as follows: l\·lount Deser[-l\1atiniclls;
Monhell:an-Jcffre)"s-Platts: I,:asl of GI"'1e<ster-Hill:hl.nd.: Channel: Cill:ar
Ridll:e-Cash.s: and Brown. Bank lfi~. 5'1.

3 Unless otherwise spe.:ified. all measnremcnu. ur r('fI,efish 3re rrom [he tip of
the :;nolJt to th(' rork of th(' tail.

On the basis of scale studies on other species of
fishes (Van Oosten 1929; Graham 1929), it is to be
expected that the circulus bands present on rosefish
scales represent periods of seasonal growth, a band of
wid~-spacedcirculi 'being presumably the fast growth
during summer, and a band of narrow-spaced circuli
the slow growth in winter. Exploratory examination
of the scales from all sizes of fish showed that the
summer and winter bands were broad and could be
most readily distinguished in fish less than approxi­
mately 235 mm. in length, but were narrow and
difficult to determine with certainty for larger fish.

It was not possibfe to undertake a study of the age
and growth of all sizes of rosefish because of limita­
tions in facilities. Therefore, our study was confined
to fish under 235 111111. in length. Size-at-maturity
studies showed fish in this size category. to be mainly
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FIGliRE 5.-Fishing concentration areas from which samples were obtained: area 1, Mount Desert-Matinicus; area 2, Monhegan-Jeffreys­
Platts; area 3. Cigar Ridge-Cas.~es; area 6, Browns Bank area of western Nova Scotia (table 2). No collections of immature fish
were obtained from area 4, east of Gloucester-Highlands, or from area 5, Channel, for the period studied.

TABL.: 2.-Collectiolls "/Iud in the study of the age and grow/II of immature rosefisll

Collection No. Year Date
landed Area I

Number
01 fisb

L. . _
2 . _

{~= ======== == ==== ==: =========:::5. " . _
6 •• • _
7 . •. _
8 _
9 _
10 _
II. __ . .
12. _
13 __ •• _
14_ •• . • __
15. _. ... . _
16__ •• . . _
17 _••• •• _
IS • _
1'1 _
20_. • _
21. •• , _
12 •• __ •. • ':': _
23 _..... • " _
24•• _., _

1942
1942
1942
1942
1942
1943
1~143

1943
194.;
1943
194.1
1943
1!J·l,l
1943
1<)4_1

:3~~
1943
1942
1<142
)'142
1942
1942
1942

Sept. 14
Oct. 16
qct. 2~
No\'• .)
Dec. IS
~·eb. II
Mar. 20
i\·lar. 29
May 26
May 28
june 14
june 15
july 30
Aug. 6
Aug. 1.1
Aug. 13
Aug. 15
Au~. 16
Oct. '.I
Oct. 29
Nov. 12
Nov. 20
Nov. 9
Dec. 10

2
2
2
2
2
2
2
2
2
3
3
2
I
1
2
1
I
I
I
I
I
I
I
I

15
,5
27
H
5

37
6
3
I
9

21
I
6
2

21
'l

24
4.;
17
s
9
8
I

29

25. • __ • . _
26... .. _
27. _
28. • . _
29•• '" • • _
30__ • __ . • _
31 _
32 . _
33, , _
34. . .. _
35. • . _
36__ • • _
37 • _. •• • •
38 • • __ . __
3!J • • _
40 _
41. .. _.. _
42. .. _
43, • _
44 • • _
45 - _
46 • _
47._. • • _. •
48. _. . .. _

1944
19·H
I?H
1944
1944
1944
1944
1944
1944
1!J44
1944
19M
1944'
1944
1944
1942
1943
1943
194.1
194.1
1<143
1943
1943
1'143

june 17
june 19
july 1
Aug. 21
Au~. 26
Aug. 28
Oct. 10
Oct. I~~

Oct. 26
Oct. 27
Nov. 14
Nov. 22
Dec. 4
Dec. 5
Dec. 16
Dec. 11
Mar. 17
Apr. 9
june 4
june 7
june 8
june 14
Aug. 17
Dec. 23

I
2
.;
.l
3
3
3
.'
1
3
3
I
I
2
2
6
6
6
6
6
6
6
6
6

;
1
6
I
I
I
I
4

II
3
2
I
7

17
4

20
3

18
II
10
2

H
4
9

I Area 1 i, Ihe M:Junt Desert-iVlatinicus region: area 2. the IvI:)nhegan-Jeffre)·s~Pla1'tsregion; area 3, the Cashes rcglon; area 6. the Browns Bank region. See fig. 5
for a demarcation of these regions and the location of each collection point. .
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immature. For example, in 1943 and 1944 in the Gulf
of Maine, n percent of the males and 99 percent of
the females less than 235 mm. in length were imma­
ture, while in the Browns Bank area, 88 percent of
the males and 98 percent of the females under 235
mm. were immature. The relatively few mature fish
below 235 mm. were mostly in the size range from
225 to 234 mm., as shown in figure 6.

Scale samples obtained from random lots of the
catch of the rosefish fleet included comparatively few
from fish below 235 mm. in length, especially from
those under 200 111m. To obtain a large amount of
scale data for fish under 200 111m., scales were taken

from as many fish in this size category as possible.
Despite inclusion of the selected scale samples from
the smaller fish, the total number of scale samples for
fish under 235 mm. that could be procured from the
commercial catch was relatively small. In the Gulf
of Maine region, 158 scale samples were collected in
1942, 183 in 1943, and 65 in 1944, and these could
only be obtained from fish in areas 1, 2, and 3, the
Mount Desert-Matinicus, IVlonhegan-]effreys-Platts,
and Cigar Ridge-Cashes areas, respectively. In the
Browns Bank area off western Nova Scotia, 20 scale
samples were collected in 1942 and 91 in 1943 (tables
2 and 3, and fig. 5).

MALES FEMALES

v v ""~ v Vv v v ""v v v V
It') 0 ('1)1() 0 I() 0 It') 0 ('I) It') 0 I() 0

1\I Nl\I rt'l rt'l_ 1\I Nl\I rt'l rt'l V
I I I I I I I I I I I , I I

0 0 0 0 0 00 0 0 0 0 0 0 0
I() 0 ('I)LO 0 I() 0 I() 0 ('I) It') 0 It')

~N NN rt'l rt'l 1\I NC\J rt'l rt'l
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FIGURE 6.-Length-frequency distributions of immature fish by sex for the Gulf of Maine and the Browns Bank area. Gulf of Maine data:
females examined in 1943 and 1944,3,372; males examined in 1944. 1,644. Browns Bank data:. females.examined in 1943 amI 194-1:.
591; males examined in 1944,280.· .



TABLE 3.-Ltmgth-frequency Jistributioll Of rach collectioll of immature rosefish tl1k-'1I ill tl,e Gulf of Maille fro ill September 1942 througlt Drcrmber 1944 alld ill the Rror/ills Bank a.rea
of ~ct"Stall NOfJa Scotia Deccmber 1942 through Dect'mba 1943 .

Colle~tion Nl.... L

Fi.h length in millimeters I I I I· I I I I I I I I I I 1 I I I I I I I I I I I I I I I--;-----.------.--------------- ~ ~ ~I!-I~I~!~I~ ~ .~ ..l~ :I~!~ -~ -~~I-~ ~\~ =:: ~ ~ ~ ~ ~1~,~i~i3~ ~ ~ ~I~ ~i~ ~ ~-~ ~ ~ -~ -~ ~ -~ ~.~
-lS=-, -----·------------------·----_· ·· 1__ ---1-- --'--'--'--j-- -- -- -- -J-\.L-I __L --- -- -- -- -- -- -- -- -- 1 --1-- --1-- --1-- --!--I-T- -- --1--- -- -. ---1--- -- ---1--

1
,--

SO_S~-----.----.------.--------- .. -----.------.--------.- --- -- --,-- --!-- -- -: -- -- -r -- ---, ... --1--- --1-- -- -- -- -- -- -. -- -- -- -- -. -- -- -T"I""'-- --,--,--- -- .- ---,--- -- ::-1:: :::

I Information on date of collection and area is shr,wn in·uhle 2.
:I Not read. All scales On The slide eirher shl')\\'ed regenerated centers or the imprel1sil1nS were indistinct.
a Scales from 1 fish could not be read either because"all scales showed regenerated centers or the impressions "'ere indistinct.
Ii Scales from 2 fish could not he read either because all scalcl1 sh()wed regenerated centers Qr the imprell.si(lns were inJistinct.
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CIRCULUS COUNT

FIGURE 7.-Circulus counts from the last band of narrow-spaced
circuli to the edge of the scale (terminal-zone) for scales col­
lected from rosefish less than 225 mm. in length taken in the
Gulf of lVlaine from April 1942 through June 194J. The solid
bars indicate wide-spaced circuli, and the diagonal lines narrow­
spaced circuli at the edge of the terminal-wne.
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narrow-spaced circuli ending another year's growth
and the inception of a n·ew band of wide-spaced
circuli starting the next year's growth.

From these data it can be seen that the narrow­
spaced .and wide-spaced circulus bands on the rose­
fish scale, as on the scales of other fishes, denote
seasonal growth intervals. During April through
October, growth is most rapid and a band of wide­
spaced circuli is formed. From November through
March, growth slows down and a band of narrow":
spaced circuli results. The narrow-spaced band of
circuli is considered the annular band or annulus.
In the a.nnular band, the circuli do not continue
posteriorly along the lateral margins of tlle scale as
they ·do in the band of wide-spaced circuli, but in­
stead, most of them end abruptly or· merge at the
lateral margin- of the scale forming a characteristic
broken pattern. Examples of .scales with varying

On the basis of scale studies on other species of
fishes, it is to be expected that the circulus bands
present on the rosefish scale represent periods of
seasonal growth. To test this hypothesis a study
was made of the scales ·of 229 fish less than 225 mm.
in length taken in the Gulf of Maine in the period
from April 1942 through June 1943. The part of
the scale from the last circulus in the last band of
narrow-spaced circuli to the edge of the scale was
designated the ·'terminal-zone." It was observed
that all specimens had only wide-spaced cir·culi in
this zone in April through May 1942. By November
1942, the marginal circuli of the zone were closer
together in some specimens and, in February 1943,
in most specimens. By April 1943, all the circuli
in the terminal-zone were once again widely sep­
arated.4 Furthermore, the· circulus count and size
of the terminal-zone increased from April-May 1942
until February-l\1arch 1943, when there was an
abrupt decrease in these characters in a few of the
fish, and by April 1943, in all of the fish (fig. 7,
table 4). The sudden decrease in the circulus count
and in the size of the terminal-zone in April" 1943
can be explained by the completion of tile band of

PROCEDURE FOR DETERMINING AGE
AND GROWTH FROM SCALES

'" Bands f)f wide..sp:u.:ed and l1Clrrow··spaced circuli arl~ re.ldilr distinguishable
from each other upon examination. Ne\·erthel~ss. a more c..)bject~\'~ method of
diffp.rentiating bet\\~een wide- 3J1(J narrow4 spaced circuli \\":15 auempted b}· caliper
measurements. of circuli widths. Phrsical limitations in our appar:uus· plus
certain inherent limitations ill the ,n:ltelial c,luscd liS t·ol dis~ontinlle this tech- .
ni'-:llIe.

SIGNIFICANCE OF CIRCULUS BANDS ON
ROSEFISH SCALES

Fishing selectivity largely accounts for the small
numbers of fish less than 235 mm. found in the com­
mercial catch and is due to the fact that rosefish less
than 8 inches long (200 mm.) are not marketable at
Gloucester. Consequently, the fishermen avoid con­
centrations of small fish. In most instances, this is
not difficult, as there appears to be a definite segrega­
tion of the ~maller or immature fish, from the larger
or mature fish. Under normal conditions when small
fish are inadvertently captured, they are culled and
thrown overboard at sea. It is apparent, then, that
large numbers of scale samples from small fish can
best be procured by means of an experimental vessel
fishing in the nursery areas. Pending such collection,
it was deemed advisable to study the available data
to obtain preliminary information on the age and
growth of the rosefish.

8~~579-40--~
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TABLE 4.-7'ill/r oj/ormatio1l oj llarrOfl' IIlld fl,idr !Jllnds ill ro.rrfish Ins thall 22511/111. ill fish lrllgt/z

Num"er of fi~h

NUlllher II( Ii~h

April-May
Zone growth , 1~'42

AUA;U!U
1942

September
1942

October
19~2

No:wembcr
1942

December
194-2

Fehruar)"
19~3

i\1arch
194-.1

April
194-3

Ma}·-Junc
194-3

o-~ . "". . .. . . . . . . _
5-9___________ I __ .___ I 1 .___ 1 1 2 __ .___ ~ _.• . _
IO-I~ __ . ._. 6 .___ I I I 1 . . 3 .__ 6 10 .. •
1;-19 . __ ._ 1~ 2 _.____ I ~ 2 . .____ I . __ . .___ b .__ ~

20-21. .. ~ . .___ (; 5 .j.' • __ .___ 2 2 2 . . 6 . __
25-2·' . .. __ I .. I 10 2 I I ______.. . I .__ 7 __ • _
30-.14 .. 2 .. . .__ .1 7 I I I (J 2 I 2 _
.;5-.~~)~._______ I _. . ._ 3 I I 2 12 _.. ~ __ . . _
~O-H . .. .___ 2 2 . .___ I ') I ... . _
4-5-4-9 _. . . . __ 1 . 2 ______ ______ 2 .. . _
50-54- . __ . __ .____ I . __ . __ . . __ • ._. __ .___ ; ._._. __ . . .
55-;9._. . . . . . . . __ . 2 2 __ .___ I ___ ._. •
6O-M . ... . . __ • __ . 1 _ . •• ._ • _
65-69 . . . . . . .. _ 1 . ._. •• ••
70-7+ . .. . . . -0 _. __ • • • __ • • ._. ._._

Total. __ 28 -:-:-= --~- --i----ui~ -----:4" --1-\--1+-12"'\--10- --7-,-:5 -'~3r-8--6- ----n- ~11"il~
1 Number of circuli from the edge of the last band of Ilarrow.spaceJ circuli to the scale margin.
:! \Vide phase: wide~spaced circuli onl\'.
3 Narrow phase: wide.spaced circuli followed by narrow-spaced circuli at the scale margin.
of The median radial distance in millimeters from the edge of the last band uf narrow.spaced cir~uli lO till': scal~ mar,!i';in. magnified 100 times.

numbers of annuli are shown in figures 8 through 15.
Figures 8 and 9 are scales from fish 30 and 50 mm.
in length, respectively, which were captured in Oc­
tober. They show no annuli but consist entirely of
wide-spaced circuli. Figure 10, a scale from a fish
59 mm. in length, has one annulus, and figures 11
through 15 contain two, three, four, six, and eight
annuli, respectively.

AGE OF ROSEFISH AT TIME OF
SCALE FORMATION

Although scale readings give the age of the rosefish
from inception of the scale to the time of cap­
ture, they do not furnish any information on the
extent of the period preceding initial scale forma­
tion. The rosefish is ovoviviparous, and from a
study of the .relative frequency of various develop­
mental stages of the embryos contained in the ovaries

of the fish throughuut the spring and summer, it was
found that the Gulf of Maine rosefish extrude the
yo~ng from mid-May through early September, with
the peak birth period in July. The size at birth is
indicated by larvae taken from a 297-mm. fish caught
in the Mount Desert-Matinicus area in August 1943.
These larvae still retained the yolk sac but swam
actively when placed in a container of salt water.
A sample of the specimens ranged from 7.1 to 7.5
mm. in total length. Our findings on the rosefish in
Gulf of Maine waters confirm those of Bigelow and
Welsh (1925: 308) and are also in agreement with
those of· Frost (1938: 15) in Newfoundland waters,
which suggest a similar rosefish birth period in both
areas.

According to Bigelow and Welsh (1925:311, fig.
147) rosefish larvae 20 inm. in length do not have
scales. Therefore, in order for newly born larvae
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The lengths of these larvae are
months and years of collection in

FIGURE S.-Scale showing only four wide-spaced circuli. no annuli,
from a fi~h 30 mm. long captured in the Cigar Ridge-Cashes
area, Oetoher 1946.

FIGUR~; 9.-·Scalc showiu!-= "nly ~ight wide-spaced circuli•. ~no
annuli, from a li~h 50 111111. in lenl.(th captured in the iV(ount
Desert-M'II inicus area, Or!eoher 19-1--1-.

to show the first annular ring in April of the follow­
ing year, they must grow longer than 20 mm. by
the fall of the year in which they are born so that a
series of wide-spaced circuli can be formed. Infor­
mation on the growth of larval rosefish on the Gulf
of lVlaine or Nova Scotian fishing grounds is not
available but is indicated by data obtained from
Newfoundland grounds. During cruises of the re­
search vessel Cape .4gulhas in Newfoundland waters
in the spring and summer of 1932 to 1935, a large
series' of rosefish larvae were taken, chiefly by

plankton nets.s

summarized by
table 5.

An examination of these data shows that for all
years combined the mode of the length frequency
was 7 mm. in ]\tray, 8 mm. in June, 9 mm. in July
and August, and 10 mm. in September, indicating

FIGURE 1O.-Scale showing (.ne annulus and initial formation of
the wide-spaced circuli band (.f the second rear band. From
59-mm. male captmed in lhe lVlonhegan-,1etfrers-Pl:llls area,
April 19-1-6.

FIGUR]; 1I.-Scale showing tweo annuli and initial formjJ.lion of
the wide-spaced circuli band of the third year band." From
a female 102 mm. long, captured in rhe Monhegan-jetfreys­
Platts area. june 19-1-6.

:i The jiJeneral area of t:aptur..: [or these lish jg shown in a p3.per b)~ Frost (19.l8).
A copy of the (,riginal Icngtl. Jal~ \\";1S made available by the Ncwfoandland
Department of Natural Res("lllr('~s throll~h the' courtesy of the director DI'.
Wilfred Templeman.
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extremely slow growth. In :May at the beginning
of the :birth period, two fish, 20 and 21 mm. in
length, were also taken. According to the growth
data, these fish could not have reached so large a
size if they had been born in April or :May of the
year in which they were captured. They must have
been born in the previous year because fish of this
size do not have scales.

FIGl'RE 12.--Scale showing three annuli. From a male, 122 mm.
long, captured east: c,f Gloucester-Highlands area, lvrarch 1946.

FIGlJRE 13.-Scalc showing four annuli. Fro,m a female, 144 mm.
10111(, captured in the Monhegan-jeffreys-Platts area, April 1946.

FIGVRE H.-Scale showing 'six annnii. From a male, 1.'9 mm.
long. captured in the Browns Bank ,"·ea. !\Jay 1946.

FIGORI~ IS.-Scale showing eight annuli. From a male, 234 mm.
long, captured in the Monhegan,Jeffrers-Platls area. April 1946.

Rosefish, 37 to 55 mm. in total length, obtained in
the Gulf of Maine in October of 1944 6 and 1946 7

show scales having a band of wide-spaced circuli and
a few narrow-spaced circuli. The scales must have
formed when the fish were more than 20 mm. and
less than 37 mm. in length and, apparently, during
the year in which the fish were captured. On the

6 Fin;- fish. 50-55 mm. k.n~. t;;lkeJ1 ill the 1\..I"unt Desert-M:niniclIs area.
'1 Six fil'h. 37-51 mill. k,ng. taken in the Cigar RidRe-Cashcs art'3.
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TAliLE 5.-Limgtlls of laFoal Tosejisil takell ill Newfoulldltllld roateTs 1
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Mal' June July August Seplember AIll'ears

Lan'a length in millimeter", -- I I I I I I S

________________ l932 193: :~ ~~ 193~ :933e~ ~~~ ~~ ~~.~:: :~~:~ :~I_ ~932 1933 1935 ~I'l' -=~~~ :u~~ tb~~~
5__________________________________ 1 I I 1 I 1 _
6___________________________________ 7 II I I I 16 I . I 7 12 2 17 I
7 23 3 28 21 2 I IS 5 3.l __ • ._ 1 I 2.l 5~ 21 33 2
8 5 75 H 23 lti 20 ~ 27 2 _.__ I I I 5 132 ~O 30 2
9 • 20 16 3 U ti 12 53 1 3 2 I I 39 ~2 59 2
10 .___________________________ 5 ~ 1 6 ~I I 2 .I 1 2 5 11 H
11. ..... I I ---- I ---- 1 ---- 10 I I ---- I ---- ---- 2 12
12.________________________________ I I I I I .. .__ .I I
I ~ 1 I 2 _~ ."__ I ~

~::~~ :~;;;: ;;~~;;;:;; ~~:;~;;:~:;;~ ~:,- ;;;: ~:~: :~-_;:;~ ;~~;;;~:I;~;; :-i: -:_~ :-~-1~-1- ::i: ~-:: ~_:- -::: --::1::::,: :-:::: __ ::~:I::_:1: ::::::

ft~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ::~: ~~~~ ~~~~ ~~~~ ~~~~ ~~~~ ~~~~ ~~~~ ~~~~ ~~~~ ~~~~ ~~~~ ~~~~ ~~~~ ~~~~ ~:~~ ~~~~ ::::~t~~~~ ~~~~~~ ~~~~'~~ ~~~~~~
25 ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 1 --.- ------ ------ ------ ------ ------

II:: :~:::;:::~~:::;::;~~;~::~;~;~:: :~;; ~:;:I :::: :;~: :~;: ~::: ;::; ;:"~I; ::: ~;:I;;::I :;:;1;::: ~~'; ;:;:,;::: ::~: ~::::: ::;:~; ;:::~: :::::: ;~;~~'
35 ---- ---- ----,---- ---- ---- ---- ---- ---- 1 1 1 ---- ----1----1---- ------ ------ ------1------ ------36 . _
37 • .___ 1 ._ 1

1'01.1. 1-:10"-6 wlgo28I-:;s~291S5--5r614-1-7 -41-~121-3 -:i0T2".i;'I-mIY--13

I These fidl were c3.ught b)" the I't:scarch vessel C,lpt .-I1;II11ras. The general area of ~apture is sho.wl1 Ln a paper br Frost (19~~8).

basis of the foregoing information, these fish must
have been born in 194-3 and 194-5, respectively. The
scales began to form in 194-4- and 194-6, respectively,
and by March 194-5 and 1947, respectively, wOl:ld
show the first annular ring. Therefore, in the pres­
ent age and growth study, the calendar year of birth
of a rosefish is obtained by adding one additional
year to the total number of annuli shown on the
scale.

METHODS OF ANALYSIS

Two procedures were followed in estimating the
lengths o~ rosefish at past ages from the spacing of the
annuli. In both, a straight line was fitted to the
logarithmic values for fish lengths plotted against
scale radius. -In the first lise of this line the constant
term in the logarithmic equation was employed in
deriving the following formula by means of which
lengths were computed directly from scale measure­
ments.

L ..,+S1l (L C)n=L s- -
C-is the intercept value at the X aXIs of a

straight line fitting the data.

L-the Jog of the length of the fish when
caught.

L1l,-the log of the compu ted length of the fish
at the end of any year.

S-the log of the anterior scale radius of the
fish when caught.

Su-the log of the anterior scale radius to any
annulus.

The second method follows the procedure used by
Hile (1941) in the study of the age and growth of
the rock bass (.4mbloplites rupestris). Essentially,
it involves the solution of the logarithmic equation to
build up a table of theoretical scale lengths at different
body lengths. Before the measurements for a particu­
lar scale can be used for reading the calculated length
from the table, each must be adjusted according to the
ratio of the theoretical to the actual scale size.

On theoretical grounds the two procedures can give
identical results only if before application of the
formula (first procedure) the' scale measurements
are adjusted to the theoretical values in the same
manner as that followed by Rile. It is easy to demon­
strate that strictly accurate results are obtained from
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TAIILE 6.--Compariso·1I oj aVfT'lge ca!cu/aud fisII-I.·lIg/11 lla/lln, ill millimc/as, tI/ eaell '1IIII1I1IIS

1l\-[ateri:J.1 collecteJ in i\rolihegan~Jt:ffre)"s-PI;,IlU, :l,rea.. Octl...her-[)t:'~lO:mher 19-121

Annulus

C,lcul.ted from 'I \ I Numbel·fish horn in- ,..:; 8 ') ('If fi~h

______________~~I_~_:.._i~~I_~ _~~I_~:.._ _:~~I_~:.._ _:~_~__~:"_I_'~_~ __~ __/~.I_~~ _:.~I_~~ ---.:~ ~:.._ _
193~_______________ 4? 4? 7~ 70 ~~ I ~s 1~1 112 1.l2 1321 149 1~9 167 I~ 101 II'll 204 2m 2
193.>_______________ ·v V 7. 72 ~. ~811_0 120 IH IH 166 166 1~4 1M :JOO 1"9 2
1934_______________ H H 73 72 95 95 119 118 1.l9 139 157 157 175 175 ~l

1935_______________ 50 50 74 74 97 97 II~ 118 1.l7 1.l6 158 158 19
1936_______________ 46 46 79 79 107 107 131 HI 154 154 'I
1~137.______________ 51 51 78 7~ III 111 Ll1 131 12

!~L:!;::::- ~~4~~I~~~~~~I~~1~44--;iJ+~;=~
Number. of fish _ 70 li4- 53 41 13 2

I Mc:thl",d l.-Cak\llatir)n~ were h;ls~J 1)11:1 str'1igl1l1ine fitted V"I the log:tritllllli.: \":llucl\ f'-If fish lengths and scale radii .:'~l.:lined fr('11l m:uerial collected frt'ln OC[(ahd­
Dec.:emher 1942 in the Monheg:1n-Jetfre)"s-Plal1s :Irea: collections 2-5. 71 fish. Scales f('lr 1 fish ...·Quld not he read be"::'IlI~e 1111 glJod scales were on the !IIlh..le.

~ IVlethoJ 2.-C:d"::1I1:uiclns were b.;l~eJ on:1 curve filted to the arithmetit::I1 values fnr fish lenR'ths.and sL':I1e radii for Ihe ~;'"une m:neri:ll :... nal}"7.ed h)' mcthod 1.

t\nlllllus

CalculuteJ [rclm fi~h horn ill- ,i NlIIPht'l·
,·,f ~,h

" I R , '" I R' A I I R' ,\ I B , A 'll' A 'll' " 'll'

~{~-~~~~~-~~-~~~-~~-~~~--~~~~~-----~~~~\--~~-tT --i --~~ -~~ _. :~~ -l~ -:~ -U~ -U~ -m-11~ -IS9 -~~---~
Ilg~L~::~~~~:~~~~:~~~::~~:~:~~~:::~::::::::: 55 54 76 76 "7 ;)6 11.1 11.1 1.1.1 1.1.1 ------ ------ :::::: :::::: 2~

\~1t::::::::::::::::::::::::::::::::::::::: ~~ !J _Jt ---~~- :::~: :::~~:\::~~~ ::~~~: ~~~~~~ 2~~~~ ~:~~~f~::r~~/~~:~ ~
WeighteJ "1<"" 5~~_1 76 761 94 9-1 110 110 132 1.12 1441 144 1159 159 I:~.:..:.:..:_:~

Nllmher',ffi.h 8\ I 77 52 3S 15 (. 1 1 _

I Methn...! I.-C:lkul:lti')ns were b;'"lseJ nn :I stnigllt line tlueJ tl"1 the I,""arithlllic v:lllle~ fl"lr fidllengths and scale I':IJii llbt:lined hnm malerial L'ollected frt"'1lI 1111\·-
September 19·1-.\ in the Mc,ullt Desen~l\1atinicllRuea 1C'l"'Illections U. 14. If,_ 17. 18: £.:4 fish). :~ fish could nCit be read because nn gl"'ll)d "C':lleR were on .he slide. .

:"! 1\1eIII0...! l.-C:llclll:tlit",ns were h:I!~t:d 1"'11 :1l"llrvC' fitted ,,-, tht" :lridllllt"liC'al v;,lluC's f'",r fi!llllenR'1hs. :lIh.1 scale radii f,"lr rhl~ l\:I1I1~ 1I1:IIt:ri:11 :111:dyzeJ b)· IIletlind I.

the formula only when the scale measured is of
exactly the theoretical length. That the errors
arising from deviations of the measured scales from
the theoretical values have no important effect on the
averages of calculated lengths for groups of fish is
demonstrated, however, by the extremely clo~e

agreement between the results ohtained independ­
ently by the two procedures (tables 6 and 7). The
discrepencies were few and always no more than a
millimeter. For practical purposes either procedure
can be followed. The second is preferable. not only
because it is easier to follow, but also because it gives
accurate calculations fO!' individual fish as well as for
group averages.

VARIATIONS IN THE FISH LENGTH-SCALE
RADIUS RELATIONSHIP

Since both methods (If calculating from scales the
size at a previous age employ the fish length-scale
radius relationship, variations in this relationship
from season to season or fi'om one biological area to
another would result in different values for estimated
lengths. A comparison of the slope of the lines
describing the fish-length and scale-length relation­
ship at different seasons in various areas was at­
tempted but discontinued because of the small
amount of data available for many of these seasonal­
area units. instead, a more general approach was
employed.
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GULF OF MAINE DATA
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FIGURE 16.-Relationship in arithmetical terms of the anterior scale radius to the length of rosefish for 269 fish 235 mm. or less, taken
in the Gulf of J\'Iaine from September 194-2 through August 194-3. Both the straight line and cu·rve were calculated to fit the data.
The formula for the straight line is )'= -68.84+ 1.88 .1:.

Examination of the individual collections made in
the Gulf of Maine from September 1942 through
December 1944 shows th ree series of collections
containing a relatively large number of fish which
fall into one biological area during a single calendar'
quarter; namely, a series in the Mount Desert­
Matinicus area from October through December
1942,s in the same area from July through September
1943,9 and in the Monhegan~Jeffreys-Plattsarea from

October through December 1942.to· The estimated
length at each age was calculated independently for
each of the three sets of data. The resulting values
were then combined and the average calculated
lengths at each age obtained (table 8, column A).

At the same time, the fish length-scale radius
relationship was determined for all material col­
lected in the Gulf of Maine from September 1942
through August 1943.1l On the basis of this rela-

s Collections 19-14: 72 fish: ,.ble 2. fig. 5.
9 Collections 13, J.j.. nnd U,...IS: 84 fish; tnble.2. fig. 5.

'" Collections 2-15: 71 fish: table 2. fig. 5.
II Collections 1-18: 269 ftsb: ftgures 16 nnd 17.
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TABLE 8.-Comparis011 of avtrage calculatrdfis!llellgth values. illlllillillleter.r, at each allllulus computed from Ii Ill! ft:tted separately to lmgt!l­
s"ale data for various areas at various time ';'Ilteroals alld fr01ll a Sillgl, lille fitt.·J to lellgth-scale data

(Collection, mane in ,he Gulf of l\·laine from September 1942 through Augu" 19431

Annulus

Calculated from fish born
in- 5 6

AI A' 11' AI A' II' A' A' 1\ , Ii' AI

1932_______________________ 47 48 74 79 96 104 118 112 137 1.l3 155 146 172 163 189 186 2lJ2 195
1933_______________________ 49 52 76 75 98 98 122 120 141 141 16.\ 158 182 174 201 192 218
1934_______________________ 47 51 75 75 99 96 12.1 116 144 13.l 164 151 183 167 190 _
1935.______________________ 49 55 7.1 77 98 99 119 120 139 137 161 157 159 174 162 _
1936_______________________ 49 50 77 76 103 103 IN 123 146 145 144 150 157 _
1937_______________________ 53 52 78 78 104 104 124 125 133 138 . 149 • _
1938_______________________ 52 5\ 7.1 75 97 IOU 110 120 • • _
1939_______________________ 56 52 80 76 96 96 114 • __ . _
1940_______________________ 59 54 75 74 95 .. . .. _
1941. . .____ 67 58 81 __ .. . ..... . . _
1942. .__________ 55 __ . • .. .. . . __ . _

Weighted meau . • -----s21·-Sl -75 -7(; --:-'l9 -99120IilIil-09" -161154180" 169 -"j96" 189"" -202--m
Number of fish________________ 222 308 218 297 186 251 158 203 116 139 89 90 51 38 lJ 12 10 .\

I Straight lines were fitted independentJ)· to logarithmic values for fish lenJl:ths and scale ra"dii obtained from material collected in the Mount Desert-l'tIatinicus area
from July·September 1943 (collections 13. 14. 16, 17, 18: 84 fishl: in the same area from October-December 1942 (collections 19-24: 72 fish): iu the Monhegan-Jeffrey.­
Platt. area from October-December 1942 (collections 2-5: 71 fi.h). No good scales were available for 1 fish in collection 2. for 1 fish in collection 16, and for 2 fish iu
collection 18. The data collected in each area during each 3-month interval was analyzed br method 1 uFing the corresponding line.

2 A curve was fitted to the values for fish lengths and scale radii obtained from material collected throughout the Gulf of lVlaine from September 1942 through
August 1942 (collections 1-18; 269 fi.h). Data collected throughout the Gulf of Maine in 1942 (collection. I. .\. 4. 6: 1\.1 fi.h) in 1943 (collection. 10. 11. and 13-18;
131 fish). and in 1944 (collections 25-;9; 65 fi.llh) were analyzed br method 2 using this curve.
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FIGURE l7.-Relationship in logarithmic t.erms of the anterior scale radius to the length of rosefish for 269 fish 235 mm. or less, taken
in the Gulf of l\<Iaine from September 1942 through August 1943. The straight line was calculated to fit the data. lLs formula is
log y=-.831+1.447 log ...
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_ FIGURE IS.-Relationship of the anterior scale radius to the length of rosefish fpr 111 fish, 235 mm. or less. taken in the Browns Bank
area of western N~va Scotia from December 1942 through December 1943. The straight line was calculated teo fit the data.
Its formula is log y= -.596+ 1.340 log .\:.

tionship, the estimated age at each annulus was
calculated for data collected throughout the Gulf
of Maine in 1942,1~ 1943,13 and in 1944.14 The
average calculated lengths obtained are shown in
table 8, column B. ~

The values for average calculated lengths at each
annulus obtained from computations based on the
individual sets of data' and the total data are in
close agreement. This would indicate that variation
in fish length-scale radius relationship, both seasonal
and from one biological area to another, does not
greatly affect the accuracy of calculated length
values. Therefore, the calculated length values for
the combined data were accepted i1S the best avail­
able estimates of rosefish length at a given age.
Similarly, the estimated age at each annulus was
calculated from the fish length-scale radius relation­
ship for all data collected from December 19-:1:2

" Colleetion. I. 3. ~. 6: I I3 fi.h.
"Collection. 10. II, and 13-18: 131 fi.h.
101 Collectil1ns 25-39: 65 fish.

through December 1943 in the Browns Bank area
of western Nova Scotia (fig. 18).

RESULTS
CALCULATED LENGTHS AT EACH ANNULUS

The data collected in 19-:1:2, 19-:1:3, and 1944 were
analyzed separately, and the calculated sizes ob­
tained for the 3 years are summarized in table 9.
The estimated average length of the fish at each
annulus varies at ran'dom among the different year
classes but the variation is remarkably small. The
weighted mean estimated length at each annulus of
all the year classes is as follows: annulus I, 52 mm.;
annulus 2, 76 mm.; annulus 3, 99 mm.; annulus -:1:,
121 mm.; annulus 5, 139 mm.; annulus 6, 15-:1: mm.;
annulus 7, 169 mm.; annulus 8, 189 mm.; and
annulus 9, 218 mm. (table io, fig. 19). The esti­
mated average lengths of the rosefish at each an­
nulus in the Browns Bank area of western _Nova
Scotia are similar to those obtained in the Gulf of
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TABLE 9.-Af'cragc calculated fish length, in lIIillillictC1's, at each
annulus I

ICalculati"ns' based on method "21"

Annulus
Calculated from fish "-,--,--,--,--,--,---,---,---

born i,,- 1 I 2 3 4 5 I 6 7 I 8 I 9

~.12 ,~_~:~==~~;1-;9- 1M -;; --;-;1146 ~I~--;~
1933.- 52 75 98 120 141 158 174 192 218
1934 51 75 % 116 133 151 167 190 _
1935. 55 77 99 120 137 157 174 162 _
1936 50 76 103 12.1 145 150 157 _
19.17 52 78 104 125 138 149 _
1938 51 75 100 120 143 _
1939 ~ 52 76 96 124 __ . _
1940 54 74 95 _
1941. 58 81 _
1942 55 _

Weighted mean 52 76 99 121 139 154 169 189 218
Standard deviat;e''' 7.9210.53 14.6217.3716.8916.7219.4716.51 _
Number of fish .108 297 251 20.1 139 90 38 12 .1

I Includes materials collected in the Gulf of Maine in 1942 (collections \, 3'
4. 6: 113 fishl. in 1943 (collections 10. 11. and 13-18: 131 fishl. and in 1944
(collections 25-39; 65 fishl. Data combined for the year. 1942. 1943. and
1944.

'Data collected throughout the Gulf of Maine from September 1942 Ihrough
August 1943 (collections 1-18; 269 fish) were used in deriving the curve em­
ployed in obtaining calculated len,Rths at each annulu~ b:r means of method 2.

• Onl}F 1 fish was 3,"ailablc, and it has not been included in the statistical
calculations.
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FIGURE 19.-Length-frequency distributions of Gulf of Maine
rosefish at each annulus for annuli 1 through 8. Lightly lined
irregular curves are the actual frequency distributions smoothed
by a moving average of five. Heavily lined smooth curves are

. normal curves fitted to the actual frequency data.
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FIGURE 20.-Length-frequency distributions of rosefish from the
Browns Bank area of western Nova Scotia for each annulus of
annuli 1-10. Lightly drawn irregular curves are the actual
frequency distributions smoothed by a moving average of five.
Heavily drawn smooth curves are the normal curves fitted to
the actual frequency data.

Maine. The size at the first annulus is 47 mm. j

annulus 2, 69 mm.; annulus 3, 92 mm.; annulus 4,
112 mm.; annulus 5, 132 mm.; annulus 6, 150 mm.;
annulus 7, 167 mm.; annulus 8, 181 mm.; annulus 9,
193 mm.; annulus 10, 208 mm. (table 11, fig. 20).

COMPARISON OF THE ACTUAL AND CALCULATED
AVERAGE LENGTH AT ANNULUS 1

The accuracy of the calculated average length of
rosefish at annulus 1 is indicated by a comparison
with the actual average length of a serie"s of fish
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TABLE lO.-Calclllaled fisll lengl", in millimelers, at each atlllilhu to '''e lIilll" a/l1ll1llts of rosefis" laknz ill I/,e GlIlf of Maille

[Calculations I based 011 method 21

~~nnllllls

Fish length. in millimeters

223

4 6 9

30-34 .~~ ·:_________________ 1 • _
35-39______________________________________________ 10 _
40-44______________________________________________ 36 _
45-49._____________________________________________ 78 1 _
50-54______________________________________________ 62 2 _
55-59 ._._______________________ 60 16 _
60-64______________________________________________ H 22 __ . _
65-fJ9______________________________________________ 2_1 42 I _
70-74______________________________________________ 5 56 8 _
75-79 ._______________________________ 46 10 • _
80-84 ._______________________________ 4S 18 _
85-89______________________________________________ 41 .l2 1 _
90-94 .________________________________ 17 28 8 _
95-99______________________________________________ 4 .12 I.l . _
100-104 -" ~___ 3 .10 17 2 • _
105-109 -"_________________________________ 2 30 17 2 _
110-114____________________________________________ 24 18 3 _
115-119____________________________________________ 17 25 10 2 _
120-124____________________________________________ 9 24 10 I _
125-129____________________________________________ S 16 19 2 1 _
no-1.l4____________________________________________ 4 20 12 7 1 _
135-139 ._______________ 1 l.l l.l 6 1 _
140-144 ._ ••• .___ 1 l.l 14 12 1 _
145-149____________________________________________ 1 5 l.l 8 4 _
150-154 .________ 4 14 8 .1 _
155-159. • • __ •• 2 l.l 8 1 _
160-164 •••• 5 6 7 2 1 _
165-169 ._____ 4 7 4 2 _

m::g~:::::::::::::::::::::::::::::::::::::::::::: :::::::::: :::::::::: :::::::::: 1 =_ 1~ ~ -------T ::::::::::180-184 • ,. • .______ 1 5 _

l~::l~:::::::::::::::::::::::::::::::~:·:::~::::::: :::::::::: :::::::::: :::::::::: :::::::::: -------T 1 ~ --------3- ::::::::::
195-199____________________________________________ 1 1 _
200-204 -, .____ .1 1
205-209____________________________________________ 1 1 _
210-214 •• __
215-219 • _
220-224 .____ 1
225-229 ~ _
2.10-2.14_. • __ •• • " 1

Total nl1mber of fish 1 308 297 251 203 1.19 90 .18 12 ----
Mean .____ 52 76 99 III 139 154 169 189 218
Standard deviation .________ 7.9 10.5 14.6 17.4 16.9 16.7 19.5 16.5 _

I Calculations were based on a cl1rve fitted to the values for fish lengths and scale radii obtained from material collected thmugl","t the Gl1lf of Maine from Sep­
tember 1942 through August 1943 (collections 1-18: 269 fish). Data collected throughout the Gulf of Maine in 1942 (collections I. .1.4,6: 11.1 fish): in 1943 (collec­
tions 10. 11. and l.l-18; 131 fish): and in 1944 (collections 25-.19: 6S fi.hl were analyzed usinR this curve. 1 fish born in 1932 is not included in the above data.

showing one annulus on their scales. Sixty-one
specimens, the total catch of rosefish taken inciden­
tally by a shrimp trawler fishing in the Monhegan­
Jeffreys-Platts area in March 1947, ranged in size
from 46 to 63 mm. and averaged 56 mm. in length.
Scales from 12 of these fish taken at random had 1
annulus, with 2 of the 12 showing initial growth
toward the second annulus. The calculated length
of rosefish at annulus 1 in the Gulf of Maine has
been established as 52 mm. which is in close agree­
ment with the 56-mm. length obtained above.

GROWTH BETWEEN ANNULI .

The ra te of growth of rosefish from the Gulf of
Maine and off the Browns Bank area of western
Nova Scotia was computed by averaging the differ-

ences between the calculated lengths of individual
fish at each annulus. For the Gulf of Maine data,
the growth rate between annuli of individual year
classes was determined separately (table 12). The
average growth between annuli shows little variation
within year classes. The average rate of growth for
all year Classes to annulus 1 is 52 mm.; between an­
nulus 1 and 2, 24 mm.; 2 and 3, 24 mm.; 3 and 4,
22 mm.; 4 and 5, 19 mm.; 5 and 6, 19 mm.; and
between 6 and 7, 7 and 8, 8 and 9, 16 mm. (table 13,
fig. 21).

In the Browns Bank area of western Nova Scotia,
the average growth to annulus 1 is 47 mm.; between
annulus 1 and 2, 22 mm.; annulus 2 and 3, 23 mm.;
annulus 3 and 4,21 mm.; 4 and 5, 20 mm.; 5 and 6, .
19 mm.; between 6 and 7, 7 and 8, 8 and 9, 17 mm.;
and between 9 and 10, 16 mm. (table 14, fig. 21).
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TABI.E ll.-Calculated fish lmgth, in millimeters, at each alll/ulus to the ele~ellth allnulus of rosefish tak~11 ill th~ Brorolls Balik ar~a of rontern
No~a Scotia

[Calculations 1 based on method 11

Annulus

_____FiSh::t". in ::::: ~_1-~-_1--~-_~ ~_.__6__1__
7 8__1 __~_1-1-~- _~~

25-29 , • ._ •••• __ 1 ••• •• • ._
30-34 ._____________________ 5 . •.. • ._. . ._. _
35-39_. • •. IJ . .. __ • • ._ . __ • _
-10-44_______________________________________________ 18 •• . .. _
45-49_______________________________________________ 28 1 • .. . . _. _
50-54 . ._ .. 22 5 . . . _
55-59_. ._______________________________ 11 8 . . • _

~~jt::: :::::::::::::::::::::::::::::::::::::::::: t 12 ~ :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: ::::::::70-74 ._________ I 20 5 • • _

~ij:::~L::::::::::::::::::::::::::::::::::::::::::::: :::::::: :~ 11 ------;- :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: ::::::::85-89__ . . ._ " 21 2 _

~t~::::::::::::::::::::::::::::::::::::::::::::::: :::::::: ~ i~ I~ :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: ::::::::

18t18L::::::::::::::::::::::::::::::::::::::::::: :::::::: ~_ ~ I~ t :::::::: :::::::: :::::::: :::::::: :::::::: ::::::::110-114 . . . • __ •• __ 4 19 7 . _. . __ . _
115-119 . . .__ 4 I.l 7 . . _
120-124 .__ 1 5 14 2 . •.. . _
125-12" . . .________________ 2 2 10 8 . . ._ •• . _
1.l0-1.l4 ._. . __ . . . ._ 6 15 9 ._. __ . . _
1.l5-1.l9. . . __ • • . . __ . .___ 5 I.l 8 .. __ . • . _
140-144 . . .__ 1 4 .; 5 . _

11ij:::ltt::::::::::::::::::::::::::::::::::::::::::: :::::::: :::::::: :::::::: 1 1 1~ I~ -----"2" :::::::: :::::::: ::::::::
lM:::Ut::::::::::::::::::::::::::::::::::::::::::: :::::::: :::::::: :::::::: :::::::: ~ ~ ~ g -----"j" :::::::: ::::::::165-169 . . . . . __ . ._ . . __ . 2 4 5 6 2 _
170-174 .. I 4 8 5 . • _
175··179 ._. . __ . __ . . __ . .__ I 1.l 5 3
180-184 ._. ._._ ... _... . __ . __ . ._. • ._ 4 .r; 3 3
185-189 . . . . .______ .1 .1 .; 7
190-194.. . • c • • 1 7 2 1
195-199_.. __ • • . .______ 5 1 2
200-204 .. 1 .1 .1 4 I
20.,-209 ... . .____ ~l 5 2

m:::m::::::::::::::::::::::::::::::::::::::::::::: :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: -- .. -.j- 1 ------j- ------.-
220-224 . .. .. . . ._ .. . __ . __ ._ •. _ 4 3 .\ _

mom::::::::::::::::::::::::::::::::::::::::::::: :::::::: :::::::: :::::::: :::::::r:::::: :::::::: :::::::: :::::::: :::::::: ~ ._~
Tot.1 numberr,ffi.h_ •• -----w:I1-ilH-w31~-I~I----s2I--7..-I--~;;~--121---1
Mean ..•. ._______________________ 47 69 92 112 1.12 150 167 181 193 208 225
Stand"d Jeviatil,n :_____________________________ 8.2 lOA 12.9 14.1 15.5 17.3. 19.5 18.6 17.0 15.0 _

1 Based on a straight line fitted to the k'garithmic values for fish length!! and scale radii obtained from material collected fr.)m December 194-2 through December
19·1:3 in the Browns Bank area (collections 4-0-48: 111 fish). 7 fish could not be read because no good Bcales were :n"ailable.
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TAIILE 12.~AII""llgtca/.:ulolrd growll,. ill lIIillillleurs. btlWUl1 01lll'uli of rosejislt CtI'PluTfd ill tltt Gulf of Moil/t I

[Cah:.utallons 2 based on meth\.-.d 2)

Annulus

I (I.~.~ :. _ • __ • • _

I".I~ . . - - - - . _
1935. . . . _
1936 • _
1'137 __ • . . _
1938 _. _
19.19 • • • _
19~0 . _
l"~l. _
1"~2 . _
1943. • • _

~~~t~of;!E'~~i~=::: ::':::::::::::::::::::::::::::1

~8 .11 25 8 21 13 17 13 ~l

51 23 l.l 2l 21 17 16 I~ 1&
51' U 21 20 17 18 16 15 ._. .
55 12 2l 11 18 20 \5 U _
50 16 26 21 12 19 H . _
52 26 26 21 20 16 . __ • . __
5\ 14 25 12 21 _
52 14 11 28 • __ . •.' ._.541 21 28 • .. •

~~ ,------_:~- ====::==== ==::::==:= ==:=::==== =:==::==:: ==:==:::== :==:::=:== :::===::=:
52 1 23 '---2:;-' " 1<) 1 19 16 1--1(;"---It:

7.92 8.91 I 8. 79 1 7.i~ 6,01 6.01 ·U2 6.78 -.--------
.I0~ 297 251 10.1 139 'Xl .18 12

I Include. material. collec'ed in 1,,~2 (oollec,i"n. I. 3.~. 6: ILl fi.h): in 19~3 (oollec,ion. 10. II. and 1.l-18: 131 fish): and i~ 1944, (c"lIect;oll' 25-39; 65 fish). Data
combined for )'ears 1942. 1943. and 1944,.

, Da'a collec'ed ,hronghont 'he Gull of Maine from Sep'ember 19~2 through August 19·B (collec,ion. 1-18: 269 fi.h) were used in deri\'ing the wrve employed in
obtaining tr:alculated lengths at each annulus by means of method 2.

:I Extends from April of the indkated rear through l\'larch of the following }'ear. as shown by the study of time of annular band Formation.
-I This includes the size at birth. growth until scale formation, and subsequent growth until the completion of the first annulus. Spawning occurs from midal\·lay

through early September. and scales are formed in the following year. The firn annular ring forms in the second )'ear after the birth of the fish.
.5 Only 1 fish was available. and it has not been included in the statistical calculations.
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~'IGU&E 21.-Growth, in millimeters, between annuli of immature rosefish taken in the Gulf of Maine and off the Browns Bank area of
western Nova Scotia. The horizontal lines represent the average growth to each annulus and the \'ertical bars two standard deviations
above and below the mean.
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'fAilLE 13.-Calculated growth, in millimettrs, 'P" annulus to tht ninth annulus of rostfish takm itl tIlt Gulf of Maillt

[Calculation. I ba.ed on method 21

Growth to first annulus Growth between annuli

1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9

Millimete" Number MilIi-
of fi.h meters

Number of fi.h

34_____________________________. __ 5 -----j-35 ________________________________
-"--j- 6 ----T --- --i-36____________________________ . ___ 7 1 -----i-37 ________ . _______________ . _______ 2 8 1 1 2 I - - -- - j-38_____________________________ . __ 2 9 3 1 3 1 2 --- --i-39________________________________ 3 10 ol 1 --- --~-

3 I 240_____ •________________________ ._ 3 11 9 1 6 141.. ______________________________
~ 12 12 3 2 6 2 I I42________________________________ 8 13 11 9 10 7 4 3 Iol3 ____ • ___________ • _______________ 7 14 8 10 13 6 ·5 5 2-l4________________________________ 10 IS 17 9 7 7 9 6 - - -- -j-45._______________________________ 16 16 10 17 10 8 4 646.__________________ • _______ •____ lol 17 5 11 13 12 11 2 I47________________________.________ . IS 18 IS 13 13 5 7 248_. ________ . _____________________ 14 19 9 IS 19 10 2 ol49________________________________ 19 20 11 II 8 8 5 150________________________________ 11 21 14 IS 13 13 351.. ____________________ -_________ 16 22 16 IS 7 ·5 752_. ___________________________ .__ 13 23 lol 13 2 8 553 ________________________________ 10 24 14 7 7 8 25ol_______________________ •________ 12 25 13 9 6 ol ol55._______________________________ 15 26 9 8 9 5 I56_________________ •______________ 19 27 9 7 II 2 357_____________________________ .__ II 28 3 2 10 :~ I58_____________________________ .__ 5 29 15 7 .1 :1 I59_____________ . _. ________________ 10 30 7 ol 2 I I60______ . ____"_____________________ 7 31 II II .1 I .l61.. ______________________________ 6 J2 7 5 4 I62________________ . _______________ 8 33 7 9 263._______________________________ 6 34 .1 7 664_____________________________ .__ 6 35 6 I 465________________________________ 8 36 ol 5 266_________________ •_____ •________ 9 37 9 2 367________________________________ 4 38 2 2 368_____________________________ •__ I _19 4 -----.r69__ • _. ____________ • ______________ I 40 570________________________________

--'--i- 41 2 57L ______________________________ ol2 2 272________________________________ I 43 ol -- -- ---73 _________________ • ______________ I 44 .174__ . _____________________________ I 4575____ •___________________________ 4676_____________________________ .__ 4777________________________________ ol8 278________________________________ 4979________________________________ 5080.______________ • ________________ 5181.. _____________________ •________ 52H2 ________________________________ 5383________________________________ 5484. __ . ____________________________ 55

rIe':~_~~~'~~~r_~! _~~~~::_-_._~~~~~ \
308 29; 251 203 139 90 38 12 j

52.42 2.1. 72 24.15 21.62 19.40 18.86 16.05 16.25 16.33
Standard de\'iation___________ ~ 7.92 8.91 8.79 7.24 6.01 6.01 4.42 6.76

I Based on a curve fitted to the values for fish lengths and scale radii obtained from material collected throughout the Gulf of Maine from September 1942 through
August 1943 Ceollections 1-18: 269 fish). Data collected throughout the Gulf of Maine in 1942 (collections 1, 3.4.6: 113 fish); in 1943 (collectiono 10, II. and 11-18;
1.11 fish): and in 1944 (collections 25-39; 65 fish) were analyzed using this curve. I fish born in 1932 has n"t heen included in the ab,we analysis.
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TABLE H.-Calc·ulated grofl'llz, i'n millimeters, peT a·nnulus 10 tlze eleomtlz allflU/US of Toseftslz takm i11 tlze BrowliS Balik area of fllfSt"1l
NOfJa Scotia

[Calculations I based on method II

Growth lO first annulus Growth between annuli

Millimeters

1-2 2-3 3-4 4-5 5-6 6-7 7-8

Number of fish
------------ ---1·---;---.--------,-----,-----....-----.--------,-----:---.,-----

Total number of fish .. _
l\tlean _~ ~ _
Standard deviation. ~ _

_•• -j

I
- ---j

3
6
4
6
6
4
6
6
7
7
5
.1
.1
:I
6
4
5
1

:i
5

R---
Z
:I
2
:I
:I
4
9
4
6
7
4
8
6
5
4
4
2
.1
4
2
5
4
1
I
I
J
I

- -- - j"
4
3
8
5
7
7
6
3
6
5
8
7
2
7
2
:I
2

3
I
4

1
5
5
7
8
4
8
6
5
6
7
2
5
.1

----'1
I
4

----2
6
2
6
6
8
8
5
6
4
I
5
5

•--OJ
5
.I
I
5
7
5
3
6
8
6

10
--- -j

2
I
I
I
2

R··-i
5
5
7
5
4
3
1
3
6
6

--- -5
2
:I

----1
:1
j
1
5
4
3
2
2
:I
4
1
I
2

----j"

I

I Based on a slraight line fitted ",' the logarithmic values for fish lengths and scale radii obtained from lIlaterial collected from December 1942 throngh December
1943 (collections 40-48; III fish). The scales from 7 fish could not be read because no good scales were available).

CONCLUSIONS

Compared with other North Atlantic species of
commercial importance such as haddock, cod, and
mackerel, the roset1sh is extremely slow growing,
averaging less than a 25-mm. increase in length per
annulus to the ninth annulus in both the Gulf of
Maine and off the Browns Bank area of western Nova
Scotia. Since these results were obtained for pri­
marily immature fish, it is to be expected that the

mature fish will have a slower rate of growth. Mar­
ketable rosefish, those 200 mm. in length or greater,
are mostly more than 10 years of age, and a super­
fidal examination of the scales of the larger fish
indicate that many must be 20 or more years old. A
comparable slow rate of growth is reported for rose­
fish in the Barents Sea. Veschezerov (1941) presents
data which show an average growth of 27.8 mm. per
annulus to the ninth annulus for fish in that reKion.
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